
1 |   WWW.BENTLEY.COM    |    ©  2017 Bentley Systems, Incorporated ©  2017 Bentley Systems, Incorporated©  2017 Bentley Systems, Incorporated

Tech Talk :
Computing Seismic Load Using Dynamic Analysis

Presenter : Sye Chakraborty, Senior Manager, Technical Support
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Analysis Methods

Permitted analysis methods as per ASCE

• Equivalent Lateral Force Procedure (section 12.8)

• Modal Response Spectrum Analysis (section 12.9)

• Response History/Time History (Chapter 16) 
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Analysis Procedure Selection
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Risk Category 
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Seismic Design Category 
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Selection of Analysis Procedure per ASCE7
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Structural Modeling 2D vs 3D model

Requirements in ASCE7-10 Section 12.7.3 

3D model required for following situations (refer table 12.3-1)

• Horizontal structural irregularity type 1a 1b

• Type 4 Out of plane offset irregularity

• Type 5 Non-parallel system irregularity



8 |   WWW.BENTLEY.COM    |    ©  2017 Bentley Systems, Incorporated

Choice of Lateral Framing Systems

• Table 12.2-1 lists Design Coefficients & Factors
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Dynamic Analysis  

• Calculation of modes and frequencies from

w2 [m] { q } – [K] {q} = 0 

w= natural frequency   

{q} = mode shape

[m] = mass matrix         

[K] = Stiffness matrix
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Mass Modeling

• All DL above base

• 25% min of LL

• Max ( partition weight, 10 psf )

• Equipment 

• Where Pf > 30psf, 20% of that 

• Landscaping or materials at roof
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Mass Modeling Contd …

• All masses that can vibrate should be modeled

• Should be applied in all possible directions

• Should be devoid of sign
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Stiffness Modeling

• Cross sectional property, material, 
supports, releases 

• Modeling of lateral force resisting 
systems

• Modeling of diaphragms 
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Number of modes
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Combining Modal Responses



15 |   WWW.BENTLEY.COM    |    ©  2017 Bentley Systems, Incorporated

Design Response Spectrum



16 |   WWW.BENTLEY.COM    |    ©  2017 Bentley Systems, Incorporated

Design Response Spectrum

Generic Response Spectrum as per ASCE

Site Specific Response Spectrum 
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Scaling of the Response Spectrum Data  

• Scaling of Spectrum data if normalized

• Additional Scaling as per ASCE  
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Scaling of Spectrum Data Contd …

• Scale factor = Ie/R = 1.25/8 = 0.156 

• Applied through the direction factor 



19 |   WWW.BENTLEY.COM    |    ©  2017 Bentley Systems, Incorporated

Scaling of the results
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Scaling of Forces ( base shears ) 

• ELFP Base shear Vx = 71.13 Kip, Vz = 71.13 Kip

• Response spectrum Base shear Vtx = 60.73 Kip , Vtz=53.85

• Vtx/Vx = 60.73/71.13 =0.853 > 0.85 .. no scaling required

• Vtz/Vz = 53.85/71.13 = 0.757 < 0.85 .. so scaling required

Scale factor in Z = 0.85/0.757 = 1.123
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Scaling of the drifts

Section 12.8.6
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Scaling of the drifts contd …

• As per 12.8.6,  Cd/Ie = 5.5/1.25 = 4.4

As per 12.9.4.2

• S1 = 0.817 > 0.6   

• Cs = 0.5x0.817/(8/1.25) = 0.064

• 0.85xCsxW = 0.85x0.064x303.96 = 16.535 Kip

• Lowest Response spectrum base shear (Vtz) = 60.41 > 16.535
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Scaling of the drifts contd …
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Distribution of Horizontal Shear ( Response Spectrum)
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P-Delta Effects 
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P-Delta Effects Contd …
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P-Delta Effects Contd …
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P-Delta Effects Contd …

Stability Coefficient (q) calculation 

• At lev 10 ft = 104.81x0.4839x1.25/(13.08x120x5.5) = 0.0073

• At Lev 20 ft = 104.22x0.5262x1.25/(26.01x120x5.5) = 0.004

• At lev 30 ft = 85.58x0.3213x1.25/(32.039x120x5.5) = 0.0016

• And qmax = 0.5/(1x5.5) = 0.091

• So q < 0.1 and q < qmax
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Calculating the Load Factor for the Dynamic Cases

• The largest value of q is 0.0073

• 1/(1-q) = 1.007

Load 5 = DL+LL ; Load 50 = SL in X ; Load 52 = SL in Z
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Output from a response spectrum analysis  

• Masses listed in modelname_MASS.TXT

• Nodal accelerations listed in modelname.ACC
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Output from a response spectrum analysis contd …

• Dynamic weight, modal weight and missing weights

• Accelerations for each mode in the anl file
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Output from a response spectrum analysis contd …

• Base shear in the anl file

• Peak Story Shears 
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Load Combinations involving dynamic cases

DL + LL + SL in X

DL + LL – SL in X 

DL + LL + SL in Z

DL + LL – SL in Z 
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Linear Response History ( Time History )

• Ground Motion applied as time varying load

• [m]{x''} + [c]{x'} + [k]{x} = {P(t)}
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Scaling of Forces and Drifts 

Scale factor Ie/R = 1.25/8  

=0.156
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Scaling of Results ( Section 16.1.4 )

Base shear 

Drifts
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Scaling of Results Contd …

Eqn 12.8-5, Cs =0.044xSdsxIe = 0.044x1.5x1.25=0.0825 > 0.1

0.85xCsxW = 0.85x0.0825x303.96 = 21.32 Kip < 31.86 Kip (=Vi)

Eqn 12.8-6 S1=0.817 > 0.6, Cs=0.5xS1/(R/Ie)= 0.5x0.817x1.25/8=0.064

0.85xCsxW = 0.85x0.064x303.96 = 16.535 Kip < 31.86 Kip (=Vi)

So no further scaling required for forces AND drifts
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Distribution of Horizontal Shear ( Response History )
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Response History Results
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Results at each time instant
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Thank You !!!

For product support on STAAD|RAM, access forum in Bentley Communities at

http://communities.bentley.com/products/structural/structural_analysis___design/f/5932.aspx

OR

Create a service request at

http://apps.bentley.com/srmanager/ProductSupport

http://communities.bentley.com/products/structural/structural_analysis___design/f/5932.aspx
http://apps.bentley.com/srmanager/ProductSupport

