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Abstract—This paper presents a comparative study of static 

analysis procedure for seismic performance based on UBC-1997 and 
SBC-301-2007(Saudi Arabia). These building codes define different 
ductility classes and corresponding response reduction factors based 
on material, configuration and detailing of reinforcements. Codes 
differ significantly in specifying the procedures to estimate base 
shear, drift and effective stiffness of structural members. One of the 
major improvements made in new SBC (based on IBC-2003) is 
ground motion parameters used for seismic design. In old SBC 
(based on UBC) maps have been based on seismic zones. However 
new SBC provide contour maps giving spectral response quantities. 
In this approach, a case study of RC frame building located in two 
different cities and with different ductility classes has been 
performed. Moreover, equivalent static method based on SBC-301 
and UBC-1997 is used to explore the variation in results based on 
two codes, particularly design base shear, lateral loads and story 
drifts. 

 
Keywords—Ductility Classes, Equivalent Static method, RC 

Frames, SBC-301-2007, Story drifts, UBC-1997. 

I. INTRODUCTION 
N earthquake is caused by movement of tectonic plates in 
earth crust results in severe ground shaking. In the past 

thirty years moderate to severe earthquakes have occurred in 
world at intervals of 5 to 10 years caused severe damages and 
suffering to humans by collapsing the structure, tsunamis, 
floods, landslides in loose slopes and liquefaction of sandy 
soils. Socio-economic losses have been increased significantly 
in the world due to establishment of new cities in earthquake 
prone areas. In the past these developments in construction 
have not been followed by guidelines of seismic codes. The 
effect of horizontal loads like wind loads, earthquake forces 
and blast forces etc. are attaining increasing importance and 
almost every designer is faced with the problem of providing 
adequate strength and stability against horizontal loads. 
However, structural engineers face major challenges to 
minimize these damages by proper designing of structure.  

By using state-of-the-art design and construction techniques 
in earthquake engineering may reduce life threats and 
damages to reinforced concrete buildings. Various types of 
damages have been found after each disastrous earthquake. 
Through investigation these damages leaded towards the 
improvement in the design and construction practices. The 
intensity of damages depends upon the magnitude of 
earthquake, its focus & distance from epicenter and soil strata 
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on which structure stands [1]. 
Reinforced concrete is being used as major construction 

material for the construction of multistory buildings since 19th 
century. Large number of residential and commercial 
buildings in Middle East has been constructed with parking at 
basement and first story. These stories are called soft stories 
having less than 80% stiffness than the story above. As a 
result, soft stories become more vulnerable to earthquake as in 
[2]. Reinforced concrete moment frame structure is most 
common type of construction to resist earthquake. Beam and 
columns in frame structure are properly proportioned and 
detailed to resist flexural, axial and shearing actions produced 
during strong earthquake ground shaking. Various seismic 
design codes define these frame structures in different 
ductility classes with specific response reduction factor based 
on proportioning and detailing of structure. This factor 
governs the seismic performance of code-designed buildings 
In addition to; control of drift is an important factor in design 
and expected seismic performance of building. All codes 
define procedures to estimate drift and allowable limits of 
drift, however difference is found due to effective stiffness of 
structural members as in [3]. Previously zoning for earthquake 
areas for Kingdom was made on the basis of UBC-91, Later 
on with the development of seismic codes in world; seismic 
maps in Kingdom were modified based on IBC 2003. 
According to the seismic map, most of the Kingdom regions 
fall in the zone of no and low risk level. Areas along the 
western coast, especially in the northwest and southwest are 
considered to be of moderate risk level [4]. In this approach, 
earthquake response of eight story frame structure building 
with different ductility and site classes has been studied. 
Moreover, building response has been compared for two cities 
i.e. Yanbu with minimum earthquake risk level (seismic zone 
factor Z= 0.075) and Jazan with maximum earthquake risk 
level (seismic zone factor Z = 0.2). 

II.  SEISMIC RESISTANT DESIGN OF BUILDINGS 
The ground motion due to earthquake is characterized by 

displacement, velocities and accelerations that are erratic in 
direction, magnitude, duration and sequence. As these ground 
accelerations are imposed on every unit of mass, resulting 
earth quake forces are body forces proportional to the mass of 
building. The layout of lateral force resisting system should be 
appropriate to ensure that a building responds as a unit when 
subjected to ground motion. Exact determination of the earth 
quake forces is almost impossible. As a best approximation, 
we can assume earth quake forces as a one dimensional body 
force system and most of the building codes assume this 
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simplification. According to the codes, the resulting earth 
quake forces are distributed along the height of the building, 
being zero as at the ground level and maximum at the top. 
There are two design procedures for incorporation the effect of 
earth quake forces as given below. 
i. Quasi-Static Approach: In this procedure, earth quake 

forces are treated as static horizontal forces 
ii. Dynamic Approach: In this procedure, the building is 

idealized as a system of spring, dashpots, and mass 
units inter-connected systematically. 

A. Equivalent Static Force Analysis 
Equivalent static force procedure is approximation (often 

gross approximations) of reality which is used for the vast 
majority of buildings because of the great difficulties 
associated with realistic dynamic analysis. All loading and 
design standards and codes for buildings permit equivalent 
static force analysis for a greater or lesser range of structures. 
They all start from the simple basis of: 
Force = Mass multiplied by Acceleration, which for earth 
quake is: (Horizontal base shear) = (fixed mass of the 
building) x (seismic horizontal acceleration) or  
 

V = m a 
 
Earthquake ground motion is three-dimensional (one 

vertical and two horizontal), Generally, the inertia forces 
generated by the horizontal components are more critical for 
seismic design since adequate resistance to vertical seismic 
loads is usually provided by the member capacities required 
for gravity load design. These inertia forces are represented by 
equivalent static forces in the equivalent static procedure. The 
refinements are made to approach the results obtained from 
realistic dynamic analyses. The first and common refinement 
is made by providing rules to distribute the total base shear 
vertically over the entire building height. UBC gives usually a 
triangular distribution with an additional point load at the top 
of the building. While Saudi building code (SBC) gives: 
a. A triangular distribution for buildings having a 

fundamental period not exceeding 0.5 seconds.  
b. A parabolic distribution for building having an elastic 

fundamental period in excess of 2.5 seconds.  
c. A linear interpolation between linear and parabolic 

distribution for buildings with periods between 0.5 and 
2.5 seconds [5]. 

The configuration, structural system and site characteristics 
are considered while determining these forces. The equivalent 
static force analysis then takes these distributed forces and 
determines the resulting moments, shears, etc. by any 
conventional means. The analysis is done to satisfy the 
structural performance and acceptable deformation levels 
prescribed in designed codes. Moreover, the structural 
members are appropriately detailed to possess the necessary 
characteristics to dissipate energy by inelastic deformations as 
in [6]. 

B. Equivalent Static Method as per UBC-1997 
The total design base shear along any principal direction 

can be calculated by following equation. 
 

                         V =  ஼௩ ூ
ோ ் 

.W                                               (1) 
 

The total base shear need not to be exceed the following 
 
                              V =  ଶ.ହ ஼௔ ூ

ோ 
. W                                           (2)                

 
The total base shear shall not be less than the following 

 
                      V =  0.11 I Ca W                                               (3)                   
 

The approximate fundamental period (T), in seconds, is 
determined from the following equation: 
 
                        T = Ct . hn

3/4                                                     (4) 
 
whereas: Ca and Cv are acceleration and velocity based seismic 
co-efficients respectively. Ct = 0.035 (0.0853) for steel 
moment-resisting frames. Ct = 0.030 (0.0731) for reinforced 
concrete moment-resisting frames and eccentrically braced 
frames. Ct  =  0.020 (0.0488) for all other buildings. 

The base shear shall be distributed over the height of the 
structure, including Level n, according to the following 
formula: 
 

           Fx ൌ   ሺVି୊୲ሻ ୵୶ .୦୶
∑ ୵୧.୦୧౤

౟సభ
                                                   (5) 

 
whereas:  

Ft = 0.07 T V < 0.25 V;   when T ≤ 0.7 sec. 

C. Equivalent Static Method as per SBC-303-2007 
According to SBC total base shear (V) can be calculated in 

accordance with the following equation: 
 

           V = Cs W                                        (6) 
 
Cs = the seismic response coefficient 
W = total seismic weight of the building 
 

              CS = ୗDS
R/I

                                          (7) 
 
SDS = the design spectral response acceleration in the short 
period range as determined from Section 9.4.4 (SBC-301) 
R = the response modification factor in Table II. 
I = the occupancy importance factor  

The value of the seismic response coefficient, (Cs), need 
not be greater than the following equation: 
 

CS = ୗDభ
୘R/I

          (8) 
 
But shall not be taken less than         

 
            Cs = 0.044 SDS I                                  (9) 
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