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Reinforced soil - solution for the rehabilitation of an access ramp 

and a quarter con for bridge 

Oana Elena Colț 
Department of Transportation Infrastructure and Foundations, Gheorghe Asachi Technical University, 

Iași, 700050, Romania 

Summary 

Reinforced soil is a composite construction material of great strength and stability 

formed by the association of granular soil and reinforcement who are strategically 

embedded into the soil in order to allow the transfer of stress from the soil into the 

strips providing the resistance the soil alone does not otherwise possess.   

High internal friction, generated between granular fill and the shear strength of 

the reinforcement generate a material with improved mechanical properties, 

similarly with the reinforced concrete.   

Created by the French engineer Henri Vidal in 1963, the reinforced soil was 

initially used only to stabilize slopes or for reinforced earth walls. 

Over time, the use of this composite material had recorded a continuous 

development and provided structural solutions at significant cost savings. Today, 

reinforced soil is being used in various forms and for different destination: slope 

stabilization, retaining walls, reinforced embankments, subsoil stabilization, 

reinforced cushion. 

Reinforced soil has found such use in bridges execution for: abutments (“True” – 

the forces are directly transmitted to the soil beneath the reinforced abutments or 

“False” - the bridge seat is supported on piles) and viaducts embankments. This 

solution can be also used for the execution of the access ramps and the quarter 

cones for bridges when the compaction of the soil, usually local, is difficult and 

costs of using another soil are high. 

An improper compaction of soil and the presence of water (from raining or melting 

snow) can cause sliding / stability loss in the access ramps. As a technical solution 

for the loss of stability (local or general) can be reinforced soil consolidation over 

the entire height of the access ramp or just at the base. 

As an example of the use of this composite material for bridges is presented, a 

solution adopted to stabilize the access ramp and the quarter cone of a bridge. The 

loss of stability occurred during the execution of the bridge. 

 

KEYWORDS: reinforced soil, geosynthetics, access ramp, quarter con. 
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1. INTRODUCTION 

Reinforced soil is, above all, a composite material formed by the association of the 

soil with reinforcements. These can be made in metal (galvanized steel or stainless 

steel (strip or grid bars) or geosynthetics (geotextile, geogrid reinforcement or 

geocomposite), placed usually horizontally [1], [2]. It strength and stability is 

derived from the frictional interaction between the granular backfill and the 

reinforcements, resulting in a permanent and predictable bond that creates this 

unique composite construction material. 

As in reinforced concrete the reinforcement is used to improve the mechanical 

properties of the base material, the same in reinforced soil the earth will be armed 

only on the direction that is most solicited. 

Since the invention of this composite material, the reinforced soil structures were 

an alternative to the traditionally retaining walls (massive walls or elastic walls) 

used usually to support or to stabilize the ground.  

Reinforced soil structures are an economical way to meet every-day earth retention 

needs for highway and bridge grade separations, railroads and mass transit systems, 

waterfronts, airports, loading docks, industrial facilities and commercial and 

residential developments. They are also used in response to difficult design 

conditions such as very high structures, restricted space, slope stabilization works, 

[1], [6]. 

 

Figure 1. Reinforced soil for bridge abutments, [3] 

Reinforced soil structures have a number of advantages over traditional methods 

[1] and [2]: 
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 the methods of construction are simple, fasts and does not require 

extensive equipment kit and no special skill from the construction workers; 

 does not require rigid foundations because the as reinforced soil structures 

takes deformations; 

 can be used on-site materials, which greatly reduce the cost; 

 allow support structures to great heights; 

 flexibility, making it possible to build directly upon compressible soils; 

 superior appearance, since the facing is highly suited for architectural 

finishes or reintroduction into the nature by using a vegetal face. 

For bridges, Norm GP 093-06 – “Ghid privind proiectarea structurilor de pământ 

armat cu materiale geosintetice și metalice” (Guide for the design of reinforced 

earth structures with geosynthetics and metal materials) gives some example for 

the types of works that can be made with reinforced soil [1], [3]: 

 bridge abutment (Figure 2a); 

 abutment combined with pile foundation (Figure 2.b); 

 inclined abutment (Figure 2.c); 

 reinforced embankment for viaduct (Figure 2.d). 

 

 
a) bridge abutment b) abutment combined with pile foundation 

 
 

c) inclined abutment d) reinforced embankment for viaduct 

Figure 2. Reinforced soil for bridge works 
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2. THE ADOPTED SOLUTION FOR THE ACCESS RAMP AND 

THE QUARTER CONE 

2.1. The analysed situation 

At the design stage of the project, the adopted solution for the quarter con and the 

access ramp of the bridge was compacted local earth fill. After the execution, still 

in the stage of execution, occurred a loss of stability of the right access ramp, 

before entering the bridge. 

The expertise established that the cause of this loss of stability was insufficient 

compaction accompanied by infiltration of water from rainfall and snowmelt. 

In order to solve the problem different possible technical solutions were analysed 

taking in account the efficiency and the related costs. At this stage were considered 

three different solutions: 

 compacted fill but with a better soil; 

 stabilized soil; 

 reinforced soil. 

After the technical and economical calculations for these solutions, the adopted 

solution for rebuilding the access ramp and quarter-con was reinforced soil.  

2.2. The reinforced soil solution 

For the reinforced soil solution, the base idea was a basal consolidation of the 

access ramp for a limited height. 

In order to determine the necessary reinforcement was used the computer program 

Cartage. This program is used for the design of reinforced soil structures with 

geosynthetic reinforcements. Cartage program was created by Laboratoire Central 

du Ponts et Chausses based on a displacement design method for structures in soil 

reinforced with geotextile developed by LCPC in collaboration with the Laboratory 

of Grenoble University. 

After entering the necessary data, the program is running and the results are de 

displacements and the tensile strength in the reinforcements for the considered 

failure surfaces. Analysing the table it could be identified the extreme values of the 

coefficient of safety and maximum necessary tensile strength for the 

reinforcements. Depending on the required values for these terms is necessary to 

determine whether or not changing the original distribution of reinforcement. 
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For this situation, the access ramp, the proposed distribution of reinforcement 

consists in eight layers of reinforcement spaced at 0.60 m vertically with an 

inclination of the slope of 2/3, Figure 3. 

Sfert de con cu pereu din piatra

Stone pitching cone of slope

4 %

7.00 m

3:2

Armaturi din geogrile

Dren

7.00 m

7.00 m

7.00 m

7.00 m

7.00 m

7.00 m

7.00 m
Parament din geocelule

4 %

2,5 %

Stone pitching cone of slope

Seal system

Drainage

Geocelles face 

Reinforcements

 

Figure 3. Cross section – reinforced soil with geocelles face 

After checking the internal and the external stability of the proposed structure, the 

necessary length of geogrid reinforcement was 7m, Figure 3. Technical 

characteristics of needed geogrid ware: minimum tensile strength of 20 kN/m, the 

maximum mesh size of 40 x 40cm. 

2.2. Requirements for the execution 

For the face of the reinforced soil abutment, two technical solutions ware proposed: 

 geocelles face, Figure 3; 

 vegetal steep slope, Figure 4. 

Considering the benefits of using a vegetal face: ease of installation, lower price, 

reintroduction in natural cycles, this was the version that was finally used to 

construct the access ramp a quarter cone. 
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Figure 4. Cross section - vegetal steep slope 

For quarter cone in order to achieve the required curvature, for positioning the 

reinforcement elements has been foreseen a fan disposition, Figure 6, overlapping 

the geogrids in the inner side of the curve. To prevent slippage of geogrids on the 

overlap zone was necessary to anchoring them with metal anchors. 

Schimbarea directiei de

asezare a geogrile

Schimbarea directiei de

asezare a geogrile

Schimbarea directiei de

asezare a geogrile

Schimbarea directiei de

asezare a geogrile

Schimbarea directiei de
asezare a geogrile

Schimbarea directiei de
asezare a geogrile

DETALIU DE ASEZARE A

GEOGRILELORChanging of 
direction

Changing of 
direction

 

Figure 5. The fan positioning of the geogrids for the quarter con 
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For the stabilization of the access ramp was necessary to use the reinforced soil 

solution for a length of 60 m, with an arrangement in longitudinal profile indicated 

in Figure 6. 

In the project specifications was foreseen the necessary steps for the 

implementation of the reinforced soil. First, it was indicated to remove slipped 

material, taking into account that the work platform width must be at least equal to 

the width of the geogrid reinforcement. For ensuring the flow of the infiltration 

water it as preview a drainage system, 50cm thick, with a slope of 4%, around the 

reinforced massif, Picture 4. 

Taking in account the result of the computed design calculations for the reinforced 

soil (H = 4.80m height with a 7 m width at the base, 8 layers of reinforcement) the 

stages of work ware cyclical: placing the reinforcement, compacting two layers of 

filling material to obtain a 60cm thickness of compacted soil. The required 

characteristics for the filling material ware: weight volume 19kN/mc, minimal 

internal friction angle 30o. To achieve the slope of the access ramp each layer was 

positioned offset from the previous with 90cm. 

For preventing the water infiltration into the reinforced soil, on top of the 

reinforced massif it was foreseen a seal system with geosynthetics. Until the 

superior level of the access ramps the project preview a compacted earth filling 

with an inclination of 3: 2.  

3. CONCLUSIONS 

Reinforced soil solution proposed for stabilizing the access ramp and quarter-con 

was competitive one both economically and in terms of the conditions and duration 

of execution. 
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Increasing the safety of bridge structures using seismic base 

isolation 

Daniela Oanea (Fediuc), Mihai Budescu, Vasile-Mircea Venghiac and Rareş 

George Ţaran 
Department of Structural Mechanics, “Gheorghe Asachi” Technical University, Iasi, 700050, 

Romania 

Summary 

In the last years, big earthquakes have caused many economic disasters and loss of 

human lives. One of the methods to increase the safety of bridges is the seismic 

base isolation. This method is used on new bridges as well as in the rehabilitation 

of existing bridges. 

So far, for buildings seismic isolation, the elastomeric bearings were 

predominantly used. One of the parameters which influence the behaviour of 

elastomeric bearings is the vertical stiffness which depends on the compression 

modulus of elastomers. 

This paper presents the experimental results on the behaviour under compression 

of a chloroprene (CR) layer with 64 Shore A hardness. The test was carried out in 

two situations: in the first case the elastomeric layer was reinforced, and in the 

second case a thin layer of lubricant was applied between the elastomeric layer 

and the test machine platens. 

The compression test of elastomeric specimens was achieved with a Controlled 

Electro Mechanism Universal Testing Machine WDW. The compression load was 

progressively applied with a speed of 0.05 kN/sec and the maximum value was 2 

kN. Ten cycles of loading-unloading were performed and the stress-strain curves of 

elastomeric specimens in both cases were plotted. 

Following the laboratory tests it was establish a substantial increase of the bearing 

capacity and of the compression modulus in the case of reinforced, so their role to 

prevent horizontal deformations was highlighted. 

 

KEYWORDS: seismic isolation, elastomeric bearings, compression modulus. 
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1. INTRODUCTION 

The seismic isolation of bridge structures is achieved by introducing bearings 

between the superstructure and infrastructure, designed to reduce the effect of 

seismic action. There are many types of bearings which are designed and built 

according to: the dimensions of the structures which must be seismic isolated, the 

complexity of the structure, the degree of loading, the seismic zone where the 

structure is located. 

The bearings can be classified as elastomeric bearings and sliding bearings 

(Hoseini Vaey, S.R., et al., 2012). Elastomeric bearings are predominantly used in 

seismic isolated structures. These types of bearings are used in bridge 

superstructures to allow deformations and movements caused also by temperature. 

Elastomeric bearings are able to work between -40ºC and +50ºC, but occasional 

temperature increases up to +70ºC can be supported without problems. 

Elastomeric bearings are mounted between two metal plates, the top plate is fixed 

to the bridge superstructure and the bottom plate is mounted on the infrastructure 

elements (abutment or pier). The metal plates are fitted with stoppers (cleats). The 

structure of these bearings allows them to overtake horizontal forces, for this 

reason no special measures are required to prevent displacements at bridge 

superstructures with small longitudinal and transverse slopes (Răcănel, I. R., 2007). 

Elastomeric bearings for bridges allow simultaneous overtaking of the following 

loads: standard vertical forces, absorption of occasional horizontal forces, 

multidirectional horizontal movements by elastic deformation, bearing surfaces 

rotations around all axes (www.mageba.ch). 

The moment and the shear force in the pile are reduced in case of seismic isolated 

bridge structures, but with this reduction it is observed an increase of the 

superstructure displacements. 

There are many bridge structures in the world with the isolation system made of 

elastomeric bearings. In our country there are: the bridge on the highway A2 over 

the Danube-Black Sea, the bridges over Constanta ring road, Basarab-Bucharest 

passage isolated with lead neoprene bearings and hydraulic dampers, Otopeni-

Bucharest passage isolated with lead rubber bearings. 

Elastomeric bearings are characterized by high vertical stiffness and high 

horizontal flexibility. The vertical stiffness of elastomeric bearings depends on the 

compression modulus and their dimensions. The vertical stiffness of an elastomeric 

layer with thickness h and area A is defined by: 

 V c

A
K E

h
   (1) 
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2. EXPERIMENTAL DETERMINATION OF COMPRESSION 

MODULUS 

2.1. Materials 

The laboratory tests were carried out on chloroprene specimens (CR) with 64 Shore 

A hardness. The materials were provided by S.C. FREYROM S.A., which is the 

manufacturer of bridge bearings and bearings for seismic base isolation. 

2.2. Methods 

According to the standard of elastomers compression test ASTM D 395-03, the 

standard dimensions of a specimen are: thickness of 12.5 ± 0.5 mm, and diameter 

of 29.0 ± 0.5 mm (ASTM D 395-03, Reapproved 2008). The tested specimens had: 

thickness of 13 mm, and diameter of 28.5 mm. 

The compression test of elastomers was carried out in two cases: 

a. the elastomeric layer was reinforced; 

b. a thin layer of lubricant was applied between the elastomeric layer and the 

test machine platens. 

The figures below show the test methods of elastomeric specimens: 

  

Figure 1. The reinforced elastomeric specimen: the undeformed and deformed shape 
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Figure 2. The elastomeric specimen with lubricant: the undeformed and deformed shape 

The compression modulus was determined by vertical deformations resulting from 

the compression test.  

The compression test of elastomeric specimens was achieved with a Controlled 

Electro Mechanism Universal Testing Machine WDW. The compression load was 

progressively applied with a speed of 0.05 kN/sec and the maximum value was 2 

kN. The Controlled Electro Mechanism Universal Testing Machine allows 

automatic recording of the force and displacement using the program WinWdw. 

2.3. Results 

Ten cycles of loading-unloading were performed. In Figures 3 and 4, the stress-

strain curves of elastomeric specimens in both cases were plotted: 

 

Figure 3. The strain-stress curves for reinforced CR. 
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Figure 4. The strain-stress curves for CR with lubricant. 

Table 1 shows the maximum deformations of specimens: 

Table 1. Maximum deformations of specimens [mm] 

 Reinforced With lubricant 

CR 3.9 5 
 

According SR EN 1337- 2006, the secant compression modulus is determined by 

the following relationship (ASRO, 2006): 

 2 1 2 1( ) / ( )  cs c c c cE      (2) 

where: 

σc2 is the normal stress at maximum load; 

σc1 – normal stress at 1/3 of the maximum load; 

εc2 – specific deformation at maximum load; 

εc1 – specific deformation at 1/3 of the maximum load; 

The experimental results of secant compression modulus for elastomeric specimens 

are presented in Table 2: 

Table 2. The values of secant compression modulus [MPa] 

 Reinforced With lubricant 

CR 14.35 10.37 
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3. CONCLUSIONS 

This paper makes an analysis of the behaviour under compression of an elastomeric 

layer used in seismic isolation bearings for bridge structures. 

Following the laboratory tests, the largest deformations were recorded in the case 

when a thin layer of lubricant was applied between the elastomeric layer and test 

machine platens. 

The vertical stiffness of elastomeric bearings depends on the compression modulus. 

The compression modulus value of reinforced elastomeric specimen resulted 

higher by 40% compared to the elastomeric specimen with lubricant. 

In conclusion, the role of steel plates, also known as reinforcement, is to reduce the 

elastomer deformation. In the absence of the steel plates, the phenomenon of 

elastomer flow would allow the deformation of elastomeric pad by the lateral faces 

expansion, followed by the crack appearance and the bearing destruction. Therefor 

the elastomeric bearings must be achieved with horizontal plates to prevent the 

lateral deformation of the material. 
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Summary 

With reduced raw material and increasing demand for the development and 

maintenance of roads, more attention is needed to reuse the materials usage. 

Recycled asphalt pavement is made from reuse aggregate from old asphalt. Porous 

asphalt mixtures are formed of coarse and broken aggregates and with small 

amounts of sand and fine aggregate. In pavement manuals two type, coarse and 

fine grading for porous asphalt aggregate is introduced. The small amount of 

bitumen (about 4%) is used for coating stone materials; so the air is about 22 

percent, consequently there is a lot of void in this asphalt. This study checks the 

reducing bitumen consumption, when reuse old asphalt. According to the diagram 

of experimental result, for coarse aggregate optimized bitumen was 3.5 percent and 

for fine aggregate optimized bitumen was 4.0 percent. 

KEYWORDS: porous asphalt, bitumen consumption decrease, recycled asphalt 

pavement, bitumen optimum percent. 

1. INTRODUCTION 

Use of recycle materials is increasing around the world[1]. In asphalt pavement 

industry, materials of existing asphalt layers, which need to be improved, are 

collected. There is bitumen and aggregate in recycled asphalt that existing bitumen 

gets hard due to oxidation but time isn’t important for aggregate and it can be used 

any time. We need many natural resources top repaper bitumen and aggregate for 

making new hot mixed asphalt, and they want high energy and create many 

pollution. Result of researches done in Romania by use of PECT software show 

using the new technologies (as recycling)of pavement asphalt an reduce gas CO2 

incoming to the environment due to road construction projects, up to 

%40[2].Different asphalt are using in pavement surface such as porous asphalt that 

is that is suitable for areas with high rainfall. In present study, possibility of reusing 

of aggregates and bitumen with it are examined. Aggregates of porous asphalt have 

to different grading: fine and coarse, and the percent of suitable bitumen of both 

grading with different percents of recycled materials and raw materials are 

calculated. 
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2. LITERATURE REVIEW   

Use of recycled asphalt pavement (RAP) and the research related to it have begun 

from 1970’s, and use of them is spreading these days. Using from recycled asphalt 

is considered in Superpave design method. It had been done a research in Clemons 

University about performance of recycled asphalt with gradind9.5mm in???. In said 

research, it was used from use tired retailers, too. The simultaneous use caused the 

increasing of rutting strength but it didn’t have any significant impact on increases 

of indirect tensile strength (ITS)[3]. 

Although, use of crumb rubber increased the rutting strength in comparison with 

usual bitumen, it didn’t have any important effects on ITS and moisture 

susceptibility .Another study on made pavement from %30-50 of recycles asphalt 

in average life of 11-13 years has indicated there is no significant differences in 

pavement performance contaminating %0-30 RAP. The effect of use of RAP on 

surface friction was examined, too. Two kinds of asphalts, DGA (Dense Graded 

Asphalt) and SMA (Stone Matrix Asphalt), were made from recycled materials and 

highly friction raw aggregate, and results show if up to %30 of materials were 

made of RAP, they wouldn’t have any effects on frictional properties.Figure1, 

indicates the polishing rate of two asphalt DGA and SMA, for different of RAP.A 

you can see, %25 increase of RAP can only reduce % of polishing rat[4]. 

 

Figure 1. The effect of RAP content on polishing rate [4] 

By considering previous studies, it was understood that aggregates from recycled 

asphalt pavement (RAP) and its usages are increasing broadly [1] and many types 

of asphalt mixes are making from them, and new mix design methods are applying 

on them [5]. 
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3. ANALYSIS PROCESS   

3.1. Laboratory Analysis 

In present study, at first the percent of bitumen with RAP wasdetermined.RAP was 

divided to 3 different groups as follow: 

A-Crushed coarse aggregate (remained on the sieve#4) 

B-Crushed aggregate of fine graded (passing from the sieve #4) 

C-Dense recycled asphalt 

Their bitumen percent were obtained %4.6, %3.2 and %5 respectively and their 

average as calculated %4.25.Grading of crushed RAP are presented in figure2. 

 

 

Figure 2. Diagram of grading of crushed RAP 

There are two grading, fine aggregate (I) and coarse aggregate (II), for making 

porous asphalt in regulations, and we used both kinds based on table1 [6].Mixing 

rate of RAP and raw aggregate were different in%5.Various percent of bitumen 

and aggregate rate are presented in table 2. Moreover, table 3 presents the features 

of added pure bitumen to RAP. 

There are some formulas like relation 1 for determining the percent of suitable 

bitumen for mixing with recycled asphalt in regulations [7]. 
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r= Sum of raw aggregate ad RAP in the whole mixture 

Psb=The percent of existing bitumen in RAP 

Pb=The percent of estimated bitumen for recycled mixture 

Pnb=The percent of additional bitumen for recycled mixture 

Table 1. Grading of fine and coarse aggregate of porous asphalt [6] 

The grain size 
Weight percentage passing each sieve 

Coarse Fine 

19 100 - 

12.5 90-100 100 

9.5 60-100 90-100 

4.75 15-40 30-50 

2.36 4-12 5-15 

0.075 2-5 2-5 

Table 2. Grading of different percent of bitumen 

Grading 

Group 

Raw Material 

(%) 

Recycle Material 

(%) 

Added Bitumen 

(%) 

Total Bitumen 

(%) 

AI 0 100 2.5 6.5 

AII 0 100 3 7 

BI 25 75 3 6 

BII 25 75 3.5 6.5 

CI 50 50 3.5 5.5 

CII 50 50 4 6 

DI 75 25 4 5 

DII 75 25 4.5 5.5 

EI 100 0 4.5 4.5 

EII 100 0 5 5 

Table 3. The features of used pure bitumen 
Bitumen Specification Standard Test results 

Softening Point ASTM-D36  57 

 Thin Film Over Test ASTM-D2872 0.159 

Penetration of Bitumen ASTM-D5  67.3 

Flash Point ASTM-D92 302 

Specific Gravity ASTM-D70  

The results indicated by increasing the percent of mixed bitumen (new and 

existing),the Marshal resistance is increasing, too ;but the Marshal resistance will 

reduce from a certain value(%4-%3.5).Figure 3 and 4 present the changes of 

Marshal resistance based on the percent of additional bitumen. 
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Figure 3. The changes of Marshal Stability of samples (Kg) for percent of additional 

bitumen (fine aggregate) 

 

Figure 4. The changes of Marshal Stability of samples (Kg) for percent of additional 

bitumen (coarse aggregate) 

According to the figures of Marshall Stability changes, the percent of optimum 

bitumen, which should be added to the mixture, is %3.5 and %4 for fine and coarse 

aggregate respectively. It means the usage value of new bitumen decrease %2 for 

fine and coarse materials. 
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In the other hand, about %30 of new bitumen is decrease. The percent of raw 

aggregate materials and RAP is obtained equal to %50. 

3.2. Economic Analysis 

Today the preparing cost 1ton of bitumen is 550$ [8], and if %30 of weight of 

required bitumen for asphalt decrease, and the mixtureneed%6 of bitumen based on 

relation (2): 

                                   
36.9550.03.0100006.0                 (2) 

There will be about 10$ saving money in each ton of asphalt. There for; the cost 

will decrease about 5500$ in every kilometer of two-lane road. Of course the 

decrease of costs related to preparing new aggregate and omitting used asphalts 

should be considered in reduction of costs. 

4. CONCLUSION 

Decrease of environmental pollution and reuse of used materials are one of 

activities that new technologies are trying to find them. This study has examined 

the use of recycled materials in making of porous asphalt. The obtained results are 

a follow: 

1-The decrease of using new bitumen is about %2 in making porous asphalt from 

RAP (both in fine grading and coarse one). 

2-Usage of recycled materials or fine and coarse porous asphalt was obtained equal 

to%50. 

3-Saved cost (only due to decrease of used bitumen) is 5500$ in every kilometer of 

a two lane road. 

Because of research limitation, the loading were statically that we can use dynamic 

loads or can use the same topic for other type asphalt as SMA or can use examine 

various parameters of asphalt performance. 
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Summary 

Ontologies are understood as a working models of entities and interactions in some 

particular domain of knowledge or practices. 

After giving a short definition of this concept, this paper describes the need of 

using ontologies because they are addressing various fields, including the field of 

highway and bridge engineering. Also, the main classes of questions used for 

building various ontologies are presented. 

Finally, suggestive examples of building various civil engineering ontologies such 

as “Road System”, “Road System Visualization” and “Urban Mobility” are 

presented. 

1. INTRODUCTION. ONTOLOGY DEFINITION AND 

OBJECTIVES 

Ontology is a description (like a formal specification of a program) of the concepts 

and relationships that can exist for an entity or for a group of them.. 

Ontology engineering (Wikipedia. a) is a field which studies the various 

methodologies for building ontologies and formal representations of a set of 

concepts within a domain and the relationships between those concepts. 

Adopting a common and stable ontology is necessary, (Andrei R., Nicuţă A.) 

especially in the civil engineering domain, like road/highway engineering or urban 

development, for whose boundaries and specific contents are by nature, subject to 

controversy, as it crosses different scientific domains such as engineering, law, 

environment, social sciences etc. 

Furthermore the new development and rapid changes of these domains, induce the 

need for optimizing the existing conceptual systems and for developing a new area, 

centered around the new emerging issues, such as road transport, urban 

sustainability, etc. 

In relation with Fig. 1, which represents the schematic use of ontology in solving of 

various problems, we can see how specific domain ontology may influence both 

Method Input and also Method Output. 
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Figure 1 - The schematic use of ontology in solving various problems (Berdier C., Roussey 

C. - a) 

2. CLASSIFICATION OF ONTOLOGIES 

The ontologies are usually classified (Berdier C., Roussey C. - b) according to the 

following criteria: formalization, expressiveness, purpose, specificity. Function of 

the language used to describe the various ontologies, these could be classified as 

highly informal (Yahoo Directory) or semi-informal (French Architecture 

Thesaurus, PIARC Dictionary, etc.). 

According to expressiveness, we can have:  

1. Lightweight Ontology, such as: Terms; Natural Language Definition; 

Concepts, class, type; Relation type, property type, etc. 

2. Heavyweight Ontology, including: Properties and Attributes; Constraints; 

Formal definition; Axiom, facts; Rules. 

According to the purpose criteria on may identify various domains such as urban 

domain, civil engineering, transportation infrastructure, etc. 

The last but not the least classification criteria is the one according to specificity 

and in this respect we have:  

- Generic Ontology which means a generic concept applicable on fields such as 

measure concept;  

- Core Ontology understood as a core concept of urban domain applicable on 

urban fields (network concept) 

- Domain Ontology, specific concepts of a field, like Civil Engineering and 

Highway Engineering. 

3. BUILDING ONTOLOGIES AND MAIN CLASSES OF 

RELATIONSHIP TYPES  
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Building ontologies requires a set of elements (Berdier C., Roussey C. - c), these 

elements being related to the main topic through some relationships. These main 

classes of relationship types used to create ontologies are as follows: 

1. Relation of localization such as “is located on”, “is located in”; 

2. Relation of use like “is used for”, “is used by”, ”can hold the role”; 

3. Relation of composition like “is composed of”; 

4. Relation of subordination such as “depends on”, “works for”; 

5. Relation of being like “is a(n)” 

6. Relation of characterization like “is characterized by”, “says itself for” 

7. Relation of generation such as “is resulting from” 

4.  CIVIL ENGINEERING. DOMAIN ONTOLOGY. CASE 

STUDIES 

4.1 Road System Ontology 

According (Wikipedia. b), road is defined as a line of communication (travel way) 

using a stabilized based, other than rails or air strips, opened to public traffic 

primarily for the use of road vehicles, which should include bridges, tunnels 

supporting structures, junction crossings. Fig. 2 represents the Road System 

Ontology, built by using the various classes of relationships described above. 

 

Fig. 2 - Road System Ontology (Berdier C., Roussey C. - d) 

4.2. Road System Visualization Ontology 
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According to Fig. 3, which represents the Road System Visualization, we can see 

the set of elements that is composing this system, such as bracket, vehicle, kerb, 

traffic lights, tree, people, parking, road way etc. 

 

Fig. 3 - Road System Visualization 

4.3. Urban Mobility 

Urban mobility is understood as an urban core function, which aims to ensure the 

safe circulation of people and goods, with environmental protection over a short 

period of time (Smart Development Center). In relation with Fig. 4, on may 

observe the main aspects involved in building this ontology and the relations 

between them, in order to analyze it.  
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Fig. 4 – Ontological System Urban Mobility 

5. CONCLUSIONS 

The methodology for building ontologies in the field of Civil Engineering has been 

used for the building of Road System Ontology. This methodology can be used 

further for other Civil Engineering areas such as Urban Mobility, Bridge System, 

Pavement Structures, Earth Works, etc. 

Not all the fields of urban are necessarily formalized but a minimum of stability in 

the definition is required. 

The Urban field is able to generate various ontologies such as Urban Renewal, 

Urban System, etc. 

The built ontologies have to be structured optimally against the knowledge base 

they represent, they have to be actualized continuously to represent, at any moment 

in the future, their domains. 
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Summary 

The present paper analysis several aspects related to the seismic calculations 

which take into consideration the possibility to realize a pile foundation. The 

calculation has been realized based on Eurocode 7 and 8 provisions, of National 

Annex and Geotechnical Design Norms of Pile Foundations.    

Considering the seismicity of Romania and the dynamic character of stresses that 

some structures can transmit to the foundation, has been realized a dynamic 

analysis on a case study, fulfilling Eurocode EC8 -5/2004 provisions. For the 

determination of pile stresses will be considered the interaction soil foundation – 

infrastructure – superstructure, with the purpose of obtaining a numerical analysis 

as close as possible to the reality.  

KEYWORDS: Eurocode, piles, pile foundation, displacement, bending 

moment 

1. INTRODUCTION 

Even though there is a world tradition in the design and execution of pile 

foundations in seismic areas, can be found a serial of cases where the piles have 

yielded following several strong earthquakes. These types of sheerings can 

determine important turns and compaction of the constructions and in extreme 

cases, even the total collapse of the structure. Eurocode 8-5/2004 („Structural 

design for earthquake resistance; Foundations, supporting structures and 

geotechnical aspects”) completes the European Standard EN 1997-1:2004 

provisions which doesn’t discuss prescriptions of seismically design and provides 

structural design rules of piles situated in seismic areas.  

 

 

2. SEISMIC ACTIONS ON PILE FOUNDATIONS  

For many types of structures, foundation piles are mainly stressed to compression. 

The stresses of seismic nature impose the condition that the piles should be 

resistant also to transversal loadings and bending moments, with action superior to 
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the ones resulted from static loading of the foundation. Complementary, there is the 

possibility to appear in some piles traction stresses.  

Seismic loadings are different from other forms of dynamic loadings. The seismic 

waves have a high amplitude and low frequency. Other types of dynamic loadings 

are characterized by relatively reduced amplitude and variable frequency.  

Propagation of seismic waves in soil produces forces of cinematic origin between 

pile and foundation soil, while the loadings produced by the structure are inertial 

forces.  

 

 

Figure 1: Kinematic and inertial interaction [5] 

The numerical studies show the fact that the answer of lateral surface of a pile 

stressed by loadings resulted from earthquakes can be considered in three areas: 

 Close to arranged soil surface. This area is extended on a 8 diameters depth 

under the soil surface and is dominated by inertial forces effects,  

 Intermediary area: extended between the surface area (8-12 diameters) 

under the soil surface level and is dominated by inertial and cinematic 

forces effects, 

 Depth area: this area is extended below 12 to 15 pile diameters depth and is 

dominated by cinematic forces.  

 

The pile effective length, Lad, which participates to the inertial answer, can be 

determined for soil elastic profiles [9] as a function of pile and soil flexibility and 

pile diameter: 

Dynamic load 

Soil force on piles Soil 

displacement 
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a. Constant rigidity with the depth: 
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c. Rigidity that varies linear with depth: 
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Where:  

D -  pile diameter; 

Ep – material elasticity modulus for pile; 

Es – oedometric modulus of soil; 

  

These active lengths are larger than the equivalent lengths that can be determined 

for piles from static loadings. 

 

 

a.      b.    c. 

Figure 2: Idealized profiles of soil stiffness [5] 

 

3. PROVISIONS OF EUROCODE 8-5/2004 

The static evaluations of foundation piles must be developed according to the 

provisions and recommendations mentioned by EC7. Is also necessary, in case of 

foundation piles realized in seismic areas, to realize a calculation for dynamic 

stresses produced by earthquake and compared with the results from static 

calculations.  

According to SR EN 1998 – 5 (EC8/5), the piles must be dimensioned so that to be 

resistant to the effects of the following two types of actions: 

 Inertial forces resulted from the superstructure. These forces combined 

with static loadings provide calculation values NEd, VEd, MEd; 
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 Forces of cinematic origin resultant from surrounding soil deformation due 

to propagation of seismic waves.  

Eurocode 8 also mentions that the bending moments which are developed 

according to cinematic interaction must be evaluated only if the following 

conditions are simultaneously fulfilled: 

 Soil profile is class D, S1 or S2 and contains three consecutive layers where 

the rigidity clearly differs,  

 The moderate or strong seismic area (the agS is higher than 0,10g) and the 

supported structure is III or IV class. 

 

Eurocode 8-5/2004, Annex C (SR-EN 1998 – 5:2004), provides the coefficients of 

static rigidity at the upper part of the pile, for the three idealized types of profiles of 

soil flexibility variation, presented in figure 2. Table 1 presents the values of these 

coefficients.  

 

Table 1: Static rigidity of flexible piles for three soil types  
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Where:  

kHH – horizontal rigidity; 

kMM – bending rigidity; 

kHM = kMH – horizontal rigidity due to bending; 

E – Young Modulus of soil model equal with 3G; 

Ep - Young Modulus of pile material; 

Es - Young Modulus of soil at a depth equal with the pile diameter; 

d  - pile diameter; 

z – depth. 

 

Once the loadings that interact on the pile have been determined, the rigidity 

coefficients presented in table 1 can be used to evaluate the lateral displacement 

and torsion of pile head ( HH  și HH ). 
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Where: 
h – represents the height from where an horizontal force could cause a moment M; 

M – bending moment at pile head, determined by the group that contains the seism; 

H – transversal force that acts at pile head, determined by the group that contains 

the seism; 

 

4. APPLICATION OF SE EN 1997 PROVISIONS – NUMERICAL 

EXAMPLE 

In order to determine the soil characteristics, numerically presented in Table 2, 

have been used Eurocode 7 provisions. The soil characteristics for this evaluation 

are presented in table 2. 

 

Table 2: Soil characteristics from the site 

Soil type   Thickness  

[m] 

Soil parameters  Rigidity parameters  

Sandy clay  

with hard 

plasticity 
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Table 3 presents the loads transmitted from the superstructure to the pile.  

 

 

 



“Highway and Bridge Engineering 2012”, International Symposium 33 

 

Table.3. Loads transmitted to the foundation[6]; 

Load Fx Fy Fz Mx My Mz Mxy 

kN 

-

812,88 11,47 -3411,96 -1998,43 

-

79742,2 509,96 79767,19 

 

 

5. CASE STUDY  

For the evaluation has been considered a pile of reinforced concrete, with the 

diameter d=1,00 m and total length of D=20,00 m. The pile is situated on 

stratification, characterized by: Ep=32000 MPa and Es=7,30 MPa. 

The soil modeling has been performed for the alternative constant rigidity specific 

to consolidated clay, where sE E
 

Following the above mentioned, have resulted the following values: 

 

Table 4: Pile head rigidity  

HHk  

N/mm 

MMk  

Nmm/rad 

HMk  

N/rad 
44,5870 10  

116,29 10  
81,063 10   

 

Corresponding to these values, for a bending moment transmitted to the structure 

of M=244 kNm and a transversal force of H=25,50 kN, have been obtained the 

following values for the pile head displacement and torsion: 

4 8
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0,60HH mm 

 0,00HH mm 

 
 

The calculation shows very small values for the analyzed characteristics. . 
Processing the results obtained from the calculation program GEO5, have been 

obtained the following characteristics.  

Figure 3 details the variation of Modulus Kh, Displacement, Shear Force and 

Bending Moment for a pile of 20 m length.    
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The analytical values are: 

 

Maximum displacement: 

On pile top = -0.6 mm  Dimensioning of reinforcement area: 

Reinforcement - 32 pc bare 16.0 mm; concrete 

thickness is 40.0 mm 
Loads: NEd = -1500.00 kN (compression) ; MEd 

= 17.67 kNm 

Bearing capacity: NRd = -13950.39 kN; MRd = 

164.30 kNm 

Maximum 

displacement  

= 0.6 mm 

Maximum axial 

force  

= 8.0

7 

kN 

Maximum bending 

moment 

= 17.

67 

kN

m 

 

 

 
a.    b.         c.      d. 

 

Figure 3: Dynamic values resulted from GEO5 software 
  

6. CONCLUSIONS  

 
The main conclusion would be to provide a special attention both to design and 

execution, in order to prevent the disruptive effects that can be produced by 

earthquakes on the foundations. 

The seismic actions produce important stresses in the pile foundations, reason for 

which must be provided a special importance to their dimensioning and verifying 

to stresses produced by soil earthquakes.  

The calculation method recommended by SR EN 1998 -5:2004 can be used to 

evaluate the stresses state from piles, implying a vertical displacement and an 

initial torsion.  

 

 



“Highway and Bridge Engineering 2012”, International Symposium 35 

 

References 

1. Raportul Brundtland – Comisia Mondială pentru Mediu și Dezvoltare, 1987 

2. Bond, A., Harris, A., „Decoding eurocode 7”, Published by Taylor&Francis e-learning, 2008. 

3. Dianu, V., Gheorghiu V., „Fundații de adâncime în condiții de teren dificile”, volumul 1, Editura 

Tehnică, București 1997; 

4. Grecu, V., Ciuntuc, I., Comparaţie între rezultatele obţinute în proiectarea piloţilor după 

normativul românesc (STAS 2561/3-90) şi Eurocode 7 (SR EN 1997 - 1). 

5. Madabhuhi, S.P.G, May R., Pile foundations, Seismic Design of buildings to Eurocode 8, Spon 

Press, 2009. 

6. Sângeorzan, B., Marin, M., Soluţii de fundare pentru turnuri eoliene”, A XII-A Conferinţă 

Naţională de Geotehnică şi Fundaţii, 

7. Rădulescu, N., „Fundații de adâncime – Modelarea analitică a interacțiunii fundație - teren”, 

Editura MatrixRom, București 2001; 

8. Tuns, I., „Calculul și alcătuirea fundațiilor pe piloți, Editura MatrixRom, București 2007; 

9. Ziotopoulou, A., Gazetas, G., Are current design spectra Sufficient for Soil?, Structure Systems 

on soft Soil, 1984, 

10. SR EN 1997-1 – „Proiectare geotehnică Partea 1: Reguli generale”;  

11. NP 123/2010 – „Proiectarea geotehnică a fundaţiilor pe piloţi”. 

12.  STAS 2561-3/1990 – „Teren de fundare. Piloţi. Prescripţii generale de proiectare”; 

13. SR EN 1997 – Proiectare geotehnică – partea 1 Reguli generale” 

14. SR EN 1998-5 – Proiectarea structurilor pentru rezistenţa la cutremur. Partea 5- Fundaţii, structuri 

de susţinere şi aspecte geotehnice 

15. CR-0-2012 – Cod de proiectare. Bazele proiectării construcţiilor. 

 

 

 



“Highway and Bridge Engineering 2013”, International Symposium 
Iaşi, România, December 6th, 2013 

Execution technologies for large-span footbridges 

Comisu Cristian-Claudiu1, Boaca Gheorghita2 
1,2 Department of Communications and Foundations, Faculty of Civil Engineering and Building 

Services, Technical University "Gheorghe Asachi", Iasi , 700050 , Romania,  

Summary 

This article presents the structural characteristics and social role which fulfils the 

major footbridge constructed in Lugoj city, Timis County. Footbridge constructed 

over the river Timis was in the centre of the Lugoj city and made a direct link 

between food market located on the right side of the river, and sports complex, 

park and residential neighbourhood of the Strand, located on the left side of the 

river. 

At the choice of the constructive solution for the composition of footbridge was 

taken into account the technical considerations mandatory operational safety and 

comfort and social criteria, economic and aesthetic, which highlights the 

importance of urban development in Lugoj. 

Footbridge will have a total length of 144.00 m and a width of 3.00 m in order to 

serve the pedestrians and a space reserved for cyclist’s traffic. 

Footbridge has 5 openings in which an opening located over Timis river bed on a 

simply supported deck in steel-concrete composite solution with the opening of 

48,00 m and height of 1.00 m and four equal spans simply supported beams, 

precast pretensioned with length of 24.00 m each. 

The main element of the footbridge is composed of the main opening covering a 

length of 48.0 m, but a very low height of only 1,0 m, with four external pretension 

cable in several steps presented in detail in this article 

KEYWORDS: Eurocode, piles, pile foundation, displacement, bending 

moment 

1. INTRODUCTION 

Lugoj is located in the south-west of Romania, in the eastern part of Timis and is 

crossed by the Timis River. Part of the Western Region of Romania and the 

Danube-Kris-Mures-Tisa (DKMT) region. It is situated at a distance of about 60 

km from Timisoara, the county, 490 km from the capital of Romania Bucharest and 

480 km from the Hungarian capital Budapest. 
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Lugoj Municipality has development strategy as part of the "Steps to 

Sustainability", represents an absolutely necessary initiated intervention, which 

defines a vision subordinate strategic objectives of the community, for the 2009-

2015 timeframe, and the main action to achieve these objectives. 

2. INITIAL DESIGN DATA 

2.1. Location data 

Footbridge will be built over the Timis River, is in the central area of Lugoj, and 

will carry out a direct connection between food market located on the right side of 

the river, and sports complex, park and residential neighbourhood of the swimming 

pool, located on the left side shore of the river. 

Footbridge falls into the seismic area calculation "E" with a small seismic 

influence. According to the score calculated geotechnical work falls into the 

category "1", low geotechnical risk. The classification was done according to norm 

on geotechnical construction documentation indicative NP 074/2007. 

2.2.Exploitation data 

The footbridge must ensure pedestrians and cyclists across the Timis River. The 

width should be 3.0 m from which 1.50 m for pedestrians, and 1.50 m for cyclist’s 

circulation. According to the Romanian loads taken into account when designing 

the structure are: 

• Self-weight of the resistance structure with a safety coefficient of 1,1 

• Permanent weight with a safety coefficient of 1,5 

• Live loads 5kN/m2, with a safety coefficient of 1,4 

The footbridge will have a length of 144.0 m, built with 5 openings, 4 equal spans 

simply supported beams, precast pretensioned concrete with a length of 24.0 m 

each, and one opening located over Timis River on a simply supported deck, mixt 

steel-concrete solution, with the opening of 48.0 m 

3. MAIN SPAN – MIXT DECK 

The resistance structure of footbridge superstructure over 4 openings, built with 2 

precast pretensioned concrete beams L = 24.0 m, h = 0.93 m, with double section 

"T", over which is poured a concrete slab monolithic reinforced. Over the Timis, 

the footbridge deck is built on a steel consisting of 2 planes of 2 metallic tubes 
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placed at 0.85 m spacing, upper interlocked through metal connectors from a 

monolithic reinforced concrete slab. 

a) 

b) 

 c) 

 d) 

 e) 

 f) 

 g) 

Figure 1 Technological steps for mixt deck execution a) Metallic deck assembly; b) Filling 

with concrete the pipes; c) Pretension the intermediary cables; d) Concreting the slab on the 
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centre part; e) Pretension the main cables in first stages; Concreting the rest of the slab and 

pretension the main cables in the second stage; f) Execution of path; g) Live loads 

Lower metal tubes that makes two main beams lower metal Φ 300 mm, placed at 

1.30 m spacing are filled with monolith concrete. Higher metal tubes made from 

two main beams Φ 219 mm upper metal placed at 2.40 m spacing are filled with 

monolith concrete. The four metallic tubes are interlocked with welded metal cross 

beam that make up the 17 boards of 2.50 m in length, and has at each end a 

distance of 0.35 m from the axis of the bearing to the end of the deck. The cross 

beam are made of metal plate equipped with 3 goals. Sheet metal that makes up the 

heart of the crosspiece shows transverse stiffeners and are equipped with upper and 

lower flanges from welded sheet plates.  

On the top flange of each cross beam are welded by 9 connectors disposed across 

the footbridge, constructed from metallic plates. At the top of the upper main 

beams are welded metallic connectors, nailed, disposed on each deck panel 2.50 m, 

2 packages of five connectors each. 

The end cross beam presents a special form with an external contour dress circular 

outer contour of the upper and lower main beams and equipped in the lower part 

with metal plates that provide bearing seat deck on the pile. On the exterior vertical 

cross beam are fixed connectors, nailed, which are designed to ensure the cross 

beam connection to the vertical slab from concrete C30/37, cast monolith. This 

solution was adopted to increase the transverse stiffness of the end cross beam to 

allow anchoring of two TBP pretension cable with straight trail to the entire length 

of steel deck. The concrete deck will be initially pretensioned through two tyrants 

disposed on the central portion to reduce the value of bending moment at the mid 

span. 

The steel deck is divided into three sections, a central section of 21.10 m long, and 

2 marginal boards each of 13.55 m in length. Deck will be built with a negative 

deformation of 11 cm between the central section and the two marginal sections. 

The entire steel deck is built with a general slope of approx. 1% descending 

oriented towards George Cosbuc food market. 

Lower main beams are interlocked with the lower horizontal wind bracings built 

from pipe Φ70×5mm and Φ219×5mm disposed in X for each deck panel. Each 

beam is connected in superiority and lower inclined plane with vertical wind 

bracings pipe Φ219×5mm and Φ70×5 mm, disposed upward on each deck panel. 

At the top of the steel deck is disposed a concrete slab constructed with cross 

slopes in roof profile, the deck unites through metal connectors. The upper plate 

consists of a central area, with a width of 3.00 m, monolithic concrete on the steel 

deck on the entire length of 48.20 m, the lower boards checker plate 2360 × 2400 × 

2mm, acting as lost formwork. Each checker plate panel is reinforced with a 
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network of orthogonal rolled profiles by 3 T50×50×5mm longitudinal welded, and 

4 T70×70×5mm transversely. 

 

Figure 2 Transversal section for, current and end, compose section 

 

Figure 3 Transversal section, current, concrete section 

The path on footbridge is composed of a hydro insulation layer fitted with 

protective coating and asphalt the layer of 4 cm thick. The Footbridge is equipped 

with railing made of metal mounted in the concrete ledge. Drainage is provided by 

the construction of the bridge with two inclines in the roof profile, leading waters 

by T2 manhole covers off the carriageway. To ensure public lighting the entire 

length of the footbridge, are provided spotlights mounted on the inner face of 

ledge. 

The footbridge infrastructure is made up of two abutments with massive elevation, 

fitted with guard walls and back walls and four piles with elastic elevations. We 

called on the right side abutment C1 and C2 abutment on the left side of the river 

Timis. Between the two abutments C1 and C2 piles are numbered in ascending 

order P1, P2, P3 and P4. Each infrastructure element is supported on a column 

Sideway  
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L=20.0 m Φ1,08m, except for P1 and P2 piles, which support the mixt 

superstructure, piles that are sustained on each two concrete columns L=20.0 m 

Φ1,08m. At the top of the columns is disposed a concrete slab with a width of 3.28 

m and height 1.20 m, disposed just below ground level. From the level of slab is 

constructed the elevation of infrastructure. The piles elevations of P3 and P4 is 

composed of a metal tube with Φ0.80 m filled with concrete, and for P1 and P2 

piles, which support the opening of 48.20 m, is composed of two tubular elevations 

Φ0,70m. At upper elevations piles bearing seat is built of reinforced concrete, with 

a special design that provides both form correct abutment of the superstructure 

beams, and special architectural appearance. 

In the location of the footbridge, Timis river banks are protected with two 

overlapping gabion mattresses, over which is executed a monolithic concrete 

C12/15 plating. 

4. MAIN STAGES OF EXECUTION 

  

Figure 4 Flood during the construction 

   

Figure 5 Assembly of mixt deck and concreting the pipes 
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Fig. 6 Putting the mixt deck on piles 

   

Figure 7 Reinforcement and concreting the slab. Pretension the cables 

5. CONCLUSION 

The footbridge from Lugoj was a challenge for design engineers and builders 

because of structure. The most important point is the ratio of the height of the deck 

and length (h / L) 1.36 ÷ 48.0 m  

Another great feature of the footbridge has been staging works to keep in balance 

the tension from the metal beams from the bottom and reinforced concrete plate, 

depending on the stage of pretension. 

At first sight it can be said that the adoption of mixed deck can be a solution for 

executing of footbridges, but if it gets into details, can be observed a number of 

disadvantages and uncertainties about the behaviour of pretensioned mixed 

structure. 
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Figure 8 Main span – general view before path execution 

It should be noted that using this type of steel-concrete mixed structure must not 

have a universal application. Execution of footbridges in this solution should be 

applied only after a thorough analysis to be based on technical and economic 

criteria specific to each case. 

Invoking the economics in favour of solution mixed concrete-pretension-steel 

should not be a decision factor because the difference is not significant. 

A problem of this solution as manufacturing technology because at first sight, the 

methodology must be very precise to take in the permanent state of tension in the 

bridge elements in balance, because there are some technological issues which if 

not complied with rigorously, the entire system can fail. It requires strict 

compliance with all technological aspects related tensioners and load. 

To achieve such a structure is necessary to prepare a qualified, experienced and 

very careful to strictly comply with all stages of the work. 

The major advantages are really represented by low weight of the system, the 

ability to achieve large spans, reduced execution time and durability. 
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Summary 

This paper analyzes the earth retaining issue considering the rehabilitation of road 
works in terms of modernization.  

The rehabilitation often involves deepening excavations along the road as against 
the initial situation, causing significant increased stresses within the adjacent soil 
mass and on existing retaining structures.  

Embedded walls represent a more viable option as replacement for traditional 
retaining walls since they provide a balance between the walls sustainability 
expressed by a less invasive construction work compared to other retaining 
solutions and the stability of areas where they are used. 

In this paper solutions for retaining structures as embedded walls were analyzed 
and compared in three technical options, taking into account the variability of 
groundwater level in a relatively homogeneous soil, consistent with geotechnical 
design criteria of SR EN 1997-1-2004 and related national annexes. 

The first option is given by walls as embedded with free end at the top, whose 
stability is ensured by a required embedment depth determined by calculation.  

The second option is based on embedded walls simply supported at the base and 
anchored at the top, the solution being an alternative that gives a lower embedment 
depth and involves a limitation of horizontal displacements of the wall, when 
compared to the first solution. 

Fixed anchored embedded walls match in the third solution as retaining structures, 
which also entail a limitation of its movements, being conditioned as fixed end at 
the base by the foundation soil characteristics.   

 

KEYWORDS: embedded retaining walls, influence of groundwater, geotechnical 
design, ultimate limit states, partial factors. 
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1. INTRODUCTION 

Embedded walls are retaining structures, designed with the main purpose of 
providing temporary or permanent support in case of deep excavations next to 
important constructions. The actions are transmitted to the retaining structure by 
the backfill earth, surcharge loading and groundwater. These structures are 
considered to be highly valuable works in highways and railways constructions and 
against landslides. 

The calculation of the embedded retaining structures based on equilibrium limit 
method regards GEO and STR as ultimate limit states. According to SR EN 1997-
1, when considering a limit state of failure or excessive deformation of a structural 
element or section of the ground (STR and GEO), it must be verified the following 
restriction:  

 d dE R   (1) 

where dE - the design value of the effects of all the actions; dR - the design value 

of the corresponding resistance of the ground and/or structure. 

2. DESIGN CONSIDERATIONS RELATED TO EMBEDDED 
WALLS 

Failure by rotation of the wall and failure by lack of vertical equilibrium are the 
current ultimate limit states considered in the typical calculations. 

Considering the soil nature, the design results may differ depending on the types of 
soil-structure interactions:  

• embedded wall with free end at the top (Figure 1); 
• embedded wall simply supported at the base and anchored at the top     

(Figure 2); 
• embedded wall with fixed end at the base and anchored at the top (Figure 3);  

The calculations may consider the situation when the groundwater table is not 
present but also when the groundwater table is close to the ground level. 

As an application example, a parametric analysis is presented with particular input 
data related to the soil profile and surcharge acting at the backfill level; each of the 
three soil-structure interactions is analysed for both underground water influences 
presented above. 

The design situation considered for the first type of the soil-wall interaction as a 
self-supporting wall consists of a 5m excavation depth, the soil 
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characteristics: , 35k   , 320 /k kN m  and a characteristic value of the 

surcharge behind the wall of 10kPa. Figure 1 presents the schematic work 
conditions with typical diagrams of the shear force and the bending moment. 

 
Figure 1. Typical diagrams along the embedded wall with free end at the top 

The meaning of the notations, to compare values later on is the following: 

z – the depth at which the shear force is zero; 

L – the total length of the wall; 

H – the excavation depth; 

D – the embedment depth of the wall; 

Df – the total embedment depth of the wall; 

A1 – the active resulting force for the segment AB of the wall; 

A2 –the active resulting force for the segment BC of the wall;  

Az – the active resulting force for the segment BZ of the wall;  

P – the passive resistance for the segment BC of the wall; 

Vpz – the passive resistance for the segment BZ of the wall.   

The second design situation (Figure 2) consists of an anchored embedded retaining 
wall assuming free earth support at the toe and with the same soil type and 
surcharge. The anchoring system is set at 1.5m from the ground level on the rear 
side of the wall. 
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Figure 2. Typical diagrams along the embedded wall simply supported at the base and 

anchored at the top 

The notations are with similar meaning as above yet with the following difference: 

D – the total embedment depth; 

P – the passive resistance for the segment CD of the wall;  

A3 – the active resulting force for the segment CD of the wall.  

The third design situation (Figure 3) identifies with the second design situation 
except that this time it is assumed a fixed earth support at the toe. Again, the 
notations are with similar meaning as above yet with the following difference:  

D – the embedment depth; 

Df – the total embedment depth; 

P – the passive resistance for the segment FE of the wall;  

A3* – the active resulting force for the segment CF of the wall;  

RD – the force resulted from the difference between the active and the passive 
pressures below the rotation center. 
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Figure 3. Typical diagrams along the embedded wall fixed at the base and anchored at the 
top 

The calculation steps for the design of the embedded retaining walls were 
conducted according to Eurocode 7, considering the design approaches described 
in SR EN 1997-1-2004, Geotechnical design- Part 1: General rules and related 
national annexes and the Romanian Standard on Geotechnical design of retaining 
structures, NP 124:2010.  

Design approach 1, combination 1 (DA1(C1)) implies an increase by 35% for 
permanent actions through the partial factor γG and by 50% through the partial 
factor γQ for variable actions and design approach 1, combination 2 (DA1(C2)) 
considers higher values for the variable actions with 30% and assumes a lower 
value for the internal friction angle, by decreasing the tangent of the characteristic 
value of the internal friction angle with 25% (γϕ=1.25), in order to obtain design 
values. Design approach 2 (DA2) uses increased variable actions with 30% and 
decreses the characteristic resistance with 40% (γR=1.40). Design approach 3 
identifies with combination 2 of design approach 1 since no structural loads are 
entailed in this particular case. 

3. PARAMETRIC ANALYSIS – COMPARATIVE RESULTS IN 
SPECIFIC SITE CONDITIONS 

The main design output consists of the value of the embedment depth (Df) and the 
total wall length (L). 

The embedment depth is given by the static equilibrium conditions against failure 
by rotation of the wall, considering the active pressure and the passive resistance to 
be fully mobilized. 

Table 1 summarises the results without water table influence and Table 2 the 
alternative values when water table is at ground level. 

It also can be seen that when the water pressure beginning at the ground level is 
included in the calculation process, the wall dimensions get to be extremely higher 
than in its absence. 

Examining the wall dimensions determined by calculations it can be seen that 
Combination 2 of DA1 is the most conservative of all approaches followed by DA2 
that gives a higher length for the embedded wall than Combination 1 of DA1. The 
same considerations apply to the results in case of the presence of groundwater. 

Table 1. Wall dimensions determined by calculation without the infuence of the 
groundwater 
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 DA1(C1) DA1(C2) DA2 
Embedded wall with free 

end at the top 
Df =3.10 m 
L = 8.10m 

Df =4.30 m 
L=9.30m 

Df =3.70 m 
L=8.70m 

Embedded wall simply 
supported at the base and 

anchored at the top 

Df =0.90 m 
L=5.90 m 

Df =1.30 m 
L=6.30 m 

Df =1.10 m 
L=6.10 m 

Embedded wall with fixed 
end at the base and 
anchored at the top 

Df =1.80 m 
L=6.80 m 

Df =2.60 m 
L=7.60 m 

Df =2.10 m 
L=7.10 m 

 

Table 2. Wall dimensions determined by calculation in the presence of groundwater 
  DA1(C1) DA1(C2)  DA2 

Embedded wall with free 
end at the top 

Df =6.80 m 
L=11.80 m 

Df =9.30 m 
L=14.30 m 

Df =8.80 m 
L=13.80 m 

Embedded wall simply 
supported at the base and 

anchored at the top 

Df =2.35 m 
L=7.35 m 

Df =3.35 m 
L=8.35 m 

Df =3.10 m 
L=8.10 m 

Embedded wall with fixed 
end at the base and 
anchored at the top 

Df =4.55 m 
L=9.55 m 

Df =5.95 m 
L=10.95 m 

Df =5.40 m 
L=10.40 m 

 

Figure 4-9 compare the shear forces and the bending moments on each type of the 
embedded retaining wall in the absence and in the presence of the water table. 
There is substantial increase in the embedment depth (53.46 ÷ 64.51)%, the length 
of the wall (19.72 ÷ 36.95)% and also for the internal forces: shear force (46.52 ÷ 
68.65)% and bending moment (67.78 ÷ 82.15)% when water table is at the ground 
level. 

As stated before, Combination 2 of DA1 and DA3 are the design approaches that 
dictate the final values Df and L, for all the cases regardless to the presence or 
absence of the groundwater. 

Also when choosing the type of the embedded retaining wall in terms of 
investment costs, the optimal solution is strongly dependent on the soil conditions; 
the present geotechnical conditions select the embedded wall simply supported at 
the base and anchored at the top to be the best option. 
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Figure 4. Shear force diagrams - DA1-C1 

 
Figure 5. Bending moment diagrams – DA1-C1 
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Figure 6. Shear force diagrams - DA1-C2 and DA3 

 

Figure 7. Bending moment diagrams - DA1-C2 and DA3 
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Figure 8. Shear force diagrams - DA2 

 
Figure 9. Bending moment diagrams - DA2  
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4. CONCLUSIONS 

The purpose of this paper has been to investigate the applicability of SR EN 1997-1 
limit state approaches and to emphasize the difference between the results of the 
geotechnical design of the embedded walls, as embedment depth and total length 
with and without the groundwater influence.    

The comparative analysis was performed for three different embedded walls with 
corresponding soil-structure interactions in order to see which one could be the 
most economical solution. 

By calculation it is noted that the best solution is the embedded wall simply 
supported at the base and anchored at the top, as it gives the shortest embedment 
depth and total length considering the most unfavorable design combinations which 
in this case are according to the 1st design approach, combination 2 and the 3rd 
design approach.   
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