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The seismic response of building structures can be estimated by several 

analysis methods. Each approach incorporates different assumptions and 

varies in complexity of application. The traditional approach is to employ 

equivalent static analysis methods while current design practice is moving 

towards an increased emphasis on nonlinear analysis methods. This study 

examined the seismic performance of multistory buildings designed 

according to Egyptian code. Nonlinear time history analysis is used for 

evaluation of equivalent static and response spectra procedures that 

recommended by Egyptian codes for seismic design of building structures. 

In this study, a preliminary seismic response analysis of two buildings was 

performed using three analysis procedures to evaluate the building seismic 

performance and the difference in global response predicted by the three 

methods. Moreover, three analysis procedures are evaluated for their 

ability to predict deformation demands in terms of inter-story drifts and 

potential failure mechanisms. Three ground motions of earthquake records 

are used for seismic demands evaluation of these buildings. The results 

demonstrated that, for the three analysis methods used in this study, 

different predictions of seismic response occurred. Furthermore, the results 

of the analyses are used to evaluate the advantages, limitations, and ease of 

application of each approach for seismic analysis. Each method is shown to 

have merits and deficiencies that should be considered when selecting a 

seismic analysis method for a particular building structure. 
 

KEYWORDS: Seismic design; Egyptian building code; time history 

analysis; Building lateral rigidity. 

 

1. INTRODUCTION 

Occurrences of recent earthquakes in different parts of the world and the resulting losses, 

especially human lives, have highlighted the structural inadequacy of buildings to carry 
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seismic loads. There is an urgent need for assessment of existing buildings in terms of 

seismic performance and continuously upgrade the seismic codes for design of new 

buildings. On Monday, October 12, 1992, an earthquake hit Egypt in an area that has had 

no recent seismic activity. Earthquake physical damage was estimated at about one 

billion US dollars [1]. Since October 1992, a set of Egyptian codes have been released to 

prevent buildings collapse and/or control major damages of structural elements. The 

latest code was the Egyptian Code for Load and Forces (ECLF2008) released on 

November 2008. The ECLF2008, and most of the international participating building 

codes, depends on the traditional approach of equivalent static load method as a main 

method for evaluating seismic actions on symmetrical buildings [2]. For non-

symmetrical buildings, the ECLF2008 recommended the response spectrum method to 

be used for building seismic analysis/design, which considered more accurate method of 

analysis than the equivalent static load method [3].  

It is expected that this comparative assessment of various analysis schemes will 

help identify the most essential procedure to evaluate seismic performance. The focus of 

this study is to assess the different methods of analysis, equivalent static load (ESL) and 

the response spectrum (RS). The specifications permit the designer to utilize a variety of 

methods for seismic analysis; from simple equivalent static analysis to complex 

nonlinear dynamic analysis. For building structures, it is common practice to utilize a 

simplified approach, such as equivalent static load (ESL). This approach has several 

shortcomings, which have been accepted due to its simplicity and a lack of alternative 

practical approaches. Such approach may be regarded as force-based since the methods 

primary emphasis is on the forces within the structure. In recent years, there has been a 

shift of attention away from linear methods of seismic analyses to nonlinear methods 

which put emphasis on the displacements within the structure. Thus, nonlinear analysis 

methods that are capable of realistically predicting the deformations imposed by 

earthquakes on structures are needed. In response to this need, nonlinear static analysis 

procedures have appeared in national resource documents such as the ATC-40 report on 

seismic evaluation and retrofit of concrete buildings and the FEMA-356 pre-standard on 

seismic rehabilitation of buildings. Such analysis methods are useful for predicting 

inelastic displacement capacities while simultaneously offering a compromise between 

the oversimplification of linear static analysis and the inherent complexity of nonlinear 

dynamic analysis. 

This study aims to evaluate the way Egyptian Code 2008 treats the consideration 

of seismic loads/analysis methods during the seismic design of buildings, and to discuss 

the alternative solutions for cases wherein existing provisions do not lead to satisfactory 

results. The evaluation of Egyptian Code 2008 provisions and simplified methods is 

performed through comparison with a more refined approach whereas an effort is made 

to quantitatively assess the relative importance of various design and analysis 

assumptions. Nonlinear time history analysis has been performed to evaluate ESL and 

RS analysis methods. A set of three time history records has been used. The main 

objective is to assess the fundamental period, total base shear, displacements and story 

drifts for the three methods of analysis. The results show that, ESL method is 

overestimated and not accurate for calculating seismic action. The objective of this study 

is to evaluate various methods of analysis on seismic evaluation of existing buildings. 

The seismic action is a function of the building mass, stiffness and material damping [4]. 

However, ECLF2008 gives an empirical expression to calculate ESL seismic action 
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depending on the total building weight only neglecting the effect of building stiffness 

and material damping on seismic action. To show the effect of the building lateral 

rigidity on seismic action, a different lateral and diaphragm rigidities have been 

analyzed. The results show that, the building rigidity and diaphragm rigidity have a 

significant effect on the shear and displacement demands calculated from response 

spectrum and nonlinear time history methods. 

 

2. DISCRIPTION OF BUILDING STRUCTURE AND FINITE 
ELEMENT MODEL 

2.1 Building Description and Design 

Until the early 1980s, the conventional approach to earthquake design was to use a 

quasi-static method to determine the dynamic effects of seismic loading. Dynamic 

analysis software is now commonplace and various forms of dynamic analysis are now 

the norm. The generalized approach to dynamic analysis is to develop a model of the 

structural system and impose a time dependant input motion based on measurements of 

real earthquake motions. There are many methods available to solve this problem, 

ranging from elastic response spectra methods to nonlinear time history analysis 

incorporating soil structure interaction. Some models may need to account for soil 

behavior, material non-linearity, geometric non-linear effects, high levels of damping 

and other complex behavior. Thus seismic analysis presents a considerable challenge to 

the engineer. Many advances in earthquake engineering have been made from the 

observation of the performance of real structures that have been subject to a severe 

earthquake. Analytical modeling, including FEA, has an important role, but its 

limitations must be recognized. For many engineered structures, satisfactory seismic 

performance requires careful attention to analysis, design, and detailing and good 

construction practice. This is particularly so for buildings expected to undergo inelastic 

deformation. Safety is thus achieved by the successful integration of analysis, design and 

construction. 

The building structural elements have been first designed according to Egyptian 

code of practice (ECP 203-2007) [6] under static loads assuming an un-cracked sections 

for beam and slabs in the analysis. The materials used in the design are C250 for 

concrete and St52 for steel (characteristic yield strength for steel of 3600 kg/cm
2
). 

Square columns were used with different cross-sections to represent the change in lateral 

rigidity. Also, a different beams and slab cross-sections were used to represent the rigid 

diaphragm effect. These sections have been checked under seismic actions by using the 

Egyptian code for load and forces (ECLF 2008) [2] to satisfy the Egyptian code 

requirements taking into consideration the effect of earthquake loads. The minimum safe 

column cross-section under static and dynamic loads, to satisfy the Egyptian code 

requirements [19], is 45×45 for 6-story building and 60×60 for 10-story building. 

The model is assumed to be a residential building with maximum live load of 

200 kg/m
2
. According to ECLF 2008, in case of residential buildings, the total effective 

seismic weight of the building, W, shall be taken equal to the total dead load of the 

building without taking any effect of live loads. SAP2000 analysis program 

automatically estimates the own weight of the structural elements and include it in the 
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elastic and inelastic analysis [7]. Because of symmetry in both directions, the torsional 

effect has not taken into consideration at this case of modeling. 
 

2.2 Finite Element Model 
A three-dimensional mathematical model of the physical structure, Fig. 1, will be used 

that represents the spatial distribution of the mass and stiffness of the structure to an 

extent that is adequate for the calculation of the significant features of the building’s 
dynamic response. Structural models shall incorporate realistic estimates of stiffness and 

damping considering the anticipated levels of excitation and damage. A multistory six 

bays frame model of a hypothetical reinforced concrete building has been analyzed using 

SAP2000 structural analysis software package [5]. The building is modeled as 3D frame 

structure using frame elements for columns, longitudinal beams and transverse beams 

and shell element for slabs with rigid floor diaphragms distribute uniformly the lateral 

loads on the vertical elements. 

 

3. SEISMIC ANALYSIS PROCEDURES 

To evaluate ECLF2008 and the effect of change in the building rigidity on seismic 

actions, three different methods have been used; the equivalent static lateral force 

method (ESL); the response spectrum method (RS) and the inelastic time history method 

(TH). Equivalent static lateral force method (ESL) does not take into consideration the 

effect of the change in building rigidity. Response spectrum method is more accurate 

than ESL method [3]. Also, time history method is considered as an exact solution for 

the two buildings which represent any change in the building properties. 
 

3.1  Equivalent static load (ESL) method 

According to ECLF 2008, the seismic base shear force, Fb; for each horizontal direction 

in which the building is analyzed, shall be determined using the following expression: 

 Fb = γ Sd(T1). λ. W / g                                                                                                   (1) 
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               Typical Floor plan view Elevation View 
Fig.1 Model of 6-story and 10-story buildings 
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Where: Sd(T1) is the ordinate of the design spectrum at period T1; T1is the 

fundamental period of vibration of the building for lateral motion in the direction 

considered; W is the total weight of the building, above the foundation level; g is the 

gravity acceleration; γ is the importance factor of the building; λ is the effective modal 

mass correction factor, the value of which is equal to: λ = 0.85 for T    2 TC, and n  2 

stories. The value of the fundamental period of vibration, T, determined using the 

following expression: 

T = Ct .H
3/4

                                                                                                                    (2) 

Where Ct is a factor determined according to the structural system and building 

material and equal to 0.075 in case of moment-resistant space concrete frame; H is the 

height of the building, in m, from the foundation or from the top of a rigid basement. The 

ordinate of the design spectrum, Sd(T1), can be determinate from: 

                                                              (3) 

Where ag is the design ground acceleration for the reference return period; Tc is 

the upper limit of the period of the constant spectral acceleration branch (Fig. 2); is the 

design damping correction factor for the horizontal elastic response spectrum where a 

reference value of = 1 corresponds to a normal 5% viscous damping ratio (case of RC 

buildings); S is the soil factor. γ is the importance factor. R is the reduction factor 

according the statical system of the structure. 

The seismic zone considered in this study is zone 1 (for Assiut city) and the 

shape of spectrum is type 1(Fig. 2). The two models are considered as a residential 

buildings with importance factor γ = 1. The soil is considered to be stiff soil, which 

presents soil class “C” and a soil factor S=1.5. The reduction factor, R, is taken 

considering the vertical loads and the total base shear are totally resisted by the frame 

structure without using shear walls or bracings (R=6). It should be noted that, ECLF 

2008 recommends that in the application of the ESFM method, the building should meet 

the criteria for regularity in both plan and elevation, and with calculated structural period 

T not greater than 2 sec or 4Tc (1 sec for the selected soil class (class “C”)). 
In ESFM, according to ECLF 2008, the base shear is determinated as a 

percentage of the total building weight that gives a value of 17% of the total weight of 

the building in 6-story building and 20% in 10-story building. 

The total base shear, Fb, shall be determined by applying horizontal forces Fi to 

each story mass mi and shall be distributed as follows: 

                                                                                                (4) 

Where Fi is the horizontal force acting on story i; Fb is the seismic base shear 

force (Eq. 1); zi, zj are the heights of the masses mi, mj above the foundation level 

respectively; Wi, Wj are the weights of masses mi,mj ; n is the number of stories above 

foundation level. Eq. 4 gives a linear shear distribution depending only on the height of 

the story. 
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Fig. 2 Design response spectrum for all regions of Egypt except coastal areas  

 

3.2  Response Spectrum (RS) Method 

Response spectrum analysis includes sufficient modes of vibration to capture 

participation of at least 90% of the structure’s mass in each of two orthogonal directions 
[8]. To be able to compare the two methods of analysis (ESL and RS), the same data has 

been used in both methods including the seismic zone, soil class, importance factor and 

reduction factor. Fig. 2 shows the design response spectrum curve for current case of 

study. It shall be noted that, ECLF 2008 includes a damping coefficient in the elastic 

response spectra equations. Hence, no damping ratio has been used in the analysis of this 

method. 
 

3.3  Nonlinear Time History (TH) Method 

Nonlinear time-history analysis is by far the most comprehensive method for seismic 

analysis. The earthquake record in the form of time vs. acceleration is input at the base of 

the structure. The response of the structure is computed at each second (or even less) for 

the entire duration of an earthquake. This method differs from response spectrum 

analysis because the effect of “time” is considered. That is, stresses and deformations in 

the structure at an instant are considered as an initial boundary condition for computation 

of stresses in the next step. Furthermore, nonlinearities that commonly occur during an 

earthquake can be included in the time-history analysis. Such nonlinearities cannot be 

easily incorporated in response spectrum analysis. Unlike the response spectrum method, 

nonlinear time-history analysis does not assume a specific method for mode 

combination. Hence, results are realistic and not conservative. Furthermore, this method 

is equivalent to getting 100% mass participation using response spectrum analysis. Full 

mass participation is necessary to generate correct earthquake forces. Usually, only 90-

95% participation is obtained in response spectrum analysis. All types of nonlinearities 

can be accounted for in this analysis. This could be very important when seismic retrofit 

involves energy dissipation using yielding of members or plastic hinge rotation. 

However, this method is very expensive and time consuming to perform. Large amounts 

of information are generated. Furthermore, input earthquake is never known with 

certainty. Hence, three to five different histories are used, further increasing the cost. 

TC TB TD 

TB = 0.1 sec. 

TC = 0.25 sec. 

TD = 1.2 sec. 
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Since the results of the TH depends mainly on the characteristic of the used 

acceleration time-history records and the shapes of their corresponding elastic response 

spectra [9], the reason of using the inelastic TH method is to verify the results obtained 

by other code specific analysis procedures (ESL and RS methods) against a time-history 

record. Nonlinear time-history analysis was performed taking into consideration the P- 

and large displacements effect. A constant damping ratio of 0.05 has been taken for both 

of RC buildings. The inelastic time-history analysis is preformed using the direct 

integration technique considering a time step of 0.005 second. 

3.4 Input Seismic Excitation 
A set of three  records have been used in the analysis; the north-south component of the 

ground motion recorded at a site in El Centro,  during the Imperial Valley, California, 

earthquake of May 18, 1940 [10] (TH1) and two natural records for Gulf of Aqaba, 

Egypt, earthquake of November 22, 1995 (TH2 and TH3)[11].  These earthquake records 

are shown in table 1. The maximum acceleration value for these records was found to be 

0.211g, 0.014g and 0.086g for TH1, TH2 and TH3 respectively. The soil type of these 

earthquakes is stiff soil as considered in the analysis for both ESL and RS methods. To 

be able to compare the results with those obtained from ESL method, the three time 

history records (TH1, TH2 and TH3) scaled to PGA factor of 0.628g, 9.25g and 1.54g 

respectively in case of 6-story building and 0.541g, 8.15g and 1.33g respectively in case 

of 10-story building. Fig. 3 shows the design spectra adapted in ECLF2008, and the 

three scaled time history records used in the analysis. 
The three methods are analyzed using SAP2000 (computer and structures). The 

structural analysis program SAP2000 [12] is a software package from Computers and 

Structures, which is based on the finite element method for modeling and analysis. 

Among the features introduced by the analysis engine of SAP2000 are eigenvalue 

analysis, static and dynamic analysis and linear and nonlinear analysis. For R/C 

buildings, constant material properties are used in SAP2000. These properties are: 

weight per unit volume 2.4028 tf/m
3
, mass per unit volume 0.245 t/m

3
and modulus of 

elasticity 2534563.6 t/m
2
. 

 

Table 1 Characteristics of time history acceleration records used in the analysis. 

Record Earthquake Station 
Compone

nt 

PG

A 

(g) 

PGV 

(cm/

s) 

PGD 

(cm) 
Local 

Geology 

El Centro 

(TH1)[10] 

Imperial Valley 

1940/05/19 

04:37 

Impvall/

I-

ELC270 

N-S 
0.21

5 
30.2 23.91 Stiff Soil 

AQABA-

H 

(TH2)[11] 

Aqaba 

1995/11/22 

04:18 

Hadera N-S 
0.01

4 
2.1 0.65 Stiff Soil 

AQABA-

E 

(TH3)[11] 

Aqaba 

1995/11/22 

06:16 

Eilat N-S 
0.08

6 
10.6 4.39 Stiff Soil 



Khaled A. Abdel-Raheem et al. 388 

In SAP2000, it has been assumed that the floor diaphragms are rigid enough to 

distribute uniformly the lateral loads on the vertical elements. The out-of-plane 

deformations are absorbed by the rigid horizontal diaphragms and shear deformation 

effects are neglected. SAP2000 can specify for each material of one or more stress-strain 

curves that are used to generate inelastic properties in frame elements. The material used 

in the model buildings, RC, is characterized by the stress-strain curves in Fig.4, as 

modeled in SAP2000. 

 

Fig. 3 Associated 5%-damped response spectrum for the three records 

 

Fig. 4 Stress-strain curve for confined RC as modeled in SAP2000 

 

4. RESULTS AND DISCUSSIONS 
 

4.1 Effect of Building Model Lateral Stiffness: 

The two models, 6-story and 10-story buildings, have been studied to evaluate the effect 

of the lateral rigidity on determination and evaluation of fundamental period, base shear, 

displacement and story drift. A constant beam and slab sections are considered in the 

analysis with different column cross-section to present the change in lateral rigidity. 

These cross-sections for different 7 models are enlarged in Table 2. 
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Table 2 Building structural element dimensions for different lateral stiffness models 
 Model Beam size (cm) Slab thickness (cm) Column (cm) 

6
-s

to
ry

 Model Ls1 25 × 70 15 45 × 45 

Model Ls2 25 × 70 15 90 × 90 

Model Ls3 25 × 70 15 120 × 120 

1
0

-s
to

ry
 Model Ls4 25 × 70 15 60 × 60 

Model Ls5 25 × 70 15 90 × 90 

Model Ls6 25 × 70 15 120 × 120 

Model Ls7 25 × 70 15 180 × 180 

4.1.1 Natural Vibration Analysis: 

The fundamental period of vibration, T, is a function of the stiffness of the lateral load 

resisting system and the building mass [13]. The fundamental period in ECLF 2008, Tc, 

does not influence by the change of the column cross-section but depends only on the 

building height. Table 3 presents different fundamental periods, for the buildings studied, 

as obtained from structural analysis and empirical expression in ECLF2008 and other 

international building codes using different lateral rigidity models. In both 6-story and 

10-story buildings, the periods computed from empirical expressions are significantly 

Table 3 Estimation of the fundamental period of the building for different lateral 

stiffness models 

Code Period, T 

Fundamental Period (sec) 

6-story 10-story 

Mod

el 

Ls1 

Mod

el 

Ls2 

Mod

el 

Ls3 

Mod

el 

Ls4 

Mod

el 

Ls5 

Mod

el 

Ls6 

Mod

el 

Lsa7 

3D model natural vibration 

analysis, fundamental mode 

0.68

1 

0.47

6 

0.43

6 

0.93

6 

0.85

6 

0.83

2 

0.77

8 

ECLF2008 [2] Tc = 0.075H
3/4

 
0.65

5 

0.65

5 

0.65

5 

0.96

1 

0.96

1 

0.96

1 

0.96

1 

ECLF 92 [14] T = 0.1 N 0.6 0.6 0.6 1 1 1 1 

IBC [15] T = 0.03 H
3/4

 
0.26

2 

0.26

2 

0.26

2 

0.38

5 

0.38

5 

0.38

5 

0.38

5 

UBC 97 [16] T = 0.02 H
3/4

 
0.17

5 

0.17

5 

0.17

5 

0.25

6 

0.25

6 

0.25

6 

0.25

6 

EC8 [17] T = 0.075 H
3/4

 
0.65

5 

0.65

5 

0.65

5 

0.96

1 

0.96

1 

0.96

1 

0.96

1 

NBCC2005 

[18] 
T = 0.05 H

3/4
 

0.43

7 

0.43

7 

0.43

7 

0.64

1 

0.64

1 

0.64

1 

0.64

1 

Note: H is the building height above the foundation level and N is the number of the 

stories. 
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shorter than those computed from structural models except the empirical expressions 

adopted in ECLF2008 and EC8. In these codes, the fundamental period is almost the 

same compared with those computed from structural models. 

Table 3 shows that, in case of relatively flexible columns (model Ls1 and model 

Ls4) the fundamental period calculated from ECLF2008 and the structural model is 

almost the same. The increase of the lateral rigidity decreases the value of the 

fundamental period (e.g. the fundamental period decreased by 36% in model Ls3 and by 

19% in model Ls7). But the fundamental period estimated from ECLF2008, Tc, is 

constant. That means the ECLF2008 empirical expression for estimating the fundamental 

period is convenient in case of relatively flexible columns only and the fundamental 

period depends on lateral rigidity.  

 

 
a) 6-story 

 
b) 10-story 

Fig. 5 Total base shear calculated from different lateral rigidity 

 

4.1.2 Base Shear Demands for Different Lateral Stiffness Models 
 

The total base shear has been calculated for the two RC buildings using the three 

methods of analysis (ESL, RS and nonlinear TH), Fig.5. Once the ESL method depends 

only on the building weight, the increase of the lateral rigidity increases linearly the base 

shear. But the increase of the base shear calculated from RS method is significantly 

larger than that in ESL method (e.g. the increase in base shear from model Ls1 to model 
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Ls3 is 44% calculated from ESL and 56% calculated from RS in case of 6-story 

building). That means the base shear does not depend only on the building weight. Fig. 5 

shows that the base shear calculated from nonlinear time history method, for the three 

records, is significantly lower than that calculated from ESL and RS methods. That 

means, the methods adopted in ECLF2008, ESL and RS methods, are overestimated and 

gives a higher base shear compared with nonlinear time history method. 
 

4.1.3 Lateral Displacement and Drift Demands: 
 

To show the effect of the column rigidity on the shear distribution, the displacements and 

the story drifts in case of 6-story and 10-story buildings have been calculated using the 

three different methods of analysis (ESL, RS and average time history for the three 

records ATH) and shown in Figs. 6 and 7. It shall be noted that, the increase of the 

lateral rigidity does not mean a decrease of the column displacement because the 

displacement and the total base shear values increases with the increase of the lateral 

rigidity. 

 

 

 

 
 

 

 

a) Model Ls1 
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b) Model Ls2 

Fig. 6 Effect of lateral stiffness on displacements and story drift for 6-story models 

 

 
c) Model Ls3 

Continue Fig. 6 Effect of lateral stiffness on displacements and story drift for 6-story 

models 
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a) Model Ls4 

 
b) Model Ls5 

 
Fig. 7 Effect of lateral stiffness on displacements and story drift for 10-story 

models 
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c) Model Ls6 

 
d) Model Ls7 

Continue Fig. 7 Effect of lateral stiffness on displacements and story drift for 10-story 

models 
 

It shall be noted that, it has been assumed that the diaphragm is rigid enough to 

distribute uniformly the lateral loads on the vertical elements. Therefore, the 

displacements and the story drifts for the external and the internal columns are the same. 

The following results have been observed from Figs. 6 and 7: 

In 6-story and 10-story buildings, the model Ls1 displacement calculated from 

ESL method is larger than that calculated from RS and nonlinear ATH methods. With 

the increase of the lateral rigidity, (model Ls2 and model Ls3 in 6-story building and 

model Ls5 and model Ls6 in 10-story building), the displacement calculated from ESL 
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method is almost constant. But the displacement calculated from RS and ATH methods 

slightly increases with the increase of lateral rigidity. 

In 6-story and 10-story buildings, the tangent inclination angle of RS and ATH 

displacement curves and the story drift decrease with the increase of the lateral rigidity. 

In case of model Ls3 in 6-story building and model Ls7 in 10-story building, the story 

drift is almost constant and the displacement is almost linear (for 6-story building the 

maximum difference in the displacement value between two stories calculated from 

ATH method in case of model Ls3 is 22% and in case of model Ls1 is 70%). This 

means, the shear distribution along the stories is almost linear (as considered in 

ECLF2008) in case of relatively rigid columns and it depends on the column cross-

section. 
 

4.2 Effect of Diaphragm Rigidity on Seismic Demands 

To show the effect of the rigid diaphragm on base shear, shear distribution and story 

drifts, the same two 3D models, 6-story and 10-story buildings, have been analyzed with 

different diaphragm cross-sections. Three different models, with the same column cross-

section, are used in the analysis taking into consideration the minimum safe column 

cross-section under effect of static and dynamic loads according to ECLF2008 (Table 4) 
 

Table 4 Building structural element dimension for different diaphragm rigidity models 

Model Beam size (cm) Slab thickness (cm) Column (cm) 

6
-s

to
ry

 Model D1 30 × 50 15 45 × 45 

Model D2 30 × 80 20 45 × 45 

Model D3 30 × 100 30 45 × 45 

1
0
-s

to
ry

 Model D4 30 × 50 15 60 × 60 

Model D5 30 × 80 20 60 × 60 

Model D6 30 × 100 30 60 × 60 

4.2.1 Natural Vibration Analysis: 

Table 5 shows the fundamental period calculated from the 3D model analyzed and 

ECLF2008 and other international building codes. Table 5 shows that, there is no 

significant difference between the 3D model and the ECLF2008 fundamental periods 

(the maximum difference between the fundamental periods is less than 18% for all 

cases). Table 5 shows also that, the nearest fundamental period calculated from an 

empirical expressions to the 3D model among the international building codes is the 

ECLF2008 and EC8. This means the empirical formula adopted in the ECLF2008 is 

convenient for all diaphragm rigidity models and the change in the diaphragm rigidity 

has no significant effect on the fundamental period. 
 

4.2.2 Base Shear Demands for Different Diaphragm Rigidity Models 
 

The base shear for the different six models calculated from the three method of analysis 

for both 6-story and 10-story buildings are shown in Fig. 8, and the following results 

have been observed: 
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The increase of the diaphragm rigidity increases the total base shear. But for the 

six different models, in spite of the fundamental period calculated from the empirical 

formula adopted in ECLF2008 and the 3D model is almost the same, the base shear 

calculated from ESL method is significantly larger than that calculated from RS and 

ATH methods. That means, the base shear calculated from ESL method is conservative. 

The base shear calculated from the nonlinear time history records (TH1, TH2 

and TH3), for the six models, is significantly smaller than that calculated from ESL and 

RS methods. That means the actual base shear on the buildings is smaller than the base 

shear calculated from the ECLF2008. 

In 6-story and 10-story buildings, the tangent inclination of the ESL curve is not 

equal to the tangent inclination of the RS and the three nonlinear THs curves. Once the 

ESL method is a function of the building weight only, this change in tangent inclination 

approves that the RS and the TH methods are not functions only on the building weight, 

but there are other factors which affect on the building base shear. 

Table 5 Estimation of the fundamental period of the building for different diaphragm 

rigidity models 

Code Period, T 

Fundamental Period (sec) 

6-story 10-story 

Model 

D1 

Model 

D2 

Model 

D3 

Model 

D4 

Model 

D5 

Model 

D6 

3D model natural vibration 

analysis, fundamental 

mode 
0.796 0.694 0.542 1.181 0.911 0.888 

ECLF2008 

[2] 

Tc = 

0.075H
3/4

 
0.655 0.655 0.655 0.961 0.961 0.961 

ECLF 92 

[14] 
T = 0.1 N 0.6 0.6 0.6 1 1 1 

IBC [15] 
T = 0.03 

H
3/4

 
0.262 0.262 0.262 0.385 0.385 0.385 

UBC 97 [16] 
T = 0.02 

H
3/4

 
0.175 0.175 0.175 0.256 0.256 0.256 

EC8 [17] 
T = 0.075 

H
3/4

 
0.655 0.655 0.655 0.961 0.961 0.961 

NBCC2005 

[18] 

T = 0.05 

H
3/4

 
0.437 0.437 0.437 0.641 0.641 0.641 

Note: H is the building height above the foundation level and N is the number of the 

stories. 
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a) 6-story b) 10-story 

Fig. 8 Diaphragm rigidity effect on base shear demand for different models 

 

4.2.3 Effect of Diaphragm Rigidity on Displacement and Drift 
Demands: 

 

To show the effect of the diaphragm rigidity on the shear distribution, the displacements 

and the story drifts in case of 6-story and 10-story buildings have been calculated using 

the three different methods of analysis (Figs. 9 and 10) and the following observations 

have been noted: 

In all models of 6-story and 10-story buildings, the displacement calculated from 

the ESL method is significantly larger than the displacement calculated from the RS and 

nonlinear ATH methods. This difference increases with the increase of the diaphragm 

rigidity (e.g. the maximum difference between ESL and ATH displacement in model D1 

is 21% but the maximum difference between the two methods in model D3 is 42%). 

Also, in all models of 6-story and 10-story buildings, the displacement calculated from 

RS and ATH methods are close. 

In case of the RS and the ATH methods, the tangent inclination of the 

displacement curve and the curvature of the story drift in case of the relatively flexible 

diaphragm, model D1 in 6-story building and model D4 in 10-story building, are 

significantly larger than the tangent inclination of the displacement curve and the 

curvature of the story drift in case of relatively rigid diaphragm, model D2 and model D3 

in 6-story building and model D5 and model D6 in 10-story building. This means, the 

change in the diaphragm rigidity has a significant effect on the shear distribution and the 

floor displacement. In the contrary, the tangent inclination of the displacement curve and 

the curvature of the story drift for ESL are almost constant for all models. Therefore, 

ESL method non-significantly affected by the diaphragm rigidity. 
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a) Model D1 

 
b) Model D2 

Fig. 9 Effect of diaphragm rigidity on displacements and story drifts for 6-story building 

 
c) Model D3 

Continue Fig. 9 Effect of diaphragm rigidity on displacements and story drifts for 6-story 

building 
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a) Model D4 

 
b) Model D5 

Fig. 10 Effect of diaphragm rigidity on displacements and story drifts for 10-story 

building 

 
c) Model D6 

Continue Fig. 10 Effect of diaphragm rigidity on displacements and story drifts for 

10-story building 
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5. SUMMARY AND CONCLUSION 
 

In this study, nonlinear time history (TH) analysis, for different three time history 

records, has been used to evaluate the equivalent static load (ESL) and the response 

spectrum (RS) methods, which adopted in the Egyptian code for load and forces 

(ECLF2008). 

The main findings of the study are summarized as follows: 

1. ECLF2008’s empirical expression for calculating the fundamental period of 
vibration gives almost the same fundamental period calculated from the structural 

model in case of relatively flexible column. But the increase in lateral rigidity 

decreases the fundamental period for the structural model, and the fundamental 

period calculated from empirical expression is constant. This means the fundamental 

period is not only a function of building height but also a function of lateral rigidity. 

2. ECLF2008’s empirical expression for calculating the fundamental period of 
vibration gives almost the same fundamental period calculated from the structural 

model in case of flexible and rigid diaphragm. This means the change in diaphragm 

rigidity has no significant effect on the fundamental period of vibration. 

3. The increase of the lateral and/or diaphragm rigidity increases the total building base 

shear. But the increase of RS and/or nonlinear TH base shear is different from that 

increase of ESL base shear, which depends only on the building weight. That means 

the base shear is not only a function of the building weight but also a function of the 

building rigidity. 

4. The nonlinear TH base shear, in all studied models, is smaller than the RS and/or 

ESL base shear. This means the ECLF2008 empirical expressions for calculating 

base shear is overestimated. 

5. The displacements and story drifts calculated from ESL method non-significantly 

change with the change of the column and/or diaphragm rigidity. On the contrary, 

the displacements and story drifts calculated from RS and/or nonlinear TH methods 

change more significantly with the change of the lateral and/or diaphragm rigidity. 

This means the linear shear distribution assumed in ECLF2008 is not adequately 

accurate and depends on the building rigidity. 
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لمنش ي  ززا مصري"آتقييم اأداء ا ود ا ل مصممة طبقاً  طوابق وا  ت متعددة ا

 خالد أحمد عبد الرحيم ، شحاته الضبع عبد الرحيم ، حسني محمود صغير ، محمود حسين أحمد

تحليل  شتستخدم عدة طرق من ا لم ية  ززا ردود ا طرق وتتفاوت ت. آحساب ا ل طريقة من هذ ا
تطبيقفي تعقيد ادرجة حيث من  تقليدية ف. مختلفةا هافرضيات و ا طرق ا ي لتحليلا ززا تعتمد علي  ا

اك اتجاهات ا ما ه ي بي حمل ززا افئ  م ي ا حمل اأستاتي يد علي استخدام زيادة استخدام ا تأ
تحليل اخطية.  طرق ا دراسة تقومن ثم ا ت هذ ا شيتضم لم ي  ززا طوابق آيم اأداء ا ت متعددة ا

مصري ود ا ل مصممة طبقا  تقليدية ا طرق ا لسجات باستخدام ا ، حيث تم استخدام طرق اخطية 
طريقت تقيم ا تحليل  ية في ا زم واردتيا مصري  فين ين ا ود ا شآت حساب اأحمال عليا م وهما  ا

افئ وطريق م ي ا حمل اأستاتي تجاوب. طريقة ا ي بة طيف ا ززا تحليل ا طرق حيث تم إجراء ا ا
ثاث  مسلحةا ة ا خرسا طوابق من ا شأتين متعددتين ا رأسي م  متماثلتين في ااتجاهين اأفقي وا

ين من ستة أدوار و عشرة أدوار. تم و  و شات دراسةم لم ي  ززا تحليل  طرقباستخدام  اأداء ا ا
مختلفة من حيث ق ل ا ل فدرة  تش بؤ بمتطلبات ا ت حرافات  يطريقة علي ا تغير في ا صورة ا

طوابق  ية أرضية مختلفة  وأيضاا محتملة. تم استخدام ثاث سجات ززا هيار ا يات اا دراسة تأثير آ
ية  زم فترة ا جساءات على ا ي، ودراسة تأثير هذ ا ززا سلوك ا ي على ا مب تغير في جساءة ا ا

لم طبيعية  حرافات ا طوابق وأيضاً إزاحات وا قص على ا قص، توزيع قوي ا شأ، متطلبات قوي ا
طوابق.   ا

ه سلوك مختلف  تحليل  مستخدمة في ا طرق ا ل طريقة من ا ي  ززا تائج أن اأداء ا أوضحت ا
ك ذ طريقة.  متأصلة في هذ ا تبسيطات ا ها استخداماتهافان  يعتمد علي عدد من ا  ل طريقة 

شأ  م ي  ززا تأثير ا حساب ا اسبة  م طريقة ا د اختيار ا تي يجب أن تأخذ في ااعتبار ع قائصها ا و
تائج أن ما أوضحت ا متبعة  متطلبات  معين.  لطرق ا ي  ززا مصري أعلي  فياأداء ا ود ا  فيا

قيمة من  يةمتطلبات ا زم لسجات ا اخطى  لتحليل ا ي  ززا جاسئةلم اأداء ا مما يجعله  شآت ا
مستخدمة لقطاعات ا ية ذات  يعطي تصميم غير اقتصادي  عا شآت ا م حال في ا ما يختلف ا بي

ي  ززا تي يجب استخدام حساب متطلبات ااداء ا ية وا عا ي ا لمبا حال  ما هو ا خفضة  م جساءة ا ا
اخطي تحليل ا  .با


