
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.   

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


Proceedings of the 17th International Conference on Soil Mechanics and Geotechnical Engineering  

M. Hamza et al. (Eds.)  

© 2009 IOS Press.  

doi:10.3233/978-1-60750-031-5-1654 

1654

The impact of ground settlement on the design of approach slabs 
L’influence de l’affaissement du terrain sur la forme des plaques intermédiaires

M. Ravnikar Turk 
ZAG Ljubljana, Slovenia 

J. Logar 
FGG, University of Ljubljana 

B. Pulko 
FGG, University of Ljubljana 

ABSTRACT 
The bump problem is usually addressed by installing an approach slab, whose purpose is to bridge over the settling area between the
approach pavement and the bridge abutment. Reduction in driving comfort, and short maintenance periods, mean that these 
settlements have to be reduced. 

In the paper the results of research into the impact of ground settlement and of the height of the embankment on the optimum
length of the approach slab are presented. Based on the results of the post-construction field measurements of an embankment built on 
very soft cohesive soil, and numerical analyses, a decision-making method for the determining of the optimum length of the approach
slab is presented. 

RÉSUMÉ
Le problème des bonds est résolu habituellement par l’installation des plaques intermédiaires qui font le passage à travers le terrain
qui s’affaisse entre la chaussée en remblai et la construction du pont. La réduction du comfort de voyage à travers les bonds et les
périodes de maintenance courtes demandent la réduction de cet affaissement. 

On présente les résultats de la recherche sur l’influence de l’affaissement du terrain et de la hauteur du remblai sur la longeur
optimale des plaques intermédiaires. Basée sur les résultats des mesures après la contruction d’un remblai construit sur le sol très mou 
et cohésif et sur les analyses numériques, une méthode de décison systématique sur l’utilisation des plaques à longueur optimale est
presentée. 
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1 INTRODUCTION 

Whenever road embankments have to be constructed on top of 
thick layers of very soft cohesive subsoil, their bridge structures 
are usually built on piles. The embankment experiences large 
settlements due to compression and consolidation of the ground, 
whereas the settlement of the bridge structure is more or less 
negligible. As construction periods are relatively short, some 
settlement occurs after construction works have been 
completed, and the road has been paved. These differential 
settlements cause a "bump" at both ends of the bridge.  

The bump problem is usually addressed by installing 
approach slabs, whose purpose is to form a bridge over the area 
of backfill next to the abutment, and the embankment pavement. 
In order to maintain driving comfort, as well as to avoid 
frequent maintenance of the pavement,  settlement of the 
backfill should be reduced, so that a smooth transition from the 
embankment onto the bridge is achieved. 

The treatment of differential pavement settlements is a very 
complex problem, which depends on various parameters, such 
as the compression of the fill material, the total settlement of 
the subsoil under the embankment, the length of the approach 
slab, the effect of different construction stages, the traffic 
loads, the loss of backfill due to erosion, and temperature 
cycles. 

The construction and design of approach slabs in Slovenia is 
covered by the present national technical specification. The 
necessary lengths of slabs vary from 3.7 to 8.7m, depending on 
the height of the embankment, the road category and the height 
of the road structure above the stiff superstructure and slab. 
Since the compression of the embankment is usually small, the 
length of the slab should depend mainly upon the size of the 
expected settlement of the subsoil after construction. 

2 CASE HISTORY 

Significant settlement of the road pavement was observed on 
the approach embankments on some newly-built sections of the 
Slovenian motorway network, causing the need for asphalt 
overlayering in less than 5 years after these sections were 
opened to traffic. The best documented case (see also Logar et 
al, 2005) is presented below. The construction of an up to 11.5m 
high and approx 600m long embankment on improved soft soil 
began in 2002 and the motorway section was opened to traffic 
in November 2004. Settlement monitoring of the top of the 
subsoil was performed during the construction works, until May 
2004. Based on the findings of analyses of these results, it was 
calculated that the pavement settlements over the following five 
years, after completion, would be around 15cm at the approach 
embankment near the viaduct, and around 10cm elsewhere on 
the embankment. A 30m long underpass, with deep foundations 
and skew to the motorway axis, is located at a distance of 280m 
from the viaduct. In November 2004 settlement monitoring of 
the road pavement was initiated, baseline measurements of 
longitudinal evenness were performed. 

The motorway has two lanes in the direction Ljubljana-
Koper (LJ-KP) and two lanes in the opposite direction (KP-LJ). 
The monitoring system which was established after construction 
is presented in Figure 1. The benchmarks are marked by D1 and 
D2 in the direction LJ-KP, and L1 and L2 in the direction KP-
LJ. At a distance of 40m from the viaduct vertical 
displacements of pavement were measured every two metres 
(see Figure 3). Elsewhere on the 600m long section of the 
embankment settlements were measured at every 20m to 40m. 
A longitudinal section is shown, together with the 8.7m long 
approach slab, in Figure 2, as well as the arrangement of the 
benchmarks on the road pavement near the viaduct.  
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Figure 1  Layout of the road embankment 

Figure 2  Longitudinal section of the embankment at the viaduct 

Since the motorway is in horizontal curvature, at the verge at 
the LJ-KP driving lane the embankment is 1.2m higher than on 
the verge of the KP-LJ driving lane. The measured settlements 
are somewhat larger along the LJ-KP section as shown in 
Figure 3. On the LJ-KP side the vehicles drive from the viaduct 
onto the approach embankment. In the case of both lanes of the 
LJ-KP section there is a plateau at a distance of 14m to 20m 
measured from the viaduct’s expansion joint. These large 
settlements could be caused by the dynamic impact of traffic 
loads. The measured settlements are at the smallest along the 
KP-LJ driving lane, which can be due to the lower embankment 
and motorway horizontal curvature; e.g. vehicles do not drive 
very close to the KP-LJ right hand verge. 
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Figure 3  Measured settlements of pavement (November 2004 to 
December 2008)

2.1 Driving comfort 

One of the input parameters for the Slovenian road management 
system is longitudinal evenness. The obtained results are 
evaluated according to the national specifications which deal 
with the characteristics of road pavements - evenness. The 
initial longitudinal evenness is usually measured at the time of 

the first opening to traffic for new or rehabilitated road sections. 
Measurements are sometimes repeated just before the end of the 
guarantee period (which is usually five years). In the national 
specification the maximum limit value of the International 
Roughness Index (IRI) is defined for 20m and 100m long 
sections in the case of new roads, with a maximum value of 
IRI100 for 100m long sections for older roads. 

In the case of the described motorway section the datum 
measurements were performed in November 2004 along all four 
lanes, and were repeated in July 2007 and in December 2008. 
The results of these three measurements, i.e. the calculated 
values of IRI20 for 20m sections, for the LJ-KP overtaking lane 
are shown in Figure 4 together with the corresponding measured 
settlements (D1) along the embankment, starting at the viaduct. 
It is clear that the maximum allowed values of IRI20 are 
exceeded at the transition from the viaduct to the embankment 
and also at the transition on and off the underpass that is located 
approximately 280 m from the viaduct (the underpass is 
founded on reinforced concrete piles). Similarly, one can see, 
that the average settlement far from bridging structures is 6-7cm 
and increases importantly in the vicinity of those structures. 
This fact is less pronounced for the underpass (km 6.7) since it 
is skew to the motorway axis and the benchmarks were only at 
20m distance, and the local settlements behind the abutment 
walls, which must have been larger, were not measured. 
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Figure 4 IRI20 values and the measured settlement along the road 
chainage 

At the beginning the evenness was good (IRI20 <1.2). Despite 
the road pavement settlements of 6 to 12cm between the viaduct 
and the underpass, the values of IRI20 were still low in 2008 and 
the driving comfort had not been reduced. The presented IRI20

values show very clearly the locations where the road pavement 
has developed unacceptable sudden changes in inclination. The 
degradation was significant over the last 1.5 year period. 

The calculated values of IRI100 for the same section in 
November 2008 were from 0.9 to 3.2, but the national 
maximum limit value of IRI100 for older motorways is 2.5. It 
was noted that the IRI100 values were very dependent on the 
starting point of the 100m sections, which was not the case for 
the IRI20 values. 

In order to obtain reliable information on road conditions, 
measurements of longitudinal evenness should be performed, 
whereas values of the International Roughness Index IRI20 for 
20m sections give very good information. The IRI100 for 100m 
sections may not always show the large differential settlements 
on very short sections. 

3 PARAMETRIC ANALYSES 

The purpose of parametric finite element analyses (Plaxis v.8.2, 
Brinkgreve, Broere, 2006) was to study the effect of various 
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influences on the pavement settlements and grade changes. 
Several factors, such as approach slab length, depth of the 
approach slab under the pavement, height of the embankment, 
traffic load, construction process and the shape and magnitude 
of the ground settlements, were taken into account. Dynamic 
actions of the traffic loads and the influence of the shape and 
position of wing walls were neglected. 

Figure 5  Numerical model of the approach embankment 

Thirty meters long and two, four or six meters high 
numerical models were used for the approach embankment 
(Figure 5). The left and the right boundary of the model were 
free to move in the vertical direction with the exception of the 
hinge connected approach slab which was fixed on the left side 
to represent its connection to the bridge abutment. Two loading 
schemes of prescribed displacements (A and B) were applied at 
the bottom of the numerical model to study the influence of the 
construction process and ground settlements on the final 
pavement settlements (Figure 5). 

Table 1  Soil parameters  

Parameter Symbol  Value/Unit  
Unit weight γ 22 kN/m3

Deformation modulus E50
ref 30 MPa 

Eoed
ref 40 MPa 

Eoed
ref 120 MPa 

Reference pressure pref 100 kPa 
Parameter m 0.5 
Cohesion c' 0.1 kPa 
Shear angle ϕ' 35°
Dilation angle ψ 5°

The scheme A is independent of the approach slab length 
and/or embankment height. The scheme B was used to study 
the effect of the more common construction process, where 
the approach embankment is built long before the final 
backfill is placed, causing additional ground displacements 
in the area close to the bridge abutment. The uniform traffic 
load 30 kPa was taken into account to study its influence on 
the embankment settlements, especially under the approach 
slab.  

The nonlinear soil model with kinematic hardening (Plaxis 
“Hardening-Soil” model) was used for the embankment fill. The 
material parameters are shown in Table 1.  

The results for the scheme A are shown in Figure 6, where 
pavement settlements above the 4 m long approach slab are 
shown for different embankment heights. There is hardly any 
influence of the embankment height and the approach slab 
length on the maximum pavement settlement, which is almost 
identical to the maximum ground settlement. The traffic load 
has also very little influence on the embankment deformations 
for a given set of material parameters. 

The approach slab length has a major influence on the 
location of the maximum pavement settlement and thus on the 
smoothness of the longitudinal grade line. The change of the 
longitudinal grade, defined as the ratio between the maximum 
vertical settlement of the approach slab and its length, is shown 
in Figure 7.  

From Figures 6 and 7 it is obvious that the final pavement 
settlements can not be reduced by embankment height and/or 
with long approach slabs, while the change of the longitudinal 
grade can be reduced to some extent with longer approach slabs. 
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Figure 6  Calculated pavement settlements above the 4 m long approach 
slab for various embankment heights (scheme A) 

For the scheme B the same maximum displacement (uv = 10 
cm) was applied in the area 3m behind the bridge abutment, 
irrespectively of the embankment height. However, the final 
area influenced by the prescribed displacement depends on the  
embankment height as shown in Figure 5.  

Figure 7 Change of longitudinal grade for different approach slab 
lengths and embankment heights (scheme A) 

Figure 8 presents the change of the longitudinal grade for 
various approach slab lengths and embankment heights. Given 
the assumption on the ground settlements, it is obvious that it is 
possible to “bridge” the area of the maximum settlements if the 
approach slab is sufficiently long and/or if the embankment is 
relatively low.  

Preferential behavior in the case of scheme B is largely the 
result of different prescribed settlements. The 3m long approach 
slabs are completely in the area of maximum prescribed 
settlements and, therefore, changes in longitudinal grade are 
similar and do not depend on the embankment height. However, 
longer approach slabs go beyond the area of maximum 
settlements and consequently the pavement settlements and 
longitudinal grade changes are smaller. 

More comparable results are obtained, if the grade changes 
are normalized with the ratio between maximum prescribed 
displacement and prescribed displacement at the end of the 
approach slab as shown in Figure 9. Such a comparison reveals 
that the largest impact on the pavement settlements and grade 
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changes are due to ground settlements beneath the end of the 
approach slab.  The distribution of ground settlements along the 
approach embankment is obviously less important, as the 
normalized value of the grade change for scheme A is only 
approximately 0.5% higher than for scheme B.  

Figure 8 Change of longitudinal grade for different approach slab 
lengths and embankment heights (scheme B) 

Figure 9 Change of normalized longitudinal grade for different 
approach slab lengths and embankment heights (scheme B) 

Similarly, we can conclude that embankment height by itself 
has only small impact on grade change in the area of the 
approach slab for the expected (given) ground settlements.  

4 METHOD FOR THE SELECTION OF THE LENGTH OF 
APPROACH SLABS 

Based on the presented research and some case histories, the 
following conclusions can be drawn: 

The large absolute settlements of embankments do not affect 
driving comfort (longitudinal evenness) but they may alter the 
road pavement inclination and affect dewatering as well as 
conduit systems. Ground improvement should be implemented 
gradually so that the ground conditions change slowly. 

The thickness of the road structure above the stiff 
superstructure and the approach slab is not very important for 
the reduction of differential settlements. 

The most important is the rate of settlement that occurs at the 
free end of the approach slab after asphalting. There are two 
important changes in the inclination of the road pavement in the 
longitudinal directions - the change from the bridging structure to 
the approach slab and the change at the end of the approach slab.  

In Slovenia backfill usually consists of non-cohesive 
materials, construction works and compaction are controlled so 
that the elastic moduli of the backfill are usually quite high. If 
the approach slabs are long, even loose compaction or a small 
amount of erosion near the end abutment does not affect the 
pavement settlements much. However, the design details of the 

abutment wall, the wing walls and the foundation of the 
approach slab are important.  

When large settlement of an approach embankment to a 
bridging structure on deep foundations is foreseen, the 
geotechnical design report should also address the question of 
differential settlements after the construction works are 
completed. National recommendations, dealing with the length 
and design of approach slabs, should take into account the 
following parameters: the road category (traffic loads), the total 
settlement of the approach embankment (s), the time of primary 
consolidation (T) and the height of the embankment (H). All 
these input parameters can be obtained in advance of 
construction. It is assumed that the construction time (i.e. the 
time between the placing of the backfill and the asphalt 
layering) is not shorter than 4 months.  

The following method has been proposed in order to select 
the appropriate length of the approach slab: (1) input 
parameters: s, T and (2) output parameters (or the type of 
technical solution): "0", "A", "B", "C", "D", "G". "0" means that 
no approach slab is needed, whereas "A", "B", "C" and "D" 
stand for approach slabs with lengths 2.0, 3.7, 6.2 and 8.7m, 
respectively. ‘G’ means that a geotechnical engineer should be 
consulted to provide an appropriate solution (a longer approach 
slab, ground improvement, acceleration of consolidation, or a 
temporary overburden). Decision-making method for 
determining the lengths of approach slabs next to motorway 
structures is presented in Table 2. The different types of 
technical solutions are suggested from simple design of 
approach slabs according to the technical specifications towards 
more complex design solutions. Similar solutions can be 
adopted for other road categories. 

Table 2 Technical solutions for the lengths of approach slabs. First 
solution is valid for H≤3m and the solution given in brackets for H>3m. 

Consolidation time 

Calculated settlement 

T < 4 
months 

4 < T < 12 
months 

T > 12  
months 

0 < s < 2.5cm 0 (A) A (B) B (B) 
2.5 < s < 5cm A (A) B (B) B (B) 
5 < s < 10cm A (B) B (C) C G (D)  

10 < s < 20cm B (B) C G (D) D G (D G) 
20 < s < 30cm B (B) D G (D G) Not acceptable 

s > 30cm B (C) D G (Not acc.) Not acceptable 

5 CONCLUSIONS 

It has often been proven that approach or run-on slabs reduce 
the driving discomfort due to the differential settlements that 
develop on road pavements between the deeply founded 
bridging structures and approach embankments. However, there 
are different approaches for the selection of the length of 
approach slabs given in national specifications of individual 
countries and are based on different criteria. The design 
proposal given in this paper (Table 2) is based on the analysis of 
different case histories and on the results of briefly presented 
parametric study. The designer needs only parameters, which 
are routinely given in geotechnical reports (settlement and time 
of consolidation). For demanding conditions the site specific 
geotechnical solutions have to be designed and applied. 
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