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the below mentioned conditions, both procedures can be used, otherwise only the first one is applied for 
designing mixed structures. 

The conditions are: 
1) Both parts are classified separately as regular structure. 
2) The average story stiffness of lower part is at least 10 times greater than that of upper part. 
3) The fundamental period of entire structure is not greater than 1.1 times the period of upper part, 

while this part is considered as a separate structure with fixed base. 

Procedure 1: 

In this procedure, the seismic load is determined based on the lower R factor in the height of structure. 
The empirical formula, resulted in the lower fundamental period, is used for two systems.   

Procedure 2: 

 This procedure has two stages: 

a) The upper flexible part is designed as a separate structure with rigid supports based on the R 
factor corresponding to its structural system. 

b) The rigid lower part is designed as a separate structure, using its corresponding R factor. The 
reactions between upper and lower part is increased by ratio of R factor of upper part to the R 
factor of lower part and super-imposed to the loads acting on the lower portion. 
 

The R factor of upper stories should be equal or less than that of lower stories, according to standard No. 
2800. Therefore, intermediate concrete moment resistant frame with intermediate reinforced concrete 
shear wall (R=8) is used in the lower stories and a dual system composed of special moment resistant 
frame and concentric bracing (R=9) in the upper stories. In Procedure 1, mixed structures should be 
designed based on the lowest R of lateral force resisting system. Therefore, the entire mixed structure is 
designed using response modification factor 8 [1]. Fundamental periods of all buildings are calculated 
using Eqn. 2.1. [1]: 

T=0.05H3/4                                                                                                                                   (2.1) 

where, H is the height of building in meters, measured from the base level [1]. Steel and concrete stories 
are designed according to the codes AISC-ASD89 and ACI 318-99, respectively. 
 
 
3. MATHEMATICAL MODELS 
 
2D frames of designed buildings are modeled and analyzed in OpenSees software, a sample of which is 
shown in Fig.3. While all other connections are rigid in the upper structure, the braces are connected to the 
frame by hinge joint. The 0.001 imperfection of length is considered at the middle of these members in 
order to model the buckling of steel columns and bracings. Shear wall element is placed between two mid 
columns in the lower concrete stories, Fig.3. Two rigid beams are modeled above and under this element. 
In the transition story, steel brace is placed in the shear wall by which it is prevented from buckling. By 
the way, imperfection is not considered. In the transition story, shear wall is modeled as two elements and  
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Allowable stress factor is the ratio of first significant yield strength to the allowable stress design strength 
and here is considered as 1.44. 
 

Y = Vs /Vw                                                                                                                                                                                                             (4.3) 

The above three components are expressed as follows in calculation of response modification factor (R): 
 

R = Rm.Rs.Y                                                                                                                                (4.4) 
 
Like any other parameter, the above equation can be redefined as: 
 

R =(Ve /Vy).(Vy /Vs).(Vs /Vw) = Ve /Vw                                                                                                                                        (4.5) 
 

where, Ve is elastic response strength, Vy is idealized yield strength; Vs is first significant yield strength; 
Vw is allowable stress design strength. The allowable stress factor (Y) becomes unity when structure is 
designed by ultimate strength method and the response modification factor is reduced to: 

 
R =Rm.Rs =Ve /Vs                                                                                                                        (4.6) 

 
 
5. SEISMIC PERFORMANCE ANALYSIS 
 
5.1. Modal analysis 
 
The first two periods of the five structures are tabulated in Table 5.1. 
 
Table 5.1. First two periods of the structures 

 
Structure 

ETABS OpenSees 

T1   (sec) T2   (sec) T1   (sec) T2   (sec) 

0S0T5C 0.288 0.109 0.244 0.094 

1S1T3C 0.292 0.148 0.264 0.125 

2S1T2C 0.374 0.274 0.312 0.246 

3S1T1C 0.416 0.269 0.378 0.245 

5S0T0C 0.591 0.351 0.578 0.346 

 
5.2. Damping Ratio 

 
The damping ratios are considered as 5% and 2% for concrete and steel structures, respectively. The 
equivalent damping ratio of mixed structure is calculated based on the studies of Papageorgiou et al [5]. 
To obtain the damping ratio of mixed structure, the modal mass and period ratio of upper structure to 
lower structure are calculated and the equivalent damping ratio is estimated [5]. The values of first and 
second mode frequencies, damping ratios and Rayleigh damping coefficients (α and β) are presented in  
Table 5.2. 
 
Table 5.2. Damping ratios 

β α ξω2(Rad/Sec)ω1(Rad/Sec)Structure 

0.001096 1.847996 5% 65.44985 25.75076 0S0T5C 
0.001242 1.485998 4.6% 50.26548 23.79994 1S1T3C 
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For Limit State Design (LSD):  
 
RLRFD (n1,n2) = - 0.378n1- 0.409n2+8.665                                                                                   (6.2) 

 
4. A formula is proposed for the first period of five story building  as:  

 
T1(n1,n2) = 0.08n1 + 0.128n2 – 0.144                                                                                          (6.3) 

 
where, n1 is the number of steel stories and n2 is the number of concrete stories with one transition 
story. 
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