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Abstract: Gravity load designed old school buildings had been heavily damaged by the October, 1992, Egypt 

earthquake in the regions near the epicenter. Most of the victims were school students because there was no 

previous knowledge of the ideal behavior dealing with earthquakes, the case that leads to the students' rushing 

into corridors and stairs. As a result of the weakness of some parapets of corridors, some students fell into the 

playground. Moreover, the existence of only one stair at most schools cause the accumulation of students over 

the stair, which led to the death of some students. Samples of old school buildings in Egypt were selected for 

evaluation to determine the deficient aspects of these buildings. Finally, the research sheds the light on the best 

public behaviour against earthquakes.The traditional approach is to employ equivalent static analysis methods, 

while current design practice is moving toward an increased emphasis on the nonlinear analysis method. The 

Egyptian code provisions for building seismic design adopt the traditional approach of equivalent static load 

method as the main method for evaluating seismic actions and recommend the response spectrum method for 

nonsymmetrical buildings. This study aims to evaluate the Egyptian code provisions for the seismic design of 

moment-resistant frame multi-story building through using nonlinear time history analysis. The analysis 

procedures are evaluated for their ability to predict deformation demands in terms of inter-story drifts, 

potential failure mechanisms and story shear force demands. The results of the analysis of the different 

approaches are used to evaluate the advantages, limitations, and ease of application of each approach for 

seismic analysis. 
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I. Introduction 
Determination of seismic performance of existing buildings has become one of the key concepts of 

structural analysis topics after recent earthquakes. Considering the need for precise assessment tools to 

determine the seismic performance level, most of earthquake hazardous countries try to include performance 

based assessment in their codes. Recently, Egyptian Code 2008 (ECOL2008) also introduced linear assessment 

procedures to be applied prior to building retrofitting. In this paper, a comparative study is performed on the 

code-based seismic assessment of RC school buildings with linear static methods of analysis, selecting an 

existing RC school building. The basic principles dealing the procedure of seismic performance evaluations for 

existing RC school buildings according to ECOL200 before and after 1992 Egyptian Earthquake will be 

outlined and compared. Then the procedure applies to a real case study building is selected which is exposed to 

1992 Earthquake in Egypt, the seismic action of Ms =7. 3 with a maximum ground acceleration of 0.5g It is a 

five- storey RC school building with a total of 17.5 m height, composed of orthogonal frames, symmetrical in y 

direction and it does not have any significant structural irregularities. It was reported that the building had been 

not damaged during the 1992 earthquake.  The computations show that the performing methods of analysis with 

linear approaches using (ECOL2008) independently produce similar performance levels of collapse for the 

critical storey of the structure. The computed base shear value according to (ECOL2008) is much higher than 

the requirements of the Egyptian Code, while the selected ground conditions represent the same characteristics. 

The main reason is that the ordinate of the horizontal elastic response spectrum for (ECOL2008) is increased by 

the soil factor. The demand curvatures from linear methods of analysis of (ECOL2008) before and after 1992 

Egyptian Earthquake together are almost similar. 

Performance based design and assessment in structural engineering is becoming more important in the 

past several years. The decision of the analytical method for performance-based assessment is being a new topic 

and linear elastic methods of analysis have been used for a long time.  

Structural assessment and design concept with the principle of performance criteria based on the 

displacement and strain are especially put forward and developed for the realistic safety and rehabilitation of 

structures in the United States’ earthquake regions. 

The damage caused by the 1989 Loma Prieta and 1994 Northridge, in California – USA, made it 

possible to reconsider not only the current performance criteria regarding the strength of materials but also add 

more realistic criteria based on displacement and strain. With this concept, Guidelines and Commentary for 

Seismic Rehabilitation of Buildings – the ATC 40 [1] Project by the Applied Technology Council (ATC), and 
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NEHRP Guidelines for the Seismic Rehabilitation of Buildings – FEMA 273 [2] and FEMA 356 [3] by the 

Federal Emergency Management Agency (FEMA) have been developed. Later on, in order to examine the 

results further on, the ATC 55 and FEMA 440 [4] have been developed. Besides these organizations, different 

projects like Building Seismic Safety Council (BSSC), American Society of Civil Engineers (ASCE) and 

Earthquake Engineering Research Center of University of California at Berkeley (EERC-UCB) contributed 

them. With the aid of these projects and papers, the assessment of the performance the existing structures in the 

quake zones and the redesigning of buildings according to their earthquake performances could be possible. 

On the other hand, there exist also some researches regarding the performances of structures according 

to ECOL2008 [11]. 

Recent earthquakes, which occurred in Egypt made it compulsory to assess the safety of structures. 

Thus, in addition to the Egyptian Code of 2008, the new version of Egyptian Code (ECOL2008) was issued in 

September 2008 [11] in which the assessment and rehabilitation of structures have been added. The researchers 

state that linear analysis method under the scope of ECOL2008 result not with same performance levels of non 

linear method. However, it is noted that linear analysis method is relatively more conservative on the basis of 

component performance damage level [7, 8, and 9].  

 

II. Code-Based Performance Assessment Procedures 
Performance Requirements 

Building performance levels or limit states are chosen discrete levels of building damage under 

earthquake excitation. 

ECOL2008 chapter eight defines three limit states, related to structural damage: 

No Collapse Requirements (NC): The structure is not damaged all or some of it. Repair of structural 

components is not required, because their resistance capacity and stiffness are not compromised after 

earthquake by 10% of design possibility (Return period 475 years ago). 

Damage Limitation Requirements (LD): the design requirements are to resist the earthquake loads 

without crakes after earthquake by 10% possibility of design (Return period 95 years ago). 

Increase of Earthquake safety (IS): the structures specify by its importance, each structure has an 

importance factor this factor depends on the return period of the earthquake ((Return period 475 years ago for 

traditional building). 

Egyptian Code 2008 defines the seismic performance as the expected structural damage under 

considered seismic actions. Seismic performance of a building is determined by obtaining storey-based 

structural member damage ratios under a linear or nonlinear analysis. Member damage levels are classified as 

shown in Figure 1. The building performances are as in the following: 

Ultimate limits states (UL): For each main direction that seismic loads affect, for each collapse shape 

that caused dangerous to life. 
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Figure 1:  Cross-sectional Member Damage Limits (ECOL2008) 

 

Serviceability limit state (SL): For each main direction that seismic loads affect, these limits affect the 

safety using of the structures. 

A target performance assessment objective for a given building consists of one or more performance 

level for given earthquake hazard level. Recommended return periods to corresponding limit states are given in 

Table 1. 
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Table 1.  ECOL2008 Recommended Return Periods 

Limit States Return Period Probability of Exceedance 

No Collapse Requirements (NC) 475 years 10% / 50 years 

Damage Limitation Requirements (LD) 90 years 10% / 50 years 

Increase of Earthquake safety (IS) 475 years 10% / 50 years 

 

III. Linear Static Analysis Procedures 
Depending on the structural characteristics of the building, Lateral Force Method of Analysis or Modal 

Response Spectrum Analysis may be used as linear-elastic methods. Static procedure may be used whenever the 

participation of higher modes is negligible.  

V = Z.I.K.C.S.W ………..…(1); for old code design; 

Z earthquake factor zone 

I important factor 

K structural system factor of building 

C structure factor (C = 1/15√ T > 0.12), T fundamental natural period of building (T =0.1N or T = 0.09 H 

/√B; N number of storeys, H height of building and B width of building perpendicular to earthquake direction in 

meter). 

S soil factor 

W equivalent dead load plus half live load 
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FT excessive horizontal force in the plan of roof 

Wj load of floor, Hj height of floor from foundation level. 
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Fb total horizontal base shear force  

Sd (T1) elastic response spectrum 
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Fi horizontal force affecting the floor 

Fb total horizontal shear force from earthquake 

ui, uj displacement of masses mi, mj 

Wi, Wj weight of masses mi, mj 

n number of storeys over the foundation level 

Zi and Zj heights of masses mi, and mj  

 

Design schools before the 1992 earthquake on gravity loads only without taking in consideration the 

effect of earthquakes but after the 1992 earthquake the details of construction building resist earthquake take 

into consideration in design and construction.  

The load patterns, used for static analyses, are not able to represent the deformed shape of the structure 

when higher modes are put into effect. The participation of higher modes depends generally on the regularity of 

mass and stiffness and on the distribution of natural frequencies of the building with respect to seismic 

fundamental frequencies. Linear procedures (lateral force method of analysis and modal response spectrum) are 

applicable when the structure remains almost elastic or when expected plastic deformations are uniformly 

distributed all over the structure. The Equivalent Seismic Load Method is suggested in ECOL2008. The main 

objective of these methods is to compare demands by using unreduced elastic response spectrum with the 

existing capacity of elements, then to evaluate damage levels on the basis of elements with obtained demand-
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capacity ratios, and to determine the seismic performance level of the overall building. The conditions of using 

the equivalent seismic load method according to ECOL2008 are summarized in Table 2. In the determination of 

base shear force, unreduced (elastic) response spectrum is utilized.  

The distribution of the horizontal seismic forces according to ECOL2008 Lateral Force Method 

depends on modal shape of the structure at the fundamental period. On the other hand, in Equivalent Seismic 

Load Method lateral force distribution is related to storey masses and their elevation. 

Time history analysis is a more realistic method to represent the true effect of earthquakes on the 

building so, for the comparison states for 1992 Egyptian earthquake using the method of ECOL2008 and time 

history analysis method to stand up with which an existing structures will resist these kind of earthquake. 

Figure 2 shows the typical structural plan of old version school building designed before 1992 

Egyptian earthquake. The system as shown consists of one stares and one R.C. frame in one direction as shown 

also the cross section of beam is satisfied the gravity loads but columns (small cross sections as shown in Table 

4) is not and will be collapse under vertical loads of gravity and earthquake loads.( fcu=18 Mpa and fy= 240 

Mpa) 
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Fgure 2 Typical Storey Plan (designed before 1992 Earthquake) 

 

Figure 3 shows the typical structural plan of new version school building, which designed after the 1992 

Egyptian earthquake, which the construction details and design take into consideration. As shown the frame 

system constructed in two orthogonal directions and the sections of beams satisfied the gravity and earthquake 

loads. The column cross sections carry gravity and earthquake vertical loads safely as cross section illustrated in 

Table 5. 
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Figure 3 Typical Storey Plan (designed after 1992 Earthquake) 
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IV. Case Study On An Existing Rc Building 
(Designed Before And After 1992 Egyptian Earthquake) 

On 12 October 1992, an earthquake, magnitude mb= 5.9 and Ms = 5.2, hit the City of Cairo, Egypt. It 

was this century’s largest earthquake in northern Egypt with related destruction in the City of Cairo, the Nile 

Valley and the Nile Delta areas. The case study building has five storeys with a total of 14.65 m height and it is 

composed of orthogonal frames, symmetrical in y direction and does not have any structural irregularities. The 

planar dimensions are 24 x 15 m = 360 m
2
 with six spans in x and three spans in y directions, (Figure 2). It was 

initially designed and constructed according to the 2008 Egyptian Code. 

Storey heights are 3.50m. Slabs are having a thickness of 14 cm and they are modelled as a rigid 

diaphragm at each storey level. The column dimensions are as shown in Table 4. The in-situ tests for material 

properties reports that the characteristic compression capacity of the concrete is 25 MPa and the characteristic 

yielding capacity of the reinforcement is 360 MPa, which are lower values than the ones given in the original 

project. The computed base shear value according to ECOL2008 is much higher than the actual earthquake 

effect, while the selected ground conditions represent the same characteristics (Figure 3). The main reason is 

that the ordinate of the horizontal elastic response spectrum for ECOL2008 is increased by the soil factor as 

shown in Figure 3, where, Se (T) elastic horizontal response spectrum, T time period, ag ground acceleration 

(actual ag = 0.5g calculated ag = 0.25g), TB, TC values of constant response spectrum, 1 important factor (=1.2), 

TD constant value of spectrum,  damping ratio (=1), and S soil factor.  

 

Table 2: values of TB, TC, TD, and S. 
Subsoil class S TB TC TD 

C 1.5 0.1 0.25 1.2 

 

Table 3: Dimensions and reinforcements of columns in each storey for an old design model before 1992 

Earthquake (M.S.) 
Sym. Sections Reinforcement 

C1 25×25 cm 4φ13mm 

C2 25×30 cm 6φ13mm 

C3 25×35 cm 6φ13mm 

C4 25×55 cm 8φ13mm 

 

Table 4 : Dimension and reinforcement of columns in each storey for a new design model after 1992 

Earthquake (M.S.) 

Sym. 
Ground floor  1st, 2nd floor  3rd,4th floor  

Sections Reinforcement Sections Reinforcement Sections Reinforcement 

C1 30×70 cm 16φ18mm 30×70 cm 16φ16mm 30×70 cm 16φ12mm 

C2 40×80 cm 16φ18mm 40×80 cm 16φ16mm 40×80 cm 16φ12mm 

C3 30×90 cm 20φ18mm 30×90 cm 20φ16mm 30×90 cm 20φ12mm 

C4 30×110 cm 20φ18mm 30×110 cm 20φ16mm 30×110 cm 20φ12mm 
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Figure 3:  Horizontal elastic response spectrum curve 

 



Evaluation of Egyptian Code Provisions for Seismic Design of Education Buildings 

DOI: 10.9790/1684-12443844                                         www.iosrjournals.org                                         43 | Page 

Figure 4 shows a comparison between code method and real earthquake effect on displacement of each 

floor, base shear force and base bending moment of the outer column row of the school building. Columns shear 

force in code case analysis equals nearly 2.5 times the shear force in real (time history analysis) case. 

 

 
 i) Storey displacement (m)          ii) Base shear of the outside columns (ton)        iii) Base bending moment (m.t) 

 
Figure 4: Old School Design Straining Action,  i) Storey Displacement, ii) Base Shear of Outside Columns  

and iii) Base Bending Moment 

Figure 5 shows a comparison between code method and real earthquake effect on displacement of each floor, 

base shear force and base bending moment of the outer column row of the school building.  

 

  
i) Storey displacement (m)           ii) Base shear of the outside columns (ton)        iii) Base bending moment (m.t) 

 

Figure 5: New School Design Straining Action, i) Storey Displacement, ii) Base Shear of Outside Columns  

and iii) Base Bending Moment 

 

V. Conclusions 
In this study, performance based assessment methods and basic principles given in ECOL2008 and real 

time history analysis (TM) are investigated. After the linear elastic and non-linear approach are outlined as 

given in two cases of analysis, the procedures of seismic performance evaluations for existing RC school 

buildings according to ECOL2008 and TM  are applying for a real three dimensional case study building and 

the results are compared.  

The nonlinear TH base shear, in all studied models, is smaller than the ESL base shear. This means the 

ECP-201 empirical expressions for calculating the base shear are overestimated. The results show that the ESL 

method is overestimated and not accurate for calculating seismic action. The displacements and story drifts 

calculated from the ESL method don’t significantly change with the change of the column and/or floor 

diaphragm in-plane stiffness. On the contrary, the displacements and story drifts calculated from RS and TH 

methods change more significantly with the change of the lateral and floor diaphragm in-plane stiffness. This 

means that the linear shear distribution assumed in ECP-201 is not adequately accurate and depends on the 

building rigidity and the linear shear distribution is inconvenient. 

The computations show that the performing methods of analysis with approaches using either 

ECOL2008 or TM independently produce a difference performance level for the critical storey of the two 

structures. The cases study buildings are found to be as in safety performance level for new version school 

building designed after the 1992 Egyptian earthquake but not for the one who designed before the earthquake. 

The computed base shear value according to TM is higher than the ECOL2008 Code, while the selected ground 

conditions represent the same characteristics. The main reason is that the ordinate of the horizontal elastic 

response spectrum for ECOL2008 is increased by the soil factor. It is also observed that the demand storey 

drafts obtained from two methods of analysis are difference in values. The ECOL2008 code for design such 

kinds of building satisfy conditions for earthquake loads. For the safety conditions the old version of the school 

building, which affected by the 1992 Egyptian earthquake of not it must be strengthened as the technical 

procedure to resist any future Earthquakes, which the study showed the probably collapse if they expose to 

anther earthquake. 
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