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Background

 Green Roofs are an increasingly popular stormwater control
device and add many benefits to a structure such as reducing
the heat island effect.

 The purpose of the research is to build a knowledge base of
the green roof’s response to lateral excitations:

I. their susceptibility to seismic events

II. how they influence the structure they sit on.

 The study concentrated on extensive green roof systems due
to them having a lower structural demand (weight) when
compared with intensive green roofs.



Introduction- Green Roofs 
and Tuned Liquid Dampers

 Thin layer of light weight substrate (Zeolite mix) on top of 
drainage layer and Selliera plants.

 Research into tuned liquid 
dampers revealed potential 
for the green roof to act in 
a similar fashion due to the 
drainage layer being able to 
store free water which would 
flow in a turbulent  manner 
thus damping the vibrations 
felt in buildings.



Objective

 To establish how the presence of a green roof on a multi-
story building in New Zealand affects its structural response
during seismic and wind excitation.

I. Can the substrate sustain these excitations while
maintaining its integrity.

II. Does the green roof enhance the damping of the
structure.



Methodology-
Substrate strength

 Testing the substrate strength involved placing a model with a 
substrate layer 50mm thick on a shake table and 

measuring the motion 

in the substrate.

 First, test without plants

 Next, test the variation of 

the moisture content within 

the layer.

 Finally, test model with 

plants to see the added 

effect of the plants.



Methodology-
Damping enhancement

 Attach a small green roof model to a single storey and a three 
storey box structure-

Different natural frequencies. 

 Use snap back testing 

methodology.

 Accelerometer output to 

determine damping  ratios 

and natural frequencies. For 

three storey model a low 

pass filter will be required.



Output and Processing

Frequency, f = n / (ti+1 – ti) (1)

Damping ratio, (2)



Results-
Substrate strength

Detrimental Ground Accelerations for each Frequency
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Results –
Damping enhancement

 Natural Frequency: 

4.6 Hz – Single Storey  

1.3 Hz – Three Storey 

 Damping Ratio

Single Storey - Lump mass = 1.9 % 
- Fully Saturated = 2.1 %

Three Storey  -Lump mass = 0.8 %
-Fully Saturated = 1.4 %



Discussion-
Substrate strength

 The addition of the plants meant failure could not be achieved 
in the substrate.

 Therefore a green roof with a developed plant system would 
survive most ultimate limit state excitations.



Discussion-
Damping enhancement

 The damping enhancement tests showed no increase in the 
damping ratio until the field capacity was reached.

 Controlling outlet points to control water in the drainage 
layer.

 Challenge for designers and clients will be to determine 
whether the benefits of the additional damping outweigh the 
structural demands.



Discussion-
Damping enhancement

Applications for full size structures:

 Simulations were conducted for a 15 storey full-scale building 
of natural period of 1.5s. The building was assumed to have 
200mm concrete slab floors. 

Two cases of the building 

damping ratio without water 

in the drainage layer of the 

green roof of 0.5% and 1% 

were considered.

 For a full scale green roof, 

its damping coefficient was 

proportional to the volume of 

water in the drainage mat.



Discussion-
Damping enhancement

 Practically linear increase can be observed in the both cases 
of initial damping ratio and 50mm or 100mm of water more 
than doubles the damping ratio for both cases.



Conclusions

 The damping ratio increases for all natural frequencies but is 
particularly effective for wind-sensitive structures.

 Exciting possibilities for designers looking for green solutions 
as the green roof is able to mitigate structures response to 
lateral excitations as well as being able to maintain its 
integrity during these events.



Any Questions?

THANK YOU


