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Abstract: Over the past four decades, Algeria has suffered considerable losses, due to several large 

earthquakes that hit its various northern parts. These destructive effects are amplified by the large volume of 

buildings constructed using imprecise and unfinished codes (before the appearance of the Algerian paraseismic 

code RPA99/03). Indeed, the majority of cities have developed in total ignorance of seismic risks. Also, these 

heavy losses recorded are the consequence of the use of poor materials as well as poor control of 

implementation. Furthermore, reducing human and economic losses during a disaster requires raising awareness 

among the population at risk. In this context, a study on the seismic vulnerability of constructions built before 

2003 is carried out in our laboratory. Knowing that the “IV” vulnerability index level to be considered for a 

structure threatened by an earthquake is a combination of several parameters. This document proposes an 

approach to quantify the “IV” index level of column-beam buildings, based on the design of experiments 

method (DEM). The DEM is a correlation established between this “IV” index level and certain parameters 

considered sources of danger by several researchers. Two types of factors are distinguished: those designated as 

internal to the construction, such as: the age “Ag”, the symmetry in plane “Sy”, the regularity in elevation “Re”, 

the quality of the bracing “Qc”, the quality of the resistant system “Qr”, the state of conservation “Ec”, the 

secondary elements “Es”, the infrastructure “If” and the redundancy of the rows “Rf” and those designated as 

external, such as: collision “And” and the ground condition “So”. The resulting formula from this correlation 

allows managers to classify vulnerable buildings with a better approximation.   
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Introduction 
 

In recent decades, Algeria has experienced earthquakes causing considerable human and material losses. These 

disasters have called into question the development process, causing disorganization at the level of the urban 

fabric and the economic fabric as well as the societal structure (Akkouche et al., 2020). Thus, the Chlef 

earthquake of 1980 and that of Boumerdes in 2003, creating a disaster and total upheaval in these regions; it is 

therefore important to undertake a real reflection on prevention, before investing in development programs 

http://www.isres.org/
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which could be wiped out by a natural disaster (Schlupp et al., 2001). In this context, a number of studies have 

been carried out and reported in the literature dealing with knowledge on: 

 

-  The perception of seismic risk and the desire to take measures to reduce this risk (Kanti et al., 2010; Tekeli-

Yesil et al., 2010; Isabelle et al., 2012; Bouzid et al., 2020).; 

-  The development of a vulnerability index (Lang et al., 2002; Mebarki et al, 2004; AFPS, 2005; Belheouane 

et al., 2009; Gulay et al., 2011); 

-  The development of new means of assessing vulnerability (Hamizi et al., 2007; Olson et al., 2010; Lutman et 

al., 2014; Nekmouche et al., 2017; Akkouche et al., 2019); 

-  The production of seismic scenarios (Boukri et al., 2014). 

 

Despite the differences between these methods, they are based on the basic principle, which is the identification 

and estimation of seismic consequences. According to Gulay (2011), the vulnerability of a population is 

dominated by the most vulnerable buildings, it is therefore important to first determine what these buildings are, 

their number as well as their importance in relation to existing buildings.  

 

In this perspective, based on the failure modes observed in reinforced concrete frames, Mitcheletll et al. (2001) 

and Mazare (2002) give a list of parameters most likely to cause significant damage. However, with such data, it 

is generally not easy to quantitatively identify the seismic capacities of existing structures, knowing in fact that 

these methods remain more or less simple, as they relate to simple visual inspections. To this end, in what 

follows, all the parameters judged to be influential factors on column-beam structures are studied: age “Ag”, 

symmetry in plane “Sy”, regularity in elevation “Re”, quality of the bracing “Qc”, quality of the resistant system 

“Qr”, state of conservation “Ec”, secondary elements “Es”, infrastructure “If”, redundancy of rows “Rf”, 

collision “Et” and ground condition “So”. 

 

This study is based on post-seismic data processing based on the theory of experimental designs (Goupy,2006). 

For this purpose, a database of 508 post-seismic evaluation sheets is processed. Finally, an orientation allowing 

property managers to identify and prioritize high-risk buildings is given, and this, to be able to find the 

appropriate decisions with the objective to perform repairs or rehabilitation. 

 

 

Methodology 
 

The processing of feedback data (evaluation sheets) made it possible to show that the vulnerability of buildings 

varies greatly depending on the parameters characterizing the initial structural conditions. In this perspective, we 

seek to determine the factors and their degrees which can influence the overall behavior of column-beam 

structures. The experimental design method is carried out according to the following approach: 

 

Identification of all the factors likely to weaken column-beam structures under the influence of seismic loads. 

Eleven factors were selected from a database made up of 508 files (constructions) (Hamizi et al., 2006), 

application of the Koshal screening experimental design, in order to distinguish the most influential factors. 

Application of the full factorial optimization experiment to develop a model for assessing the vulnerability of 

self-stable reinforced concrete frame buildings. Before discussing the results, a presentation, in the following 

two paragraphs, of some data specific to the Koshal and full factorial designs is performed. 

 

 

KOSHAL Experiment and Full Factorial Experiment 

 

KOSHAL designs: Koshal screening experimental designs make it possible to estimate the main effects or 

"weights" of k factors on a given property (response) in order to distinguish the truly influential factors. These 

experimental designs only admit a single first-degree polynomial model without interaction. For this purpose, 

the experiment matrix used, represents the beginning of the matrix of a complete factorial design (Goupy, 2006).  

 

The matrices of the KOSHAL experimental design with N lines make it possible to study a number of k factors 

(k = N-1), each taking two levels. The latter, designated by Ri (inf) and Ri (sup) in natural variables, take the 

values -1 (denoted –) and +1 (denoted +) respectively in coded variables [Telford J.K et al, 2007]. The 

experience matrices are obtained by a circular permutation of a series of levels – and + given in the form of lines 

(Table 1). 

 

 



International Conference on Technology, Engineering and Science (IConTES), November 14-17, 2024, Antalya/Turkey 

368 

 

Table 1. KOSHAL experiment matrix. 

Configuration 

N° 

Factors (Xi) Response  
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 

1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1,128 

2 +1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 4,155 

3 -1 +1 -1 -1 -1 -1 -1 -1 -1 -1 -1 4,319 

4 -1 -1 +1 -1 -1 -1 -1 -1 -1 -1 -1 2,971 

5 -1 -1 -1 +1 -1 -1 -1 -1 -1 -1 -1 3,741 

6 -1 -1 -1 -1 +1 -1 -1 -1 -1 -1 -1 2 

7 -1 -1 -1 -1 -1 +1 -1 -1 -1 -1 -1 3,624 

8 -1 -1 -1 -1 -1 -1 +1 -1 -1 -1 -1 3,758 

9 -1 -1 -1 -1 -1 -1 -1 +1 -1 -1 -1 1,882 

10 -1 -1 -1 -1 -1 -1 -1 -1 +1 -1 -1 3,706 

11 -1 -1 -1 -1 -1 -1 -1 -1 -1 +1 -1 3,802 

12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 +1 3,867 

 

The student statistical test of significance (Goupy, 2009; Kamoun et al, 2011) is used to choose whether 

significant effects are taken into account. PFC Full Factorial Designs: Two-level full factorial designs allow all 

possible combinations to be studied with a minimum number of configurations. In other words, these plans 

make it possible to determine the effects of factors and all the interactions that may exist between them. In this 

case, the experiment matrix has a dimension of k columns (Factors) and 2k rows (configurations). This matrix 

takes two levels for each factor k: -1 and +1. The experiment matrix is thus obtained by a classic arrangement of 

the experimental points (Table 2). 

 

Table 2: PFC experiment matrix. 

Configuration Factor (Xi) 

X1 X2 X3 X4 . . XN 

1 -1 -1 -1 -1 . . -1 

2 +1 -1 -1 -1 . . -1 

3 -1 +1 -1 -1 . . -1 

4 +1 +1 -1 -1 . . -1 

5 -1 -1 +1 -1 . . -1 

. . . . . . . . 

. . . . . . . . 

2N-1 -1 +1 +1 +1 . . +1 

2N +1 +1 +1 +1 . . +1 

 

In the case where the factors are continuous, the mathematical model associated with the two-level Complete 

Factorial Experiment is of the additive polynomial type (of first or second degree and with interactions): 

 

(1) 

 

Where: Y: the response (damage state), X: the factor influencing the structure and a: the model coefficient. 

 

Note: in the case where no factor appears in the structure (configuration No. 1: all factors are fixed at their lower 

level), assuming that the construction is healthy. For this purpose, the coefficient =0. 

 

 

Identification of Vulnerable Components 

 

The identification of vulnerable components is established on a sample of structures assessed in the area 

affected by the 2003 Boumerdes earthquake, Algeria. Potential losses are quantified for each significant source 

of vulnerability. The classification of the sample of 508 structures is carried out by typologies, as indicated in 

Figure 1. The study is carried out on the typology representing more than 70% of residential use constructions, 

which are the structures made of reinforced concrete columns and beams. The degrees of damage relating to the 

340 free-standing structures are given in the Figure 2. 
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Figure 1. Classification according to the structures typology. 

 

 
Figure 2. Classification of the 340 buildings according to the degree of damage 

 

After inventorying the 340 column-beam buildings, the following process is carried out: 

 

- Choice of 11 pathological factors for each structure (each survey sheet). 

- Accounting for the factors having suffered damage, for each structure 

 

 

Results 
 

Application of the Koshal Experimental Design 

 

The eleven factors likely to have a bad influence on the proper behavior of column-beam constructions as well 

as the levels assigned to them are given in Table 3. The lower and upper levels represent the two limits of the 

evaluation domain of the factors (as shown on the post-seismic evaluation sheet in the context of Algerian 

buildings). 

 

Table 3. Factor levels following the Koshal experimental design. 

Factors Constructions classified in 

 [D1-D2] 

Constructions classified in 

 [D3-D5] 

Lower level Higher level 

Natural coded Natural coded 

Qr D1 -1 D5 +1 

Qc D1 -1 D5 +1 

Ag After RPA 99 -1 Before RPA 99 +1 

Ec Good (D1) -1 Bad (D5) +1 

Et No -1 Yes +1 

Es D1 -1 D5 +1 

So D1 -1 D5 +1 

If D1 -1 D5 +1 

Sy Yes (D1) -1 No (D5) +1 

Re Yes (D1) -1 No (D5) +1 

Rf Yes (D1) -1 No (D5) +1 
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The overall damage levels are indicated in the last column of Table 3. Note that each of the 12 configurations 

were replicated several times. The values shown in Table 3 represent the test averages. The effects of the factors 

were estimated using the least squares method, as presented in Table 4. 

 

Table 4. Estimated effects of Koshal experimental design factors. 

Factor Coefficient Weight Standard deviation Significance test 

Qr a1 -0,72818 0,0033 *** 

Qc a2 -0,63156 0,0033 * 

Ag a3 -0,6156 0,0033 NS 

Ec a4 -0,68772 0,0033 ** 

Et a5 -0,62562 0,0033 NS 

Es a6 - 0,67839 0,0033 ** 

So a7 -0,64934 0,0033 * 

If a8 -0,7331 0,0033 *** 

Sy a9 -0,6231 0,0033 NS 

Re a10 -0,61 34 0,0033 NS 

Rf a11 -0,61039 0,0033 NS 

With: NS: not significant; *: significant with a 95% confidence level; **: significant with a 99% confidence 

level; ***: significant with a confidence level of 99.9% 

 

The results obtained made it possible to estimate the standard deviations of the coefficients [D. MATHIEU et al, 

2000] and to distinguish, using the STUDENT test, the effects of statistically significant factors with a 95% 

confidence level (Table 4). Considering the confidence interval of the coefficient values, one can state that at 

most six factors can induce a vulnerable behavior in column-beam buildings. Those factors are: the quality of 

the resistant system (Qr), the quality of the bracing (Qc), the state of conservation (Ec), the secondary elements 

(Es), the ground conditions (So) and the infrastructure (If). 

 

Note: We consider the two factors Qr and Qc to be comparable in a self-stable frame structure. Therefore, only 

the Qr factor is taken into account in this study. 

 

 

Application of the Full Factorial Design 

 

The two levels assigned to each of the five factors are the same as those indicated in Table 3. This is equivalent 

to considering a two-level system of five factors with 25 possible states (32 Configurations). Following the 

recommendations given in Goupy (2006), only the main effects and first-order interactions are taken into 

consideration. The results of the studied configurations are given in Table 5: 

 

Table 5. Results of the different configurations 

Configuration 1 2 3 4 5 6 7 9 

Response 1,29 3,42 2,37 3,61 2,89 4,11 3,08 3,43 

Configuration 10 11 12 17 18 19 20 21 

Response 4,05 3,59 3,88 3,93 4,67 4,02 4,21 3,97 

 

The analysis of the results is performed with the classic tools of experimental designs. Under these conditions, 

the model coefficients are estimated using the least squares method. The results obtained are illustrated in the 

Table 6. 

 

Table 6. Importance of factors and interactions. 

Main effects Order interactions 1 

Effect Weight Interaction Weight Interaction Weight 

E1 -0,208 I12 0,0512 I24 0,0114 

E2 -0,105 I13 0,0518 I25 -0,0265 

E3 0,097 I14 -0,035 I34 0,0554 

E4 -0,085 I15 0,0537 I35 0,0348 

E5 -0,115 I23 0,0643 I45 0,0649 

 

From the results presented above, a mathematical model making it possible to quantify the vulnerability of 

existing column-beam buildings was developed and given by the following formula: 
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Conclusions 
  

The statistical procedure bringing together seismic vulnerability and structural characteristics, in the form of a 

mathematical model, offers a reliable possibility and capacity to provide real data on the structural state in the 

face of earthquakes. This is done by introducing data collected on site and taking into consideration the internal 

and external parameters of the construction. 

 

The present work evaluates and quantifies the seismic vulnerability of a specific reinforced concrete structure, in 

this case: self-stable. The method of experimental designs, following the application of the Koshal design and 

the full factorial design, makes it possible to classify this typology of construction into two categories: 

 

-  Vulnerable when VPP= [3; 5]: encompassing structures that require intervention for reinforcement and 

rehabilitation. These are buildings with low earthquake resistance. 

- Not vulnerable VPP= [0; 2]: encompassing healthy buildings, which do not require any intervention. 

 

Therefore, this model can be used to translate a master plan on the vulnerability and fragility of the structures 

and buildings of the Algerian real estate stock. 

 

 

References 
 

Akkouche K., Hannachi N.E., Hamizi M., Khelil N., K., & Daoui M. (2019). Knowledge-based system for 

damage assessment after earthquake: Algerian buildings case. Asian Journal of Civil Engineering, 

20(6), 769-784.  

Akkouche, K., Hannachi, N. E., Hamizi, M., & Khelil, N. (2020). Development of a relation model for global 

and local damage categorization : The case of the Algerian building. Bulletin of Earthquake 

Engineering, 18, 3057-3077. 

Beck, E., André-Poyaud, I., Davoine, P. A., Chardonnel, S., & Lutoff, C. (2012). Risk perception and social 

vulnerability to earthquakes in Grenoble (French Alps). Journal of Risk Research, 15(10), 1245-1260. 
Belheouane, F. I., & Bensaibi, M. (2009). Calcul de l’indice de vulnérabilité pour les constructions en béton 

armée. 9th Congrès de Mécanique.  

Boukri, M., Farsi, M. N., Mebarki, A., Belazougui, M., Amellal, O., Mezazigh, B., ... & Benhamouche, A. 

(2014). Seismic risk and damage prediction : Case of the buildings in Constantine city 

(Algeria). Bulletin of Earthquake Engineering, 12, 2683-2704. 

Bouzid, L., Hamizi, M., Hannachi, N. E., Nekmouche, A., & Akkouche, K. (2020). Plastic hinges mechano-

reliability analysis in the beams of RC frames structures. World Journal of Engineering, 17(5), 719-

732. 

Combescure, D., Guéguen, P., & Lebrun, B. (2005). Vulnérabilité sismique du bâti existant: approche 

d'ensemble. Cahier Technique AFPS, (25),121. 

Goupy, J. (2000). Modélisation par les plans d'expériences. Techniques de l'ingénieur. Mesures et contrôle, 

(R275), R275-1. 

Goupy, J., & Creighton, L. (2009). Introduction aux plans d'expériences-3ème édition-Livre+ CD-Rom (4th 

ed.). Dunod, Paris : Hachette. 

Hamizi, M., Bouzid, L., Boukais, S., & Hannachi, N. E. (2010). Méthodologie de l'évaluation de la fonction de 

vulnérabilité et du risque sismique pour les structures en poteaux poutres étude de cas: Wilaya de 

boumerdès Algérie. Annales du Bâtiment et des Travaux Publics, 4, 23. 

Hamizi, M., Rassoul, I., & Hannachı, N.E. Conception et réalisation d’un système d’aide à l’évaluation de la 

vulnérabilité du bâti existant. Colloque National Pathologie des constructions, Université Mentouri 

Constantine, Algérie, 

Kamoun, M., Chaabouni, M., & Ayedi, H. F. (2011). Plans d’expériences et traitements de surface : Etude 

quantitative des effets et interactions. Retrieved from https://www.techniques-ingenieur.fr/base-

documentaire/materiaux-th11. 

Lang, K. (2002). Seismic vulnerability of existing building. (Doctoral dissertation, Swiss Federal Institute of 

Technology). 



International Conference on Technology, Engineering and Science (IConTES), November 14-17, 2024, Antalya/Turkey 

372 

 

Lutman, M., Sket-Motnikar, B., Weiss, P., Klemenc, I., … & Banovec P. Aspects of earthquake risk 

management in Slovenia. Procedia Economics and Finance, 18, 659-666. 

Mathieu, D., Nony, J., & Phan-Tan-Luu, R. (2000). New efficient methodology for research using optimal 

design (NEMRODW) software. Aix-Marseille France : LPRAI.  

Mazars, J. (2002). La vulnérabilité sismique des constructions, les produits de la recherche un atout pour 

avancer. Risques Infos, (13).  

Mebarki A., &Valencia, N. (2004). Informal masonry structures: Seismic vulnerability and GIS maps. Masonry 

International Journal, 17, 18–25. 

Nekmouche, A., Hamizi, M., Khelil, N., & Kezman, A. (2017). Simplified models to control plastic hinges in 

reinforced concrete frame structures. Asian Journal of Civil Engineering, 19(105), 13-25.  

Olson, D. L., & Wu, D. D. (2010). Earthquakes and risk management in China. Human and Ecological Risk 

Assessment, 16(3), 478-493. 

Paul, B. K., & Bhuiyan, R. H. (2010). Urban earthquake hazard : Perceived seismic risk and preparedness in 

Dhaka City, Bangladesh. Disasters, 34(2), 337-359. 

Saatcioglu, M., Mitchell, D., Tinawi, R., Gardner, N. J., Gillies, A. G., Ghobarah, A., ... & Lau, D. (2001). The 

August 17, 1999, Kocaeli (Turkey) earthquake damage to structures. Canadian Journal of Civil 

Engineering, 28(4), 715-737. 

Schlupp, A. Mendel V. Van-der-woerd K. & Sira C. (2011). Évaluation statistique de la vulnérabilité sismique, 

au sens de l’EMS 98, des bâtiments en Alsace (Vol.1, p.128). Rapport méthodologique. 

https://www.franceseisme.fr/donnees/rapport-methodo-DREAL-11-2011_f_sec.pdf 

Tekeli‐Yesil, S., Dedeoglu, N., Tanner, M., Braun‐Fahrlaender, C., & Obrist, B. (2010). Individual preparedness 

and mitigation actions for a predicted earthquake in Istanbul. Disasters, 34(4), 910-930. 

Telford, J. K., & Breif, A. (2007). Introduction to design of experiments. Johns Hopkins APL Technical Digest, 

27(3), 224-232. 

Tezcan, S. S., Bal, I. E., & Gulay, F. G. (2011). P25 scoring method for the collapse vulnerability assessment of 

R/C buildings. Journal of the Chinese Institute of Engineers, 34(6), 769-781. 

 

 

Author Information 
Karim Akkouche 
Civil engineering department, Mouloud Mammeri 

University of Tizi Ouzou, 15000, Algeria. 

Contact e-mail: karim.akkouche@ummto.dz 

 

Aghiles Nekmouche 
National Center of Applied Research in Earthquake 

Engineering Algiers, 16000, Algeria. 

 

Nacim Khelil  
Civil engineering department, Mouloud Mammeri 

University of Tizi Ouzou, 15000, Algeria. 

 

Kahil Amar 
Civil engineering department, Mouloud Mammeri 

University of Tizi Ouzou, 15000, Algeria. 

Leyla Bouzid 
Civil engineering department, Mouloud Mammeri 

University of Tizi Ouzou, 15000, Algeria. 

 

 

 

 

To cite this article:  

Akkouche, K., Nekmouche, A., Khelil, N., Bouzid, L., & Amar, K., (2024). Impact assessment of structural and 

non-structural components on the vulnerability level of reinforced concrete buildings. The Eurasia Proceedings 

of Science, Technology, Engineering & Mathematics (EPSTEM), 32, 366-372.  

 

https://www.researchgate.net/publication/321859183_Simplified_models_to_control_plastic_hinges_in_reinforced_concrete_frame_structures
https://www.researchgate.net/publication/321859183_Simplified_models_to_control_plastic_hinges_in_reinforced_concrete_frame_structures
https://www.researchgate.net/journal/1563-0854_Asian_Journal_of_Civil_Engineering

