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1 Introduction 

WP4 “Application cases demonstration” includes a task that consist of the use of optical images and 

HD videos to film from a short distance all critical parts of bridges, galleries, buildings and other 

facilities related to railway activity. Drones operators have not background in structural engineering. 

This fact can lead to a deficient data acquisition which and a subsequent wrong structure damage 

classification. This document has been elaborated with the purpose of familiarizing drones operators 

with the many types of damage that occur, with emphasis on those commonly found on bridges. It is 

worth noting that: a) this document does not pretend to be an exhaustive document or manual, 

although it will allow operators to pay special attention to some common damage that usually affect 

structures to perform a complete and comprehensive image acquisition of damage. b) only those 

damage that can affect external (i.e. the most external part of the structures) and aerial part (i.e. non 

including underwater and underground elements of the structure, as foundations) of structures are 

described in this document. c) only a limited number of structures are considered in this document 

(e.g. masonry and wood structures are not included). 

The expert judgement of the acquired images will allow to state a preliminary evaluation of the 

damage level. For example, Table 1-1 shows the levels of damage proposed by the California 

Department of Transportation Structure Maintenance and Investigations for bridges. Similar 

classifications can be also used for damage assessment of buildings and other railway elements, based 

on drones observations. 

 

Table 1-1. Levels of damage of bridges according to Caltrans (2006)[RD1]. 

 

It should be noted that these methodologies for damage assessment are based on routine visual 

inspections and then should be complemented by other information (e.g. in situ monitoring systems) 

to perform a quantitative and complete diagnostic of the state of the structure.  
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2 Types of damage 

Most of the relevant structures associated to railway activity (walls, bridges, etc.) are made of 

reinforce concrete and steel. In this section, most common damage are graphically described (Figure 

2-1). 

 

Figure 2-1. Graphical scheme of damage of an structure. Source: Sika [RD2] 

2.1 Leaching/efflorescences 

This phenomenon consists of the migration of a salt to the surface of the concrete leaving a coat of 

salt (Figure 2-1 and Figure 2-2). Efflorescence can present white, brown green or yellow colour, 

depending on the type of salts. 

 

  

Figure 2-2. Efflorescences in a building located in Santa Pola, Spain (left). Efflorescences and mold caused by excessive humidity in 

a bridge abutment in Petrer, Spain (right). 
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2.2 Structural and non-structural cracks 

Cracking is likely to occur when a structure is unable to accommodate a movement (Figure 2-1, 

Figure 2-3, Figure 2-4 and Figure 2-5). Alternatively, cracks can appear due to other non-structural 

issues (e.g. thermal effects). They can affect columns, beams, shear-keys, etc. and can present 

different configurations and distribution patterns. The location, length, orientation and the opening 

of cracks is of paramount interest. 

  

 

Figure 2-3. Failure of a shear-key (upper left), cracks affecting an abutment (upper right) and cracks along a beam (lower) in a RC 

croncrete afected by a landslide in Alcoy, Spain. 
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Figure 2-4: Non-structural cracks affecting a building in Alcoy, Spain, affected by settlements. Note the plaster cracks monitors used 

for monitoring the activity of the cracks. 
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Figure 2-5. Non-structural cracks caused affecting a reinforced concrete non-structural wall in Alcoy, Spain, affected by a landslide 
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2.3 Concrete spalling 

Spalling is a term used to describe areas of concrete which have cracked and delaminated from the 

substrate (Figure 2-1 and Figure 2-6). 

 

 

  

Figure 2-6. Concrete spalling due to (Upper) compression stresses, Alcoy, Spain and corrosion Alicante (lower). 
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2.4 Steel reinforcement corrosion 

Consists of the gradual destruction of steel reinforcement of reinforced concrete structures by 

chemical and/or electrochemical reaction with their environment (Figure 2-1 and Figure 2-7). Can 

affect any part of the RC structure. 

 

 

Figure 2-7. Concrete spalling due to corrosion of steel reinforcement in a Bridge in Petrer, Alicante. 

 

2.5 Structural steel corrosion 

Consists of the gradual destruction of steel structural elements of structures by chemical and/or 

electrochemical reaction with their environment (Figure 2-1). Can affect any part of the steel 

structure. Special attention has to be paid in suspension and cable-stayed bridges to the cables and 

anchorages (Figure 2-10). Figure 2-8 to Figure 2-11 show some examples of steel structures 

corrosion. 
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Figure 2-8. Stringer span and truss top lateral sway frame corrsion ([RD3]). 

 

  
 

Figure 2-9. Truss conection and bolts corrosion ([RD3]). 
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Figure 2-10. Corrosion of suspension and cable-stayed bridges ([RD3]). 

 

  

Figure 2-11. Corrosion of a steel columns of a building (Santa Pola, Spain) and a truss (Alcoy, Spain). 

 

2.6 Scaling of concrete surface 

Scaling consists of local peeling or flaking of a finished surface or hardening concrete as a result of 

abrasion, salt expansion, erosion or freeze/thaw action (Figure 2-1). 
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2.7 Ground cracks in the ground-structure interface 

The relative movement of the structure and the surrounding ground causes some cracks that are 

located in the contact between ground and structure (Figure 2-12). 

 

 

Figure 2-12. Crack due to structure-ground relative displacement of a bridge placed in Alcoy, Spain. 
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2.8 Joints relative displacements  

Constructive and thermal joints can suffer relative movements (opening or closing) due to 

deformations and displacements (Figure 2-13).  

 

  

 

Figure 2-13. (Upper) Opening of a constructive joint of a RC wall (left). Deformation of a reinforced elastomeric joint, Alcoy, Spain 

(right). (Lower) Opening of a joint of a precast concrete joint of a industrial building and induced deformations on the galvanized 

sheet caused by differential settlements.  

Original 

Deformed 
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2.9 Tilt and slide 

Some structures can present anomalous tilts and displacements (Figure 2-14 and Figure 2-15).  

Excessive displacements can put structural stability at risk. 

 

 
 

Figure 2-14. Relative displacement of a beam in a bridge of Alcoy, Spain, afected by a landslide. Note the displacement of the 

bearing pads. 
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Figure 2-15. Tilt of a wall and a tower ([RD4]). 
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3 Conclusions 

Most of the structures associated to railway activity (walls, bridges, etc.) are made of reinforce 

concrete and steel. This document provides a quick guide for drones operators that will allow 

them to identify main damage affecting railways facilities and to pay special attention to critical 

issues affecting the structures for an optimal data acquisition. 
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