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Summary 

Robustness is one of the fundamental terms for civil engineers. It is used frequently in the 
established codes and in technical literature as a requirement for good structural design. 
Unfortunately, the meaning of robustness often is not clear and leaves some room for 
interpretation. The aim of this factsheet is to establish an unambiguous definition of 
robustness and related terms. 
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Context and relevance 

Both the COST Actions E55 “Modelling of the Performance of Timber Structures” and TU 
0601 “Robustness of Structures” are facing robustness being a key issue of load bearing 
structures. On occasion of a joint meeting in Ljubljana common tasks and solutions were 
identified. One of these tasks was to highlight different aspects of robustness and related 
terms. It was decided to write down common sense and open questions related to 
robustness in form of a factsheet containing all relevant definitions. 

 

Definitions of robustness and related terms 

The significance of robustness in civil engineering is obvious. As it is e.g. written in the Swiss 
Standard SIA 260 Basis of Structural Design, “apart from being appropriately integrated, 
configured and reliable, a structure should be economic, robust and durable.” The respective 
standard understands robustness as the “ability of a structure and its members to keep the 
amount of deterioration or failure within reasonable limits in relation to the cause.” However, 
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other definitions exist and to reach a common sense as a sound basis for discussion, a 
clarification is needed. 

As a starting point the definitions from several codes are given below:  

• ISO 22111 [4]: Ability of a structure (or part of it) to withstand events (like fire, 
explosion, impact) or consequences of human errors, without being damaged to an 
extent disproportionate to the original cause. 

• EC 1 [2]: The ability of a structure to withstand events like fire, explosions, impact or 
the consequences of human error, without being damaged to an extent 
disproportionate to the original cause. 

• SIA 260 [3]: Ability of a structure and its members to keep the amount of deterioration 
or failure within reasonable limits in relation to the cause. 

The similarity of these definitions is obvious. All of them describe robustness based on a 
relationship between an event and its subsequent consequences (deterioration or failure). 
The definitions work well if the understanding of terms like, type of event (all or just 
accidental events), damage, failure, reasonable and disproportionate is the same. These 
and other terms are described in more detail below. 

 

Figure 1: Illustration of robustness and related terms 

Redundancy: Redundant means not or no longer needed or useful respectively, superfluous 
[6]. Therefore, a structure can only be denoted “redundant” if one particular 
component failure does not have any destructive influence on the remaining 
structure. 

Progressive collapse of structures is characterized by a disproportion in size between a 
triggering event and the resulting collapse [10]. According to [12] progressive 
collapse of a building is a catastrophic partial or total failure that follows from an 
initiation event that causes local damage and cannot be absorbed by the 
inherent continuity and ductility of the building structural system. 
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Structural safety / integrity is the ability of a structure and its members to guarantee the 
overall stability as well as an adequate ultimate resistance (including fatigue 
resistance), corresponding to the assumed actions and the required reliability 
[3]. 

Hazards are any causes that may lead to unwanted events [2] and in consequence may call 
into question the structural safety [3]. 

Accidental action: Action that is unlikely to occur with a significant value on a given structure 
over a given reference period [4], [5], usually of short duration and considerably 
effect [3]. 

Damage / deterioration / defect / failure: In the below adduced codes the term damage is 
often used but never defined. Generally it can be described as a generic term 
for the “standardized” definitions as found in [3]. There, a differentiation 
between these three terms is made as follows: 

Deterioration:  Possible weakening of the material substance of a structure 
taking place after its acceptance (take-over by owner). 

Defect:  Missing property, which the structure should exhibit on 
acceptance according to contract. 

Failure:  Exhaustion of the ultimate resistance due to instability, rupture 
and fatigue or time-dependent action effects. 

Consequence classes: In [2] a classification of structures and elements of structures is 
made, whereby the criterion is the importance of the structure in terms of the 
consequences of its failure: 

I – Low: Low consequence for loss of human life, or small or moderate 
economic, social or environmental consequences. 

II – Ordinary: Medium consequence for loss human life, or considerable 
economic, social or environmental consequences. 

III – High: High consequence for loss human life, or very great economic, 
social or environmental consequences. 

IV – Exceptional: Circumstances where reliability must be set on a case-
by-case basis. 

Tying / segmentation: In [1] “tying the structural members together” is mentioned as an 
opportunity to avoid potential damage. In the opinion of the authors under 
certain circumstances it can also be the cause for an extended damage. 

Monitoring: Determination and assessment of the condition with recommendations on steps 
to be taken [3]. 

Terms like human error or vulnerability are often used in codes and technical discussions. 
Nevertheless they are not defined in the below adduced codes. 
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Outlook to further examination / discussion 

When looking for the definitions listed above the following questions should be discussed in 
the near future: 

• Is robustness exclusively to be focused on accidental loads? 

• To what extent is robustness required to compensate the occurrence of (what type 
of) human errors? 

• Is the following line of argumentation for robustness mandatory: statically 
indeterminate  redundant  robust ? 

• What about the other way round? Statically indeterminate  redundant  robust. 

• Has a robust structure in any case to be ductile / to contain ductile elements? Is 
every ductile structure robust? 

• Can / Must robustness be quantified? By whom? What is the meaning of terms 
like “acceptable robustness” or “sufficient robustness”? 

• Should design codes ask for robust structures compulsorily or just as a 
recommendation? 

• In what step of design robustness has to be paid attention to by the designer? 

• Is redundancy a beneficial property of a structure in any case? 
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