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STADIUM PRESS BOX VIBRATION ASSESSMENT 

EXECUTIVE SUMMARY 

The school district raised several performance concerns with the football 
stadium at a High School regarding occasional high levels of vibration in the press 
box that coincides with the students jumping up and down in unison. Vibration 
data acquired during a football game clearly show evidence of press box sway 
motion associated with the north/south and east/west sway modes and the 
torsional mode of the structure. The resonance frequencies of these three 
modes fall between 2.8 and 3.8 Hz, which also corresponds to the frequency 
range where people tend to be most sensitive to vibration. The measured 
vibration did not reach the “annoyance” level during the observation period; 
however, it is likely that higher vibration will occur during future games. An 
inexpensive and easy-to-construct tuned-mass damper is proposed to mitigate 
the vibration in the press box. 

 

  



  

3 

 

1. INTRODUCTION 

The stadium has one tier of bleachers supported on steel wide flange raker beams spaced at 5 ft 
4 in. and an independently-supported two-story press box (Figure 1-1). The bleachers were extended toward the 
field by 3 ft in about 2003 to provide a wider access corridor for the seating area. The student section was relocated 
from the North end to the South end of the stadium for the 2014 football season. The students tend to congregate 
along the handrail next to the field and jump up and down in unison at various times during the game. Coaches in 
the press box reported annoying levels of vibration during the first game of the season on August 29, 2014. 

 

Figure 1-1 High School Football Stadium and Press Box 

The press box is about 18 ft by 85 ft in plan and about 24 ft high and is supported on a 
concentrically X-braced structural steel frame as shown in Figure 1-2. The bleacher framing appears to be 
independent of the press box structure; however, there may be incidental connections through the non-structural 
curtain wall that surrounds the base of the press box. Of course, the press box foundation is physically connected to 
the bleacher foundation through the soil and ground-borne vibration is a fairly common and efficient transmission 
path.  

Temporary bleacher supports were installed by School District facility personnel at the locations 
where plastic deformation is observed. These locations also correspond to the space occupied by the students. The 
temporary supports transmit most of the student’s weight and dynamic action directly to the slab below. The original 
configuration allowed the students to directly excite motion of the bleacher raker beams. Hence, installation of the 
temporary supports may partially mitigate the vibration response because the dynamic characteristics of the 
bleachers cannot magnify the students’ effect. The long-term bleacher support solution may not retain the bleacher-
to-slab struts designed for this temporary application. 

Press box vibration levels were measured during the first half of the September 19 game at the 
stadium for the purpose of formally documenting the vibration levels caused by activity in the student section and 
to identify critical vibration characteristics of the press box structure. Acceleration data were acquired 
simultaneously in three orthogonal directions during the game.  
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Figure 1-2 Bleacher and Press Box Support Framing 
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2. PRESS BOX VIBRATION MEASUREMENTS 

Acceleration data are acquired simultaneously in the three orthogonal directions at a sampling 
rate of 1000 Hz for a period of 10 minutes during four sequential measurement periods. The first 20 minutes are 
recorded near the center of the press box (near the 50-yard line) and the final 20 minutes are recorded near the 
south end. The total measurement period covers the first half of the football game. The primary objectives of the 
measurement activity are two-fold: (1) document the vibration levels relative to human perception criteria and 
(2) determine the primary resonance frequencies and mode shapes responsible for most disturbing motion.  

2.1 MEASUREMENT SETUP 

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, in this application, the three single-
axis accelerometers identified in Table 1. The DAQ system is pictured in Figure 2-1 at one of the two measurement 
locations used during the data acquisition period. The accelerometers are attached to three orthogonal sides of a 
heavy steel cube to facilitate measuring vibration in three orthogonal directions. The data are acquired over four 10-
minute-long recording periods and saved to disk as ASCII text files for subsequent analysis. 

 

Figure 2-1 Data Acquisition Setup and Accelerometer Orientations 

Table 1 Accelerometers and Channel Assignments 

Channel Direction Accelerometer S/N Sensitivity 

1 N/S PCB 393B04 32502 1.003 V/g 

2 E/W PCB 393B04 32503 1.009 V/g 

3 U/D PCB 333B52 46983 1.040 V/g 
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The two measurement locations are on the second level of the 2-story press box and are identified 
in Figure 2-2. Location 1 serves as the film room for the home and visitor teams and Location 2 is a VIP space for LISD 
staff who may be attending a game. The VIP room was not occupied during the September 19 game so the 
measurement equipment was repositioned from the film room at the beginning of the second quarter of the game. 

 

Figure 2-2 Vibration Measurement Locations 

The view of the student section from Location 2 is provided in Figure 2-3. The game was relatively 
well attended; however, the flow of the on-field action did not incite a significant amount of student activity that 
would cause annoying press box motion. According to reports, the vibration in the press box is most pronounced 
when the high school band plays certain songs at critical moments during a game. The band did not play during the 
first half of this particular game, so the vibration levels were lower than those experienced at the first game.  

 

Figure 2-3 View of Student Section from Measurement Location 2 
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2.2 DATA ANALYSIS 

A threshold for human perception of vibration is defined in ISO 2631-2 and is frequently used for 
the vibration performance of hospital operating rooms and patient rooms. The criterion is expressed as an 

acceleration level (in g) versus the motion captured within 1/3-octave bandwidths and is plotted as the blue line in 
Figure 2-4. The numerous orange lines correspond to the measured vibration, with each line representing about 
8 seconds of observation time from the first 10-minute measurement period in the second quarter. Sporting events 
have their own unique ebb and flow. The most exciting event from the home team’s perspective that occurred during 
the first half of this particular game took place when home team returned a punt for a touchdown. Vibration levels 
during this event exceeded the perception criterion by about a factor of two between 3 Hz and 4 Hz; however, the 
punt return was the only home team score and there were no other events that caused significant vibration during 
the first half of this particular game.  

 

Figure 2-4 Vibration Level Relative to Human Perception 

The annoyance threshold is about 5 times the perception threshold for an office-like occupancy, 
so it is unlikely that anyone in the press box felt the vibration reached an uncomfortable level during this game. Even 
so, it is important to note that this relatively low-scoring game is not representative of more exciting games that will 
be played in the stadium in the future. It is very likely that vibration levels in future games will produce vibration 
levels in excess of the annoyance level. 

Motion of the press box is unusually high because one or more relatively low-damped resonant 
modes are being excited by the student activity in the bleachers. The vibration of the bleachers is entering the press 
box through the few incidental structural connections between the bleacher support structure and the press box 
support structure or through the ground via the foundation elements (piers). The vibration modes of the press box 
most responsible for the disturbing motion must be identified before suitable mitigation options can be proposed 
and evaluated.  
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Vibration data measured at Location 1 (during the first quarter) and at Location 2 (during the 
second quarter) are plotted in Figure 2-5 as acceleration power spectra. The high peaks in the two plots generally 
correspond to the highest levels of vibration and the corresponding frequencies of the motion. People are most 
sensitive to motion below about 8 Hz, so the numerous peaks that are present at frequencies of 15 Hz and higher 
are not of concern. These narrowband peaks are caused by mechanical systems operating in the press box (e.g., air 
conditioners) or are simply 60-cycle electrical noise (near 60 Hz). The motion responsible for causing discomfort is 
associated with the peaks falling between 2 Hz and 4 Hz in the north/south and east/west directions. Up/down 
motion is not the source for the reported high levels of vibration. The north/south and east/west motion correspond 
to side-to-side motion of the human body to which people are most sensitive. 

 

Figure 2-5 Acceleration Power Spectra from the Two Measurement Locations 

There appear to be only two dominant peaks in the data obtained from Location 1, whereas the 
east/west motion shows two clear peaks at Location 2. The three peaks correspond to three distinct structural 
modes of vibration of the press box structure. The north/south motion at 3.4 Hz is a vibration mode of the structure 
in which the press box sways back and forth parallel to the field. The lowest frequency peak in the east/west motion 
at 2.8 Hz is also a sway mode in which the press box moves back and forth toward and away from the field. The 
higher frequency peak seen most clearly in the Location-2 data at 3.8 Hz is a torsion mode. The torsion mode is a 
twisting motion in which the north end of the press box moves toward the field as the south end moves away and 
vice versa. The peak associated with this motion is not that obvious at Location 1 because the press box is twisting, 
in plan view, about that measurement location so the motion is far less apparent. All three of these modes of 
vibration have very little inherent damping (energy dissipation) as is expected for a bare steel support structure. The 
low damping, about 3% of critical, is also a contributor to the ease with which these modes are excited by the activity 
in the student section of the bleachers.  

3. CONCLUSIONS AND RECOMMENDATIONS  

Vibration data acquired during the September 19 football game in the stadium press box shows 
that vibration levels exceed the perception level by a factor of more than two, even for this relatively low-scoring 
game. The source of the vibration is human rhythmic activity in the bleachers, particularly in the student section. It 
is likely that future games will involve much more student-induced dynamic effects and repeated instances of high 
vibration levels that exceed the annoyance level for those working in the press box. The motion of concern occurs 
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within the 2.8-3.8 Hz range where people tend to be very sensitive to vibration and results from the excitation of 
three distinct modes of vibration of the press box structure. 

High vibration can be dealt with at the source of the vibration, or by altering the transmission path, 
or at the location where the vibration is perceived to be a problem. A source-based solution could be implemented 
by the school district requiring the students to remain still during games, but this would have a dramatic effect on 
the entertainment value and environment of the football games. Mitigating the press box vibration by altering the 
source of the vibration is not a realistic option given the entertainment role of the stadium and the desire to have 
the home team’s supporters engaged and responsive to the on-field action. 

There are two transmission paths for the vibration to propagate from the source in the bleachers 
to the press box. Even though the press box structure is largely separate from the bleacher support structure, there 
appears to be some connection that might be capable of transmitting vibration from the bleachers to the press box. 
The ground is another transmission path. Vibration generated by the students enters the ground through the piers 
that support the bleachers and then enter the press box through its supporting piers. Even if the minor structural 
connection between the bleachers and the press box were eliminated, the ground-borne path would remain. The 
ground-borne vibration transmission path cannot be altered. 

The final option for vibration mitigation is to implement changes at the location where the 
vibration is perceived. The vibration in the press box results from the direct excitation of three low-damped 
structural modes: (1) north/south sway, (2) east/west sway, and (3) torsion (i.e., rotation about the vertical axis). 
The most efficient approach for reducing the vibration is to integrate a tuned-mass damper (TMD) into the press box 
structure. A TMD is a spring-mass-damper system that is attached to the existing press box support frame and, when 
properly dynamically tuned, vibrates in such a way that it extracts energy from the structural modes responsible for 
the vibration. In effect, the TMD increases the damping of the three modes and reduces the amplification effect of 
those modes by about 70%.  

A TMD also adds mass (weight) to the existing structure. In this case, the added weight is estimated 
to be between 5,000 to 10,000 lbf (depending on the operating weight of the press box) that will be distributed to 
at least four of the existing steel columns. The small amount of added weight associated with typical TMD 
applications seldom requires the existing structure be reinforced, but this would be confirmed as part of the formal 
TMD design. The mass itself could be provided in the form of steel plates if there are space limitations or in the form 
of concrete blocks where space is available. In this case, the TMD can be supported by the press box support 
structure and located just under the press box floor (visible from the ground below). The volume of concrete required 
is between 30 and 60 ft3 and the dimensions of the rectangular mass depend on achieving the correct TMD torsional 
mode frequency to control the press box’s torsional mode.  

The TMD mass need not be poured as one block. In fact, there is an advantage in casting many 
smaller blocks measuring 1’-0”×1’-0”×0’-4” (about 50 lbf each) to provide maximum flexibility for arranging the mass 
in the correct form and for fine tuning of the TMD resonance frequencies. The concrete blocks will be placed in a 
rectangular structural steel frame constructed from common angle and channel sections with metal deck or thin 
steel plates placed to form a “floor.”  The steel frame and concrete mass can be hung from the press box structure 
with 1/4” diameter wire rope (or steel rods) that will provide very little resistance against motion in the horizontal 
plane. The TMD stiffness can be provided by the flexural stiffness of steel bars cut to a specific width and thickness 
or by coil springs selected based on the required spring rate. Finally, the TMD must also include provisions for energy 
dissipation. Rubber sheets or specialized damping sheets such as Soundcoat Dyad 601 can be sandwiched between 
steel surfaces in a bolted connection to provide the required constrained layer damping. An illustration of the 
envisioned TMD is shown in Figure 3-1 to provide a sense of scale relative to the press box. 
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Final selection of coil springs or flexure bar sizes and damping layer size and material is made based 
on prototype tests performed on the ground. A simple test frame can be constructed to support the TMD mass and 
to allow for different combinations of springs (or flexure bars) and damping elements to be swapped with ease. 
Vibration tests are performed with a rubber-head hammer to incite TMD motion and the accelerometer data 
obtained from the resulting motion are analyzed to provide the TMD resonance frequencies and damping levels. 
The prototype configuration is then altered until the three desired TMD resonance frequencies and damping levels 
are obtained. 

 

Figure 3-1 Tuned Mass Damper “Slab” Under the Press Box 

 


