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In the modern era of structural engineering, the drive toward sustainable, efficient, and aesthetically pleasing
architecture has led to the proliferation of long-span, high-strength, and lightweight steel-framed floor systems.
While these advancements offer significant benefits in terms of open-plan flexibility and material savings, they have
introduced a critical serviceability challenge: floor vibrations. The definitive resource for addressing these
concerns is the AISC Design Guide 11: Vibrations of Steel-Framed Structural Systems Due to Human Activity
. Since its initial release and subsequent Second Edition update in 2016, this guide has served as the cornerstone
for engineers seeking to balance structural efficiency with occupant comfort.

The Evolution of Floor Vibration Design Standards

Historically, floor vibration was managed through simple rules of thumb, such as span-to-depth ratios or minimum
static deflection limits. However, as materials became more efficient and damping decreased due to the use of
electronic offices (fewer paper files and partitions), these traditional methods became insufficient. The AISC

Design Guide 11 (DG11)was developed to provide a scientifically grounded, dynamic-based approach to
evaluating floor systems.

The transition from the first edition to the 2016 Second Editionmarked a significant milestone. The update
incorporated decades of research led by experts such as Dr. Thomas Murray and Dr. David E. Allen. Key updates in
the second edition included refined walking-induced vibration models, expanded guidance for sensitive equipment,
and new methodologies for evaluating rhythmic activities such as aerobics or high-intensity interval training (HIIT)
in mixed-use developments.

Fundamental Principles of Structural Dynamics

To master the application of DG11, one must first understand the fundamental mechanics of structural dynamics.
Vibrations in buildings are typically forced oscillations caused by periodic or transient loads. In the context of DG11,
the primary excitation source is human activity—walking, running, or rhythmic jumping.

1. Natural Frequency (fn)

The natural frequency is the rate at which a structure oscillates when disturbed. For a simple beam or floor panel, it
is governed by its stiffness (k) and its mass (m). The fundamental formula is:

fn=(1/2<"¢1¢t20 Oe

In structural engineering practice, this is often estimated using the static deflection (9B« caused by the expected dead
and sustained live loads:

fn "H 0.18 * " (gwlaBe g is the acceleration due to gravity).

2. Damping (;"e

Damping represents the dissipation of energy within the system. It is one of the most critical yet hardest-to-predict
variables in vibration analysis. DG11 classifies damping based on the fit-out of the space. A bare steel deck has



very low damping (approx. 0.01), whereas an office with full-height partitions and heavy furniture may reach 0.05.

3. Resonance

Resonance occurs when the frequency of the human activity (e.g., walking steps per second) or its harmonics
matches the natural frequency of the floor. This leads to a significant amplification of the vibration amplitude, often
causing discomfort even if the force applied is relatively small.

Evaluation Criteria for Occupant Comfort

The core objective of AISC DG11 is to keep the peak acceleration (ap) of the floor system below a specific
threshold (ao) that humans find tolerable. This threshold varies significantly depending on the environment and the
duration of the vibration.



Occupancy Type Acceleration Limit (ao/g) % Typical Environment

Offices, Residences, Churches 0.5% Quiet environments where
concentration is required.

Shopping Malls 1.5% Active environments with higher
ambient noise and movement.

Outdoor Footbridges 5.0% Higher tolerance for motion during
transit.
Rhythmic Activity (Gyms) 4.0% - 7.0% Depends on the type of activity and

visibility to others.

Walking-Induced Vibrations: The Analytical Model

Walking is the most common cause of vibration complaints in commercial and residential buildings. AISC DG11
provides a simplified formula to estimate the peak acceleration due to walking:

ap/g = (Po * exp(-0.35 *fn)) / (;"* ¢ W)

Where:

Po: A constant force representing the excitation (typically 65 lbs for walking).
fn: Fundamental natural frequency of the floor system.

;#Modal damping ratio.

W: The effective weight of the floor system participating in the motion.

Effective Weight Calculation

Calculating the effective weight (W) is perhaps the most complex part of the hand-calculation procedure. It involves
determining the effective widths of the floor slab and the participating lengths of the joists and girders. The system

is treated as a combined model where the deflection of the joists/beams (9F¢e and the deflection of the girders (9Fre are
summed to find the total system frequency and effective mass.

Rhythmic Activities: Beyond Walking

In mixed-use structures where a fitness center is located above a retail space or office, walking models are
insufficient. Rhythmic activities involve periodic forces that can be modeled using Fourier series. DG11 provides
dynamic load factors (DLFs) for the first three or four harmonics of the jumping frequency. If any of these harmonics
coincide with the floor's natural frequency, the resulting acceleration can be several orders of magnitude higher
than that of walking.

Technical Analysis: Floor System Components

Different structural components contribute differently to the vibration performance of a system. Understanding
these nuances is vital for an SEO-optimized design that balances cost and performance.

Composite vs. Non-Composite Action

Composite steel beams (steel sections with shear studs and concrete slabs) significantly increase the stiffness (k)
of the floor compared to non-composite sections. This usually results in a higher natural frequency, which is



generally beneficial for reducing walking-induced vibrations. However, it also increases the mass, which must be
carefully balanced.

The Role of Steel Joists

Open-web steel joists are frequently used in long-span systems. While they are efficient for gravity loads, they can
be more susceptible to vibrations due to their lower mass and potential for lower fundamental frequencies. DG11
provides specific procedures for calculating the moment of inertia for joists, accounting for the effects of seat
flexibility and web member deformation.

Advanced Analysis: Finite Element Method (FEM)

While the simplified formulas in DG11 are excellent for standard rectangular bays, complex geometries require
Finite Element Analysis (FEA). Modern software allows engineers to perform Time History Analysis, where a
virtual "walker" moves across the floor, and the software calculates the real-time acceleration at any point.

Steps for an Accurate FEM Vibration Analysis:

1. Modeling Mass: Include 100% of the dead load and a portion of the sustained live load (typically 10-15 psf
for offices).

2. Stiffness Mapping: Use the dynamic modulus of elasticity for concrete (which is roughly 20% higher than the
static modulus) to reflect the stiffening effect during rapid loading.

3. Boundary Conditions: Properly model the continuity over supports. Fixed or continuous connections increase
frequency compared to pinned connections.

4. Mesh Refinement: Ensure the mesh is fine enough to capture the higher mode shapes that might contribute
to the vibration response.

Sensitive Equipment and Laboratories

For buildings housing scanning electron microscopes (SEM), MRI machines, or micro-lithography equipment, the
comfort limits (0.5% g) are far too high. These devices require specialized criteria often expressed in terms of
Vibration Velocity (micro-inches per second) rather than acceleration.

AISC DG11 Chapter 6 provides specific formulas to predict the velocity response of floors. This is critical for
healthcare and high-tech manufacturing facility design. The guide categorizes equipment into sensitivity classes
(Vibration Criterion or VC curves), allowing engineers to design floors that meet the stringent requirements of VC-A
through VC-E.

Comparison Matrix: Mitigation Strategies

If a designed floor system fails to meet the required acceleration limits, several strategies can be employed. The
following table compares the effectiveness and cost-impact of various mitigation techniques.



Strategy Effect on Effect on Cost Impact Practical
Frequency (fn) Acceleration (ap) Consideration
Increase Beam Increases Decreases Moderate May impact ceiling
Depth Significantly heights/plenum
space.
Add Slab Thickness Decreases Slightly Decreases (due to High Increases gravity
mass) loads on columns/
foundations.
Tuned Mass No Change Decreases Very High Requires precision
Dampers (TMD) Significantly tuning and long-term
maintenance.
Add Full-Height No Change Decreases (due to Low/Operational Limits future floor

Partitions

damping)

plan flexibility.

Practical Implementation: A Step-By-Step Design Workflow

For a Senior Technical Writer or Structural Lead, following a standardized workflow ensures consistency and
minimizes the risk of serviceability failures.

Step 1. Define Occupancy and Criteria

Determine the use of the space (Office? Gym? Lab?) and select the appropriate acceleration limit (ao/g) from
DG11 Table 2.1.

Step 2: Estimate Framing Properties
Calculate the transformed moment of inertia for the composite sections. Remember to use the Dynamic Modulus
of Concrete. Account for the flexibility of the connections if they are not fully rigid.

Step 3: Calculate Component Frequencies

Determine the fundamental frequency of the joist/beam (fj) and the girder (fg) independently. Use these to find the
combined system frequency (fn) using the Dunkerley relationship or the more accurate DG11 combination method.

Step 4: Determine Effective Weight (W)
Determine how many joists and what width of the girder strip participate in the vibration mode. This is a function of
the system's continuity and the ratio of stiffnesses.

Step 5: Check Acceleration Limits

Apply the walking or rhythmic activity formula. Compare the calculated ap/g to the ao/g limit. If ap/g "d ao/g the
design is satisfactory for vibration serviceability.

Case Study: The Long-Span Office Challenge

Consider a modern corporate headquarters with 45-foot spans using W24 steel beams. Initial designs focused
purely on strength, utilizing 3" metal deck with 3.25" lightweight concrete topping. When evaluated per DG11, the
calculated frequency was 3.2 Hz, and the peak acceleration was 0.85% g—exceeding the 0.5% g limit for offices.

The Solution:The design team evaluated two options: increasing the slab thickness to 4.5" or increasing the beam
size to W27. While the thicker slab added mass (reducing acceleration), it also lowered the frequency, keeping it in



the "high-sensitivity" zone for human walking. The team ultimately chose the W27 beams. The increased stiffness
raised the frequency to 4.5 Hz, successfully bringing the acceleration down to 0.42% g without requiring additional
damping or TMDs.

Troubleshooting Common Failure Modes

Even with AISC Design Guide 11, errors can occur during the modeling or construction phases. Some common
pitfalls include:

e Underestimating Damping: Using a damping ratio of 0.05 for an open-plan office with electronic desks and no
partitions. In reality, these spaces often behave closer to 0.02 or 0.03 damping.

¢ Neglecting Harmonics: Failing to check the 2nd and 3rd harmonics of walking. While the 1st harmonic is the
most forceful, higher harmonics can trigger resonance in floors with higher natural frequencies.

 Ignoring Construction Tolerance: Variations in concrete thickness can alter the mass and stiffness significantly
enough to move a floor from a "passing" to a "failing" state.

* Non-Structural Components: Assuming that heavy mechanical equipment provides damping. If the equipment
is on vibration isolators (springs), it actually acts as a separate mass-spring system and may not provide any
damping to the floor at all.

Broadening the Scope: Global Perspectives

While AISC DG11 is the primary standard in North America, it is often compared with the UK’s SCI P354 and the

ISO 10137standard. The SCI P354 methodology uses a "Response Factor" approach rather than a direct
acceleration percentage. However, the underlying physics remains the same. Engineers working on international
projects often find that DG11 provides a more direct and intuitive calculation path for standard steel-framed
buildings, whereas SCI P354 offers highly detailed (but computationally intensive) methods for irregular geometries.

The significance of AISC Design Guide 11 cannot be overstated. As buildings become taller and spans become
longer, the intersection of structural efficiency and human comfort becomes increasingly narrow. By leveraging the
updated 2016 Second Edition, engineers can utilize refined mathematical models to predict and mitigate vibrations,
ensuring that the structures of tomorrow are not only safe and strong but also comfortable for those who inhabit
them. The guide remains a living document, reflecting the industry's commitment to technical excellence and the
continuous improvement of the built environment through rigorous research and practical application.
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