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Abstract.  The overlap of two geosynthetic strips, located at the base of the 

granular load transfer platform and above rigid inclusions, is being studied 

on small-scale instrumented models using the moving tray device in the 

geotechnical centrifuge at the University Gustave Eiffel. The width of the 

cover (in the range between zero and the pile spacing, for 3 area ratios of 

reinforced pile embankment) influences the efficiency of the load transfer 

and the differential settlement at the surface.  

1 Introduction 

The piled embankment on Rigid Inclusion (RI) is a type of reinforcement used in loose soils 

for geotechnical works. It is a composite foundation in which multiple phenomena are 

involved to transfer loads to the deep foundation via the Load Transfer Platform (LTP) and 

then to reduce differential settlement [1]. It has the advantage of being built without waiting 

for the compressible soil to ‘finish’ settling and of having a reduced environmental impact 

thanks to the savings in materials [2]. As part of the national ASIRI+ project (2019-2024), 

new research is being developed to improve understanding of this technique, and in particular 

on geosynthetic (GSY) reinforced LTP installed horizontally at the base of the LTP.  

 The question raised here concerns the overlap of adjacent GSYs, their width and their 

location. The investigation technique is based on the physical modelling of simplified, 

centrifuged small-scale models. 

GSY-reinforced piled embankment is a technique used for the foundation of large-area 

constructions, such as road or rail structures, on loose soils. In addition to load transfer 

through an ‘arching’ effect [1], GSY reinforcement can develop a ‘membrane’ effect [6, 26], 

which increases the efficiency of load transfer to the RIs. If these RIs (with a pile cap of 

diameter a), are part of a square mesh (with spacing s), its area ratio, characterising the soil 

surface covered by the RIs is: 

 
     𝛼 = 𝜋𝑎2 4𝑠²⁄         (1) 

 

 Such an embankment (Figure 1) is generally composed of a granular platform to transfer 

the load, RI’s pile cap (optional) to homogenise and control α, and RI themselves, which 

reach the geological formation capable of taking up the load. In the field, a working platform 

is usually implemented, but this is not the subject of this study. To simplify the experiments, 
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a single layer of granular material is used in the physical model. This corresponds to the LTP, 

but also to the backfill. The terminology ‘rigid inclusion’ is similar to ‘disconnected pile’, 

meaning that the deep foundation is not connected to the superstructure.  

 

 
Fig.1. Elements of a piled embankment (adapted from [9]). 

 The load transfer efficiency E is used to assess the quality of the load transfer. It is the 

ratio, on a unit cell, of F the vertical load on the RI and the total load above, due to the weight 

of the entire embankment and any vertical surcharge force q [3] : 

 

𝐸 =
𝐹

𝛾𝐻𝑠2 + 𝑞
 (2) 

 

 The design of an embankment (possibly reinforced with GSY) on RI follows national 

standards such as the ASIRI recommendations [3] in France, the EBGEO standards [11] in 

Germany, BS8006 [8] in the UK, or CUR226 in Netherlands [9, 27]. 

 The main objective of this study is to observe and analyse the influence of GSY overlaps 

at the base of the LTP during a parametric experimental campaign conducted in a centrifuge. 

The height H of the LTP is constant. The width and position of the overlap were tested for 3 

different spacings s, and compared with the case of a continuous GSY (Figure 2-0), but only 

the position of the overlap in line with an RI line (Figure 2-1) is detailed here for α = 1.23%. 

 

 
Fig.2. Geometrical configurations: (0) continuous GSY; (1) GSY overlap centered on a RI line; (2) 

GSY overlap between 2 RI lines.  

 GSY reinforcement [17, 20] is commonly used for RI embankments as it significantly 

increases the load transfer efficiency of the foundation [7, 17, 26]. Geogrids (GGR) allow 

soil to interlock within their mesh to create a rigid cover comparable to a reinforced slab [23]. 
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They are generally placed at the bottom of the LTP, or inside the LTP [16]. Only the case of 

the GGR at the base of the LTP is studied here.  

 When unidirectional GSYs are used (reinforcement mainly in one direction), two layers 

of geosynthetics are required, one reinforced in each direction. In some cases, bi-directional 

GSYs are used with a single layer. A single stiffness of a 2D GSY is considered here (Table 

1). 

 Geosynthetics are produced in the form of wound strips, the size of which depends on 

the manufacturer (a few metres wide, a few hundred metres long). Joints between strips are 

generally unavoidable, both in width and length. The minimum overlap between two adjacent 

strips is 𝑙𝑎𝑛𝑐=0.3 m [3]. It is considered here as the main variable to be studied. 

 

2 Centrifuge modelling 

Approaches at various scales are useful to study the role of GSY reinforcement in 

embankments on RI: centrifuge modelling [10, 19, 22], 1×g models [24] or numerical 

analysis [2]. Only centrifugal modelling will be used here. 

2.1 The geo-centrifuge of the University Gustave Eiffel 

Operational since 1985, the centrifuge at the University Gustave Eiffel [25] has a radius of 

5.5 m. At the end of the arm, a swinging basket carries a small-scale model, with a maximum 

load of 2 tonnes at 100×g.  

 The centrifuge modelling technique enables the same level of stress to be reproduced on 

the small-scale model as on the prototype (full-scale) model. Scale factors (Table 1) are used 

to design the centrifugal scale model to match the full-scale prototype [12]. 

Table 1. Scaling factors for the current centrifuge modelling 

Dimension Unit Prototype N×g model 

Length/height m 1 a = 0.3 / s = 2.4 1/N a = 0.025 / s = 0.2 

Gravity m/s² 1  N  

Force kN 1  1/N²  

Mass kg 1  1/N3  

Stress kPa 1  1  

Strain % 1  1  

Area ratio (α) % 1  1  

Density kg/m3 1  1  

Settlement (y) m 1  1/N  

Efficiency (E) % 1  1  

Tension (T) kN/m 1 long. 63 / transv. 57 1/N 756 / 684  

Stiffness (J) kN/m 1 840 1/N 10080  

 

2.2 Experimental device 

The Mobile Tray Device (MTD), is installed in the centrifuge basket to simulate the 

settlement of loose soil (Figure 3): the perforated tray, on which the granular LTP is installed, 

moves downwards (thanks to 3 servo jacks), allowing the RIs to punch the LTP [7, 21]. 

 The MTD has been used in the past to perform parametric studies on LTP, using the 

same sand (a mixture of dense Hostun sand fractions) as in the present study [5]. 

Blanc et al. [7] investigated the mechanisms in GSY-reinforced LTP at a gravity of 20×g and 

showed that prestressing has no significant impact on performance. It was also shown that 
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the differential surface settlements of the LTP were lower using GSY than without GSY, for 

the same applied stress.  

 Fagundes et al. [10] observed that differential surface settlement is more influenced by 

the distance between RIs or the thickness of the LTP than by the presence of a GSY. They 

also showed that surface settlement is zero for H/(s-d)>2.1, and possibly for smaller values 

if the spacing between RIs is smaller.   

 Blanc et al. [6] showed that the stiffer the GSY, the better the membrane effect. 

 Girout et al. [13] showed that charge transfer increases with α, but that decreasing the 

spacing of RIs is more effective than increasing a, the diameter of the RI. The arching effect 

also increases with the friction angle φ’ of the LTP. The efficiency E increases with H, a, φ', 

or the applied stress and decreases with s. 

 Girout et al. [14] also showed that if a total ‘arching effect’ is developed, the presence of 

GSY does not improve the load transfer. They also showed that the best load transfer is 

obtained for a GSY located at the base of the LTP. 

 

 

     
Fig. 3. The Mobile Tray Device in the centrifuge basket: empty (left) and filled with the granular LTP 

(right) 

 The MTD has shown interesting possibilities for studying the behaviour of granular LTP 

and interactions with a continuous GSY. In the current configuration, the area ratio, the 

backfill and the LTP are identical, consisting of a granular material, but the geometry of the 

GSY is the key parameter in this study. 

2.3 Instrumentation 

The instrumentation included the measurement of the force transmitted to the RI, the 

settlement of the top surface of the LTP and the load on the tray. It should be noted that the 

measurements were not the same for each campaign. The tests were instrumented with: 

- 9 force transducers in the 9 central RIs, designed for axial measurement, 
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- 2 LASER displacement sensors, placed under the plate to measure displacement in its 

centre and peripheral position, 

- 4 LASER settlement sensors on the surface of the LTP: above an RI yMP, above the centre 

of a cell yMS, between two adjacent RI yMS2,  

- 2 force sensors inserted in the plate (if possible) measuring the load in the middle of a 

cell. 

 
Fig.4. Top view of the sensors’ location (𝜶 = 1.23 %)  

The data collected with the sensors on the model centrifuge is digitalized using a Quantum 

Digital Analogue Converter, then transferred by optical fibre to the storage computer. The 

data was recorded and displayed at 0.1 or 1 Hz (depending on the phase of testing) using 

CATMAN data acquisition software. 

2.4 Typical result: overlapping over a line of Rigid Inclusions 

For α=1.23%, it is possible to include a vertical load cell instead of an RI in a free hole 

diameter on the plate. Typical results [15] are shown in Figure 5 with different overlaps on 

the left and right sides of the middle RI row. The load transfer efficiency is shown in black 

on the left axis, the mesh centre stress on the tray in red dashed lines on the second left axis, 

and the settlement efficiency on either side of the overlap, Δy_MS/s, in green and blue on the 

right axis.  

 At the start of the test (phase I), the load measured on the MTD over an area π.a²/4 

increases, as does E, corresponding to a gradual tensioning of the GSY and perhaps a 

rearrangement of the force chains in the LTP. For a continuous GSY (Figure 5a), the 

maximum load on the plate corresponds to about half the weight of the LTP on top of the 

transducer. As there is little or no arching effect, all the load at the top of the GSY starts to 

be carried by the GSY and follows a possible triangular distribution. The maximum load on 

the plate is obtained for a displacement of 40 to 50% of the RI diameter.  

 In phase II, the tension in the GSY can be observed with a lower rate of increase in E 

and a reduction in the load on the plate (down to zero). When the GSY is no longer in contact 

with the plate (phase III), the charge on the plate is zero. 

 For any overlap configuration, as the strips are symmetrically aligned with the RI row 

(or between two rows), symmetrical behaviour is expected. This is true for differential 

settlement under a certain displacement of the tray (Figure 5, blue and green lines). The 

reduced differential settlement, in the middle of a mesh on the left and right sides of the 

overlap line, was measured: on the side with the lower face of the overlap (right side), the 

reduced differential settlement is higher than on the other side from a certain MTD 

settlement. For both tests, the maximum difference between the two sides was 0.5%. 

 The load analysis seems to follow the mechanics of continuous media in phase I and 

perhaps phase II, until the discontinuity generated by the ‘cut’ or overlap gradually plays a 

role and modifies the initial continuity of the whole structure. For example, Figure 5b shows 
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a series of sudden efficiency losses, which are probably compensated for in other parts of the 

model (where no instrumentation is unfortunately available).  

 

Fig. 5. Efficiency of the load transfer E, load in the centre of the mesh on the mobile tray and 

variation of the efficiency expressed in differential settlement 𝛥𝑦𝑀𝑆/𝑠 on each side of the overlap, 

versus the dimensionless settlement 𝑦𝑆/𝑎 of the MT for : (a) continuous GSY, (b) ) 𝑙𝑎𝑛𝑐 = 0,  (c) 

𝑙𝑎𝑛𝑐 = 𝑠/2, (d) 𝑙𝑎𝑛𝑐 = 𝑠.  
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3 Conclusions 

Experiments on centrifuged small-scale models have shown that increasing the overlap width 

improves load transfer efficiency and reduces differential settlement at the surface of the load 

transfer platform. 

 It was observed that the load transferred to the ‘soft ground’ (at the tray surface) increases 

at the beginning of the tray movement, due to the tensioning of the GSY or the rearrangement 

of the LTP. The efficiency corresponding to the maximum load (end of phase I) increases 

with the length of the overlap. 

 For small GSY overlaps, poor characteristics are observed (low efficiency and high 

differential settlement). However, as the overlap increases, the behaviour tends to be similar 

to that of the continuous geosynthetic test. For a cover greater than s/2, we observe a 

behaviour very close to that of the continuous GSY for settlements of less than one RI 

diameter. For higher compressible soil settlements, the differential settlement gradually 

diverges, while the effectiveness is little changed. This tends to show that the ‘critical’ 

overlap width is more sensitive to a differential settlement criterion than to an efficiency 

criterion. 

 Other configurations need to be studied: other values for the spacing between RIs, other 

overlap positions (not centred on a line of RIs), etc. 
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