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• Floor vibration serviceability is often governed by acceleration 
(comfort), not strength.

• RAM Concept and SAP2000 can both compute acceleration, but 
outputs differ if assumptions differ.

• This presentation standardizes: mass source, damping, forcing model, 
and the reported metric (peak vs RMS).
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Types of dynamic loadings
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Presentation Objectives
Acceleration calculation in RAM Concept vs SAP2000

Define the vibration comfort metrics used in practice (peak, RMS, response factor).
Explain the AISC 11 workflow: modal data → FRF → peak acceleration → response 
factor R.
Show where each step appears in RAM Concept and how to replicate the same logic 
in SAP2000.
Highlight common modeling choices that cause differences between software results.
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Background: dynamic loads and human-induced vibration criteria
AISC 11 calculation steps (FRF, peak acceleration, response factor)
Implementation in RAM Concept (Walking Vibration Analysis)
Implementation in SAP2000 (time history + post-processing)
Comparison checklist + takeaways
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Dynamic Loads in Structural Design (Examples)
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Dynamic Load Factor (DLF) and Harmonics
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DLF vs Frequency (1st–2nd Harmonics)
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DLF vs Frequency (3rd–4th Harmonics)
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AISC Steel Design Guide 11 (Basis for Method)
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Walking Forcing Frequencies & Dynamic Coefficients
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ISO Baseline Curve and Fourier Load Model
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Frequency response function (FRF)
A plot of SteadyState response due to sinusoidal load with unit amplitude versus 

frequency is used to determine which mode provides highest response

FRF is constructed by

1. Define the frequency band lower limit as 1 Hz below the fundamental frequency

2. Define the upper limit as 1 Hz above the maximum computed modal frequency

3. defining key frequencies within the band, usually at each modal frequency and 

several others depending on the desired resolution of the plot

4. computing and plotting the sinusoidal steady-state response at location j due to 

unit amplitude sinusoidal load at location i, with unit amplitude at each frequency 

within the band.

The FRF magnitude is computed for vertical unit load at the walking load location 

and vertical acceleration at the affected occupant location—locations i and j in

Frequency Response Function (FRF)
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FRF Concept: Unit Load and Response Location
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β is the viscous damping ratio

Peak Acceleration Calculation (AISC 11)
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The response factor
It is a multiplier on the level of vibration at the threshold of human 

perception.

A response factor of 1 would represent a level of vibration that is just at 

the threshold of human perception, and a response factor of 2 would 

represent twice the perceivable level.

Response Factor (R)
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Recommended Response Factor Limits
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Comfort Limit Curve (RMS Acceleration vs Frequency)
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RAM Concept Implementation
Where the AISC 11 steps appear in the software
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Ram manual

In structures whose fundamental mode of vibration has a natural frequency larger than 

about 12-15Hz, the dynamic response of each footfall tends to dissipate almost entirely 

before the next footfall.
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1. RAM Concept calculates the footfall response of structures using assumed 

dynamic loadings that were derived from a large number of

experimentally measured footfall force time histories.

2. Normal walking rates range from about 1.5 to 2.5 steps per second 

according to these studies.

3. The assumed periodic footfall function can be separated into any number 

of harmonic components using a Fourier series.

RAM Concept Footfall Response Model
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RAM Concept Workflow
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Peak Harmonic SRSS Combination for Resonant Response

Analysis is based upon a method in the Concrete Centre's design guide for 

vibrations [Willford, M.R. and Young, P., “A Design Guide for Footfall Induced 

Vibration of Structures, Concrete Centre, 2006].

This method predicts the total buildup that is possible under harmonic loading 

under a limited number of cycles.

It is performed for each harmonic individually and finds the peak acceleration.

The results from the different harmonics are combined using a square root of 

sum of squares (SRSS) technique.
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RAM Concept Results Example
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SAP2000 Implementation
Replicating the acceleration and comfort checks
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SAP2000: Defining a Sine Time-History Function
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SAP2000 Workflow (Recommended)

Step 1 — Run modal analysis: confirm dominant modes within the walking frequency band.
Step 2 — Define excitation: harmonic load (or sine time-history) at the walking location.
Step 3 — Compute response: joint acceleration time history (or steady-state amplitude).
Step 4 — Convert to comfort metric: peak or RMS acceleration, then compare with limits / R.
Step 5 — Sensitivity checks: damping ratio, mass source, boundary conditions, and mesh.

SAP2000 & Comparison  |  28/32



SAP2000: Extracting Acceleration and RMS

Export joint acceleration (a(t)) at the occupant location for the analysis case.
Peak acceleration: a_peak = max(|a(t)|).
RMS acceleration over a steady window:  a_RMS = sqrt( (1/T) ∫ a(t)^2 dt ).
If using a sine with amplitude A: a_RMS = A/√2 (steady-state).
Convert units consistently (m/s² %g), then compute response factor R if needed.

SAP2000 & Comparison  |  29/32



Conclusion

• RAM Concept (AISC 11) provides a fast, standardized 
vibration/acceleration check when inputs are well-defined.

• SAP2000 provides higher modeling flexibility, but requires explicit 
choices for mass source, damping, forcing, and RMS extraction.

• A valid comparison requires matching: modal frequencies, excitation 
definition, damping, and the reported metric (peak vs RMS / %g).

• Use the mismatch checklist to troubleshoot before concluding the 
software results are inconsistent.
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Q&A

Questions / discussion
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