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Abstract— Libya was characterized as low to moderate levels of 

seismic activity. Adopting  Equivalent linear static analysis is often 

sufficient. This is permitted in most codes of practice for regular , 

low to medium buildings heights. 

The International Building Code (IBC) is a model building code. 

The structural provisions contained in IBC code reflect the latest 

data and most current technology. 

One of the most significant improvements in the year 2000 ,IBC 

over the 1997 UBC is the ground motion parameters used for 

seismic design. The UBC 1997 seismic zones were 

replaced in the IBC by contour maps giving Maximum Considered 

Earthquake (MCE) ground motion for the entire country of USA at 

short period (Ss) and 1-second (S1)for class B soil.  

Some countries such as Kingdom of Saudi Arabia (KSA) and 

United Arab Emirates (UAE) has adopted IBC as the basis Code, 

and made an effort for development of Seismic maps. In a previous 

work made by the authors gave proposals for coefficients Ss and S1 

for the whole zones of Libya ,and introduce for the first time  the 

use of IBC for the Libyan case .The present paper discussed further 

the adaptation of  such proposed coefficients in the seismic 

analysis of regular buildings in Libya with sufficiently detailed  

explanation of the IBC Equivalent Lateral Force analysis 

procedure. It is aiming to give professional engineers and designers 

more confident in the results of structural analysis of buildings 

using a more accurate method and taking into account many 

important factors and disseminated.    

        

Keywords— Static seismic analysis, Equivalent Lateral 
Force procedure, earthquake zoning 

 

Introduction  

Even though Libya was characterized as low to moderate 

levels of seismic activity[1], for the seismic hazards to be 

mitigated and for the earthquake resistance building 

regulations to be properly applied to  different regions , it is 

necessary to have a seismic zoning map with areas of 

probable maximum earthquake carefully delineated.  

 A proposal for the seismic  zoning map of Libya presented 

by Mallick  in 1976. And approved by the Ministry of 

Housing in 1977 with only slight modifications[2]. The 

authors show in previous work it still suffers from many 

deficiencies and shortcomings when compared with IBC. 

Seismic codes are intended to protect people inside 

buildings by preventing collapse and allowing for safe 

evacuation. Structures built according to code should resist 

minor earthquakes undamaged, resist moderate earthquakes 

without significant structural damage, and resist severe 

earthquakes without collapse.                               The IBC 

therefore is a widely used international standard even 

outside of the United States because it is  considering many 

important and effective features that have  impact of seismic 

loads. It has evolved across phases ,the starting version is 

the unified building code (UBC)  which was first published 

in 1927 by the International Conference of Building 

Officials, Updated editions of the code were published 

approximately every three years until 1997,which was the 

final version of the code. [3].  The UBC was replaced in 

mailto:sakhatrush@gmail.com
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2000 by the new International Building Code (IBC) 

published by the International Code Council (ICC). 

the first edition introduced in 2000. Subsequent IBC code 

editions were introduced in 2003,2006,2009 , 2012 and 

2015.The International Building Code (IBC) is a model 

building code. It has been adopted for use as a base code 

standard by most jurisdictions in the United States.  One of 

the most significant improvements in the 2000 IBC over the 

1997 UBC is the ground motion parameters used for seismic 

design. The UBC 1997 seismic zones were replaced in the 

IBC by contour maps giving Maximum Considered 

Earthquake f Earthquake (MCE) ground motion for the 

entire country of USA at short period (Ss) and 1-second (S1) 

for class B soil[4]. 

. 

I. EQUIVELANT STATIC LATERAL FORCE 

ANALYSIS   

For simple regular structures analysis by Equivalent 

linear static analysis denoted here as (ELF) is often 

sufficient. This is permitted in most codes of practice 

for regular , low to medium building heights. It begins 

with an estimation of base shear load and its 

distribution on each story calculated by using formulas 

given in the code. Equivalent static analysis can 

therefore work well for low to medium rise buildings 

without significant coupled lateral tensional modes.  

 

IBC code permit to use  equivalent linear static 

analysis with some  applicability , illustrated in the 

following ;  

 For all structures located in seismic category B and C 

 For seismic category D,E and F 

o    Risk category I or II buildings not exceeding 2 

stories above the base 

o   Structures of light frame construction 

o   Structures with no structural irregularities and not 

exceeding 48.7m in structural height 

  

 

 

 

 

o      Structures  exceeding 48.7m in structural height 

with no structural irregularities and with T 

< 3.5TS. 

o         Structures  not exceeding 48.7m in structural 

height and having only horizontal 

irregularities of Type 2,3,4 or 5 in Table 2-3 

or vertical irregularities of Type 4, 5a, or 5b  

in Table 2-2.   

The American Society of Civil Engineers document   

(ASCE7 -2005) remains in the  IBC(2009), the primary 

reference for determining earthquake, snow and wind loads 

[5]. 

 

II. CONSIDERED SPECTRAL RESPONSE 

ACCELERATION 

The mapped spectral accelerations for short (SS) and  

  1-second period(S1) are the main parameters to use IBC 

code.                  

      Since there are no such mapped values available for Libya 

in the International Code Council’s (ICC), International 

Building Code (IBC) or the American Society of Civil 

Engineers’ Minimum Design Loads for Buildings and Other 

Structures (ASCE 7).  

However, after searching for values denoted to areas outside 

the United States where there are no mapped values in the 

IBC or ASCE 7, two method were found possible to be 

applied in order  to obtain coefficient values [6]. The 

authors suggested a values for SS and S1 for all seismic zone 

in Libya, and illustrated in the following section [7].  

A. Method 1                                                                          

In this method, the design spectral response acceleration SDs 

and SD1 can be calculated using equivalency relationships:-  

           SDs = 2.5 Ca        SD1= Cv                                           

Where  

 Ca and Cv = Seismic coefficient [3] 

note that this method depends on UBC 1997 coefficients, 

according to appendix of chapter16 in UBC 1997 Libya and 

Tripoli are classified as 2A, and according to table 16-1 the 

seismic coefficient (Z) equal (0.15) and from tables 16-Q 

and 16-R Ca and Cv can be calculated for each soil type 

https://en.wikipedia.org/wiki/International_Building_Code
https://en.wikipedia.org/w/index.php?title=International_Code_Council&action=edit&redlink=1
https://en.wikipedia.org/wiki/Model_building_code
https://en.wikipedia.org/wiki/Model_building_code
https://en.wikipedia.org/wiki/United_States
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(Tables are illustrated in Appendix C) and then calculate SDs 

and SD1 using the equivalency relationships, the values of 

SDs and SD1 are given in TABLE.1 

TABLE. 1   Values of SDs and SD1 evaluated by method 1 

 Seismic 
Zone 

Seismic 
Zone 
Factor 

Z 

Soil 
Type 

Ca Cv SDS= 
2.5Ca 

SD1= 
Cv 

Tripoli 
Section 

1653 
Division 

III 
Volume 

II 
UBC1977 

 

2A 

 

0.15 

SA 0.12 0.12 0.30 0.12 

SB 0.15 0.15 0.375 0.15 

SC 0.8 0.25 0.45 0.25 

SD 0.22 0.32 0.55 0.32 

SE 0.30 0.50 0.75 0.50 

 

B. Method 2 

In this method the values of maximum considered 

earthquake Ss and S1 can be obtained from UFC (Unified 

Facilities Criteria) 3-310-01, Structural Load Data, dated 

May 25, 2005, including Change 2, dated Dec. 5, 2007.In 

UFC values of  Ss and S1  for Tripoli illustrated  in 

TABLE.2 [8]. 

TABLE.2   Earthquake  loading data at additional locations 

outside of the united states 
Continent/ 
Region 

Country Base/ 
City 

SS 
(%g) 

S1 
(%g) 

 10/50 SS 
 (%g) * 

10/50 S1 
 (%g)* 

Africa Libya Tripoli 57.1 22.9 28.6 11.4 

*10/50  it means ground motions with 10% chance of exceedance in 50 

years, and the corresponding mean  return period (the average number of 

years between events of similar severity is 500 year  [8].   

 

We use these values  to calculate SDs and SD1 the results are 

tabulated in TABLE.3. 

TABLE.3  Values of SDs and SD1 evaluated by method 2 

Note : The parameters Fa and Fv will illustrated in section 4  

 

 

 

 

 

III.  PROPOSED VALUS          

           The values calculated by method 1 are 

generally higher and range from 65% to 97%. 

However , based on the values proposed for Tripoli 

and  correlating them with that based on seismic zoning 

map adopted by Ministry of Housing 1977, using  linear 

interpretation between the zones  it became possible to 

propose an approximate values for the whole zones of 

Libya as shown in “ Fig. 1ˮ , and TABLE .4.  

 

 

 

 

 

 

 

 

 

 

Table. 4  Proposed values of Ss and S1 

Libyan map 
zone 

VALUES PROPOSED FOR LIBYA 

SS S1 

1 0.0715 0.0285 

2 0.143 0.057 

3 0.286 0.114 

4 0.3575 0.1425 

5 0.429 0.171 

 

The values evaluated by (Method 2) are considered more            

appropriate. and compatible with classifying of Libya as  

       low to moderate seismic activity region see TABLE.5     

        [9]. The structural provisions contained in  IBC code 

        reflect the latest data and most current technology .  

  After the proposal of  a values for  SS and S1 for Libya  

the Equivalent lateral force procedure given by  the IBC 

code can simply be used. 

   

 

 

 

 

 

10/50 SS 
(%g) 

10/50 S1 
(%g) 

Site 
class 

Fa Fv SMs= 
Fa SS 

SM1= 
Fa S1 

SDS= 
2/3 SMs 

SD1= 
2/3 SM1 

28.6 11.4 SA 0.8 0.8 0.229 0.091 0.152 0.060 

SB 1.0 1.0 0.286 0.114 0.190 0.076 

SC 1.2 1.69 0.343 0.192 0.228 0.128 

SD 1.57 2.34 0.449 0.266 0.299 0.177 

SE 2.38 3.46 0.680 0.394 0.453 0.262 

 
Fig 1. Libyan map and seismic zones[10]. 
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TABLE. 5  Values of Ss and S1 according to Region of Seismicity[9]. 

 
Region of 

seismicity 

SS S1 

Very High ≥ 1.25g ≥ 0.50g 
High < 1.25g 

≥ 0.75g 

< 0.50g 

≥ 0.30g 

Moderate-High ≥ 0.35g ≥ 0.14g 
< 0.35g < 0.14g 

Moderate-Low ≥ 0.25g ≥ 0.10g 
Low < 0.25g < 0.10g 

 
 

VI.  STEPS FOR CALCULATION ACCORDING TO 

(ELF- IBC 2009) [3]. 

 

Step 1      Determine occupancy category 

A classification ranging from I to IV for buildings and 

other structures based on the level of  occupancy and 

nature of use. Category I  buildings represents low 

hazard to life in the event of failure. Category IV  

buildings are considered essential facilities and include 

hospitals and emergency response centers.              

                TABLE 1-1              ASCE 7-05  Table1-1 

Step 2      Determine important factor (I)                 

                              ASCE 7-05  Table 11-5-1 

Step 3 Determine ground motion spectral response 

acceleration (Ss),( S1)  

        Ss = ground acceleration at short (0.2 second)                       

         S1= ground acceleration at 1.0 second             

    IBC-2009       Figures 1613.5(1) through   Figures 

1613.5(14)   

Step 4      Determine site class  

            SA,SB,SC,SD or SE    refer to  IBC-2009    TABLE 1613.5.2       

Step 5.A  Calculate Maximum Considered Earthquake 

                   SMs = Fa Ss          IBC-2009        Equation 16-36 

            Fa - site coefficient   IBC-2009  Table 1613.5.3(1)  

                   SM1 = Fv S1         IBC-2009        Equation 16-37         

        Fv - site coefficient       IBC-2009       Table 1613.5.3(2) 

   Step 5.B  Calculate design spectral response acceleration 

      SDS = 2/3 (SMs)         IBC-2009        Equation 16-38 

         SD1 = 2/3 (SM1)          IBC-2009         Equation 16-39 

   

  

 

 

Step 6      Determine seismic design category  

  Seismic Design Category (SDC) A building classification 

ranging from A to F(low to high) that is based on the 

occupancy category and severity of the design ground 

motion at building site.  

SDC based on short period      IBC-2009   Table 1613.5.6(1) 

SDC based on 1-second period    IBC-2009   Table 1613.5.6(2) 

 Step 7     Choose Analysis Procedure   

   The structure analysis shall consist of one of the types permitted 

analysis procedures 

                                               ASCE 7-05    Table 12-6-1      

Step 8     Determine response modification factor (R)  

                R= is a response modification factor that account for the 

ability of seismic force systems to response to earthquake 

 shaking in a ductile manner without loss of load carrying. 

                                        ASCE 7 -05     Table 12 -2-1   

   Step 9     Calculate the approximate fundamental period (T) 

                   T = Ct hn
x      ASCE 7 – 05    Equation 12-8-7   

       hn = the height above the base to the height level  

              of the structure. 

         Ct and x = coefficients determined from Table 12-8-2. 

Step 10    Calculate the effective seismic weight (W) 

The effective seismic weight w of a structure shall include 

the total dead load and other loads listed below: - 

1. In areas used for storage, a minimum of 25 percent of the floor 

live load (floor live load in public garage and open parking 

structures need not be included). 

 2. Where provisions for partitions is required in the floor load 

design, the actual partition weight or a minimum weight of 10 psf 

(0.48 KN/m2) of floor area, whichever is greater. 

 Step 11   Calculate seismic base shear (V) 

              V = Cs W              ASCE  7- 05      Equation 12-8-1   

              Cs = SDS /(R/I)      ASCE  7- 05      Equation 12-8-2  

               Cs max = SDS /(R/I)    for T  TL    

   ASCE  7- 05      Equation 12-8-3   

              Cs max = S DS /(R/I)    for T  TL      

       ASCE  7- 05        Equation 12-8-4   

             Cs min = 0.01          ASCE  7- 05       Equation 12-8-5   
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Step 12   Distribution of the base shear 

The lateral seismic force (Fx) (kip or kN) induced at any 

level shall be determined from the following equations: 

              Fx = Cx V       ASCE  7- 05       Equation 12-8-11   

and 

               C vx =               ASCE  7- 05       Equation 12-8-12   

Where: 

Cx = vertical distribution factor, 

V = total design lateral force or shear at the base of the 

structure (kip or kN). 

 wi and wx = the portion of the total effective seismic weight 

of the structure (w) located or assigned to Level i or x. 

hi and hx = the height (ft or m) from the base to level i or x. 

k = an exponent related to the structure period as follows: -  

for structures having a period of 0.5 s or less, k = 1, for 

structures having a period of 2.5 s or more k = 2, for 

structures having a period between 0.5 and 2.5 s k shall be 2 

or shall be determined by linear interpolation  

between 1 and 2. 

 n = number of storey. 

Step 13  Calculate the storey drift and compare with the 

allowable storey drift       

The deflection of level x at the center of mass (x) (in or 

mm) shall be determined in accordance with the following 

equation: - 

δx = (Cd δxe)/I              ASCE  7- 05       Equation 12-8-15   

where:                                                                                                      

Cd = the deflection amplification factor  

                             ASCE  7- 05        Table 12.2-1                   

δxe = deflection determined by elastic analysis Fig .3.4.                                                                

 I= Importance factor determined Section 11.5.1                                        

ASCE  7- 05 

The storey drift (Δ) = δx-δx-1  

T he allowable stoery drift (Δa) obtained from  

Table 12-12-1. 

 

 

 

 

 

 

V. DISCUSSION 

The equivalent lateral force analysis procedure  is a unique 

concept used in earthquake engineering ,the concept is 

simple and  attractive because it converts a dynamic analysis 

into partly dynamic and partly static analysis for finding 

forces and displacements induced in the structures due to 

earthquake, provided that this equivalence is valid only for 

some provisions.    

For Libya, contour maps need great work teams and efforts. 

Nevertheless, in this paper, values for (SS&S1) is proposed 

for each region of Libya so that the IBC code can be 

applied.  Other parameters  required for use of IBC code 

they depend on the height of the building, the regularity of 

the building, the importance of the building, the structural 

system used, and the soil type  and other specifications  . 

Occupancy category is a classification ranging from I to IV 

for buildings and other structures based on the level of  

occupancy and nature of use. Category I  buildings 

represents low hazard to life in the event of failure. 

Category IV  buildings are considered essential facilities and 

include hospitals and emergency response centers.              

Seismic Design Category (SDC) is a building classification 

ranging from A to F (low to high) that is based on the 

occupancy category and severity of the design ground 

motion at building site Structures shall be assigned a 

Seismic Design Category depends on occupancy category 

and spectral response acceleration parameter at short 

periods. 

 

In IBC- 2009  the seismic force resisting systems to be used 

classified to  six main structural resisting systems, each one 

is subdivided into subsystems reflect the diversity in the 

seismic force resisting system.              

The regularity of structures in IBC-2009 are addressed in 

clear steps, structures shall be classified as regular or 

irregular based on horizontal and vertical configurations 

There are six seismic site soil classification, based on shear 

wave velocity Vs, standard penetration resistance N and 

undrained shear strength of soil Su. 
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The base shear was reduced by response modification factor 

that account for the ability of seismic force resisting systems 

to response to earthquake shaking in a ductile manner 

without loss of load carrying capacity.  

     R values generally range from 1 for systems that have no 

ability to provide ductile response to 8 for systems that are 

capable of highly ductile response. 

Displacement amplification factor Cd that is used to adjust 

lateral displacement for the structure determined under the 

influence of design seismic force to the actual anticipated 

lateral displacement in response to design earthquake 

shaking. The shear force will be distributed at the height of 

the building 

As it is demonstrated above , all the parameters in IBC code 

except (SS&S1) can directly be obtained from the tables and 

charts in IBC code and related references. 

 

VI. CONCUSION  

The international building code (IBC-2009 ) is strongly 

proposed to be used for calculations of forces and 

displacements resulting during earthquake loading in Libya. 

The Equivalent Lateral Force Procedure (ELF) of  

IBC -2009  is recommended in this work to be adopted for 

low and moderate local seismic condition in case of  regular 

buildings of low to medium heights .the basic parameters 

required by the IBC for such  analysis (SS&S1)  

 are suggested in this work.  
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