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Limitation of 

Responsibilities 

 Prota shall not be held responsible for any losses caused by 

documentation, software or usage errors. 

In addition to Prota License Agreement Terms, it is the responsibility of 

the user 

• to check of results generated by documentation and software, 

• make sure that the users of the software and their supervisors 
have the adequate technical capabilities, 

• make sure that the software is properly used in accordance with 
the reference manual and documentation, 

 

Intellectual 

Property 

 ProtaStructure is registered trademark of Prota Software Inc. and all 
intellectual property rights belongs to Prota Software Inc. 
Documentation, training and reference manuals and any program 
component can not be copied, distributed and used in violation of license 
agreement. 

 

 

Trademarks  ProtaStructure®, ProtaDetails®, ProtaSteel® ve ProtaBIM® are 

registered trademarks of Prota Software Inc. Prota  logo is a trademark 

of Prota Software Inc.  
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Model Description 

In this case study, the equivalent lateral forces acting on a 4 story residential reinforced concrete 

building is determined using the procedures described in the 1997 Uniform Building Code (UBC 97). 

The case study building is composed of 4 stories. All of the floor heights are 3.5 m. As a result, the 

total structural height is hn=14.0 m.  

All stories are to be designed as reinforced concrete slabs with beams. There are shearwalls along 

both directions. 

The creation of the building model and the completion of the building analysis using the modeling 

tools in ProtaStructure are out of the scope of this study.  

A 3-D view of the structure is shown below.   

 

3-D Model of the Building 
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Determination of the Seismic Parameters 

» The seismic zone for the structure is 3. Therefore, Seismic Zone Factor Z is 0.3 [UBC 97, Table 16-I].  

 

» Soil Profile Type is SC  for the structure [UBC 97, Table 16-J].  

» Occupancy Category for the structure is IV. Therefore, the Seismic Importance Factor is I=1.00 for 

standard occupancy structures [UBC 97, Table 16-K].  

» According to UBC 97, Table 16-N;   

 

The “Basic Structural System” is selected from “Dual Systems” as “D1”, and the corresponding 

“Response Modification Factor” is R=8.5.  

Overstrength Factor, 0 is 2.50 .  

It can be seen from the table that the structural height is not limited for this type of structural system 

and Seismic Zone 3. 

» Soil Profile Type is SC and Seismic Zone Factor Z is 0.3.  Using these values, the acceleration-

dependent seismic coefficient, Ca is 0.33 [UBC 97, Table 16-Q]. 

» Soil Profile Type is SC and Seismic Zone Factor Z is 0.3. Using these values, velocity-dependent 

seismic coefficient, Cv is 0.45 [UBC 97, Table 16-R]. 

» Spectrum Characteristic Periods, T0 and Ts are determined using the equations given at Figure 16-3  

in UBC 97 : 

Ts = Cv / (2.5 Ca) = 0.45 / (2.5 x 0.33) = 0.545 sec.  

T0 = 0.2 Ts = 0.2 x 0.545= 0.109 sec.  
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Building Analysis and Selection Analysis Procedure 

After carrying out the building analysis process without any error, it is necessary to check Equivalent 

Lateral Force Analysis is suitable for the structure under consideration. 

Parameters such as horizontal and vertical irregularities, earthquake forces, mass and weight of the 

structure. can be viewed using “Post-Analysis Checks Report” in the Reports tab. 

 

For instance, Torsion Irregularity Check in this report for the structure under consideration is as 

follows; 
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The torsional irregularity doesn’t exist for the Earthquake Direction 2 (Y direction); on the other hand, 

it exists for the Earthquake Direction 1 (X direction). 

 » The total structural height, hn=14.0 m., is less than 19.812 m. Also, the total number of stories is 4 

and less than 5. So, the structure can be analyzed by using “Static Force Procedure” [UBC 97, Section 

1629.8.3]. 

Calculation of Equivalent Lateral  Loads 

»   Eigenvalue analysis provides dynamic properties of a structure by solving the characteristic 

equation composed of mass matrix and stiffness matrix. 

ProtaStructure calculates the dynamic properties of the structure such as natural modes (or mode 

shapes), natural periods (or frequencies) and modal participation factors by a 3-Dimensional 

Eigenvalue Analysis.  

These results can be viewed using “Eigenvalue Results Report” in the Reports tab : 
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By using the “Participating Mass” values in this report, the fundamental periods of the structure are 

calculated as follows; 

Fundamental Period of the Structure in X Direction  T (X) = 0.287  sec. 

Fundamental Period of the Structure in Y Direction  T (Y) = 0.456  sec.  

 

»  These calculated periods can not exceed the approximate fundamental period times 1.40 for 

Seismic Zone 3  [UBC 97, Section 1630.2.2 - Method B].   

Ta   = 0.0488 x 14 0.75 = 0.353 sec.     [UBC 97 Equation 30-8]   

Tmax  = 1.4 x 0.353 = 0.495 sec. 

T(X) = 0.287 sec.  < Tmax = 0.495 sec. then T (X) = 0.287 sec.  

T(Y) = 0.456 sec.  < Tmax = 0.495 sec. then T (Y) = 0.456 sec. 
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» Seismic Base Shear, V is determined with the following equation [UBC 97 Equation 30-4] : 

 

Here; 

W: Effective Seismic Weight 

Cv: Velocity-dependent seismic coefficient 

R: Response Modification Factor  

T: Elastic fundamental period of vibration  

I: Seismic Importance Factor  

Ca: Acceleration dependent seismic coefficient 

The weight of the structure can be viewed using the “Post-Analysis Checks Report” in the Reports tab. 

 

 

» Remembering that the seismic parameters of the structure under consideration are : 

I=1.00 / R=8.5 / Cv = 0.45 / Ca =0.33 / T(X) = 0.287 sec. / T(Y) = 0.456 sec. ; 

VX = (0.45 x 1.00) / (8.5 x 0.287) = 0.1845 x 8383.926 = 1546.53 kN 

VY = (0.45 x 1.00) / (8.5 x 0.456) x 8383.926 = 0.1160 x 8383.926 = 973.37 kN 

 

» But,  V can not exceed the value obtained by the following formula [UBC 97 Equation 30-4]: 

 

VX max= VY max  = (2.5 x 0.33 x 1.00 / 8.5) x 8383.926 = 0.097 x 8383.926 = 813.73 kN 
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» Also,  V shall not be less than the following base shear value obtained by the following formula  

[UBC 97 Equation 30-6]: 

 

VX min= VY min  = 0.11 x 0.33 x 1.00 x 8383.926 = 304.34 kN 

 VX = 813.73 kN  VY = 813.73 kN 

 

» Vertical Distribution of Base Shear in X Direction 

Seismic base shear is distributed over the height of the building according to the following formulas: 

to the floor levels by the following formulas [UBC 97 Equation 30-13]: 

           

T (X) =0.287 sec. < 0.7   Ft=0 (The Concentrated Force at the Top) 

VX = 813.73 kN 

Wi hi = 1635.281 x (14.00) + 2249.451 x (10.5) + 2244.521 x (7.0) + 2254.672 x (3.5)  

= 70116.169 kNm. 

 

Floor Weight, Wi (kN) 

Floor  

Height, hi 

(m) 

Wi hi 

Vertical Distribution 

Factor 

Wi hi
k

 / Wi hi
k 

F (kN) 

4th 1635.281 14.00 22893.934 0.327 266.09 

3rd 2249.451 10.50 23619.236 0.337 274.23 

2nd 2244.521 7.00 15711.647 0.224 182.28 

1st  2254.672 3.50 7891.352 0.112 91.13 

 8383.926  70116.169 1.000 813.73 
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» Vertical Distribution of Base Shear in Y Direction 

Seismic base shear is distributed over the height of the building according to the following formulas: 

to the floor levels by the following formulas [UBC 97 Equation 30-13]: 

           

T (Y) =0.456 sec. < 0.7   Ft=0 (The Concentrated Force at the Top) 

VY = 813.73 kN 

Wi hi = 1635.281 x (14.00) + 2249.451 x (10.5) + 2244.521 x (7.0) + 2254.672 x (3.5)  

= 70116.169 kNm. 

 

 

Floor Weight, Wi (kN) 

Floor  

Height, hi 

(m) 

Wi hi 

Vertical Distribution 

Factor 

Wi hi
k

 / Wi hi
k 

F (kN) 

4th 1635.281 14.00 22893.934 0.327 266.09 

3rd 2249.451 10.50 23619.236 0.337 274.23 

2nd 2244.521 7.00 15711.647 0.224 182.28 

1st  2254.672 3.50 7891.352 0.112 91.13 

 8383.926  70116.169 1.000 813.73 

 

 

266.09 kN 

274.23 kN 

91.13 kN  

182.28 kN 
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Comparison of the Results 

Results can be viewed using the “Post-Analysis Checks Report” in the Reports tab. 

As can be seen from the report, ProtaStructure results are close to the ones obtained by hand 

calculations. 
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Thank You 

Thank you for choosing the ProtaStructure Suite product family. 

It is our top priority to make your experience excellent with our software technology solutions.  

Should you have any technical support requests or questions, please do not hesitate to contact us at all 

times through globalsupport@protasoftware.com and asiasupport@protasoftware.com  

Our dedicated online support center together with our responsive technical support team is available 

to help you get the most out of Prota’s technology solutions.  

The Prota Team 
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