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Abstract 

The present paper attempts to demonstrate the great importance of innovative interventions 

οn the structural system of earthquake-resistant bridges. Τhe type of structural system affects 

also the construction method which will be chosen. The problem of selecting the most 

appropriate among the five current bridge construction methods (Cast-in-place, Precast I-

Girder, Incremental Launching, Balanced Cantilever, Advanced Shoring method) is the most 

creative part of the decision-making process related to the construction of a bridge project. 

Seven compliance criteria are taken into account in this study, namely safety, economy, 

durability, serviceability, construction speed, aesthetics and environmental harmonization. 

The large number of criteria leads to the use of Multicriteria Analysis, and specifically of two 

Multicriteria methods: AHP and PROMETHEE. Certain innovative interventions in bridge 

design are selected and presented, all of them having features of “Egg of Columbus” 

solutions. Afterwards they are compared with some conventional construction methods, using 

a double Case study, from which interesting conclusions are drawn. The study does not result 

simply in the subjective predominance of one method, but in the hierarchy of all the respective 

alternative construction methods, followed by a specific score for each one of them. To this 

end, the opinions of distinguished experts on bridges are utilized through suitable 

questionnaires.  

Keywords: Bridge construction method, Multicriteria analysis, Earthquake resistance, 

Innovative intervention, Construction cost, Non-conventional 
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1. INTRODUCTION 

Construction projects can be categorized into Buildings, Bridges and Special structures. 

Bridges are ranked second in terms of investment volumes, but first in terms of difficulty, 

compared to the other two types of construction projects. In the context of the design phase of 

a bridge project, there is a critical question about the selection of the most appropriate 

construction method. The reason for the difficulty in this decision lies in the fact that there are 

many different factors which must be taken into account, such as safety (earthquake 

resistance), economy, serviceability, durability, aesthetics, etc. Consequently, the compliance 

of the selected method with certain criteria should be ensured. It is also worth noting that 

these compliance criteria are usually conflicting, so a compromise is needed between them. 

The five modern bridge construction methods include: 1) Cast-in-place, 2) Precast I-

Girder, 3) Incremental Launching, 4) Balanced Cantilever and 5) the Advanced Shoring 

method. As far as their general principles are concerned, Cast-in-place is a conventional 

construction method for bridges with total height less than 10m, by using scaffolding that is 

stationary on the ground. In Precast I-Girder method the deck slab is cast in place on precast 

slabs, where steel reinforcement or sheets are embedded. According to Incremental 

Launching, the deck is constructed in segments from the one abutment to the other and is 

jacked forward to the final position with jacks. As for the Balanced Cantilever, this is a 

construction method where a structure is built outward from a fixed point to form a cantilever 

structure, without temporary support, using staged cast-in-place construction. Finally, with 

respect to the Advanced Shoring method, a launching girder moves forward on the bridge 

piers, span-by-span to allow placing of the cast-in-situ concrete, while the method can be 

applied both underslung and overhead [1]. 

The Egnatia Motorway in Greece, part of European route E90, is a 670 km mega-project 

extending from the western port of Igoumenitsa to the eastern Greek-Turkish borders at 

Kipoi. The project is of great interest in the field of bridge design, as it contains 177 major 

bridges (longer than 50 m) and many smaller ones, with a total length of 42 km. The large 

number of bridges can be explained by the diverse terrain crossed by the Egnatia Motorway 

together with the special environmental conditions encountered. It is also remarkable that all 

five modern construction methods were applied in the project for the construction of such as 

variety of bridges. Thus, the Egnatia Motorway presents the advantage of being a 

homogeneous sample of bridges which were constructed almost in the same period and with 

the same design principles.  

The application of each one of the bridge construction methods uniquely results in a 

particular structural system, fact that also appears in the bridges of Egnatia Motorway. In 

particular, the Cast-in-place method results generally in a monolithic structural system, as the 

best option. The Precast I-Girder method results generally in a “floating” structural system on 

elastomeric bearings, or very rarely in a ductile system with stoppers that are activated during 

the earthquake. The Incremental Launching results always in a “floating” system; the 

Balanced Cantilever results in a monolithic system, while the Advanced Shoring method is 

generally associated with a ductile system. 

As regards bridge construction, bearings and joints were unknown to bridge builders until 

well into the 20
th

 century. The use of reinforced concrete and the resulting increases in span 

lengths necessitated these developments in order to reduce restraints and facilitate 

construction. Thus, it has been common practice for many years to use movable bearings and 

joints in bridges to respond to the displacements resulting from temperature, settlement, 

shrinkage, etc. Although bridges with bearings and joints may satisfy all design rules and 
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applicable codes, they are assured of subsequent deterioration, especially in marine climates 

or regions where they will be exposed to chloride attacks from road salts [2].  

It is worth mentioning that in modern bridge design, and as far as the Cast-in-place method 

is concerned, the monolithic structural systems have displaced the joints and bearings (with 

the exception of the positions of abutments), which result in premature aging of the structure, 

and therefore to a large increase in maintenance costs [3,4]. In general, with a design process 

focused on minimizing constraint stresses, monolithic bridges are feasible today. Such bridges 

offer increased robustness compared to conventional designs with bearings and joints, and 

offer a multitude of approaches for improved design and aesthetics [2]. 

2.  INNOVATIONS ON STRUCTURAL SYSTEMS OF BRIDGES 

A brief look at the recent past of Bridges shows that four of the bridge construction 

methods, namely the Precast I-Girder, the Balanced Cantilever, the Incremental Launching 

and the Advanced Shoring method, in their era were considered to be construction 

innovations. Thanks to them, problems that could not be addressed by the conventional 

method (Cast-in-place) have been overcome, such as the great height of a bridge. This 

demonstrates the great importance of innovations for Bridges, something that does not apply 

to the same extent in Buildings. An essential definition of innovation could be the departure 

from the usual approach in dealing with a problem. In conceiving an innovation, in addition to 

the deep knowledge of the subject, imagination plays a very important role. It could be said 

that it is the driving force behind every innovation. Besides, there is also the French slogan of 

the May '68: "L'Imagination au pouvoir", which means “Imagination in power”. 

An examination of the bridges of the Egnatia Motorway by category, based on their 

construction method, reveals the absence of innovations in their resulting structural systems. 

Therefore, a non-utilization of the possibilities offered by the activation of imagination is 

observed. That activation sometimes can even offer solutions such as the so-called “Egg of 

Columbus” solutions, with more cost-effective and better quality results. The hesitation of 

bridge designers could possibly be explained by their concern that the Contracting authority 

would prefer more conservative choices, which are very close to the exact implementation (by 

the book) of the relevant regulations, as providing the most secure result. Moreover, it is 

known that when a change or an innovative proposal first appears, it generally goes through 

three stages: In the first stage it is disapproved or even mocked. In the second stage it is 

combated and, finally, in the third stage it is adopted as self-evident. 

In order to give a clearer picture of the type of innovations related to structural systems 

(and thus to the bridge construction methods), some of them are mentioned on a sample basis. 

These proposals have been received from the recent literature and concern bridges in Greece. 

Concerning the conventional (cast-in-place) bridges, there is the example of an innovative 

design approach which provides the ability of spanning long distances with integral bridge 

structures. This consists of the option of a curved in plan deck, in order to effectively deal 

with the long span related constraint effects, which are not easy to be undertaken in the case 

of rectilinear decks. When a superstructure is curved in plan and it can “escape” transversely, 

the constraint stresses are considerably smaller than in a fixed straight bridge, however 

horizontal moments occur [2]. A well-known example of this case is Sarantaporos River 

Bridge, a double-curve in plan integral bridge (in the shape of the letter “S”) with 6 spans of 

35 m, and a total length of 210 m. The bridge, which is located near the city of Konitsa, was 

designed by the insightful engineer V. Kollias in the 60s. 

As a second example of possibility for innovation, the proposal of attaining a monolithic 

system in a Precast bridge is mentioned. In this case, the monolithic connection of the deck 
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with the piers is achieved, without abandoning the advantages of a prefabricated bridge [5]. A 

third example of applying an innovation is the case of short span bridges (from 150 to 200 m) 

constructed with the Balanced Cantilever method, in which the use of reinforcement steel 

bars, instead of prestressed tendons is applicable to the bottom layer. Through this possibility, 

the risk of rupture of the bottom slab of the deck box-section, which may occur in cases of 

poor construction execution (i.e. when the cantilevers are forced to join at midpoint), could be 

alleviated. Finally, one last example of innovations in structural systems is a case that can 

substitute for the Advanced Shoring method, providing a monolithic outcome in a much more 

economical way and with unquestionable aesthetic advantages. This case is the construction 

method of self-launching formwork, which is proposed by Tegos, Tegou, et al [6]. 

 

3. CAPABILITIES OF INNOVATIONS ON EARTHQUAKE-RESISTANT BRIDGES 

Seismic stoppers and elastomeric bearings constitute already established former 

innovations of earthquake-resistant bridges. The stoppers are a means of converting the 

structural systems of precast bridges into ductility systems. On the other hand, the elastomeric 

bearings are a means of seismic isolation for the “floating” systems resulting from the 

methods of Precast I-Girder and Incremental Launching. A third innovation that is in the final 

phase of research in order to be established in Bridges, but also in Buildings, is the Rocking 

structure design, which aims to the restoring of the structural system to its default position and 

also to eliminating the development of cracking to the piers due to seismic action. Thus, the 

use of Rocking in its various versions can drastically reduce or even eliminate the necessary 

repair works of the bridge after an earthquake [7].  

The proposed innovations are certainly associated with the gaining of some advantages 

with respect to the compliance criteria applicable to the design of earthquake resistant bridges, 

such as seismic safety, economy, serviceability, aesthetics, etc., for which a detailed reference 

will be made below. Particularly for the economic criterion, it should be noted that it is 

usually related to three cost shares; namely the construction cost, the maintenance cost and 

the cost of repairing the damage caused by earthquakes during the lifetime of the project. 

Regarding these costs, it is known that monolithic structural systems have the minimum 

maintenance cost and the maximum cost of repairing earthquake damage, while the opposite 

is true for the “floating” structural systems. Furthermore, monolithic systems require less cost 

to achieve the same level of seismic safety, compared to “floating” systems. This is because 

the conventional lifetime of bridges is much shorter than the return period of design seismic 

action, as determined by modern seismic codes [8]. In addition, monolithic structural systems 

certainly have the advantage of the response of statically indeterminate structures. However, 

they are dramatically inferior to “floating” systems in terms of the conventional criterion of 

serviceability, and also in terms of the seismic criterion of regularity, concerning which the 

codes impose a heavy penalty [9]. 

According to the current seismic codes, the structural elements of bridges can be grouped 

into two categories: The first category includes the deck and the abutments, which are both 

not affected by the earthquake; while the second one includes the piers and the bearings, 

which are both affected by the seismic actions. Moreover, it is worth mentioning that the 

height of piers affects the magnitude of seismic deformations and of P-Δ effect. The necessary 

limitation of these two effects of earthquake is achieved only through costly and sometimes 

non-aesthetic choices of cross-sections. Consequently, a drastic limitation of them through 

another, less costly way would be very desirable. After the above clarifications, it is easy to 

understand the need to search for innovative proposals, in order to achieve both the relief of 

the structural members affected by seismic actions (piers) and the drastic reduction of seismic 
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movements. Achieving this dual goal is expected to have also a positive impact on both the 

economy and the aesthetics [5]. 

The answer to the question of whether such innovative solutions can exist is affirmative, 

but these are not expected to be conventional. These solutions are associated, on a case-by-

case basis, either with the exploitation of the two abutments [10,11], or with the exploitation 

of the stiffness of the approach embankments at the ends of the bridge [12,13], or by 

anchoring the deck to the ends of adjacent tunnels [14]. This exploitation is possible through 

the extension of the deck slab on either side of the bridge, and with its connection to one of 

the aforementioned members, depending on the case [15,16]. 

4. CRITERIA FOR THE SELECTION OF CONSTRUCTION METHOD 

In the context of the search for the most suitable construction method in highway bridge 

projects, which concerns the present study, it is possible that innovations οn the structural 

systems can play an important role. In fact, construction methods are also related to the 

introduced innovations, although the latter ones concern the structural systems of bridges. 

This is because these innovations can lead to the creation of new, independent (non-

conventional) construction solutions, which can be added to the existing alternatives of the 

conventional construction methods and compete with them. Such an innovative solution, 

inserted in the Multicriteria Analysis process (which will be explained in the next section), 

could possibly affect directly the result of the selection of construction method. 

As already mentioned in the Introduction, the selection of the most appropriate 

construction method for a highway bridge project should be based on the evaluation of the 

performance of the alternative solutions in terms of some certain compliance criteria that have 

been set. In practice however, for years, almost exclusively the criterion of economy was 

taken into account, with bridge designers considering the cost reduction as their top priority 

for a bridge project. On the contrary, in the present study a more integrated approach to the 

performance of construction methods is attempted. To that end, seven compliance criteria are 

used, which are: safety, economy, durability, construction speed, serviceability, aesthetics and 

environmental harmonization. A brief clarification on the concept and content of each 

compliance criterion is provided below: 

 Safety 

This criterion corresponds not only to the level of safety according to current codes (i.e. 

Eurocodes) for Bridges, but moreover to the additional level of safety resulting from the 

response of statically indeterminate structures. In countries with high seismicity, the 

term safety mainly corresponds to seismic safety. 

 Economy 

The criterion is related to the intended reduction of the cost of the project, yet without 

devaluation of the rest of criteria. In the context of this study, the criterion of Economy 

is related only to the construction cost of the project, while the maintenance cost is 

taken into account in the criterion of Durability. It is noted that in the last years there 

have been continuous research efforts for the limitation of bridge construction cost 

[17,18,19,20,21]. 

 Durability 

The term Durability means the minimization of maintenance needs, during the lifetime 

of the project. In the case of bridges, maintenance needs are associated with the use of 

bearings, joints and seismic dampers. As mentioned above, the maintenance cost of a 
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bridge is reflected in the performance of the criterion of Durability, and not in the one of 

Economy. It is notable that sometimes maintenance cost could even reach the 

construction cost level [2,3,4]. 

 Construction speed 

The criterion of Construction speed is directly related to the expected completion time 

of the project, which is obviously intended to be minimized. The (average) construction 

speed is defined here as the ratio of the length of the bridge deck to the total 

construction time of the bridge (i.e. the deck, the abutments, the piers and their 

foundations). The aforementioned total construction time includes also the assembling, 

disassembling and transfer times of the necessary mechanical equipment used in the 

construction. 

 Serviceability  

The usual concept of serviceability is linked to the quality of traffic service; however, in 

this study, the term “Serviceability” means the development of an adequate structural 

response to the imposed deformations (namely the expansion and contraction of the 

deck) during the operation phase of the bridge. It is noteworthy that the use of bearings 

is the best solution to the problem of serviceability. 

 Aesthetics 

The concept of Aesthetics in the field of bridges includes certain established rules 

related to the choice of geometric dimensions, which attempt to reconcile safety and 

geometric proportions that contribute to an aesthetic effect. Some indicative rules are 

the following: All piers should have the same width, the variability of height of the deck 

cross sections (arc shape) is positively evaluated, etc. 

 Environmental harmonization 

The criterion of Environmental harmonization is related to the existing architectural 

tradition of the area, as well as to the surrounding landscape of the bridge. These two 

factors should affect the selection of the deck type and the geometric dimensions, which 

must both be in harmony with them. Moreover, the concept of this criterion includes the 

desirable minimization of landscape alteration and environmental impact in the area 

caused by the bridge project. 

5. MULTICRITERIA ANALYSIS 

The tool of Multicriteria Analysis (MCA) is a particularly widespread application of 

Operations Research in decision-making. The objective of this method is the systematic and 

mathematically standardized effort to solve decision-making problems, where there is a 

number of alternative choices and many conflicting criteria are involved (such as those 

mentioned above, for the selection of bridge construction method). The aim is to achieve a 

rational compromise among these criteria, in order to make the optimal choice.  

The Multicriteria analysis method used in this study is PROMETHEE. The acronym stands 

for “Preference Ranking Organization METHod for Enrichment Evaluations”. PROMETHEE 

is an outranking method that was developed by J.P. Brans in 1982 and further extended by 

Brans and Vincke [22], Brans et al. [23], while it is one of the most widely known and used 

MCA methods. Its characterization as an outranking method means that the method is based 

on pairwise comparisons of the alternatives. The ultimate goal of PROMETHEE is to provide 

the decision maker with a ranking of the existing alternatives. 
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Before applying the method, the decision maker needs at first to define the criteria taken 

into account for the decision. Then, all the alternatives to be ranked need to be evaluated 

according to those criteria [24]. Therefore, the evaluation table of the alternatives against the 

different criteria is the starting point of the PROMETHEE method. The implementation of 

PROMETHEE requires two additional types of information, which are: 1) the weights of the 

criteria under study, and 2) the preference function used by the decision maker when 

comparing the contribution of the alternatives in terms of each separate criterion. The 

preference function translates the difference between the evaluations (i.e. scores) obtained by 

two alternatives in terms of a particular criterion, into a preference degree ranging from 0 to 1 

[25].  

Consequently, the PROMETHEE method is based on the computation of preference 

degrees. A preference degree is a score which expresses how an alternative is preferred over 

another alternative, on the criterion considered, from the decision maker’s point of view. A 

preference degree of 1 thus means a total preference for one of the alternatives, a preference 

degree of 0 means that there is no preference at all, while if there is some preference but it is 

not total, then the intensity will be between 0 and 1 [24]. 

With regard to the mode of functioning of PROMETHEE, initially dual outranking 

relations are set up for the representation of the decision maker’s preferences, through 

pairwise comparisons of the alternatives against each criterion. These different relation-

degrees are then used to set up a partial preorder (PROMETHEE I), or a complete preorder 

(PROMETHEE II) on a finite set of feasible solutions [26]. More specifically, according to 

Ishizaka and Nemery (2013), the method includes three main steps:  

1. The computation of preference degrees for every ordered pair of actions (alternatives) 

on each criterion;  

2. The computation of unicriterion flows (which are an aggregation of the criterion 

preference degrees, globally for an action);  

3. The computation of global flows (which are an aggregation of the unicriterion flows, 

by taking into account the weights of the criteria). 

In this way, the global positive, negative and net flows are computed. Eventually 

PROMETHEE II, which is used in this paper, provides a complete ranking of the alternatives 

from the best to the worst one, based on their global net flows [25]. 

6. CASE STUDY 

A problem of selecting the construction method of a particular highway bridge in Greece is 

examined as a Case study, under two versions (solutions), the results of which are compared. 

The first version includes as alternatives the five currently existing construction methods, 

characterized as "conventional", while in the second version two more solutions, 

characterized as innovative, compete with the conventional ones. The alternative solutions in 

both versions are compared to each other by the Multicriteria analysis method of 

PROMETHEE. The Case Study aims to demonstrate the superiority of construction solutions 

which contain innovative interventions, even when multiple compliance criteria are used, and 

not just the economic one. 

6.1 Conventional version  

6.1.1. Data of the problem 

The project that is examined in the Case study is the G4 Bridge of the Northern Road Axis 

of Crete, located in the Gournes - Hersonissos section of Heraklion Prefecture. The 
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construction of the bridge began in 2017 by the method of Balanced Cantilever and the 

project has the following data: It is a valley bridge; it is part of a National Road and has a total 

length of 440 m. This, according to the design of the bridge, is distributed in 5 spans as 

follows: 58.75 m + 3*107.5 m + 58.75 m. The bridge has a maximum height of 30 m. above 

ground, while its longitudinal slope is 4.272%. The deck of the bridge has a width of 13.25 m, 

which together with the pavements is 13.75 m. The bridge is in seismic zone II, while it is 

worth mentioning that there is the ability to place the piers densely. In addition, the 

corresponding equipment of all construction methods is available. The bridge is shown in 

Figure 1. 

 
(a) 

 
(b) 

Figure 1: Bridge of Case study, constructed by Balanced Cantilever method: (a) Plan, (b) Longitudinal section 

6.1.2. The feasible construction solutions 

Based on the geometric data (total bridge length and maximum height of bridge above 

ground), it can be easily understood that, among the five existing construction methods, only 

the four of them are feasible, namely Precast I-Girder, Incremental Launching, Balanced 

Cantilever and the Advanced Shoring method. Apparently, the method that is rejected is                        

the Cast-in-place, due to the large height of the bridge above ground.  

6.1.3. Application of Multicriteria analysis  

The first step of the process is the calculation of the weights of compliance criteria, which 

define their relative importance. These weights were calculated by utilizing another 

Multicriteria analysis method, the Analytic Hierarchy Process (AHP), which provides the 

relevant methodology. The required values for the calculation of the weights were obtained by 

a questionnaire survey addressed to 7 Greek experts in Bridge design, who were the same 

ones as in [1]. The resulted weights of the criteria are presented in Table 1.  

Criteria Safety Durability Economy 
Constr. 

speed 
Aesthetics Serviceability 

Environ. 

harmoniz. 

Weights 0,220 0,179 0,172 0,147 0,124 0,081 0,078 

Table 1: Relative weights of the compliance criteria 

Afterward, the PROMETHEE II method is applied, by using the relevant software of 

“Visual PROMETHEE”. In the context of this software, a scale of 1-9 was used for the 
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criteria, in order to provide the opportunity to reflect even the minor differences among the 

Alternatives’ performance against the criteria. All of the criteria need to be maximized, while 

the Preference function selected was the “Usual” because all criteria are qualitative. 

The evaluation of the performance of each alternative construction method against each 

compliance criterion is presented in the following Table 2. It is noteworthy that the 

evaluations of the four Alternatives, with respect to each criterion, were derived from the 

above-mentioned questionnaire survey to the seven experts. 

Evaluations Safety Durability Economy 
Constr. 

speed 
Aesthetics Serviceability 

Environ. 

harmoniz. 

Precast I-

Girder 
5 3 8 9 4 9 4 

Incremental 

Launching 
6 4 5 5 5 8 4 

Balanced 

Cantilever 
7 8 3 3 8 5 7 

Advanced 

Shoring  
6 6 4 4 6 5 5 

Table 2: Evaluation table of the four Alternatives against each criterion 

The resulting positive, negative and net preference flows of the four alternative 

construction methods are presented in the following Table 3. The positive preference flow 

(Phi+) of an Alternative measures how much it is preferred to the other Alternatives, while its 

negative preference flow (Phi-) measures how much the other Alternatives are preferred to it. 

Finally, the net preference flow (Phi) of an Alternative is the balance between its positive and 

negative flows.  

Alternatives / Flows Phi+ Phi- Phi 

Precast I-Girder 0,3996 0,5744 -0,1748 

Incremental Launching 0,4406 0,4602 -0,0196 

Balanced Cantilever 0,6004 0,3726 0,2278 

Advanced Shoring  0,4332 0,4665 -0,0333 

Table 3: Preference flows of the four Alternatives 

As a result, the Multicriteria method of PROMETHEE II indicated, according to the net 

preference flows, that the ranking of the four Alternatives, from best to worst is the following: 

1. Balanced Cantilever    
2. Incremental Launching 

3. Advanced Shoring method 

4. Precast I-Girder 

Concluding, the method of Balanced Cantilever obtained the highest score among the 4 

competing construction methods, with a fairly significant difference from the others, as it was 

the only one with a net preference flow that was positive. It is remarkable that the application 

of Multicriteria analysis confirmed the selection of bridge construction method that was made 

in practice for the project.  
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6.2 Non-conventional version 

6.2.1 Introduction of two innovative solutions 

In the second version of the Case study, two innovative construction solutions are selected, 

according to the specific data of the problem, and added to the existing four conventional 

alternatives. Thus, these two non-conventional solutions, which are both variants of the 

Precast construction method, are inserted in the Multicriteria Analysis process, which is 

performed again; this time having six alternatives. The two innovative solutions are presented 

below in general terms. For each one of them, the positive effects on the construction process 

and their advantages, in terms of the seven compliance criteria, are briefly described. 

6.2.2 Precast construction method with a monolithic outcome 

The first innovative proposal concerns a new type of prefabrication at concrete bridges. 

The goal of this proposal was to attain a monolithic system at the positions of piers. The result 

that emerged was better than the proposals so far and eliminated completely the bearings from 

the system. It solved also in a better way the problem of reinforcement at the support 

positions, by avoiding the “emerging” pretensioning tendons and using conventional 

reinforcement in these positions [27].  

In fact, a new type of management of the problem of deck shaping was proposed, by using 

precast beams. Significant advantages are also achieved concerning the aesthetics and the 

economy. It is noted that the proposed utilization of the new type of prefabrication can 

substantially increase the length of the spans, which reaches up to 40m according to the 

existing practice. However, according to this proposal, this length can be significantly 

increased and therefore the number of the piers can be reduced. Moreover, there is a very 

important advantage in terms of earthquake resistance, which is the possibility of restraining 

the lateral seismic movements by utilizing the foundations (pile caps) of the abutments as 

seismic stoppers. This can drastically reduce the earthquake resistance cost of the resulting 

system [27]. The plan and the longitudinal section of the proposed bridge are presented in the 

following Figure 2, while Figure 3 provides an explanation of the design proposal. 

(a) 

(b) 

Figure 2: Bridge of Case study, according to the proposal of Precast Innovative Solution I: 

(a) Plan, (b) Longitudinal section 
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Figure 3: A part of the Bridge of Case study, according to the proposal of Precast Innovative Solution I 

The outcome of this innovative construction solution resembles the one of the method of 

Balanced Cantilever. In general, this solution appears to be significantly upgraded against 

almost all the compliance criteria. It should also be noted that the "disadvantage" of the large 

number of its piers (10 instead of the 4 of Balanced Cantilever) is greatly offset by its 

advantages over the entire construction process. 

6.2.3. A solution of precast deck with slab connected to both abutments 

The second innovative solution concerns the bridge decks of prefabricated girders and 

comprises the connection of the cast-in-place deck slab to both abutments, without the two 

end joints. The main objective of this proposal is the improvement of the earthquake 

resistance of the structure, mainly along the critical spanning direction of the bridge [28]. 

Nevertheless, while the connection of a deck slab to the abutments solves the seismic 

problem, it induces in severe way serviceability issues for the deck slab which will be 

integrally connected to the two abutments. Moreover, large deformations developed in the 

abutments, which increase their cost significantly, shall be handled [29]. Both consequences 

can be accommodated with an innovative altered precast solution as described in [28]. This 

proposal of the connection of the deck slab to both abutments avoids also the use of an 

expensive seismic isolation system (elastomeric bearings). A typical abutment of the 

innovative configuration of the precast bridge is depicted in Figure 4.  

                  
    (a)                                                                         (b) 

Figure 4: Typical abutment of the Bridge of Case study, according to proposal of Precast Innovative Solution II: 

(a) Plan, (b) Section A-A 

Although the design proposal seems to be the same as the conventional Precast 

construction method, nevertheless it is superior in many areas, such as: The complete absence 

of joints, the drastic reduction in the number of bearings and the almost complete elimination 

of the differential seismic movements. This elimination of the differential seismic movements 

allows the use of solid wall-section piers despite the large height, instead of using hollow-

section piers, the construction of which is costly and time consuming. Through these solid 

wall-section piers, the disadvantage of the large number of 11 piers, instead of the 4 piers of 

Balanced Cantilever and the 10 of the first innovative solution, is offset. All of these 
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advantages of the second innovative proposal have a positive impact especially on earthquake 

resistance, economy and construction speed of the bridge. 

6.2.4 Economic data of the two innovative solutions  

Regarding the construction costs that determine the performance of the two innovative 

solutions in terms of the criterion of Economy, the diagrams of Figures 5 to 10 are provided. 

These diagrams show the quantities of used materials, the total construction costs, the 

construction costs per square meter, and also the construction costs per structural member. 

The estimated costs and quantities of the two innovative versions of the Precast construction 

method are presented in comparison with the actual ones of the bridge that was constructed by 

the method of Balanced Cantilever. 

 

Figure 5: Volume of concrete (m
3
) required for the three construction methods under consideration 

 

 

 

Figure 6: Weight of loose reinforcement (kg) required for the three construction methods  
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Figure 7: Weight of prestressing steel (kg) required for the three construction methods  

 

 

 

Figure 8: Total construction cost for the three construction methods  

 

 

 

 

Figure 9: Total construction cost per square meter (€/m2) for the three construction methods   
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Figure 10: Allocation of construction cost per structural member for the three construction methods  

6.2.5 Second application of Multicriteria analysis 

The MCA method of PROMETHEE is implemented for once again, this time containing 

six alternative solutions, which are the four conventional construction methods of the first 

version of Case study and the two aforementioned innovative solutions which have been 

added. 

The weights of compliance criteria have already been calculated in the first version of the 

Case study. The PROMETHEE II method is applied in exactly the same way as before, using 

the software of “Visual PROMETHEE”. Consequently, the new evaluation table of the six 

alternative construction methods with respect to each compliance criterion was created, 

exploiting again the opinions of the seven experts in Bridge design (Table 4). 

Evaluations Safety Durability Economy 
Constr. 

speed 
Aesthetics Serviceability 

Environ. 

harmoniz. 

Precast I-

Girder 
5 3 8 9 4 9 4 

Incremental 

Launching 
6 4 5 5 5 8 4 

Balanced 

Cantilever 
7 8 3 3 8 5 7 

Advanced 

Shoring  
6 6 4 4 6 5 5 

Innovat. 

Precast I 
7 8 8 9 7 7 6 

Innovat. 

Precast II 
8 6 9 9 6 7 6 

 Table 4: Evaluation table of the six Alternatives against each criterion 

Eventually, PROMETHEE provides the resulting positive, negative and net preference 

flows of the six construction methods, which are presented in Table 5. 
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Alternatives / Flows Phi+ Phi- Phi 

Precast I-Girder 0,2721 0,6192 -0,3471 

Incremental Launching 0,2967 0,6438 -0,3471 

Balanced Cantilever 0,4767 0,4274 0,0494 

Advanced Shoring  0,2599 0,6194 -0,3594 

Innovat. Precast I 0,6444 0,151 0,4933 

Innovat. Precast II 0,6799 0,169 0,5109 

Table 5: Preference flows of the six Alternatives 

Therefore, the ranking of the six Alternatives, from best to worst is the following: 

1. Innovat. Precast II  

2. Innovat. Precast I 

3. Balanced Cantilever    
4. Precast I-Girder 

5. Incremental Launching 

6. Advanced Shoring method 

In conclusion, the “Innovative Precast II” (i.e. the one of precast deck with slab connected 

to both abutments) obtained the highest score among the others and is deemed thus selectable, 
with a very slight difference from the second one, which is “Innovative Precast I” (namely the 

precast construction method with a monolithic outcome). It is also remarkable that the 

implementation of Multicriteria analysis resulted in an indisputable superiority of the two 

innovative solutions considered in this study, over the conventional ones. In addition, in this 

second version on the Case study, the rest of the construction methods retained their original 

ranking, with the exception of Precast I-Girder, which went up to the 4th position (having the 

same score with Incremental Launching, and being above the Advanced Shoring method). 

This happened due to the phenomenon of rank reversal which sometimes occurs in the 

PROMETHEE, as well as in other MCA methods, when a new alternative or more are added 

in the original set of Alternatives. Nevertheless, in the present study, this minor change did 

not affect in fact the final result of selection. 

7. CONCLUSIONS 

The study aims to highlight the importance of innovative interventions in the structural 

systems of earthquake-resistant long concrete bridges. At the same time, it deals with the 

problem of prioritization of the possible construction methods in a bridge project, and 

eventually with the selection of the most appropriate, per case, among them. To that end, the 

use of seven compliance criteria is suggested, while the tool of Multicriteria analysis is 

utilized for the decision making. The study focuses on a specific Multicriteria analysis method 

(PROMETHEE), analyzing its main principles and its mode of functioning. The critical 

problem of the evaluation of the performances of the construction methods against each 

compliance criterion was addressed through the answers to appropriate questionnaires of a 

number of experts on Bridge design and construction. The main conclusions of the research 

are the following:    

 There is a unique relation between a construction method and the resulting structural 

system.  
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 Despite their simplicity (compared to the spatial complexity of the corresponding multi-

storey building systems), and maybe exactly because of this simplicity, the structural 

systems of bridges can be subject to various innovative configurations. It is also 

remarkable that these configurations sometimes are related to a low, if not negligible 

additional cost, while they could upgrade not only the resulting earthquake resistance, but 

also the economy, the durability, even the aesthetics of the outcome too.  

 As demonstrated by the second version of the Case study, if a construction solution 

including innovative interventions is inserted in the Multicriteria analysis process, it 

could possibly obtain the highest score among the other competing alternatives. This can 

happen due to its upgraded qualitative characteristics, in comparison with the 

corresponding conventional construction method from which it originates. Thus, it could 

change dramatically the result that a usual implementation of Multicriteria analysis (only 

with conventional alternatives) would have. This would lead of course to a different 

hierarchy of the alternative construction methods and therefore to a different selection. 

 In the context of application of Multicriteria analysis, the calculation of the weights of 

criteria is a crucial issue, since it can affect decisively the process of the selection of 

construction method, and even define the final result to a certain extent.  

 The monolithic connection of the deck of a bridge with the piers or the abutments, 

combined with the complete, if possible, elimination of the bearings and the joints, 

constitutes the optimal solution for the structural system and therefore for the 

corresponding construction method, under the condition that the emerging problems with 

regard to serviceability are effectively addressed. 

 Concerning the bridge construction methods: 

a) The Precast construction method and the Incremental Launching provide both a 

“floating” structural system and hence, the use of seismic isolation is advisable for the 

seismic protection of the resulting structural systems. 

b) The Cast-in-place, the Balanced Cantilever and the Advanced Shoring method provide 

seismic safety based on ductility.  

 The total or significant reduction of the differential seismic movements of the bridge 

gives the desired possibility of an economical choice of the piers cross-section, due to 

relieving the piers from the seismic load effects and reducing the P-Δ effect. This 

unrestricted choice of the piers cross-section makes it possible not only to reduce their 

cost, but also to increase their construction speed and upgrade the aesthetic effect. 

 The possibility of innovative interventions on the piers cross-section gives the advantage 

of avoiding the heavy penalty that the seismic codes impose in cases where there is not 

regularity.  

 Concerning the first innovative proposal, it is remarkable that the option of reducing the 

seismic effects by using stoppers onto the abutment pile cap results to reducing the 

seismic loads undertaken by the piers, something which has a positive impact on safety, 

economy, construction speed and aesthetics. 
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