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ABSTRACT 

Commercial office buildings are subject to many significant modifications over their design life.  These modifications often 

include revisions to architectural features, changes in occupancy, and replacement of mechanical systems and are typically 

completed without formal consideration of vibration performance.  These ongoing modifications impact the vibration level of 

service experienced by the occupants and can cause significant owner and tenant frustrations.   

Architectural renovations and changes in tenant build out can significantly alter the nature of walking excitation and system 

damping.   The detailing of tenant build out partitions has a big impact not only on the system damping but also the susceptibility 

of vibration induced noise within the partition systems.  Changes in occupancy or intensity of use can also impact user 

expectations and comfort within the built environment.  The degradation of existing building mechanical systems or the 

replacement of these systems can also greatly impact the vibration level of service within an existing structure.  These impacts 

often catch building owners and facility managers off guard due to a lack of knowledge regarding vibration performance.   The 

objective of this paper is to explore the process of vibration source detection, system evaluation, and rehabilitation through 

recent case studies.  These case studies will explore the onsite evaluation procedure used including client interviews, testing, 

and evaluation of excitation sources as well as considerations used for detailing of remedial measures.   
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INTRODUCTION 

A commercial office building may experience dozens of build outs, renovations, and divisions over its service life.  The generic 

office floor plate can be fitted out for high density occupancies such as call centers, or low density uses such as law offices.  

Within many commercial buildings the tenant finishes vary widely in terms of function, style, and weight.  Building owners 

and managers are always seeking to maximize the flexibility of their commercial space to appeal to the broadest range of 

potential tenants.  The overarching trend for most businesses is toward open concept office spaces and digital offices.  In many 

industries compression of office spaces to increase employee density and thereby minimize costs is also a major trend.   

All of these factors related to how commercial office spaces are finished and utilized can impact the perceived vibration 

performance by the building occupants.  Often these building modifications are made without any thought or knowledge related 

to the properties of the structural system or the potential vibration performance issues.  However, the properties of the 

underlying structural system can have an important impact on the potential success of various office fit outs.  This paper 

documents some important considerations when planning, evaluating, or troubleshooting bothersome vibration performance in 

office occupancies.   

FACTORS EFFECTING VIBRATION PERFORMANCE 

Structural System 

The most fundamental aspect which will impact the vibration performance of a potential office layout is the structural system 

within the underlying building and its inherent properties.  A wide variety of systems have been used over time in different 

regions but the most common systems are: 

 Steel joists supporting concrete slabs; 

 Composite steel framing systems; 

 Concrete slab and beam systems; and 

 Concrete pan-joist systems. 

While vibration performance can vary widely within each system type, the systems are generally listed above from lowest to 

highest level of service for typical configurations.  When considering office renovations is it important to document the nature 

of the existing structural framing which can provide some insight into the types of concerns that may arise with different office 

configurations. 



 

Partition Design 

After the inherent properties of the structural system, the design and detailing of partitions is often the next most important 

aspect of how a space may be perceived by future tenants.  Partition type and density varies widely in different office 

configurations from modular cubicles to full height partitions. Increasingly offices may have a combination of several different 

partition types within the same space.  Partition design is important because they can have a significant impact on system 

damping and on vibration generated noise.  One of the common causes of tenant vibration perception complaints is poor 

partition detailing and construction.   

As detailed in the case studies to follow, the combination of lively floor slabs and flimsy partitions can cause quick and 

widespread tenant complaints. Modular or custom partitions which are loosely fitted and where individual members can move 

under floor motions often cause noise emission under low to moderate floor vibrations and can be an important driver in both 

tenant perception and complaints.  This can be particularly bothersome for systems that involve glass either as a divider on the 

top of cubicle walls or built into drywall assemblies.  The introduction of audible noise can amplify human perception and 

annoyance with even low level vibration events.   

Another important consideration in partition design is the level of damping that it can provide to the overall system.  This level 

of damping contribution is highly dependent on the detailing of the partition systems.  Generally, drywall partitions which 

extend the full story height (slab to slab) will provide the most damping to the system and can partially mobilize the slab on 

the level above during vibration events.  As we continue to see more open concept office spaces, older office spaces are often 

remodeled without consideration of the impact that removal of partitions will have on the overall system performance.  The 

author has been involved in several recent investigations where owners ended up restoring a portion of the full height partitions 

when satisfactory performance could not be achieved with the initial open concept design.   

Raised Access Flooring 

Raised access flooring is almost ubiquitous in data center applications but is also used in some open concept office 

environments.  It can add significant flexibility in the routing of utilities within the field of the floor and is sometimes used as 

a plenum for the supply forced air service.  While the use of raised access flooring alone does not present a concern, in the 

author’s experience, the commonly installed systems tend to amplify the underlying structural vibrations slightly.  It is 

important to keep this behavior in mind, particularly when dealing with lively floor systems. 

CASE STUDY: OPEN CONCEPT OFFICE WITH STEEL JOIST SUPPORT FRAMING 

Background 

The tenants of a low-rise office building in Tampa, Florida began complaining of bothersome floor vibrations shortly after 

moving into a new office space on the second level of an existing office building.  The building was constructed in 1984 and 

the building management had not recorded any complaints in the first twenty years of service.  The building interior had been 

renovated prior to the current tenants moving in.  The renovation scope of work did not include an evaluation of the building 

structural system for vibration performance.  The tenant complaints were related to both perception of bothersome vibrations 

attributed to footfall excitation but also in relation to vibration induced noise in the partition systems. 

Review of the completed project revealed that the typical office building floor system consisted of steel joists with concrete 

slab on metal deck.  The renovated office layout consisted of an open floor plan in the main field of the floor with modular 

cubical workstations throughout and isolated clusters of managerial offices and conference rooms in select areas.  Complaints 

had been received throughout, but the most frequent complaints came from the occupants of the modular workstations.  The 

building management wanted options for improving the vibration performance without significantly modifying the new interior 

design. 

System Evaluation 

The original (1984) interior design featured full height partitions throughout.  While the original partitions could not be 

observed, the contractor indicated that they had extended from slab-to-slab with the studs and drywall in firm contact with the 

slab above.  The new design featured some partition walls which extended to the top of the suspended ceiling system and 

typically had intermittent braces to the slab above for lateral stability but were classified as partial height partitions.  Throughout 

the typical floor plate modular workstations were used with occasional accent “spine” walls.  A typical workstation layout is 

shown in Figure 1. 



 

 

Figure 1. Typical Office Layout. 

 

Testing and Results 

Accelerometers were installed at three locations throughout the floor (two locations in the open concept areas, and one location 

near managerial offices with partial height partitions).  Data was recorded at each of the locations during ambient tenant walking 

excitation, coordinated walking exercises and during coordinated bobbing.  It was immediately evident that the floor was lively 

under footfall excitation.  Typical walking induced vibration results with two walkers are shown in Figure 2 along with the 

American Institute of Steel Construction (AISC) Design Guide 11 (DG11)[1] criteria for offices and residences.  While the 

vibrations were perceptible the noise emissions from the partition systems greatly added to the level of perceptibility and 

annoyance throughout the day.  The partitions contained a number of loosely held metal and glass components which were 

easily excited by the floor movements.   

 

Figure 2. Representative Walking Excitation Response (2 Walkers). 
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The natural frequency of the floor bays was found to vary between 6.0-6.5 Hertz (Hz) at the locations tested.  Analysis of the 

coordinated bobbing excitation events was utilized to estimate the system damping using the logarithmic decrement method 

evaluated over eight successive oscillations (Figure 3).  This allowed for comparison of the damping characteristics of open 

concept areas and areas with partial height partitions.  The results of this study are included in Table 1.  The partial height 

partitions significantly increased the inherent system damping by 1.7 times that of the open concept areas.  While the 

performance was not acceptable anywhere on the floor plate, the results were used to demonstrate the importance of partitions.   

 

 

Figure 3. System Damping. 

 

Table 1. Comparison of Vibration Characteristics. 

 

Peak Response with 

Two Walkers 

Natural 

Frequency 

Damping 

Ratio 

Location with Partial 

Height Partitions 0.59%g 6.5 Hz 4.75% 

Open Concept Area 0.64%g 6.0Hz 2.80% 

 

Summary and Discussion 

A number of potential interventions were considered in order to address the tenant complaints including stiffening the floor 

system, adding dampers, modifying the walking paths throughout the space, and modifying the partitions.  Based on the relative 

cost and disruption associated with each alternate, the building management elected to modify the existing partitions to increase 

the inherent damping of the floor system and improve overall performance.  This was accomplished through modification of 

the existing partial height partitions into full height partitions (with no visual impact since the existing partitions extended to 

the suspended ceiling system) and replacement of select modular cubical walls with full height partitions.  Through these 

modifications the building management was able to achieve satisfactory performance for their tenants.   

This case study highlights the importance of partition design and layout to the overall performance of an office space and the 

significant impact partitions can have on inherent damping within the floor system. 
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CASE STUDY: AGING MECHANICAL SYSTEMS 

Background 

The tenants of a high-rise office tower in Houston, Texas began reporting bothersome vibrations in select office workstations 

and in portions of the women’s restroom on Level 28.  The building was constructed in the mid 1980’s and did not have a 

record of bothersome vibrations.  The tenant reports were inconsistent about the return interval of the vibrations events and 

their typical duration but it was believed the events were closely spaced and lasted up to one hour.  Additionally, the two 

principal areas of where complaints were being generated were not adjacent to one another.   

System Evaluation 

The typical floor framing within the tower was composite steel framing with concrete on metal deck and the existing tenant 

interior build out was estimated to be more than 10 years old.  In the proceeding months the tenant office manager and the 

building manager had worked to try to identify likely sources of vibrations within the space but were unable to determine the 

source(s).  Two of the office occupants were complaining regularly of vibration events while others were unaffected and many 

employees had reported feeling intermittent vibrations within the women’s restroom. 

Testing and Results 

Accelerometers were initially installed within the two offices where events had been reported as well as one additional location 

where not complaints had been reported.  Testing over several typical days indicated that both office spaces where complaints 

had been received were experiencing significant intermittent vibration events with high frequency content as shown in Figure 

4 which includes the AISC DG11/ ISO curve for Steady State Vibrations[1].  The frequency content and duration of the measured 

events pointed to a mechanical source of vibration.  Interestingly, the third accelerometer which had been installed between the 

two areas where complaints were received did not indicate the presence of any excessive vibration events.   

 

 

Figure 4. Representative Floor Vibration Results. 
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Since the two areas of complaints were not located in close proximity and because the vibration events at each location did not 

occur simultaneously, the possibility of two independent vibration sources was considered.  Working with the building 

management, the mechanical equipment on the floor was systematically evaluated and two separate excitation sources were 

identified within the floor; water pumps supplying the upper floors and a door mounted server rack air conditioning unit owned 

by the tenant.  Each was producing vibrations which were transmitted to one of the offices where complaints were reported.   

Additional vibration data was collected at each location to evaluate the level of vibration transmission from the mechanical 

equipment into the underlying structure.  Accelerometers were placed on a typical pump base plate and on the structural floor 

directly adjacent as shown in Figure 5.  Similar testing was performed on the frame of the server rack and the adjacent floor 

slab.  The results of this testing allowed for documentation of the transmissibility of the mechanical vibrations through the 

existing isolators as shown in Figure 6 and Table 2 for the pump.   

 

 

Figure 5. Transmissibility Testing at the Pump Housing. 

 



 

 

Figure 6. Vibration Data from Transmissibility Test. 

 

Summary and Discussion 

The transmissibility data prepared for both the water pumps and the air conditioning unit were then used to direct improvements 

to the existing systems.  A Mechanical Electrical and Plumbing (MEP) engineer was retained to recommend steps to overhaul 

the aging pumps to minimize their vibration excitation while specifying a more robust base isolation system.  The tenant took 

similar steps to address the vibration excitation caused by their air conditioning unit.   

This case study highlights the role that aging mechanical systems can have in generating bothersome vibrations as well as the 

complexity of troubleshooting vibration complaints within building environments which contain many different possible 

excitation sources. 
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Table 2. Transmissibility of Pump Housing Vibration to the Structural Floor. 

Frequency 

Band (Hertz) 

Pump Housing Peak 

Acceleration (% 

Gravity) 

Pump Room Floor 

Peak Acceleration 

(% Gravity) 

Percent 

Transmissibility 

1 0.002 0.001 31% 

1.26 0.004 0.001 30% 

1.59 0.007 0.003 40% 

2 0.010 0.004 40% 

2.52 0.016 0.005 30% 

3.17 0.030 0.007 24% 

4 0.042 0.011 26% 

5.04 0.072 0.021 29% 

6.35 0.129 0.032 25% 

8 0.085 0.036 42% 

10.08 0.131 0.048 36% 

12.7 0.130 0.073 56% 

16 0.296 0.158 53% 

20.16 0.659 0.232 35% 

25.4 0.589 0.195 33% 

32 1.131 0.312 28% 

40.32 0.636 0.266 42% 

50.8 1.010 0.270 27% 

64 1.764 0.384 22% 

80.63 1.214 0.229 19% 

 

CONCLUSIONS 

These case studies explore important concepts in understanding the long term performance of office buildings.  These structures 

are often subject to vibration excitation sources which vary significantly overtime as mechanical systems are added, modified, 

and age in place.   Additionally the functional and build out changes which are common for these properties can materially 

impact the level of service imparted to tenants.  The presence of many excitation sources within each level can further 

complicate identification and analysis of bothersome vibration events.   
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