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ABSTRACT: This paper summarises the contemporary practices and implementations of existing codes and guidelines 
with respect to disproportionate collapse prevention as discussed in detail in Mpidi Bita et al. [1]. Focus is given on 
structural robustness, defined as the ideal method to decrease the probability of disproportionate collapse in buildings 
following an initial damage. The results from a global survey with 171 participants (mainly structural engineers) are 
presented. By comparing practices applied to different structural materials (steel, concrete and timber) and in different 
regions (Canada, USA, Europe, Australia/New Zealand), areas of improvements for the existing codes and guidelines as 
well as further research are identified. The results emphasise on the importance of including specific recommendations 
for structural robustness in building codes, applicable to high importance and high occupancy structures. A 
performance-based approach is preferable, rather than prescriptive requirements, for practical and economical solutions. 
In addition, the obtained responses highlight the need to further develop the existing indirect and direct methods for 
disproportionate collapse prevention and structural robustness to include material-specific considerations.  
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1 INTRODUCTION 123 

1.1 Disproportionate Collapse Prevention 

Initial structural damage in a building following 
abnormal loads generally acceptable [2]. However, if the 
damaged loadbearing elements trigger the collapse of 
connecting members, resulting in failure of a sufficiently 
large part of the building, then the situation is called a 
disproportionate collapse. Structural robustness, 
commonly defined as the ability to prevent subsequent 
failure propagation leading to disproportionate collapse, 
is accepted as the best-suited method for 
disproportionate collapse prevention [3,4].  
 
1.2 Designing for Structural Robustness  

Indirect and direct methods exist to provide structural 
robustness. Direct methods are structural integrity, 
redundancy and compartmentalisation [5]. The first two 
methods ensure minimum tie forces as well as ductility 
to enable load distribution from the damaged to the 
undamaged part of the building.  
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For the last approach, the structural layout is divided into 
different compartments to stop collapse propagation at 
the compartment boarders, while offering the damaged 
compartment. Event-dependent analysis is a direct 
method to ensure structural robustness. It is 
recommended when detailed information about the 
abnormal loads is available to quantify the initial damage 
and evaluate subsequent collapse [3]. As the results from 
this analysis cannot be generalised, an event-independent 
approach is used to obtain a broader damage-to-
performance correlation [6]. When comparing event-
dependent and event-independent analyses, the structural 
performance obtained from the latter provides an upper-
bound on ductility demands [3], hence is more suitable 
for disproportionate collapse mitigation applicable to a 
variety of extreme events.  
 
1.3 Guidelines against Disproportionate Collapse  

In Europe, EN 1991-1 [7] gives details for designing 
buildings against disproportionate collapse. It defines 
collapse thresholds and proposes strategies to ensure that 
the final collapse is not disproportionate to the initial 
damage, with respect to building categories.  
In the United States, ASCE-7 [8] relies on structural 
integrity, redundancy and ductility as indirect methods to 
design against disproportionate collapse. However, no 
specific collapse thresholds, nor explicit guidance are 
given. The Unified Facilities Criteria (UFC 4-023-03) 
[9], and the General Service Administration (GSA) 
guideline [10] provide prescriptions for disproportionate 
collapse prevention of government buildings, in form of 
minimum tie forces, Alternative Load Path Analysis 
(ALPA), as well as key element design.  



In Canada, since 1980, the National Building Code of 
Canada (NBCC) [11] assumes that buildings designed in 
accordance with the Canadian Standards Association 
material design standards have a satisfactory degree of 
structural integrity. Where special attention is needed, 
the NBCC gives reference to CSA S850 [12] which 
follows similar approaches to UFC [9] and GSA [10].   
The Australian and New Zealand National Building 
Code (AS/NZS 1170.0 2002) [13] include a generic 
robustness requirement similar to EN1991-1; however, 
little additional aid is given to the designer [14].  
In general, the design provisions for disproportionate 
collapse prevention in the aforementioned building codes 
are not explicit and partially subjective. Furthermore, 
existing prescriptive guidelines for structural robustness 
are heavily drawn from experimental and numerical 
analyses of concrete and steel buildings. For structural 
systems outside the scope of the material standards, e.g. 
mass-timber and hybrid buildings, the design for 
disproportionate collapse prevention is left to the 
designer’s judgment [15]. Consequently, there is a need 
to identify the main areas of improvement for 
disproportionate collapse prevention. 
 
1.4  Objective  

The objective of this paper is to present the factors 
influencing the decision of practicing engineers for 
applying existing structural robustness design methods in 
building design in different regions and using different 
structural materials. To achieve this goal, information 
regarding disproportionate collapse prevention and 
structural robustness in contemporary engineering design 
practice gathered through an online survey [1]. The 
findings from the survey can inform on the development 
of disproportionate collapse prevention guidelines and 
future revisions of building codes. 
 
1.5 Methods 

To achieve the objective, an online survey is an efficient 
tool to reach many individuals at a global scale. For this 
research, sampling began by inviting the initial 
participants via e-mail, chosen from professional 
networks. The participants were then asked to forward 
the invitation to their respective colleagues within their 
professional networks, which extended the outreach and 
constituted a non-random sample of participants. 
Although the survey was anonymous and responses were 
not linked to participants, the validity of the collected 
data was deemed acceptable.  
The survey targeted practitioners and researchers in 
concrete, steel and timber industries, mainly located in 
Europe, Canada, the United States of America, Australia, 
and New Zealand. Invitation to the survey was sent only 
once, without follow-up to confirm participation. 
Participation was primarily motivated by curiosity and 
willingness to share opinions. Responses were collected 
for six months, from May to October 2018 and responses 
received after that period were not considered.  
The questionnaire contained 16 questions. During 
compilation of the responses, for the single-answer 
questions, the occurrence of each answer was counted 

and the percentages of the total number of answers were 
calculated. For the multiple-answer questions, equal 
priority was assumed for all selected answers; answers 
by one respondent were uniformly weighted to avoid an 
overrepresentation of respondents with many answers. 
For each answer alternative, the weighted answers 
obtained from all participants were then summed to 
calculate the percentage.  
The considered method for data processing enabled to 
quantify the obtained responses and draw conclusions 
that address the objective of this study. Questions 1-8 
were used to create a profile of the respondents, and 
Questions 9-16 focused on the understanding of the 
participants as well as practices for disproportionate 
collapse prevention and structural robustness. The 
answers were categorised with respect to the primary 
material and location of the projects of the respondents. 
At the end of the questionnaire, the respondents were 
able to provide additional comments. 

2 RESULTS  

2.1 Results of the Respondent Profile 

The total number of respondents was 171. Question-1 
was: “Where are you based?” The proposed single 
answers were: i) Europe, ii) Canada, iii) USA, iv) 
Australia/New Zealand, and v) Other. Figure 1a 
illustrates the proportions of the received responses with 
respect to the respondents’ location. 
 

  
Figure 1: (a) Respondents' location, and (b) primary project 
material split after location 

Question 2 was: “What is the main structural material 
used in the design or construction of your projects?”. 
The proposed single answers were: i) Steel, ii) Concrete, 
iii) Timber, iv) Masonry, and v) Other. Figure 1b 
illustrates the material proportions within the defined 
regions, expressed as a percentage (%) of the total 
number of respondents per region. Note: no responses 
were obtained for the categories “Masonry” and “Other” 
and they were subsequently ignored in the figure. 
Question 3 was: “What is your primary activity?”. The 
proposed single answers were: i) Structural Engineering, 
ii) Architecture, iii) Fabrication, iv) Construction 
management, v) Business and project management, vi) 
Construction development, and vii) Others. Figure 2a 
illustrates the proportions with respect to the 
respondents’ primary activity, with “All others” 
representing every other proposed field of expertise 
except structural engineering.  



Question 4 was: “How many years of experience do you 
have in your field of practice”. The proposed single 
answers were: i) New graduate, ii) 1-2 years, iii) 3-10 
years, iv) More than 10 years, and v) I am a researcher. 
Figure 2b illustrates the proportions with respect to the 
respondents’ practical experience.  
 

  
Figure 2: Expertise proportions with respect to: (a) the field, 
and (b) experience 

Question 5 was: “What type of projects do you 
personally mostly work on”. The proposed multiple 
answers were: i) Residential, ii) Commercial, iii) 
Industrial, iv) Public, v) Military/Federal, vi) Bridges / 
other infrastructures, and vii) Others. The results of the 
obtained proportions are illustrated in Figure 3a. 
Question 6 was: “What is the average size of the primary 
project you are involved in?”. The proposed multiple 
answers were: i) Single occupancy not exceeding 4 
storeys, ii) Multiple occupancy not exceeding 4 storeys, 
iii) Multiple occupancy not exceeding 15 storeys, iv) 
Buildings higher than 15 storeys, v) Buildings with large 
area and significant occupancy, and vi) Others. The 
results of the obtained proportions are illustrated in 
Figure 3b.  
 

  
Figure 3: Project proportions: (a) with respect to type, and (b) 
with respect to size 

Question 7 was: “How familiar are you with the concept 
of structural robustness and disproportionate collapse?”. 
Responders selected one number on the scale 0-10, with 
0 corresponding to ‘not familiar’ and 10 corresponding 
to ‘very familiar’. The responses were truncated into 
three categories for clarity of presentation: low (1-4), 
medium (5-7) and high (8-10). Figure 4 illustrates the 
proportion of responders in each familiarity category, 
with respect to the primary materials as well as the 
participants’ location.  
Question 8 was: “Where did you first get exposed to the 
concept of structural robustness and disproportionate 
collapse?”. The single answers were: i) University 
undergraduate, ii) University research, iii) Internship 
during studies, iv) In practice, v) Never been exposed, 
vi) Others. Figure 5 illustrates the results with respect to 
the location of the respondents’ first exposure to the 
topic of disproportionate collapse. 
 

 
Figure 4: Familiarity with structural robustness 

 
Figure 5: Respondent’s first exposure to the topic 

2.2 Results of the Topic-specific Questions  

Question 9 was: “Do you consider structural robustness/ 
disproportionate collapse prevention in your designs?”. 
The single answers were: i) Yes, ii) No, and iii) Not 
applicable. The results are illustrated in Figure 6 and 
exclude the ‘not applicable’ answers (11 of the 171 
participants). A correlation analysis between a “Yes” on 
this question and the level of familiarity in Question 7 
resulted in a linear correlation with R2 = 98%. 
 

 
Figure 6: Consideration of the topic with respect to primary 
material and location 

Question 10 was: “If you do not consider structural 
robustness or disproportionate collapse prevention, what 
are the main reasons for it?”. The multiple answers were: 
i) It is not a code requirement, ii) Complexity / lack of 
expertise, iii) Budget / cost premium, and iv) Low 
probability events. The results, c.f. Figure 7 only 
considered participants who answered ‘No’ to Question-
9 (36 out of 171 participants). 
Question 11 was: “If you do consider structural 
robustness or disproportionate collapse prevention, what 
are the main reasons for it?”. The multiple answers were: 
i) It is a code requirement (code), ii) Best practice 
depending on project (project), iii) Best practice 
regardless of project (regardless), and iv) I am 
contracted to provide expertise in structural robustness 
and collapse prevention (expert). The results for 
respondents who answered ‘Yes’ to Question 9 (124 out 
of 171 participants), are shown in Figure 8.  



 
Figure 7: Reasons for not considering collapse prevention 

 
Figure 8: Main reasons for considering disproportionate 
collapse prevention 

Question 12 was: “If you do consider structural 
robustness or disproportionate collapse prevention, what 
do you mainly design for? Please select the answer(s) 
that best apply”. The multiple answers were: i) Human 
errors (in design, construction, manufacture, execution, 
etc), ii) Material deficiencies and degradation, iii) 
Accidents (terrorism, fires, explosions, impact, sabotage, 
etc), iv) Natural catastrophes (extreme earthquakes, 
wind, waves, etc), and v) I consider nothing specific. 
Figure 9 shows the results for the respondents who 
answered ‘Yes’ to Question-9 (124 out of 171 
participants). 
 

 
Figure 9: Extreme events considered in the design 

Question 13 was: “To what extent do you consider 
structural robustness and disproportionate collapse 
prevention in your designs?”. The multiple answers 
were: i) Basic ALPA (linear static analysis), ii) 
Thorough ALPA (nonlinear and/or dynamic analysis), 
iii) Minimum tie forces for structural integrity, iv) 
Overdesign members and connections (key element 
design), v) Compartmentalisation / segmentation of 
structure, and vi) Engineering judgements based on 
principles of engineering mechanics. Figure 10 shows 
the results for the respondents who answered ‘Yes’ to 
Question 9 (124 out of 171 participants).  
 

 
Figure 10: Methods for disproportionate collapse prevention 

Question 14 was: “How satisfied are you with 
prescriptions in the current design standards you use to 
meet disproportionate collapse prevention?”. 
Respondents selected from the scale 0-10, with 0 
corresponding to ‘not satisfied’ and 10 to ‘very 
satisfied’. The received answers accounted for all 
participants and were truncated into the three satisfaction 
categories: not satisfied (0-4), fairly satisfied (5-7), and 
very satisfied (8-10). Figure 11 illustrates the observed 
proportions with respect to participants’ location and 
primary building material.  
 

 
Figure 11: Participants’ satisfaction level of the existing code 
and guidelines 

Question 15 was: “What improvement(s) would you 
wish with respect to structural robustness and preventing 
disproportionate collapse?”. The multiple-choice 
responses were: i) Prescriptive code requirements for 
analysis / minimum safety level for structural integrity, 
ii) Code recommendations or general guidelines 
(minimum tie forces and structural detailing, alternative 
load path analysis, etc), and iii) More practical analysis 
examples and tutorials. The results for Question 15 
shown in Figure 12 give the number of times each option 
was selected for all participants to illustrate individual 
options. 
 

 
Figure 12: Suggested improvements, total number of responses 



Question 16 was: “Do you recommend that the design 
for robustness or disproportionate collapse prevention be 
required/recommended for any type of building/structure 
or only for specific ones?”. The single choice answers 
were: i) All buildings/structures, and ii) Only specific 
buildings/structures. The results for all participants are 
illustrated in Figure 13. 
 

 
Figure 13: Applicability of disproportionate collapse 
prevention to buildings 

3 Conclusions  

This paper summarised the literature with respect to 
disproportionate collapse prevention. To obtain a picture 
of the contemporary practice within this field, an online 
survey was conducted amongst practicing engineers. The 
results from 171 respondents were evaluated and 
pinpointed research needs and areas for improvement. 
The following conclusions can be drawn:  
1) The lack of code provisions on disproportionate 
collapse prevention has a detrimental effect on the 
consideration of structural robustness, in specific, for 
example, for mass timber and the region of Canada. 
2) Most respondents desired that building codes should 
include specific recommendations for disproportionate 
collapse prevention, applicable to specific building 
classes, as a performance-based approach. 
3) The survey results show that providing specific 
examples and tutorials is favoured as it enables the 
designer to consider appropriate methods for 
disproportionate collapse prevention rather than 
following prescriptive code requirements. 
The findings on the existing practices are primarily valid 
for engineers who are involved with disproportionate 
collapse prevention designs. The authors are aware that a 
certain selection bias in sampling may exist, i.e. 
individuals with an a priori high interest in the topic of 
robustness may be overrepresented in the sample. It is 
recognised that only large-scale surveys, with 
representative participations of regions and construction 
materials, can provide comprehensive answers on the 
industry-wide application on this topic as well as the 
satisfaction level concerning current building codes. 
Nonetheless, the findings from this survey point to the 
need for direct code requirements for disproportionate 
collapse prevention and practical design guidance. 
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