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A helipad has a unique 
function, but this uniqueness 
hides a trap: It can mislead 
designers into seeing a 
helipad as a standalone add-
on to a project. The reality 
is quite different. Far from 
being standalone, a helipad is 
very intimately interlinked—
sometimes in surprising 
ways—with rest of the project. 

When a helipad is not integrated correctly, 
the consequences can be costly: design 
rework, operational limitations, negative 
public perceptions and direct risks to 
structures and people (Figure 1). 

Helipad designers need to think holistically 
about how the use and function relates to 
the entire project and its context. The initial 
result may be a seemingly frustrating mass 
of conflicting criteria and options. To arrive 
at an effective design, the team must explore 
the various solution options thoroughly. We 
help clients evaluate solutions quantitatively 
and choose the right mix of mitigations for 
the unique needs of a site and its users.

INSIGHTS
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Figure 1. Wind effects caused this helicopter’s rotors to bend excessively during shutdown. All four rotors and 
both vertical fins were damaged. The event occurred five days after the helipad opened, and the facility was 
closed for days until the crippled aircraft could be removed. Video footage (top) showed the total deflection of 
the rotors was more than 5 feet (1.6 meters). The trailing edge of the main rotor physically separated (middle). 
The vertical fins were damaged during the excessive downward deflection of the rotors (bottom).
Images curtesy of HeliExperts International LLC.



Design Approach
A successful helipad design accomplishes three things:
• provides for safe operation of the aircraft, 

especially by pilots of average skill
• manages turbulence, noise, vibration and air quality in 

a way that is satisfactory to occupants and neighbors
• maximizes the availability of the landing pad.

To achieve this result, the design team must balance all the 
factors shown in Figure 2. For most facilities, the solutions 
to the separate factors are strongly related and need to 
be considered holistically to minimize potential conflict.

Our first step in analyzing a helipad design is to obtain data on 
• the prevailing wind climate (locally accurate 

directions, speeds and frequency of occurrence)
• the wind microclimate in the vicinity of the helipad site 

(influenced by building features and nearby structures) 
• the characteristics of the aircraft that will use 

the site (rotors, engine, exhaust, etc.). 
  
With these data in hand, we test solutions that utilize 
any available flexibility in the overall project. Our first 
strategy is always siting—of the building, of features 
in the development (including programming), of the 

helipad itself, or all three. Other opportunities include 
changes to the building envelope, space planning, 
mechanical systems and operations (e.g., flight paths).

In this review, we’ll look first at each source of difficulty and 
discuss mitigations specific to that source. Then we’ll discuss 
ways to think holistically about an entire design in context.     

Issues to Mitigate
Wind effects on aircraft
Our first goal is to avoid wind conditions that could impair 
a pilot’s ability to maintain control. In an urban setting, in 
particular, the consequences of a loss of control could be 
catastrophic. Our task is to minimize risk through good 
design and to determine thresholds for limiting operation.

Analysis of wind effects  
As mentioned, we begin an analysis by determining the wind 
climate, and localized wind effects. We use an extensive 
library of meteorological data, advanced weather models 
and proprietary statistical methods to develop a customized 
profile of the typical winds at the project location. A key 
feature of this analysis is statistical estimates of how often 
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Figure 2. Successful helipad design depends on achieving 
an acceptable balance among these effects.
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certain risky conditions will occur. This wind profile is the 
basis for more fine-grained studies at the building level.
 
We then have two tools for determining the localized 
wind environment. Computational fluid dynamics (CFD) 
simulations are useful for visualizing problem areas and 
understanding the large-scale effects qualitatively. For 
example, these simulations may show that large wake 
regions behind buildings are possible, which might affect 
the usability of certain approaches to the helipad. 

However, for a really detailed picture of localized turbulence 
—which is highly sensitive to small details of the building 
envelope—a quantitative approach is preferred in which 
we build instrumented physical models and test them in 
a wind tunnel (Figure 3). (We find that CFD studies usually 
aren’t an efficient means to quantify these complex effects.) 
In wind tunnel studies, we look for a couple of “red flag” 
conditions. The first is sudden changes in mean wind 
velocity with height. This pattern signals a lateral shear 
flow as wind accelerates over and around the building 
(Figure 4).  The second is large changes in gust velocity in 
the vertical direction. Either could make control difficult 
for the pilot. Smoke tests in the wind tunnel also help 
pinpoint the location of problematic flows (Figure 5). 

The results from the physical wind tunnel tests are 
combined with the statistical weather data to quantify 
how often unfavorable conditions will occur. 
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Figure 3. The white model in the center is being evaluated 
in the wind tunnel to determine whether the helipad 
should be situated on the north end or the south end of 
the building. A multidirectional pressure sensor measures 
wind speed at different heights above the model.

Figure 4. For the building in Figure 3, wind speed was measured as a 
function of height for two prevailing wind directions at two proposed 
locations on the roof (top). It is easier to land a helicopter when the 
wind speed is the same at all points during the descent. The wind 
tunnel results show that at the north helipad (middle), conditions are 
unfavorable in both prevailing winds: The wind speed changes with 
height. In contrast, the south helipad (bottom) will have favorable 
conditions at least some of the time: The nearly vertical curve (in red) 
shows that when winds are from the south, the wind speed is about 
the same at all points above the building (making it easier to land). 
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Mitigation for airflow effects  
Optimizing the helipad location from the start is likely 
to be the most effective mitigation for wind issues—
and for most of the issues identified in this review. 

At the design stage, the team can use wind data to 
• adjust the siting of the helipad (through 

relative comparisons of potential options)
• select dimensions for an air gap below 

the helipad to reduce turbulence
• select or refine the massing configuration
• understand how often operations may be disrupted.

When the helipad is operational, the controller 
or operator can use wind data to
• advise pilots of difficult conditions
• restrict use when conditions reach 

an established threshold.

Related issues for airflow effects  
Two other points warrant consideration. First, the preceding 
discussion is for a new helipad, but the same techniques 
can be used to evaluate new construction that affects 
an existing helipad nearby. The effects are sometimes 
beneficial. For example, a new building of similar height 
may smooth out the flow of wind approaching the helipad. 

Second, wind is not the only source of turbulence. 
Rooftop exhaust sources such as cooling towers, co-
generation and diesel generation plants can emit plumes 
with enough heat and/or momentum to create vertical 

turbulence. Depending on where this turbulence occurs 
in the approach path, it could disrupt pilots’ control 
during landing or takeoff. Solutions are to move the 
stacks, revise the approach path or keep the approach 
path deliberately steep to avoid the plumes.

Wind effects from aircraft (downwash)
Although our first task is usually to consider the effect 
of ambient winds on the aircraft, we also consider 
wind effects from the aircraft. Air downwash created 
by helicopter rotors can cause two kinds of problems: 
It disturbs people and damages buildings. 

On the people side, the presence of helicopters may 
reduce the usability of rooftop terraces and other 
outdoor amenities. Occupants may feel uncomfortable 
or, in extreme cases, actually be injured. Furniture 
and other objects may move or tip over. 

For buildings, the chief danger is to cladding. Downwash 
from an approaching helicopter creates suction on the 
side face and high pressure on the roof (opposite to the 
effect of ambient winds; refer to Figure 6). These forces can 
dislodge or damage cladding materials. Also, during the 
construction phase, construction materials may be dislodged.

Analysis of downwash 
The velocity of the downwash under the rotor can be 
calculated by using the total loaded aircraft weight, 
the vertical acceleration and the rotor diameter. The 
jet of air that is produced will spread out and slow 
down as it travels away from the rotor. As a result, it is 
possible to calculate the downwash velocity at a given 
height when a helicopter passes directly overhead. 
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Figure 5. Unrelated building structures can create problematic 
turbulence at the helipad. Here, in an image from a wind tunnel 
test, the wind is coming from the left. While some of the airflow 
passes over the small structure at the right, most of it curls under 
to produce a region of turbulence directly over the helipad.

Figure 6. Downwash from an approaching helicopter creates 
suction that can exceed the design pressures for extreme 
winds and thus may dislodge cladding materials.
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To determine the effect of helicopter downwash on building 
components, we first create a representation of the rotor 
downwash jet on the target building at a suitable model 
scale. This downwash jet is modeled as an annular jet, with a 
profile similar to published values from full-scale downwash 
measurements. The scale model approach also needs to 
account for the turbulence resulting from the helical wingtip 
vortex that would occur beneath an actual helicopter rotor. 
Therefore, to account for that additional turbulence, the 
model jet is designed to represent the time-averaged mean 
downwash velocity and the peak-mean velocity ratio that 
would be measured beneath a full-scale rotor. The next 
step is to convert the pressures experienced by the building 
model to full scale. This scaling of the pressures is based 
on the similarity of the disc loading between the published 
data and the model scale. The model-scale parameters are 
refined through calibration tests by using published flow-field 
measurements for rotor downwash forces (see references).

Mitigation for downwash  
The effects on people are likely to be more pronounced 
for users of upper terraces. For example, the owner of 
a pricey penthouse terrace may be outright angry, while 
users of lower terraces may be only mildly annoyed. 
Depending on the situation, mitigation may not be 
needed because the effect is of short duration (a few 
seconds) and people have ample warning. If mitigation 
is necessary, the following options can be considered.

For a new design, (1) consider an alternative layout 
and/or locations for the outdoor spaces to keep 
them away from the flight paths or (2) use physical 
mitigation, such as solid canopies (such canopies must 
be designed to withstand the force of the downwash). 

For an existing building and new helipad, evaluate the 
location of the helipad and possible flight path alternatives. 

Ultimately, the need for mitigation will depend on the 
perceived nuisance level, which is a function of the frequency 
of disruption and its source. For example, disruption from 
aircraft transporting critically ill patients may be tolerated 
more willingly than commercial or private traffic.

To account for downwash effects on buildings, the results 
of the analysis are used as the basis to ensure the building 
elements are designed (or modified in the case of an 
existing building) to withstand the pressures expected 
to occur as a result of the helicopter downwash.

Noise
For many project stakeholders, “helicopter” may be 
synonymous with “noise.” Helicopter noise has two 
components: engine noise and rotor noise. Engine noise 
is mostly directed upward because the engine is on top of 
the aircraft and thus partly screened by the aircraft body. 
Noise from the main rotor is mostly directed downward, 
because it radiates off the underside of the blades. This 
is the primary source of noise considered and is caused 
by two mechanisms: wind flowing over the blades and 
shock formation (both transonic shock formation and 
percussive interaction with the vortex coming off the blade 
in front of it). The tail rotor creates noise through the same 
mechanisms but on a smaller scale and directed toward 
the sides. Tail rotor noise is typically a lesser source.

Analysis of noise 
Every helicopter type has different characteristics that 
influence the volume and frequency of sound it generates. 
For an accurate design analysis, it is necessary to know 
which type(s) of aircraft will be using the helipad and how 
frequently. Noise measurements of the actual helicopter(s) 
to be used at the site are ideal; however, the U.S. Federal 
Aviation Administration (FAA) publishes a large database 
of standardized aircraft measurements (see references), 
making it easier to compare different aircraft.

The most common noise-related complaints are—in 
order of increasing severity—distraction, interference 
with speech and sleep disturbance. Numerous studies 
are available on annoyance due to aircraft noise (see 
references). Results are usually presented with increasing 
noise level on the x-axis and increasing annoyance on 
the y-axis. In general, as noise increases, the percentage 
of people annoyed will increase. Where specific noise 
limits are not defined by local zoning, these published 
curves can be used to guide good engineering practice 
and establish the acceptable criteria for the design.  

To determine how the helicopter noise will propagate, we 
examine the full range of available approach and takeoff 
paths around the facility, in addition to the stationary 
helicopter on (or above) the landing pad. We can model 
a flight path as a three-dimensional noise source, along 
with the geometry of the surrounding buildings. If the 
results of the noise modeling reveal that the criteria will 
be exceeded, then noise mitigation will be necessary.
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Mitigation for downwash 
The first decision for mitigation is, again, location: whether to 
land on the roof or on the ground. Landing on the roof may 
put the helicopter passengers closer to their destination, 
such as the emergency department, penthouse suite or 
executive offices. But all those are also sensitive spaces 
where noise is not well tolerated. Rooftop landings also 
require skill to maneuver the aircraft close to buildings. 
Landing on the ground away from the building may be 
easier, but it also puts the approach path at a lower elevation 
that is often more sensitive to noise—below surrounding 
windows and closer to occupied outdoor areas (pedestrians). 
In either case, elements of the location can be used as a 
buffer to shield sensitive spaces (Figure 7). If the location of 
the helipad is not flexible, it may be possible to reexamine 
the space planning for the building in an effort to locate the 
more noise sensitive spaces farther away from the helipad 
and flight path effects.  

The next strategy is to modify the building envelope by 
upgrading the façade with construction strategies that 
minimize sound transmission. Such strategies are based 
on sound transmission class/outdoor–indoor transmission 
class (STC/OITC/Rw) ratings. Usually, modifying the façade 
is not enough by itself, because windows are always 
a weak spot for sound transmission. Complementary 
operational measures will probably be required. It may 
also be necessary to manage the client’s expectations.

The last consideration is changes to operations. One option 
is to revise the approach and takeoff paths; another is to use 

a steeper descent, known as a “noise-abatement approach.” 
These measures can be signaled to pilots by using visual 
glideslope indicators (VGSIs). 

Vibration & vibration-induced noise
Helicopters create vibration at the landing pad in three 
ways: (1) turbulence from the rotors, (2) motion from 
the engine and rotors and (3) impact from the landing 
itself. In some respects, vibration is an extension of 
the noise issue, because structure-borne vibration 
will typically manifest as noise within the building. 

Surprisingly, the largest vibration source occurs even 
before the helicopter touches the helipad. The rotor 
wake and vortices are generated in a very regular 
pattern that is directed downwards (Figure 8). These 
repeated forces acting on the landing surface shake 
the helipad at a particular forcing frequency.

Analysis of vibration
Our first concern is to compare the forcing frequency 
of the rotor turbulence to the natural frequency 
of the landing pad components, where 

rotor forcing frequency = rotor speed x number of blades.

In general, we must keep this vibration from 
propagating through the structure and into the 
building. In particular, we want to avoid a situation 
where the forcing frequency of the rotor turbulence 
matches the structural resonance of the helipad. 

Figure 7. Location is always the go-to option for mitigating noise. 
This facility receives very large helicopters. Thus, the helipad 
was located well away from the sensitive uses and positioned 
behind a utility building to gain additional shielding.

6

TRADE-OFFS IN HELIPAD SITING & DESIGN

Figure 8. Illustration of rotor vortices directed downward, impacting 
the helipad.



Mitigation for vibration  
To keep the helicopter-induced vibration out of the 
building structure, we need to create a structural break 
between the helipad and building—a separation with 
no rigid connections. Typically, if the vibration due to 
rotor turbulence is addressed, then the impulse of 
landing impact and the structure-borne vibration while 
the helicopter idles on the pad are also resolved. 

The usual approach to create the structural break is 
to support the landing pad using neoprene pads or 
springs (Figure 9). To avoid resonance in the isolation 
material, we choose a material with a sufficient thickness 

(and therefore sufficient static deflection) such that 
the resonance of the helipad is far below the forcing 
frequency from the rotor vortices (Figure 10). Ideally, 
we look for 95% isolation efficiency or better.

In addition to preventing vibration, these resilient 
connections need to withstand design loads, wind 
loading, seismic requirements and so forth. Therefore, 
the design must be verified by a structural engineer.

Air quality
The engine exhaust from helicopters can be problematic 
from an air quality perspective. Exposure to high levels 
of the products of combustion, such as NOx (oxides of 
nitrogen) and carbon monoxide, is a recognized health 
hazard. However, pollutant levels aren’t normally a 
significant problem for helicopter exhaust, as the typical 
concentrations within the exhaust stream are fairly low. 

The bigger problem, in practical terms, is exhaust odor. 
Helicopter exhaust can be offensive even at a significant 
distance (Figure 11). The challenge is compounded because 
the problem cannot be corrected at the source. The options 
considered for a typical exhaust stack—discharge vertically 
away from the roof, make it taller, increase the discharge 
speed, etc.—are not available for a helicopter. Mitigation 
usually involves strategies to promote the effective 
dispersion of the helicopter exhaust before it reaches a 
sensitive receptor (i.e., increase exhaust dilution levels).  

Analysis of air quality 
Helicopter odor is made up of dozens of compounds. Thus, 
it is impossible to directly measure a particular chemical 
as an indicator of odor. Instead odors are measured using 
an “odor panel.” In this method, exhaust samples are 
collected and delivered to an odor panel laboratory, where 
nine people are asked to indicate when they can detect an 
odor in a progressively less diluted sample of a particular 
exhaust. A specific protocol prescribes the dilution levels, 
presentation and participants. This process allows us to 
perform a statistical analysis to quantify the strength of the 
odor (as a function of odor units, OU). The odor strength 
determines how much the exhaust must be diluted before 
it reaches a sensitive receptor in order to reduce that odor 
to an acceptable level, which is typically referenced as one 
OU (i.e., the odor target). Through this process, we have 
determined that, for helicopter exhaust, a dilution level of 
about 2000:1 is necessary to reduce the odor strength to one 
OU and thereby reduce the risk of odor-related complaints.

Figure 9. A range of conceptual design options are shown 
for structurally isolating the helipad landing surface. These 
isolators prevent vibrations from traveling into the structure.

Figure 10. The vibration response of the isolators (blue line) must 
peak well below the forcing frequency of the rotor turbulence  
(red line).
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To determine the level of exhaust dilution achieved at 
sensitive receptor locations, we use wind tunnel tracer gas 
dispersion modeling. We install a working exhaust pipe 
into the model of the helicopter and emit a tracer gas into 
the flow field for many wind directions and wind speeds. 
The exhaust scenario can be modeled to represent a case 
where the rotor downwash will influence the dispersion, 
or the case of an idling helicopter when downwash is not 
occurring. The flight path is an important consideration 
as well, because it will dictate what direction the exhaust 
tailpipe is pointing when the helicopter lands/idles. We 
measure the tracer gas concentration at receptor locations 
around the model. The ratio of the initial concentration 
released to the final concentration measured at the 
receptor is the dilution level. For cases where the dilution 
level is found to be less than the 2000:1 odor target, we 
combine the wind tunnel data with the statistical frequency 
of winds from various directions to determine how often 
there may be a risk for unacceptable odor levels.

Mitigation for air quality  
Again, location is key. The relationships to consider are  
(1) the separation between the pad and sensitive receptors 
(intakes, operable windows, etc.) and (2) protection of 
sensitive receptors from the exhaust plume. It is especially 
important to identify odor issues early in design, so that 
both the helipad location and the location of the sensitive 
receptors can be optimized to the extent possible. Figure 11 
shows the results of wind tunnel dispersion modeling and 
wind frequency analysis to compare two helipad locations 
and two alternate intake locations. The helipad location on 
the right of the figure performs better overall, regardless of 
the intake location. For the helipad location shown on the 
left, the upper intakes perform better (lower OU values and 
frequency). This data can be helpful to optimize both the 
helipad and air intake locations. 

Late in design, or after the building is operational, ducting 
intakes away from vulnerable areas may be a feasible 

Figure 11. Two helipad locations are evaluated by using wind tunnel tracer gas dispersion modeling to quantify strength and frequency of 
potential exhaust odor.
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adaptation (Figure 12). As a last resort, operational solutions 
may work, for example, adding filtration or temporarily 
closing the dampers on the air intakes when a helicopter 
lands. We hear reports that this strategy can be effective, but 
timing can be an issue, and some odor may still enter the 
building. Operational solutions are always the last choice for 
mitigation because they are not as effective as a permanent 
design solution and will entail ongoing effort and costs.  

Related issues for air quality 
Dispersion effects also extend to thermal and vapor 
plumes, although these are not air quality issues, 
strictly speaking. Thermal plumes can produce 
turbulence, as mentioned earlier, and vapor plumes 
from cooling towers can obscure visibility.

Holistic Review of Solutions
Clearly, the interrelationships among effects and 
mitigations are especially complex for helipads. 
Table 1 lists the most significant considerations. 

When project constraints allow, we recommend 
taking time early in design to step back and look at 
how these strategies can work together in the design 
as a whole. It is very easy for a team to fix one issue 
without realizing they’re making another one worse. 

The optimal solution may involve the use of several 
strategies. The goal is to find the right combination of 
measures to optimize the design—to reduce or offset as 
many issues as possible in the most cost-effective way.

Always, the best solution is early intervention. 
Any of the ideas here will be most effective if 
applied as early as possible in design.

The best early interventions concern location.  
The following are some of the most effective modifications:
• optimize location of the helipad for safe aircraft 

operation (a function of building aerodynamics)
• locate outdoor pedestrian spaces away from flight paths
• increase distance and use setback/buffer zones 

between helipad and noise-sensitive receptors
• increase distance from helipad to protect fresh-air intakes.

Table 1. Helipad Design and Mitigation Considerations

Strategy Examples

Location Helipad location 
Building layout 
 Remassing
 Space planning
Site layout
 Setbacks
 Buffer zones

Building  
envelope

Feasibility of operable windows (noise 
and air quality)
Façade features  
(for downwash pressures)
 Canopies 
 Cladding adjustments 
 Roof construction 
Sound-transmission control

Mechanical  
systems

Intake location
Intake filtration 
Avoid nearby rooftop stacks

Helipad  
design elements 

Air gap
Vibration isolation

Operational Visual glide slope indicators
Intake closures during landing/takeoff
Limitations on operation schedule
Closure during extreme wind events

Figure 12. Entrainment of helicopter exhaust odors can be a problem 
even at several hundred feet. On the building in the background, four 
intakes have been ducted up and away from the helipad in a last-
ditch solution.
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