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FLOOR VIBRATION INVESTIGATION 
OF A HIGH-RISE FLOOR SYSTEM  

EXECUTIVE SUMMARY 

Complaints about floor vibration on several floors of the 30-story building have 
persisted essentially since the building was built in the early 1980s. Floor 
vibration levels are measured in the areas of concern. Measurements obtained 
from the 11th, 12th, and 13th Floors show that walking-induced vibration causes 
vibration levels about two times higher than the preferred limit for an office 
occupancy. There are also prolonged periods, approaching 1 hour in duration, 
where the ambient vibration level increases above the perception threshold. 
This vibration does not exceed the office occupancy vibration limit; however, the 
prolonged nature of the vibration does cause discomfort among some of the 
occupants. Non-structural partitions are present in the other three corners of 
these floors that locally stiffen the floor and provide a reduced vibration level. 
Installation of tuned–mass dampers and/or damping posts would reduce the 
walking-induced vibration well below the office vibration limit and the 
prolonged, low-level vibration below the perception threshold. 
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1. BACKGROUND 

Complaints about floor vibration, particularly in the northwest corner of the 11th, 12th, and 13th 
Floors, have been consistent for as long as the current occupants of the 30-story building can remember. Building 
management have had to go so far as to relocate some staff to off-site properties to address their specific concerns. 
A structural engineer was brought in to address the vibration issue. No vibration data were acquired during that 
visit; however, heel-drop tests were performed to qualitatively assess the vibration response of the floor. The 
engineer concluded that the vibration does not represent a structural or life safety concern and the vibration issue 
was not pursued further. 

The client is presently in the process of re-stacking their office space and are redistributing staff 
among the various floors. Staff who previously occupied other floors where vibration is apparently not an issue are 
now located on the 11th and 13th Floors leading to a renewed round of floor vibration complaints and comments. 
Facility Management requested a formal detailed vibration assessment of the floor areas where the vibration 
complaints are most common. The on-site vibration survey was performed from November 16 to November 20, 
2015.  

The tower, designed in 1981, is a poured-in-place reinforced concrete moment frame structure. 
The typical floor system is a one-way, wide-module joist system with 20-inch-deep joist ribs (16-inch-deep pans with 
a 4-inch-thick slab) spanning about 30 feet between the girders. The joist ribs are spaced at 6 feet on center. Many 
of the girders have deeper, tapered sections where they frame into columns. The structural framing for typical odd-
numbered floors is shown in Figure 1. The area where most of the vibration complaints are generated is shown in 
the figure along with the location of the low-rise and high-rise passenger elevator banks and the freight elevator. 
The even-numbered floors are essentially identical to the odd-numbered floors except that the joist span direction 
in the four corners is rotated 90 degrees. The reason for this alternating floor framing is to evenly distribute the floor 
load to the two columns in the chamfered corners of the building.   

 

Figure 1 Odd Floor Plan, Area of Vibration Concern, and Elevator Locations 

All floors in buildings vibrate continuously as a result of human activity in the space, operating 
mechanical systems in the building, traffic on nearby roadways, and construction work near the building’s site to 
name a few causes. More often than not, the level of floor vibration is below the perception threshold of most 
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people and therefore cannot be felt. In some cases, the vibration exceeds the perception threshold, but may not last 
long enough or occur frequently enough to be considered annoying. In these cases, the source of vibration typically 
falls in the 4- to 8-Hz range where some structural floor systems have a resonant vibration mode that acts as an 
amplifier for whatever ambient vibration is present. A critical element of the investigation is to directly measure the 
floor vibration modes (resonance frequencies and deformation patterns) in the area of concern and verify that the 
modes are consistent with the construction of the floor as defined in the original structural drawings. A second 
objective of the site survey is collect ambient vibration data in the areas of concern to identify the source(s) of the 
higher-amplitude vibration and determine whether the measured vibration exceeds the preferred limit for an office 
occupancy. Finally, vibration mitigation options are provided to the client for consideration as they go forward with 
their space reorganization plans. 

There is construction activity at the other end of the block, about 400 to 500 feet from the tower. 
Precast concrete pile foundation elements for another project (a parking garage and commercial retail development) 
were being placed around the time of the site visit, hence, evidence for any contribution of short-term construction 
activity is also of interest.  

2. OVERVIEW OF FLOOR SYSTEM VIBRATION 

Vibration complaints in buildings are frequently caused by people walking through the space while 
others are working at their desks. The person walking through the space is not typically aware of the vibration; 
however, someone working quietly at a workstation is much more sensitive to the floor’s up-down motion, which 
can be exacerbated by visible bouncing motion of the monitor(s) they are using. According to information 
summarized in Design Guide 11 (DG11)1, the normal walking pace falls between 96 and 122 steps per minute, which 
corresponds with a frequency range between 1.6 Hz and 2.2 Hz. Each footfall generates a downward-acting force on 
the floor and the floor deflects downward and rebounds with each step. Normally, this response is not noticeable; 
however, if the floor system is unusually flexible and/or a person’s walking pace happens to coincide with a dominant 
floor resonance frequency, the floor structure can dynamically magnify the deflection by a factor of about 15 times, 
which can be quite disturbing to others working nearby if it occurs frequently enough. 

Typical office building floor system resonance frequencies 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. So, how can the higher frequency resonant mode of a floor be excited by the lower frequency 
of a normal walking pace (i.e., how can walking at 2 Hz produce a resonant response at, say, 6 Hz)? 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 result in forces at that frequency and at harmonics (integer multiples) of that frequency. In other words, 
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 applied force diminishes with each higher harmonic; however, even a smaller force can excite 
a higher frequency resonant mode of a floor system if one of the harmonic frequencies (fw, 2fw, 3fw, …) happens to 
be close to the floor’s resonance frequency.  

There are no vibration limits imposed by the Building Code for occupant comfort. Engineers are 
merely asked to consider the effects of vibration. Few engineers have a technical background in vibration and hence, 
cannot perform a vibration assessment of a structure. To make matters worse, the real-world response of a 
structures is virtually impossible to predict because of the sensitivity to variables that the engineer has no knowledge 
of (e.g., friction in a bolted connection or the stiffening effect of non-structural partitions). This disconnect was the 
prime motivation that led to the guidelines presented in DG11 for steel structures. DG11 also presents limits for 

                                                 
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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acceptable vibration for various occupancies regardless of the type of construction (e.g., steel or concrete). DG11 
recommends the maximum vibration be limited to 0.005 g (1.93 in/sec2) between 4 Hz and 8 Hz, where people are 
most sensitive to vibration. The problem with this criterion is that it applies at a single frequency. Walking-induced 
vibration generates vibration over a narrow, but continuous band of frequencies.  

An alternative to the DG11 criterion is presented by the International Standards Organization 
(ISO)2. This standard uses the root-mean-square (RMS) vibration computed over a range of frequencies (1/3 octave 
band). The bandwidth of the frequency range increases with the center frequency, so at a center frequency of 1 Hz, 
the bandwidth is about 1.23 Hz and at 10 Hz, the bandwidth is 12.3 Hz. This approach does a decent job of capturing 
how people perceive vibration at closely-spaced frequencies and is the preferred criterion to use for assessing the 
vibration performance of a floor system. The ISO standard defines a vibration level associated with a person’s ability 
to just perceive vibration, which is often used as the vibration limit for hospital patient and operating rooms. The 

vibration limit recommended for office spaces is four times the perception threshold, or 2000 gRMS between 4 Hz 
and 8 Hz. Accelerometers are used to measure the time history acceleration response of a structure and then the 
data are processed to compare the measured vibration with the criterion shown in Figure 2. 

 

Figure 2 1/3-Octave Root-Mean-Square Vibration Criteria 

The vibration dose value (VDV) defined in BS 64723 is also used to assess human tolerance of 
vibration. Vibration levels above the perception threshold, but below the annoyance level in Figure 2 may still be 
considered annoying if the vibration persists for a long enough period of time. The VDV is defined as 

                                                 
2 “Evaluation of Human Exposure to While-Body Vibration—Part 2: Continuous and Shock Induced Vibration in 

Buildings (1 to 80 Hz),” International Standard 2631-2:1989 (E). 
3  British Standards Institute, “BS 6472: Guide to Evaluation of Human Exposure to Vibration in Buildings (1 Hz to 80 

Hz),” 1992. 
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where aw(t) is the frequency-weighted acceleration signal and T is the exposure time. The preferred maximum VDV 
for an office occupancy is 0.041 g∙s0.25 and adverse comments about vibration are expected when the VDV reaches 
and exceeds 0.081 g∙s0.25. 

3. STRUCTURAL DYNAMICS ANALYSIS 

The structural plan for the typical even-numbered floors is shown in the left-hand side of Figure 3. 
The area where most of the vibration complaints are generated is highlighted in the figure. The corresponding 
structural dynamics model of the floor structure is shown in the right-hand side of the figure. The model is created 
and analyzed using SAP2000 v18. The reference axes for the beams and joists are referenced to the top of the 
centerline of the slab. Shell elements are used to model the floor slab, which is not shown in the figure for clarity. A 
uniform superimposed mass of 15 lbm/ft2 is included to account for the suspended ceiling, miscellaneous mechanical 
components, cubicles, and people. The odd-numbered floors have a slightly different framing pattern in the corners, 
but that difference is not significant from a structural vibration perspective, so the even-numbered-based model is 
used for both conditions.  

 

Figure 3 Even-Numbered Floor Plan (Left) and Structural Dynamics Model (Right) 

The typical condition of the floor structure is shown in Figure 4. The structure is in excellent 
condition. None of the observed joists or beams show any evidence of unusual cracking that might represent 
reduced stiffness and a greater susceptibility to vibration. Uncracked section properties for the concrete members 
are used in the structural dynamics model. Cracked section properties are used to ensure proper load distribution 
for the strength design of reinforced concrete members, but the uncracked properties provide a more realistic 
assessment of the member stiffness characteristics under service loads and for low-level motions associated with 
vibration.  
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Figure 4 Condition of 13th Floor Structure in Area of Concern 

All physical objects vibrate and all physical objects have “preferred” modes of vibration. A vibration 
mode is described by a deformed shape and a resonance frequency—the frequency at which the deformed shape 
oscillates. There are, theoretically, an infinite number of modes for a given structure; however, a smaller subset are 
only relevant depending on the nature and frequency of the excitation.  A complex structure like this floor system 
has many vibration modes in the frequency range of interest. The vibration modes of most interest are those that 
show maximum displacement in the northwest corner. There are two vibration modes in the low-frequency range 
where people are most sensitive to vibration. These two floor modes are shown in Figure 5 and have resonance 
frequencies of 5.8 Hz and 9.2 Hz.  

 

Figure 5 Floor Vibration Modes With Maximum Response in Region of Concern 

The deflection patterns shown in Figure 5 are the “mode shapes” of these two 5.8- and 9.2-Hz 
modes. The amplitude of the deflection is not physical in this figure—it is merely the relative deflection. The actual 
amplitude of the deformation depends on the forces applied to the floor. A mode shape will have localized areas 
where the relative deflection is maximum (down or up) and other regions where the deflection is negligible. Those 
areas where the deflection is maximum are the areas where a person walking across the floor, for example, will 
cause the maximum vibration. Likewise, a person sitting at a location where the mode shape has maximum 
deflection will experience maximum up-down motion. 

The vertical displacement of the 5.8-Hz mode shape in the northwest corner is a maximum at the 
center of the bay and decreases gradually each way from the center. Essentially, anyone walking in and around the 
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middle of the bay will cause maximum vibration to be felt by people sitting at their desks in this area. On the other 
hand, the 9.2-Hz mode shape shows maximum motion to the north and south of the center of the bay. Someone 
walking along the east/west centerline of the bay will not cause appreciable vibration for those sitting to the north 
and south of that line. The resonance frequencies and mode shape provide valuable insight that can be used to 
understand and mitigate excessive vibration.  

4. VIBRATION MEASUREMENTS AND ANALYSIS 

The floor vibration survey at the site is performed over a five-day period starting in the afternoon 
of November 16, 2015 and ending at midday on November 20. The vibration measurement activity is performed 
with a portable four-channel data acquisition system. Heel-drop tests and long-duration ambient vibration 
measurements are performed on five floors in the building to identify the vibration characteristics of the floor system 
and to document the vibration response of the floor under normal office activity. Additional vibration data are 
acquired on the 12th Floor air handling unit and in the passenger elevators to document the vibration produced by 
these systems. There is no real-time documentation of elevator usage; however, access to the low-rise and high-rise 
elevator banks is controlled via badge-activated turnstiles. Facility Management provided a turnstile entry/exit 
report for the period of the on-site vibration survey and these data are reviewed to identify any correlation between 
elevator operation and recorded vibration. 

4.1 DATA ACQUISITION SYSTEM AND PROCEDURE 

The portable data acquisition (DAQ) system consists of a Windows-based laptop, a USB-powered 
four-channel 24-bit data acquisition module (Data Translation DT9837A), and the four single-axis accelerometers 
identified in Table 1. A sampling frequency of 1000 Hz is used to digitize the analog acceleration data signal, which 
provides a useful frequency bandwidth out to about 500 Hz. The frequency range of interest is well below 100 Hz 
based on typical floor vibration frequencies, so the 500-Hz range is more than adequate for building vibration 
measurement applications. The duration of the data acquisition period is adjusted based on the purpose of the data 
being collected. Each acquisition period produces an ASCII text file containing the raw time series data with one 
column of time values for each sample (at 0.001-sec intervals) and four columns of acceleration values (in g’s4). Each 
column of acceleration data corresponds to the channels identified in Table 1. 

A typical placement of the accelerometers for the heel drop and ambient vibration measurements 
is shown in Figure 6. The numbers shown adjacent to the accelerometers are the channel designations shown in 
Table 1. Channels 1 and 4 are attached to ceramic tiles with double-sided tape. The tile is used to maintain the 
orientation of the accelerometer and to eliminate sensitivity to the compliance of the carpet. Channels 2 and 3 are 
attached to a heavy steel cube (about 7.6 lbf) that performs the same role as the ceramic tile, but also has threaded 
holes in three mutually orthogonal faces to facilitate acquiring data simultaneously in three orthogonal directions. 
The accelerometers assigned to Channels 3 and 4 have threaded holes and studs that allow them to be attached to 
the steel block. 

                                                 
4 1 g = 386.1 in/sec2 
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Table 1 Accelerometers and Channel Assignments 

Channel Accelerometer S/N Sensitivity 

1 PCB 333B52 46982 1.044 V/g 

2 PCB 333B52 46983 1.040 V/g 

3 PCB 393B04 32502 1.003 V/g 

4 PCB 393B04 32503 1.009 V/g 

 

 

Figure 6 Measurement Locations on the 11th Floor 

The locations of the accelerometers relative to the supporting floor structure is shown in Figure 7 
for the 11th and 13th Floors (odd-numbered). This layout is rotated 90 degrees for measurements acquired on the 
12th (even-numbered) floor. The orientation and spacing of the accelerometers are derived from the computed floor 
vibration mode shapes shown in Figure 5. Floor vibration in the 5.8-Hz mode should show maximum response at 
Channels 2 and 3 and slightly lower response at Channels 1 and 4. All channels should reach their maximum values 
at the same time and in the same direction. This floor vibration mode is most likely responsible for the vibration 
complaints because the resonance frequency falls in the middle of the range where people are most sensitive to 
vibration (Figure 2). The actual resonance frequency of this floor vibration mode is determined during the vibration 
survey. 

Vibration in the 9.2-Hz mode should exhibit maximum response at Channels 1 and 4 and relatively 
low vibration at Channels 2 and 3. The mode shape also shows that when Channel 1 reaches the maximum positive 
response, Channel 4 should reach the maximum negative response and vice versa halfway through the vibration 
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period. This higher-frequency mode may not be a significant contributor to the vibration that office occupants have 
noticed and complained about because the resonance frequency is slightly outside the frequency range where 
people are most sensitive to vibration and implies a higher walking harmonic (and lower corresponding dynamic 
force).  

 

Figure 7 Typical Measurement Locations on the 11th and 13th Floors 

4.2 HEEL-DROP TESTS 

A critical objective of the vibration survey is to identify the primary vibration mode(s) of the floor 
system. Heel-drop tests apply a transient shock to the floor, which excites the floor at many frequencies 
simultaneously. Frequency analysis of these data shows peaks at discrete frequencies that correspond to the 
resonance frequencies of the floor structure.  

The raw time series data for a typical heel-drop test performed on the 13th Floor are transformed 
into the frequency domain and plotted in Figure 8. A curve is plotted for each of the four data channels; however, 
Channels 2 and 3 appear as one curve because these accelerometers are co-located and essentially measure the 

same response. The highest-amplitude peak in the figure at 5.9 Hz is the first floor vibration mode frequency. All 
four of the channels respond at this frequency with Channels 1 and 4 having a slightly lower response than 
Channels 2 and 3. The frequency and relative response magnitudes confirm the structural dynamics predictions 
reported in Section 3 and shown in the left-hand side of Figure 5. The lowest resonance frequency is predicted to be 
5.8 Hz based on the construction documents and the actual measured resonance frequency is 5.9 Hz.  

The second significant peak in Figure 8 occurs at 9.7 Hz in the 13th Floor heel-drop data. The 
response of Channels 2 and 3 is relatively low compared to the responses at Channels 1 and 4. The predicted 
resonance frequency is 9.2 Hz for the second mode in this area of the floor (right-hand side of Figure 5). The 
difference between the predicted and the measured resonance frequencies of 0.5 Hz is not significant because 
higher-frequency modes are subject to greater uncertainty than the lower-frequency modes. The relative response 
amplitudes of the four channels are also consistent with the predicted mode shape. The vibration characteristics of 
the floor are consistent with the structural dynamics predictions based on the structural drawings.  
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Figure 8 Typical Heel-Drop Test Results (13th Floor) 

Each heel-drop applies an abrupt force to the floor and the floor responds with a maximum 
acceleration that dies out as the floor vibrates up and down. The is the classic damped sine free-vibration response 
of a dynamic system. Three free-vibration response time histories from heel drop tests performed on the 11th, 12th, 
and 13th Floors are provided in Figure 9. The red curve in each plot is the recorded floor response. The blue curve is 
a least-squares best fit of the theoretical damped sine response given by 

     0

2
2sin)( 0 ttfAety

ttf


   (2) 

where A is the maximum acceleration, t0 is the time offset required to match the data, f is the frequency of the 

oscillation, and  is the critical damping factor. These four parameters are adjusted to achieve the best possible fit 
with the measured data. In this context, the frequency, f, is the resonance frequency of the floor and the damping 

factor, , is an important characteristic of the floor system that describes the energy dissipation of the floor 
structure.  

 
Figure 9 Heel-Drop Test Response Time History 

The 11th and 12th Floors are identically constructed and have an identical arrangement of cubicles. 
The resonance frequencies obtained via this least-squares fit procedure are virtually identical at about 5.9 Hz and 
the inherent damping is around 3.4% to 4.0%. The 12th Floor has a different configuration. First, the joists in the 
corners of the building span in the east/west direction; however, the most significant difference is that there are 
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non-structural cold-formed metal stud (CFMS) walls delineating individual offices around the exterior perimeter of 
the building. The CFMS walls terminate at the suspended ceiling and do not connect to the joist floor structure 
above. The resonance frequency in this corner of the 12th floor is about 6.3 Hz, indicating that the 12th Floor is 
somewhat more stiff (and has a lower mass since there are fewer cubicles) than the 11th and 13th Floors. The source 
of this stiffness is the CFMS walls rather than the orientation of the joists. Even though the CFMS walls do not play 
a structural role, they do have an effect on the stiffness of the floor. The damping factor is estimated to be 3.9% 
from the curve fit analysis, which is in-family with the other two floors. 

4.3 AMBIENT VIBRATION MEASUREMENT 

Long duration measurements of the ambient vibration are obtained from the 11th, 12th, and 13th 
Floors. Acquisition times for the three floors are 7 hours for the 11th and 12th Floors and 2 hours for the 13th Floor. 
The data are evaluated in 1-second-long data segments. The power spectrum for each data segment is computed 
and the root-mean-square (RMS) vibration is computed for a continuously-shifting 1/3-octave window for 
comparison to the criteria shown in Figure 2. The envelope of these successive 1-second snapshots is retained and 
plotted in Figure 10. The vibration levels on each floor exceed the vibration limit for an office occupancy at the floor’s 
resonance frequency of 6 Hz. 

 

Figure 10 Measured Vibration Levels on the 11th, 12th, and 13th Floors 

The vibration on the 13th Floor is noticeably worse5 than observed on the other two floors; 
however, this is a result of the 13th Floor being somewhat more densely populated and exposed to more foot traffic. 
The 12th Floor has a large open space with one occupant in the center of the bay and single-person offices arranged 
around the building’s perimeter. The 11th Floor has an identical cubicle arrangement to the 13th Floor; however, 
there are fewer cubicle occupants on the 11th Floor at the time these measurements are made. 

The primary source of vibration complaints/comments have come from the 11th, 12th, and 13th 
Floors. Heel-drop and walking-induced vibration data are also acquired on the 10th and 20th Floors for a short period 
of time. One of the 20th-Floor occupants has commented on high vibration in the northwest corner. Data are 
acquired on the 10th Floor for comparison with the three floors above. The cubicles on these two floors have less 
square footage and lower wall heights than those on the 11th and 13th Floors. A significant portion of the northwest 
corner of the 20th Floor is leased to another tenant and there is a substantial, but non-structural, partition that runs 
east/west across the floor.  

The 1/3-octave spectra for the 10th and 20th Floors are provided in the left- and right-hand sides of 
Figure 11, respectively. The resonance frequency of the dominant mode in the northwest corner of the 10th Floor is 

                                                 
5 The plots are presented on logarithmic scales where each major division is 10 times higher than the division below. 
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5.9 Hz, which is consistent with the floors above. The resonance frequency of the 20th Floor is 6.8 Hz, which is higher 
because of the stiffening effect of the non-structural partition on this floor. Walking-induced vibration exceeds the 
perception threshold and is therefore noticeable to the occupants in this area. Vibration levels do exceed the 
preferred limit for office occupancy on the 10th Floor, but not on the 20th Floor. The partition on the 20th Floor locally 
stiffens the floor in the northwest corner. The degree to which the vibration exceeds the office limit on the 10th Floor 
appears to be less than observed for the three floors above (Figure 10), but this may simply be a result of the reduced 
observation time allocated to the 10th Floor as compared to the three floors above. There were no instances of 
multiple people walking through the space as data were recorded. 

 

Figure 11 Measured Vibration Levels on the 10th and 20th Floors 

The 1/3-octave vibration spectra convey valuable “big picture” information about the vibration 
environment as it relates to human perception and whether the vibration might be perceived as annoying and the 
frequency, or frequencies, where the vibration exceeds the limits. These plots do not, however, provide a great deal 
of insight into the cause of the vibration. The 2-hour-long data set obtained from the 13th Floor is shown in Figure 
12 in the form of a time-frequency spectrogram. The data are analyzed in short-duration data segments (about 4 or 
8 seconds long). Each segment is transformed into the frequency domain and the amplitude is color-coded and 
plotted at the time corresponding to when that 4- or 8-second data segment is recorded. Red and dark red 
correspond to higher vibration levels, and blue and dark blue imply relatively low level vibration.  

A glance at Figure 12 shows vertical bands and thinner horizontal bands. The majority of the 
higher-amplitude vibration occurs between 5 Hz and 20 Hz. The maximum vibration occurs along the vertical line at 
about 6 Hz (the floor’s primary resonance frequency), which is consistent with the peak in the 1/3-octave spectra 
shown in Figure 10. The vertical lines present at 17.5 Hz, 19.5 Hz, 22 Hz, 29.5 Hz, and 36 Hz represent constant-
amplitude, relatively low-level vibration (light blue instead of yellow or red) caused by continuously operating 
mechanical systems in the building. 

The amplitude of the vibration along the 6-Hz line varies a great deal over the 2-hour period. There 
are very short-duration, high-amplitude vibration “events” that tend to fall at the intersection of the 6-Hz line and 
the many horizontal lines. One of those events is highlighted for reference. The horizontal lines begin at about 2 Hz, 
peak again at about 4 Hz, and reach their maximum at 6 Hz. This pattern is the signature of walking-induced 
vibration. A typical walking pace is around 2 Hz, the second harmonic occurs a 4 Hz, and the third harmonic falls at 
6 Hz—the floor’s resonance frequency. 



  

 
14 

 

 

Figure 12 Time-Frequency Spectrogram from the 13th Floor 

The walking-induced and mechanical system signatures identified in Figure 12 are common 
features of floor system vibration. A surprising feature of this data set is the prolonged period of essentially constant 
vibration (vertical red band in the figure) that starts about 45 minutes into the acquisition period (at 3:10 PM) and 
terminates about 60 minutes later (at 4:10 PM). This vibration is completely consistent with the description several 
occupants provided in advance of the measurement activity. There are occasional walking-induced vibration events 
that occur during this period, but these are not the cause of the elevated vibration.  

Additional insight into the vibration near the floor resonance frequency of 6 Hz is provided in 
Figure 13 where the 1/3-octave RMS vibration is computed for successive 1-second-long periods and the maximum 

level between 4 Hz and 8 Hz is plotted versus time. The horizontal green line at 500 gRMS corresponds to the 

vibration level where most people begin to perceive vibration. The horizontal red line at 2000 gRMS corresponds to 
the vibration level where occupants begin to be annoyed by and complain about the vibration. These levels are taken 
from the values of the green and red lines in Figure 10 between 4 Hz and 8 Hz. The sharp vertical spikes in vibration 
level are caused by walking-induced vibration. The higher-amplitude peaks occur when someone happens to walk 
near the accelerometers and the lower-amplitude peaks are associated with people walking farther away. 

The period of prolonged elevated vibration identified in Figure 12 is seen in Figure 13 as an abrupt 
increase in the ambient vibration level at about 3:10 PM, followed by a more gradual return to the typical ambient 
vibration level around 4:10 PM. The typical ambient vibration level is below the perception level for most people; 
however, the modest increase in the ambient level is above the perception level as confirmed by the number of 
client office occupants who have commented on the vibration. Even though the vibration level is well below the 
office limit level, the prolonged nature of the vibration can be quite annoying. 
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Figure 13 1/3-Octave RMS Vibration Between 4 Hz and 8 Hz, 13th Floor 

The source of this elevated ambient vibration is not clear. The “turn-on, turn-off” nature and 
essentially constant amplitude are strongly suggestive of a mechanical source. Occupants refer to the “3 PM to 
4 PM” vibration; however, this vibration does not occur every day and for this duration. A similar event occurred on 
November 17 between 4:15 PM and 4:50 PM while acquiring data on the 11th Floor. A short-duration period of 
elevated vibration was recorded on the 12th Floor on November 18 between 11:45 AM and 12:00 PM. Facility staff 
knowledgeable about the mechanical systems could not identify a mechanical system that might operate in an 
intermittent fashion as indicated by the vibration data. The elevators are the only mechanical system that operates 
intermittently depending upon the demand. 

The VDV is also used to assess the vibration environment when there are repeated impulsive 
vibration events like those evident in Figure 13. The VDV is a cumulative measurement that increases with exposure 
time, whereas the 1/3-octave spectrum is applied here as successive 1-second snapshots of the vibration. Both 
metrics attempt to define the vibration level that elicits adverse comments; however, when multiple people 
comment on the vibration, the vibration level is likely too high. The VDV is plotted as a function of time for the 
2-hour-long period reflected in Figure 13 (data file ENT13-02). Two hours of exposure to this vibration yields a VDV 
of about 0.015 g∙s0.25, which can be adjusted for 8-hours of exposure per 

  4
4

28 4 HrHr VDVVDV   (3) 

The estimated 8-hours of exposure only increases the VDV to 0.021 g∙s0.25, which is less than the preferred limit of  
0.041 g∙s0.25 and well below the maximum limit of 0.081 g∙s0.25 (where adverse comments are assumed to be 
generated). This relatively low VDV measured at the site suggests that the floor vibration is not high enough to 
warrant adverse comments from those who are exposed to the vibration. In fact, the floor vibration does produce 
adverse comments that are legitimate. The 1/3-octave spectral assessment criterion shown in Figure 10 and Figure 
11 is a more reliable indicator for excessive vibration than the VDV criterion. 
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Figure 14 VDV for the 2-Hour-Long Period on the 13th Floor 

4.4 PASSENGER ELEVATOR VIBRATION AND ACTIVITY HISTORY 

The location of the elevators relative to the area of concern is shown in Figure 1. A bank of six 
elevators services Floors 2 through 16. The six-elevator high-rise bank to the south services floors 16 through 28. 
The elevator lobby area is shown in the left-hand side of Figure 15. Numbers are provided at each elevator for 
reference. A green background indicates that vibration data were acquired in that elevator and a yellow background 
indicates that vibration data were not acquired in that elevator. The accelerometer channels and corresponding 
measurement directions are shown in the right-hand side of Figure 15.   

 

Figure 15 Passenger Elevator Numbering (Left) and Accelerometer Orientation (Right) 

Vibration data are acquired for a continuous period of 20 minutes while riding the low-rise 
elevators and for another 20 minutes in the high-rise elevators. Time-frequency spectrograms for the low-rise and 
high-rise elevators are provided in the left- and right-hand sides of Figure 16, respectively. The long-duration (wide) 
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horizontal bands in the spectrograms are caused when rolling the vibration measurement equipment off and, after 
waiting for the next elevator to arrive, back on to the elevator. The narrow (thin blue) horizontal bands occur when 
the elevator stops at a floor. The light blue, yellow, and red horizontal bands represent the measured vibration while 
the elevator is in motion. The green-boxed numbers shown in the right-hand side of each plot correspond to the 
elevator numbers shown in Figure 15. 

 

Figure 16 Time-Frequency Elevator Vibration Spectrograms for Low-Rise (Left) and High-Rise (Right) 

The vibration represented in Figure 16 is the fore/aft (i.e., north/south) motion of the elevator car. 
All of the elevators exhibit vibration around 6 Hz to varying degrees while moving. Low-rise elevators 3, 4, and 5 and 
high-rise elevators 1 and 6 exhibit the highest-level vibration at 6 Hz. The fact that the elevators sway fore and aft at 
the same frequency as the floor resonance frequency as they transit between floors is an interesting coincidence, 
but does not prove that the elevators are responsible for the low-level floor vibration measured in the northwest 
corner of the building. As the cars vibrate fore and aft they push against the surrounding air mass causing pressure 
fluctuations at 6 Hz that, conceivably, could cause pressure-induced vibration of the floor. Structural dynamics 
analyses using the floor system dynamics model discussed in Section 3 indicate that a trivial differential pressure 
fluctuation of 9.5×10-6 psi would be sufficient to cause the measured 0.0015-g floor vibration.  

One might expect that if heavy use of the elevators is responsible for the elevated vibration, there 
should be some correlation between elevator activity and the time periods when the elevated vibration is observed. 
There is no direct measure of elevator operation that is recorded for evaluation; however, the elevators can only be 
accessed through electronically-controlled turnstiles. The client obtained badge-in, badge-out data for its employees 
(there are other tenants in the building) for November 16 through November 20 and provided the data for 
evaluation. The turnstile event data for November 16 and November 17 are provided in Figure 17 and Figure 18, 
respectively. Data for the low-rise and high-rise elevators are combined for the purposes of this analysis. The high-
rise elevator usage is under represented because only a few of the high-rise floors are occupied by client staff; hence, 
if the high-rise elevators are responsible for the floor vibration, the correlation may not be visible in the badge-
in/badge-out data.  

The turnstile activity data show expected peaks around 8:00 AM, 12:00 PM, and 6:00 PM when 
building occupant arrive at work, leave for and return from lunch, and then leave the building at the end of the 
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workday. The shaded zones in the figures correspond to time periods when accelerometer data were recorded. The 
text (e.g., ENT13-02) at the top of the shaded region is the filename of the corresponding vibration data (see the 
Appendix). The red lines shown near the bottom of some shaded regions correspond to times when elevated 
vibration is observed. The most pronounced period of elevated vibration was recorded on November 16 between 
3:00 PM and 4:00 PM. There is no constant heightened elevator usage at this time; however, there are unusual 
abrupt spikes in elevator usage (i.e., turnstile activity) that correspond to the beginning and the end of the elevated 
vibration. The presence of similar features in the November 17 turnstile data is more subjective.  

 

Figure 17 Turnstile Events for November 16, 2015 

 

Figure 18 Turnstile Events for November 17, 2015 

The turnstile activity data are not the smoking gun that conclusively prove the elevators are 
responsible for the elevated, intermittent vibration. The elevators may not be responsible for the vibration or the 
turnstile data may not convey the essential information required to prove the correlation. Nevertheless, the 
elevators are the only mechanical system in the building that operates on demand, rather than continuously, and 
produces the tell-tale 6-Hz frequency during operation, and therefore remain the only plausible candidate for the 
source of the elevated vibration. 

4.5 MISCELLANEOUS VIBRATION MEASUREMENTS 

Air handling units (AHUs) for each floor are located in a mechanical room across the corridor from 
the elevator lobby (to the west). The AHU on the 12th Floor is shown in Figure 19 and, as is typical, isolated from the 
floor slab to prevent the transmission of vibration into the floor system. One corner of this AHU has a 2×4 inserted 
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between the AHU and the housekeeping pad which could significantly reduce the effectiveness of the isolation 
system (the coil springs visible in the figure) and allow mechanical vibration to be transmitted into the floor system.  

 

Figure 19 Air Handling Unit on 12th Floor With 2×4 at One Corner 

Vibration data are acquired on the AHU above the isolator (spring) and on the housekeeping slab 
(floor system) at one corner without the 2×4 and at the corner of the AHU where the 2×4 is located. The two power 
spectra calculated from the data are shown in Figure 20. The AHU vibration is characterized by relatively low 
frequency vibration at 4.4 Hz and 8.8 Hz (isolated equipment modes); however, these frequencies do not coincide 
with the floor system resonance frequency in the northwest corner of the building (5.8 Hz to 6.3 Hz). Also, the 
vibration response of the floor slab shows no evidence of the AHU motion at these low frequencies. The higher 
frequency vibration measured on the slab at and above 17.5 Hz may be caused by the presence of the 2×4 inserted 
at one corner. The AHUs are not responsible for the elevated vibration levels near 6 Hz. The AHUs also operate 
continuously, which is not consistent with the observed intermittent nature of the elevated vibration. 

 

Figure 20 Vibration Response of 12th Floor AHU, No 2×4 (Left) and at 2×4 (Right) 

One staff member on the 12th Floor commented that her pedestal-supported laptop vibrates 
noticeably when the floor vibrates. A person’s sensitivity to floor vibration can be adversely amplified when there 
are other visual or audible indicators that result from the vibration (e.g., quivering leaves on a potted plant, swaying 
mini blinds in a window).  

An accelerometer is placed at the corner of the staff member’s laptop as shown in the left-hand 
side of Figure 21. A simple tap test (analogous to a heel-drop test) is performed on the laptop and the vibration 
response is recorded. The free-vibration (post tap) response of the laptop is plotted in the right-hand side of Figure 
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21 and the damped sine curve fit procedure discussed in Section 4.2 [Equation (2)] is used to identify the laptop 
pedestal’s resonance frequency and damping factor. The measured resonance frequency of the laptop pedestal is 
5.7 Hz, which is very close to the resonance frequency of the floor system. These measurements confirm the 
observations of the staff member and emphasize the need to consider the vibration characteristics of secondary 
elements of the work environment when floor vibration is a concern.  

 
Figure 21 Laptop (12th Floor) on Raised Support (Left) and Free Vibration Response (Right)  

5. VIBRATION MITIGATION OPTIONS 

The source of the highest-level intermittent vibration is walking-induced vibration caused by 
people walking by and among the cubicle areas. The source of the prolonged, but lower-level vibration is not known 
with certainty, but may be associated with elevator operation. In both cases, the floor vibration is magnified by the 
5.8-Hz, low-damped resonant mode of the floor system. Practical vibration mitigation options are available that will 
increase the effective damping of the resonant floor mode and significantly reduce the floor’s magnification of the 
vibration.  

5.1 TUNED-MASS DAMPERS 

A tuned-mass damper (TMD) is a mass-spring-damper assembly that can be attached to the floor 
system and concealed above the suspended ceiling. The combination of spring stiffness and mass are selected (i.e., 
tuned) to a resonance frequency slightly lower than the floor’s resonance frequency. When the floor vibrates, the 
TMD mass vibrates up and down in response and helps to dissipate the vibration energy much more quickly than 
the floor alone. As a general rule, practical-size TMDs reduce the vibration by 60% to 70%. In this application, TMDs 
would effectively reduce the long-duration, low-level vibration below the human perception threshold (regardless 
of the cause of the vibration). The walking-induced vibration would be reduced well below the limit for offices and 
most of the walking-induced vibration would be reduced below the perception level.  

A TMD concept very similar to one that was recently designed for and installed in another building 
with an identical floor system resonance frequency of 5.8 Hz is shown in Figure 22. A wide-flange steel beam would 
be attached to and span between the sides of adjacent joist ribs. Two flexure bars are supported by the steel beam 
and the TMD mass (in the form of 1-inch-thick steel plates) is supported on each end of the flexure bars. Two to 
three of these TMDs would be required to mitigate the vibration in the northwest corner of the building. Figure 4 
suggests there is ample room to install the TMD without having to relocate mechanical services equipment. The 
advantage of TMDs is that they can be installed above the suspended ceiling and no one will know they are there. 
The disadvantage of TMDs is the cost. An installed cost of about $10,000 per bay (e.g., northwest corner) is a rough 
estimate. 
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Figure 22 Typical Tuned-Mass Damper Attached Between Joist Ribs 

5.2 DAMPING POSTS 

Damping posts offer a lower-cost option but have some corresponding drawbacks. An example of 
a damping post is shown in Figure 23. The post is not a column in the traditional sense because there is a gap between 
the top of the post and the bottom of the joist (or slab) so there is no direct load transfer between the floor systems 
through the steel post. Instead, a compliant, viscoelastic damping material is placed between the sides of the post 
and the plate that attaches to the joist. As the floor below (or above) begins to vibrate relative to the floor above (or 
below), a damping force develops in the elastomeric material, providing an opposing damping force (i.e., a force 
proportional to the relative velocity) that reduces the vibration.  

 
Figure 23 Damping Post Connecting Two Floors 

An advantage of the damping posts is that they mitigate the vibration of two floors at once, so that 
posts would only to be placed on alternate floors. Additional analysis is required to verify the number of posts 
required to achieve the desired mitigation. One of the drawbacks to the damping post is its effect on space planning. 
The damping posts must be located near the middle one-third of the bay to be effective. This presents some 
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challenges in an open-office cubicle area. Nevertheless, the posts can be placed adjacent to cubicle walls that form 
the walking paths. The posts can serve another functional role in that electrical cables can be concealed within the 
damping post and routed over and above the suspended ceiling.  

6. CONCLUSIONS AND RECOMMENDATIONS  

The floor structure is in very good condition and the structural dynamics model developed from 
structural member information provided in the original construction documents yields resonance frequencies that 
are in very good agreement with those measured at the site. The measured resonance frequencies are also 
consistent from floor to floor after accounting for the presence of cubicles and non-structural partitions. The 
vibration response of the structure is completely consistent with the floor construction and is not caused by 
structural distress or deterioration. 

There are two sources of vibration that are felt by the occupants. Walking-induced vibration from 
people walking between cubicles and along main corridors causes the highest-amplitude vibration measured during 
the site survey. A second source of more or less constant-amplitude vibration is present on an intermittent basis; 
however, it may last for an hour at a time, which can be annoying unto itself. Both sources of vibration are noticeable 
because the resonant floor vibration mode (at 5.8 Hz) in this area of the building amplifies the vibration above the 
perception threshold. 

The 1/3-octave RMS vibration spectra computed from the ambient vibration measurements show 
that the walking-induced vibration exceeds the preferred vibration level for an office occupancy by about a factor of 
two, which validates the adverse comments offered by some staff exposed to the vibration. The low-level, persistent 
vibration is above the perception threshold, but below the limit for an office occupancy. Nevertheless, even a small 
level of perceivable vibration that lasts for an hour or more can be very annoying to some people. The alternative 
VDV assessment metric suggests the vibration level is acceptable and should not give rise to adverse comments, 
which is in direct conflict with staff reports and the findings using the 1/3-octave criterion. The VDV criterion is not 
a reliable indicator of human sensitivity to vibration in this case.  

The source of the low-level vibration is not known, but there is circumstantial evidence that 
elevator motion could be a contributor. Vibration measurements show that many of the elevators sway fore/aft at 
the same frequency as the floor vibration mode, which could produce small pressure fluctuations that could, in turn, 
cause the floor vibration. Even if this differential pressure mechanism is not the source of the low-amplitude, 
intermittent vibration, the elevator vibration data do show that some of the cars sway back and forth near 6 Hz to a 
much greater degree than the other cars. This car-to-car variation in behavior suggests that the elevator guide rails 
should be inspected to verify their attachment to the structure. 

There is no indication that pile driving or other construction activity at the 1200 Poydras Street 
construction site contributes to the measured vibration. In any event, the vibration complaints pre-date the 
construction activity and internal walking-induced vibration is the dominant source of the high-amplitude vibration. 
The low-level, continuous vibration most apparent in Figure 12 and Figure 13 is not consistent with the periodic 
impacts produced when driving piles. The nature of the observed low-level vibration strongly suggests that the 
source is a mechanical system operating inside the tower. 

The large AHUs located on each floor do not contribute to the vibration near 6 Hz. A 2×4 is lodged 
between one corner of the 12th-Floor AHU and the housekeeping pad that may be allowing higher frequency 
vibration to be transmitted to the floor system, however, the high frequency vibration is not the vibration that staff 
perceive and are commenting on. Facility staff should inspect the mechanical equipment on each of the floors and 
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remove any foreign elements, such as the 2×4 on the 12th Floor, that may inhibit the proper function of the vibration 
isolation systems. 

The corner bays of the building are identical from a structural perspective and are also more 
flexible than the rest of the floor. The northwest corner of the building is constructed identical to the other three 
corners; however, there are non-structural partitions forming individual offices around the perimeter of the other 
three corners. The presence of the non-structural partitions imply a lower staff density, reduced traffic, and the 
partitions locally stiffen the floor making it noticeably less susceptible to vibration in those areas. Non-structural 
partitions provide some vibration mitigation that the northwest corner does not benefit from. 

There are two vibration mitigation options that the client may wish to consider. Two bays in the 
northwest corner of the building may be used in a pilot vibration mitigation program to assess the relative cost and 
effectiveness of the TMD and damping post options. The TMDs can be installed under the 13th Floor and damping 
posts can be installed on the 11th Floor (spanning between the 11th and 12th Floors). Installation of both vibration 
mitigation options can be completed over a weekend and vibration measurements to assess their effect can be made 
on the following Monday when normal office activity resumes. Depending upon the relative effectiveness and cost 
of these two options, management can then decide to expand the preferred option, if either, to other areas based 
on the volume of complaints received after the re-location plan is implemented. Both vibration mitigation options 
address both sources of vibration, so there would be no need to further investigate the cause of the low-level, 
intermittent vibration. 
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7. APPENDIX—VIBRATION DATA LOG  

Vibration measurements were obtained on five different floors and in most of the twelve 
passenger elevators over the course of the four days. Long-duration measurements were obtained on the 11th, 12th, 
and 13th Floors where most of the complaints emanate from. Very brief floor vibration measurements were obtained 
from the 10th and 20th Floors for comparison. The data filename, date, time span of the measurement, and a brief 
description of the data are provided in the Data Log shown in Table 2. 

Table 2 Vibration Measurement Data Log

 

 

No. File Date Start End Description

1 ENT13-01 Nov 16 2015 2:22:45 2:23:45 Heel Drop. 3@chan1, 3@chan 2,3, 3@chan 4

2 ENT13-02 2:25:53 4:25:53 Ambient. Fast walk at 2:39

3 ENT13-03 4:29:36 5:29:36 Ambient. Walk by at 5:20

4 ENT13-04 5:37:40 5:47:40
Heel Drop at distance. 3@30 ft south, 3@60 ft south, 3@90 ft south, 3@conf 

rm, 3@elevator, 3@stair

5 ENT13-05 6:13:23 6:23:23 Ambient at south west corner, Heel Drop, and cleaning service activity 

6 ENT11-01 Nov 17 2015 8:13:15 8:14:15 Heel Drop. 3@chan1, 3@chan 2,3, 3@chan 4

7 ENT11-02 8:18:50 9:18:50 Ambient

8 ENT11-03 9:24:43 10:14:43 Ambient. Walk at 9:43 to 9:45 at 108 steps/min

9 ENT11-04 10:19:02 1:19:02 Ambient

10 ENT11-05 1:52:57 2:02:57
Heel Drop at distance. 3@30 ft south, 3@60 ft south, 3@90 ft south, 3@conf 

rm, 3@elevator, 3@elev lobby, 3@hall

11 ENT11-06 2:05:31 5:05:31 Ambient

12 ENT11-07 5:16:11 5:17:11 Heel Drop at new accel locations

13 ENT12-01 Nov 18 2015 9:34:24 11:34:24 Ambient

14 ENT12-02 11:49:46 11:50:46 Heel Drop. 3@chan1, 3@chan 2,3, 3@chan 4

15 ENT12-03 11:52:36 1:52:36 Ambient. Continuous vibe already in process

16 ENT12-04 2:00:03 5:00:03 Ambient, on ladder 2:10 to 2:25, jumping at 2:29

17 ENT12-05 5:09:39 5:39:39 Ambient, Walking until 5:14

18 ENT12-06 Nov 19 2015 8:23:04 8:53:04 Ambient, Channel 2&3 only

19 ENT12-07 8:56:21 9:26:21 Ambient, Channel 2&3 only

20 ENT12-08 9:29:25 9:29:55 Laptop (center) chan 1, Chan 2&3 on floor, Chan 4 not used   *** IGNORE ****

21 ENT12-09 9:31:12 9:31:42 Laptop (edge) Chan 1, Chan 2&3 on floor, Chan 4 not used

22 ENT12-10 9:32:43 9:33:13 Monitor (center fwd/back), Chan 1, Chan 2&3 on floor, Chan 4 not used

23 ENT12-11 9:46:29 10:46:29 Ambient, Channel 2&3 only

24 ENT12-12 11:54:00 12:54:00

Ambient, Adjust pump speed: 100%@3:05, 98%@3:40, 96%@4:10, 94%@4:40, 

92%@5:11, 90%@5:40, 88%@6:05, 86%@6:28, Ramp up@6:53, Drop@7:40, 

Drop to 95%@8:28

25 ENT12-13 1:22:42 1:24:42 12th Floor Mech Rm, Small Vert Pipe, Chan 1 only

26 ENT12-14 1:26:53 1:28:53 Chan 1 on AHU (above 2x4), Chan 2&3 on pad

27 ENT12-15 1:29:57 1:31:57 Chan 1 on AHU (no 2x4), Chan 2&3 on pad

28 ENT_Elev_Lo 1:35:13 1:37:13 On elevator 2-16      *** OBSOLETE - SEE TEST NO 36 ***

29 ENT_Elev_Hi 1:39:40 1:41:40 On elevator 16-28   *** OBSOLETE - SEE TEST NO 37 ***

30 ENT20-01 1:49:55 1:51:55 20th Floor

31 ENT10-01 2:00:36 2:02:36 10th Floor

32 ENT12-16 2:09:58 5:09:58 12th Floor, Ambient, Chan 2&3 only

33 ENT12-17 5:10:41 5:40:41 12th Floor, Ambient, Chan 2&3 only

34 ENT12-18 5:45:22 6:15:22 12th Floor , Ambient, Chan 2&3 only

35 ENT12-19 6:26:41 6:46:41 Riding elevators, Chan 2&3 only on 12th floor

36 ENT_ELEV_Lo3 Nov 20 2015 9:04:03 9:24:03 Riding elevators Chans 2,3,4 (z,y,x)

37 ENT_ELEV_Hi3 9:25:43 9:45:43 Riding elevators Chans 2,3,4 (z,y,x)


