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In vibration-sensitive spaces with steel-framed
floors, footfalls are the primary source of
vibration. Footfall vibrations travel through the
floor and may adversely affect the reliability or
performance of vibration-sensitive equipment.  

High levels of vibration can: 

• Prevent compliance with manufacturers’
specifications

• Reduce measurement or image quality 

• Compromise research or production

• In extreme cases, damage equipment 

Addressing footfall vibration early in the design
of steel-framed floors avoids difficult and
expensive remediation measures.  It will also
reduce construction costs, additional design
effort, and avoid compromising performance
through value engineering.

PLANNING FOR FOOTFALL VIBRATION
IN STEEL-FRAMED FLOORS

By Andrew Bell, M.Sc.; Brad Pridham, Ph.D., P.Eng.; Darron Chin-Quee, M.B.A., P.Eng.

This Technote provides guidance for balancing floor span (bay size), steel framing depth (ceiling
space), and weight of steel (cost) requirements in vibration-sensitive facilities. This guidance is
best applied in early design.



KEY FACTORS FOR DESIGN

Several factors influence vibration from footfalls,
affecting space planning and budgets. Three key
factors are: 

Floor Span: determines room size

Framing Depth: limits ceiling service space

Weight of Steel: affects costs

The complex relationship between these factors directly
influences the design for footfall-induced vibration.
The following provides a simplified illustration of this
relationship for identifying structural requirements
early in design.

1) Floor Span

The most significant factor affecting footfall vibration
is floor span. Shorter spans enable smaller steel
sections, reduce material cost, and allow more ceiling
clearance; however, shorter spans increase the number
of columns in the space, thus altering the aesthetics
and utility of space below.

2) Framing Depth

For a given section weight and span, deeper beams
reduce vibration by increasing stiffness, but reduce the
ceiling space available for services.  See Figure 1 for the
anticipated framing depths for each vibration criterion
versus floor span. 

3) Weight of Steel

Additional steel facilitates longer spans and shallower
framing depths but increases costs.  See Figure 2 for the
anticipated amount of steel versus floor span for each
vibration criterion. 

Vibration
Criteria

Operating 
Theater (ISO)

Class-A

Class-B

Class-C

4000 (µin/s) General surgery, microscopes up to 100x magnification. 
Threshold of perceptible vibration. 

2000 (µin/s) Optical microscopes to 400x magnification, micro and 
optical balances, vivaria, common laboratory criteria.

1000 (µin/s) Micro or neuro surgery, confocal microscopes, CT, CAT.

500 (µin/s) MRIs, NMRs, optical microscopes to 1000x, moderately 
sensitive electron microscopes to 1 µm detail.     

Max Velocity Typical Applications
VIBRATION CRITERIA

The table to the right lists commonly
applied vibration criteria for designing and
evaluating floors for vibration sensitive
spaces. The criteria set the direction of
framing design. More stringent criteria
than those shown may be required, but
are difficult to design and achieve with
steel framed floor construction. 

For more information on vibration
considerations and criteria see RWDI
Technote 14 - www.rwdi.com/technotes.
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Figure 1:  Approximate beam and girder depth required to
achieve a given vibration criterion.

The lower bound of each shaded region corresponds to the
lightest steel section available and extends to include
approximately the lightest 1/3 of commonly available W-section
weights. (See also assumptions on facing page.)



How to use Figures 1 and 2

Select appropriate vibration criterion.

Class-C criterion required.

Use the driving factor for your design as a starting 
point in Figures 1 and 2.

30 foot spans.

Balance the other factors to meet your needs.

From Figure 1, anticipate one of the two options:

In Figure 2, this corresponds to approximately 17 – 
23 lb of steel per ft2 of floor.                

STEP 1:

Example:

STEP 2:

Example:

STEP 3:

Example:

 Beam Girder

Option 1 33 inch deep 36 inch deep

Option 2 30 inch deep 33 inch deep

FINALIZING THE FLOOR DESIGN

The preliminary framing selection tools presented in this
Technote are valuable in early design when layouts and
costs are being established.  Once programming and space
layouts are developed, verification of the framing design is
best conducted with a detailed review of floor vibration.  

A detailed review includes an appropriate floor model to
predict footfall vibration. For layouts with uniform
framing, design guide methods can be used. In all other
cases, structural Finite Element Modeling (FEM) is
recommended.

FEM is a powerful tool that can be applied to any floor. It
provides many advantages, including the ability to: 

• Model atypical framing connections, irregular layouts,
partitions and building facades

• Assess the entire floor system

• Model other vibration sources (e.g., road and rail
traffic, and building services)

The result is a more comprehensive prediction of
performance, with improved accuracy over many of the
design methods commonly used in practice.

SUMMARY

The tools presented in this Technote can be used to

balance floor vibration requirements with programming

and costs.  A comprehensive approach to floor design that

incorporates early planning followed by detailed

performance assessments is key to creating a functional

state-of-the-art facility.

ASSUMPTIONS

Other factors which affect the vibration response of a floor
include connectivity of members, slab thickness, type of
steel deck, live and dead loading, beam spacing, and
material properties of concrete.  This Technote is intended
as a basis for space planning to anticipate the floor
requirements, not as a design method. The trends shown in
the figures are based on the American Institute of Steel
Construction - Design Guide11 (AISC DG11) with uniform
square bays, 4 equally sized and spaced beams, 3 ½”
normal-weight concrete on a 3” steel deck using a 185 lb
person walking at 75 steps per minute. These trends can be
applied to any steel floor in early planning stages. 

We recommend analysis of footfall vibration for your floor
design to verify performance. Contact RWDI for more
information.
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Figure 2: Approximate amount of steel required to achieve a
given vibration criterion.

The lower bound of each shaded region represents the
shallowest structural members and extends to include
approximately the lightest 1/3 of commonly available W-
section weights. The sharp point at the bottom left of each
colored region corresponds to a shallow, lightweight floor
while the sharp point at the top right of each region
corresponds to a deeper, heavier floor.  (See assumptions on
this page.)
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EXAMPLE: THE BENEFITS OF FINITE ELEMENT
MODELING

Finite Element Modeling (FEM) illustrations are shown
in Figure 4, where an architectural layout sketch of a
surgical suite is overlain on floor vibration response.
Using FEM it was possible to predict the footfall
vibration response of the entire floor and provide the
design team with multiple options for controlling
footfall vibration levels. 

The top contour plot illustrates the floor response for
the proposed design.  FEM results indicated that
pedestrians walking in the main corridor cause floor
motions both in the corridor and in adjoining OR
spaces.  The predicted levels exceeded the Operating
Theatre criterion in the general OR spaces, and the
recommended Class-B criterion in the Neurosurgery
Suite.  Based on these results, it was necessary to
evaluate options to reduce footfall vibrations.

One approach to improving vibration performance is
to stiffen the floor by adding deeper beams.  The
second contour plot illustrates the effect of changes
to the beams supporting OR 5 which were replaced
with deeper sections.  Floor motions in OR 5 were
reduced by approximately half of their value, greatly
improving vibration performance of the space.

In some cases, changes to the floor framing may not
be feasible, making space planning solutions more
cost effective.  The third contour plot in Figure 4
illustrates how the results from FEM are used to guide
layouts in early design.  By arranging corridors along
the exterior walls and the OR suites back-to-back
along the middle portion of the floor, excessive floor
vibrations are reduced.  This is a consequence of the
footfall forces being applied to the floor at stiffer
locations (near the building façade), which reduces
the amount of movement of the floor.

The concepts discussed in this example can be applied
to the analysis of any floor using FEM. This level of
information is difficult to obtain using common
design methods for footfall analysis, which in some
cases provide only mid-span worse-case vibration
excitation levels.

• Wind Engineering

• Wind + Thermal Comfort

• Air Quality

• Energy

• Solar Benefits + Daylighting

• Green Buildings

• Renewable Energy

• Snow + Sand + Rain
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• Vibration

• Dynamics + Motion

• Acoustics + Noise
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Figure 4: Example Finite Element Modeling showing
the effect of walking in different locations and

localized changes to framing.
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