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Abstract - Soft first story buildings, including Reinforced concrete frameworks, are particularly vulnerable 

during severe earthquakes, making them a critical concern in densely populated cities where such buildings are 

necessary. The Boumerdes earthquake stands out as one of Algeria's most devastating natural disasters in recent 

history due to the significant loss of buildings and lives. A notable observation from this earthquake was the 

collapse of many homes that had open retail spaces or parking areas on their first floors. Several factors 

contributed to the collapse of these soft first story buildings: 

1. Insufficient Transversal Reinforcement: There was a lack of adequate transverse reinforcement in terms 

considering both of quantity and detailing. 

2. More Flexible or Weaker First Story: The first story of these buildings was often more flexible or weaker 

compared to upper stories. 

3. Absence of Shear Walls: The absence of shear walls compromised the lateral load resistance of buildings, 

especially those with open spaces on the first floor. 
Due to the vulnerabilities highlighted by the Boumerdes earthquake, it is imperative to revise and strengthen the 

Algerian Earthquake-Resistant Design Code (RPA) It is vital to implement stricter guidelines, particularly 

regarding the construction of soft first-story buildings. These revisions should focus on improving the structural 

integrity and seismic resilience of such buildings to reduce future risks during earthquakes. By updating the 

seismic code with rigorous standards for the construction of soft first-story buildings, Algeria can enhance 

building safety and reduce the potential for catastrophic damage and loss of life in future seismic events. 

The objective of this analytical study is to propose amendments to the Algerian seismic code to mitigate the 

collapse of soft first-story buildings during earthquakes. The study uses the energy constant law as its analytical 

framework. 

In this research, the buildings of interest were modeled using the SAP2000 software. The Pushover analysis 

method was employed to analyze the seismic behavior of these structures. 
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1 INTRODUCTION 
 

On May 21, 2003, a magnitude 6.8 earthquake 

hit the Zemmouri region, located approximately 

70 kilometers east of Algiers. With a focal 

depth of roughly 10 km, it was the strongest 

earthquake in Algeria since 1980, causing 

widespread destruction. Over 2,200 people lost 

their lives and more than 11,000 were injured, 

largely due to the collapse of residential and 

public buildings. This disaster revealed critical 

shortcomings in seismic design and highlighted 

the need to update and enforce Algeria’s 

building codes. 

The main structural issues observed in 

reinforced concrete (RC) buildings are 

summarized below: 

1. Soft First Story Effects: This occurs when the 

ground floor is less stiff compared to the upper 

floors, making it more susceptible to collapse 

during an earthquake. 

2. Short Column Effects: Short columns 

experience higher shear forces, which can lead 

to failure if not properly designed. 

3. Use of Weak and Slender Columns Poorly 

Reinforced (Generally Unconfined): Columns 

that are not adequately reinforced or are too 

slender can buckle and fail under load. 

4. Poor Detailing of Structural Joints: 

Improperly designed connections between 

beams and columns can weaken the overall 

structure. 

5. Inadequate Transverse Reinforcing Steel 

Detailing (Tie Spacing and 90-Degree Hook): 

Insufficient detailing of ties (spacing and hooks) 

can lead to poor confinement and shear 

resistance. 

6. Poor Material Quality and Unsound 

Construction Practices: The use of substandard 

materials and inadequate construction methods 

can significantly compromise the strength and 

durability of a structure. 

7. Neglect of Lateral Loads in Design: Failure 

to account for lateral forces, including seismic 

and wind actions, may result in inadequate 

structural performance and potential collapse 

under dynamic loading. 
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8. Inappropriate Anchoring of Beam and Slab 

Reinforcement: Improper anchoring can lead to 

weak connections and potential failure points. 

9. Use of Irregular Building Configurations 

with Discontinuities in Mass, Strength, 

Stiffness and Ductility: Irregularities in the 

building's design can create stress 

concentrations and weak points. 

10. Use of Weak Materials for Facades: Weak 

facade materials can fail and contribute to 

overall structural failure. 

11. Use of Stiff Spandrel Masonry Walls 

Resulted in Short Captive Columns that 

Increased the Shear Demand Beyond the Shear 

Capacity Supplied: Stiff walls can create 

captive columns that are subjected to higher 

shear forces than they can handle, leading to 

failure. 

These issues highlight the importance of proper 

design, detailing, material selection, and 

construction practices to ensure structural safety 

and resilience of RC buildings. 

The field investigation revealed that the 

collapse of soft first-story buildings was 

notably prevalent during the Boumerdes 

earthquake, as illustrated in Figure 1. 

This category of damage was even more severe 

during the 1995 Kobe Earthquake is shown in 

figure 2 and table 1. Therefore, the, the Japanese 

Seismic Design Guidelines recommended a 

design procedure to prevent the column side-

sway mechanism, or soft first-story collapse [1, 

2-3]. 

Such structural deficiencies primarily result 

from sudden variations in stiffness, strength, or 

ductility, combined with the lack of shear walls 

in the lower stories. Their detrimental impact is 

amplified by poor mass distribution within the 

structure. 

Consequently, multistory reinforced concrete 

commercial and residential buildings with 

insufficient or absent lateral resistance at the 

first story represent one of the most vulnerable 

structural types. 

his study introduces a procedure for 

determining the failure modes of buildings 

exhibiting a soft first story, derived from the 

failure mechanisms of columns and walls at that 

level. Subsequently, a strength amplification 

the energy conservation principle to represent 

the additional capacity required at the soft story 

for its ductility factor to be equivalent to that of 

a total collapse mechanism [6, 8–9]. 
 

 

Figure 1. Soft first story collapses during 
Boumerdes Earthquake, Algeria 2003. [1-4] 

 

 
Figure 2. Chuo-ku, Kumamoto city, Japan [5] 

 

Table 1. Damage observation in chuo-ku 
Earthquake [5]   

 

 

2 METHODS 
 

Following the damage caused by the presence 

of flexible floors in buildings during the 1995 

Kobe earthquake, Japanese researchers 

4 

highlighted the need to improve seismic design 

codes to address this phenomenon. 
 

 
Figure 3. Energy method concept 

 
Figure 3 illustrates the idealized load–

deformation (E–P) behavior of the system. The 

work–energy relationship for this system can be 

formulated as: 

 

(Ee+ Ep) = . ( = .M. ( .Sa. g)2     (1) 

 

Ee:  Elastic Energy behavior. Ep: Plastic Energy 

behavior. Sv: Pseudo-velocity. Sa: Pseudo-

acceleration. 

The work-energy equation can be written as 

follows: 

 

. + . . = . . .

                       (2) 

 

Figure 4 illustrates the relationship between 

strength and deformation for a single-degree-of-

freedom system.  
 

 
Figure 4. Energy constant law [2][8] 

(first soft-story index) and DS (collapse index). 

Assuming an elasto-plastic model with identical 

base stiffness for both buildings, the ratio 

ation 

(3). 

 

p=Ds’ s                             (3)  

                   

The total stiffness of the collapse system is 

considered equal to that of the soft-story 

building [7], as shown in Figure 3. The 

relationship is defined by Equation (4): 

 

                                (4)                   

 
Pushover Analysis  
The buildings under investigation were 

modeled using the SAP2000 software, and the 

Pushover analysis method was applied. The 

structures were subjected to incremental 

loading distributed along their height, and the 

resulting inelastic load-displacement curve was 

obtained by controlling top displacement of the 

structure, as illustrated in Figure 5. [10-13] 
 

 
 

Figure 5. Different loading steps structural 
response levels [14][15] 

 

Case Study 
Three reinforced concrete buildings—G+5 

(Case N1), G+7 (Case N2), and G+12 (Case 

N3)—with varying first-story heights are 

analyzed to assess the impact of the soft-story 

configuration on the structure’s nonlinear 

seismic response. 
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Data 
The dimensions and reinforcement of the 

structural elements (beams, columns, etc.) used 

in our case study are presented in Figure 6. 

 

 
Figure 6. beams and column reinforcement 

 

Lateral loads Distribution 
The loads are distributed in a triangular form, 

expressed by the following equation: 

 

Qi=Vh.Wi.h                  (5)                                                                                                       

 

 
 

Table 2. Load cases 

 
 

 
The numerical model developed using the 

software is shown in Figure 7. 

 

R+5. R+7. R+12. 

  

  

Figure 7. Building model in SAP2000 [11,12] 
 

The fragility curve was obtained from the 

analysis of the numerical model, as illustrated 

in Figure 8. 

 

 
Figure 8. Pushover curve for R+5 building 

 

The performance point is defined by the 

structure's capacity to respond to applied forces 

and sustain stability under those forces, 

identified at the intersection of the base shear 

and displacement.[13][14][15][16]. 

The R+7 building with a 4 m ground-floor 

height exhibits more significant damage, 

demonstrating that the severity of damage is 

directly affected by the first-story height: the 

taller the first story, the greater the damage. 

It is reported that the damage plastic hinges are 

concentrated at the first story (ground floor), 

highlighting the structural weakness of this 

level in all three models. 

 

 
Ground Floor+5 
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Ground Floor+5 
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Ground Floor+7 

 
Ground Floor+12 

Figure 9. Inter-story displacement 
 

GF+5. 
(h=4m) 

GF+7. 
(h=4m) 

GF+12. 
(h=4m) 

 

 

 

 

 

 
Figure 10. Development of plastic hinges 

 

The difference in top displacement demand 

between structures with and without a soft story 

increases by a factor of 4 under low seismicity, 

12 under moderate seismicity, and up to 32 

under high seismicity. 

 

  
       Figure11. Seismicity level       

 

 

 
Figure 12. Lateral stiffness displacement in the 

story 
 
 

   

Figure 13. Lateral stiffness by increment 
request in the story 
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Figure 14. Lateral stiffness of regular stories 

 

 
Figure 15. Lateral stiffness in the irregular 

story 
 

 

Figure 16. Lateral stiffness soft-unsoft story 
building 

 
At the soft-story level, displacement can reach 

up to 25% of the building’s total roof drift. 

However, in structures characterized by a 

pronounced soft-story mechanism, the first-

story displacement may rise dramatically, 

reaching 80–90% of the total top displacement. 

For an equivalent seismic demand, the 

displacement at the first story of a soft-story 

building can increase by a factor of two to three 

compared to a regular structure. This 

demonstrates the considerable sensitivity of soft-

story configurations to lateral deformations. 

 

 

 

 
Figure 17. Lateral stiffness with reinforced 

concrete column 

8 

 

The appear 1eb) in a 

reinforced concrete column, shown in blue, is 

lower for regular buildings (without a soft 

story) compared to non-regular soft story 

building.  

From the observation How can we define the 

displacement interval between a flexible-floor 

building (non-regular) and a non-flexible floor 

building (regular)? 

 

 
 

Figure 18. First floor lateral displacement 
demand 

 
Researchers have determined that conducting 

studies for analysis and comparison is essential 

to accurately quantify this issue. 

Figure 18 illustrates the variation of shear 

forces across different levels as a function of 

the ground-floor height. 

Shear force demands on ground story columns 

are much higher in buildings with a first soft 

storey. 

nds to rise as 

building height increases. For a given structure, 

the difference in this factor across various 

seismic codes is around 5%. 

 

 
R+5 story. 

 
R+7 story. 

 
R+12 story. 

Figure 19. Comparison of base shear for R+5, 
R+7 and R+12 storied buildings for different 

height Ground Floor 
 

Table 3. Structural characteristic factor Ds’ 
Code R+5 R+7 R+12 

Japanese  0.5 0.55 0.65 
Euro 0.55 0.65 0.7 
RPA  0.6 0.7 0.75-0.8 
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Figure 19. Structural characteristic factor for 

buildings with 5, 7, and 12 stories 
 

 

4 CONCLUSION 
 
The May 2003 Boumerdès earthquake caused 

significant damage, much of which experts found 

could have been prevented. This prompted 

authorities to devise comprehensive prevention 

plans, especially in major cities like Algiers, 

Oran, and Constantine, where earthquake risks 

are high. The adage 'prevention is better than cure' 

highlights this need. 

 Minor damages were observed in the 

structural elements, particularly on the first 

soft story. This is attributed to the 

discontinuity of the frame's mass, as well as 

its strength, stiffness, and ductility.  
 Nonlinear analyses revealed a required 

-

story buildings, increasing to 0.55 for 10 

stories and 0.60 for 14 or more, according to 

the Japanese code. For the Eurocode, the 

factors are 0.60, 0.65, and 0.70; for the RPA 

code, they are 0.65, 0.70, and 0.75, 

respectively. 

 The nonlinear analysis yields a required 

lateral load factor of 0.50 for 6-story 

buildings, increasing to 0.55 for 10 stories 

and 0.60 for 14 or more. In comparison, the 

Eurocode specifies 0.60, 0.65, and 0.70, 

while the RPA code specifies 0.65, 0.70, and 

0.75. 

 Eurocode 8 and the Japanese code permit 

larger relative drift displacements than the 

RPA 99 code (2003 version), due to the 

higher local ductility levels specified in these 

codes. 

 The RPA code specifies a behavior 

coefficient RRR that indicates the capacity 

of dissipative structural systems to endure 

seismic actions in the inelastic domain (see 

Table 4.3, Chapter IV, p. 39). This 

coefficient requires that lateral rigidity does 

not exceed 70% of the rigidity of the story 

above (Appendix 1, p. 111). However, the 

code lacks details on how to obtain this 

coefficient or its applicability to existing 

buildings versus new designs with a soft first 

story. 

 Calculating earthquake forces for reinforced 

concrete (RC) buildings with an open ground 

floor often underestimates the design forces 

and moments for ground floor columns. 

Analyses show that base shear can exceed 

twice the amount predicted by the equivalent 

force method, whether or not infill is present. 

Since the response spectrum method is rarely 

used in practice, it is advisable to double the 

design shear and moment from the static 

method to ensure ground floor column 

safety. 

 Buildings with open ground floors are 

particularly vulnerable to seismic actions, 

especially in developing countries where this 

construction type is common. The results of 

this study demonstrate that such buildings 

should not be treated as conventional 

reinforced concrete (RC) structures. The 

sway analysis reveals that columns at the 

open ground floor level require 

approximately 75% greater drift capacity 

than that estimated by the equivalent static 

method. To accommodate these high 

ductility demands, special reinforcement 

detailing—designed in accordance with 

moment-resisting frame principles—is 

essential. 

A deeper understanding of this phenomenon is 

crucial, as it should be identified as a localized 

issue before it progresses into a broader 

structural problem. 
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particularly vulnerable to seismic actions, 

especially in developing countries where this 

construction type is common. The results of 

this study demonstrate that such buildings 

should not be treated as conventional 

reinforced concrete (RC) structures. The 

sway analysis reveals that columns at the 

open ground floor level require 

approximately 75% greater drift capacity 

than that estimated by the equivalent static 

method. To accommodate these high 

ductility demands, special reinforcement 

detailing—designed in accordance with 

moment-resisting frame principles—is 

essential. 

A deeper understanding of this phenomenon is 

crucial, as it should be identified as a localized 

issue before it progresses into a broader 

structural problem. 
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