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WALKING-INDUCED VIBRATION ANALYSIS OF A 
ROOF-SUSPENDED CONFERENCE ROOM  

EXECUTIVE SUMMARY 

The proposed design for the mezzanine level conference room calls for it to be 
suspended from the roof structure rather than be supported from below by 
columns. A structural dynamics analysis of the roof-suspended conference room 
indicates that people walking in the conference room will cause vibration levels 
that exceed the vibration criterion for an office occupancy. The conference room 
may also be susceptible to wind-gust-induced vibration. An increase in the 
stiffness of the roof structure (1000 lb/beam) does not provide adequate 
mitigation; however, the addition of similar-weight tuned-mass dampers (TMDs) 
can reduce the vibration level below the office limit. The TMDs can be concealed 
within the 24-inch structural depth of the roof structure or above the roof. 
Alternatively, the TMDs can be creatively shaped and exposed to view from 
below thereby offering the architect with an opportunity to provide a unique 
engineered solution that mirrors the design philosophy of the building. Examples 
of exposed TMDs include discrete mechanical systems that evoke an automobile 
suspension, organically-shaped slabs that appear to float above the conference 
room, and a suspended real motorsport vehicle. Exposed TMDs present an 
opportunity to make a creative visual statement while achieving a functional 
engineering objective. 
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1. BACKGROUND 

The owner/architect of a new building has opted for an atypical configuration with unusual design 
features. An elevation of the building showing the southeast corner is provided in Figure 1. The two-story building 
has a large warehouse space and a mezzanine level around a portion of the building’s perimeter. The mezzanine 
floor plan in the southeast corner is shown in the left-hand side of Figure 2. The highlighted region is a conference 
room that is suspended from the roof structure and is shown in elevation in the right-hand side of Figure 2.  

 
Figure 1 Exterior of the Building 

 

Figure 2 Floor Plan of Southeast Corner (Left) and Elevation of Suspended Conference Room (Right) 

A typical roof structure tends to have lower stiffness than an occupied floor because the loads are 
much lower on the roof than on occupied floors. A walking-induced vibration analysis of the conference room is 
performed to assess the susceptibility of the conference room to vibration caused by people moving around in the 
room. 

2. WALKING-INDUCED VIBRATION 

Walking-induced vibration is a common source of vibration complaints in buildings when vibration 
is reported. According to information summarized in American Institute of Steel Construction (AISC) Design Guide 11 
(DG11)1, the normal walking pace falls between 1.6 Hz and 2.2 Hz. Each footfall generates a downward-acting force 
and the floor (or roof structure, in this case) deflects downward and rebounds with each step. This response is not 

                                                 
1 Murray, T., Allen, D., and Ungar E., “Floor Vibration Due to Human Activity,” American Institute of Steel 

Construction Design Guide 11, 1997. 
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noticeable normally; however, if the structural system is unusually flexible and/or a person’s walking pace happens 
to coincide with a dominant structural resonance frequency, the structure can dynamically magnify the deflection 
by a factor of about 15 times, which can be quite disturbing to others working nearby. 

Typical office building floor and roof systems do not have resonance frequencies below 2.5 Hz; 
they tend to fall in the 4 Hz to 10 Hz range. Steel structures tend to be on the low side of this range and poured-in-
place reinforced concrete structures tend to be on the high side. Each footfall causes an abrupt application of a force 
to be applied to the floor. Successive abrupt applications of a force at a given frequency results in forces at that 
frequency and at integer multiples of that frequency (harmonics). A person walking with a step frequency of fw is 
applying forces to the floor at fw, 2fw, 3fw, and so on. As a general rule, the magnitude of the force diminishes with 
each higher harmonic; however, even a smaller force can excite a higher frequency resonant mode if one of the 
harmonic frequencies (fw, 2fw, 3fw, …) happens to be close to the structure’s resonance frequency.  

There are no vibration limits imposed by the Building Code. DG11 presents suggested limits for 
acceptable vibration for various occupancies assuming harmonic excitation. DG11 recommends the maximum 
vibration for offices be limited to 0.005 g between 4 Hz and 8 Hz, where people are most sensitive to vibration. For 
analysis purposes, walking is assumed to be a form of harmonic excitation where the magnitude of the excitation is 
a fraction of the pedestrian’s weight. According to DG11, a person who weighs 200 lbf is assumed to generate 
harmonic excitation of 100 lbf for frequencies between 1.6 Hz and 2.2 Hz (the first harmonic), 40 lbf for excitation 
frequencies between 3.2 Hz and 4.4 Hz (the second harmonic), 20 lbf between 4.8 Hz and 6.6 Hz (the third 
harmonic), and only 10 lbf between 6.6 Hz and 8.8 Hz (the fourth harmonic). Linear interpolation is used to define 
the effective dynamic force between these frequency bands and no walking-induced dynamic loading is assumed for 
frequencies greater than 10 Hz.  

3. STRUCTURAL DYNAMICS MODELLING AND ANALYSIS 

The real-world vibration response of a structure is virtually impossible to predict with high accuracy 
because of the dependence on variables that the engineer has no knowledge of (e.g., friction in a bolted connection 
or the stiffening effect of non-structural partitions); however, a proper structural dynamics analysis provides 
valuable insight into the expected performance of the structure. The structural dynamics model of the southeast 
corner of the building and suspended conference room is shown in Figure 3 that accounts for the currently-defined 
distribution of mass and stiffness. Structural member sizes, spans, and spacing are obtained from the January 22, 
2016 release of Sheet S1.31 – Partial Roof Framing Plan, Segment A. The conference room floor framing is not 
defined in this Design/Development drawing set, but reasonable assumptions are used in the model and are not 
expected to have a significant effect on the predicted vibration response. The critical roof members are defined and 
they play the most significant role in the vibration response. 

The acceleration response of the floor system based on DG11 dynamic forces is provided in Figure 
4. The predicted steady-state acceleration is divided by 2 (per DG11) to account for the unlikely event that a person 
walking across the floor will fully excite the resonant response of the floor/roof structure. There are two vibration 
modes at 4 Hz and 4.6 Hz where the predicted vibration levels exceed the 0.5% g limit normally used for an office 
occupancy. The sharp peak is a consequence of the structure’s resonant amplification characteristics and results 
from very low inherent damping in the structural system. A structural damping factor of 2% is assumed in the present 
analysis and reflects the probable low level of structural damping given there is no concrete slab on the roof (metal 
deck only) and no non-structural partitions in this area that might restrain the roof’s response to moving loads.  
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Figure 3 Structural Dynamics Model of the Southeast Corner and Suspended Conference Room 

 

Figure 4 Predicted Vibration Response Relative to Typical Criteria 

4. VIBRATION MITIGATION OPTIONS 

The vibration analysis of the suspended conference room suggests that some form of vibration 
mitigation is required. While columns could be added to support the conference room from below, this solution 
would completely defeat the architect’s and owner’s vision for this space and require additional foundation 
elements.  A second, traditional solution is to replace the roof members that were selected based on strength and/or 
deflection considerations, with much more stiff members. The goal of this solution is to reduce the deflection 
amplitude and, if possible, raise the resonance frequencies of the roof structure beyond the range where they are 
susceptible to excitation by people walking in the conference room. A third possible solution is to add tuned-mass 
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dampers to the roof structure. This option addresses a principal cause of the amplified response—low damping—by 
significantly increasing the effective damping of the vibration mode(s) responsible for the amplified response. 

Raising the resonance frequency of the roof structure requires a structural member with a much 
larger moment of inertia. If the structural depth of the roof structure must be maintained, then a heavier W24 must 
be considered. The W24x55 has a moment of inertia of 1350 in4. If the W24x55s are principally responsible for the 
stiffness of the structure, then raising the resonance frequency by a factor of two requires a four-fold increase in the 
moment of inertia. A W24x176 has a moment of inertia of 5680 in4, but represents an increase in structural steel by 
4600 lb per beam.  A more realistic increase in structural weight of 1000 lb/beam is provided by a W24x84 which 
only raises the lowest resonance frequency from 4 Hz to 4.8 Hz—still well within walking-induced vibration range. 
The more stiff W24x84s provide a 40% decrease in the vibration level, which will not satisfy the DG11 criterion for 
an office occupancy. A 70% reduction in vibration is the objective, and this requires a moment of inertia of 4500  in4 
(W24x146), for an additional weight of 3460 lb/beam. This is a typical result—a significant increase in structural 
weight does not provide much benefit in the vibration response. The vibration will also persist because the structural 
damping is not affected. 

Tuned-mass dampers (TMDs) provide a much more effective means for mitigating vibration in 
scenarios such as this one. TMDs reduce both the magnitude and the persistence of the vibration. A TMD is a 
structural system with certain mass (weight), stiffness, and damping characteristics. The resonance frequency of the 
TMD must be “tuned” to the resonance frequency of the structural vibration mode(s) responsible for amplifying the 
vibration. Two TMD options are considered for the conference room. One option calls for a 500-lb TMD to be placed 
on each of the six W24x55 roof beams. The second option uses two 500-lb TMDs (or one 1000-lb TMD) on each of 
the six beams. The vibration mitigation provided by these two TMD options is illustrated in Figure 5.  

 
Figure 5 Vibration Mitigation Provided by Tuned-Mass Dampers 

The 500-lb/beam TMDs reduce the vibration level by 63% and the 1000-lb/beam TMDs 
theoretically reduce the vibration level by about 85%. A 70% reduction in the vibration is required to satisfy the 
office occupancy criterion, so the desired level of vibration mitigation is achievable with a modest increase in 
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structural weight compared with the stiffening option (i.e., increasing the moment of inertia of the supporting 
beams).  

5. CONCLUSIONS AND RECOMMENDATIONS  

The roof structure supporting the suspended mezzanine-level conference room is relatively 
flexible making the conference room susceptible to walking- and wind-induced vibration levels that occupants will 
certainly feel and may find irritating. A walking-induced vibration assessment consistent with AISC DG11 indicates 
that vibration levels significantly exceed the commonly-accepted limit for an office occupancy. Increasing the roof 
structure beam stiffness by using heavier W24s (1000 lb/beam increase) only reduces the vibration by 40%, where 
a 70% reduction is required. 

Tuned-mass dampers are also considered. TMDs are not “off-the-shelf” components and must be 
specially designed for each application. TMDs can be designed to satisfy a wide range of size, shape, and aesthetic 
constraints. Analyses indicate that 1000-lb/beam TMDs will provide an 85% reduction in the vibration environment 
and can be concealed from view, if necessary. Given the unique architectural design elements incorporated into the 
building, the architect may wish to explore implementation of exposed TMDs that will dramatically mitigate the 
vibration environment in the conference room while making a one-of-a-kind architectural statement consistent with 
other features of the design. 

The TMDs could be designed to look like an automobile’s suspension system with exposed coil 
springs and a chassis-like mass. Alternatively, the TMD mass might be provided in the form of one or more 
organically-shaped planar or three-dimensional surfaces (about 160 ft2) that appear to “float” below the roof 
structure. The surfaces would be hung from the roof structure via thin cables and a specially-designed spring/damper 
system that provides the critical dynamic characteristics. Another option is to suspend an actual motorsport vehicle 
from the roof using the same specially-designed spring/damper system that would be used to support the “floating 
slabs.” These are just a few examples of the form that exposed TMDs might take for this application. Clearly, there 
is no specific shape that must be implemented. The iterative design process would begin with rough concept 
sketches provided by the architect.  

 

 


