Viscous Dampers Come of Age

A New Method for Achieving Economy in Tall Buildings
By Michael Willford, Rob Smith, David Scott and Matt Jackson, S.E.

It is often found that the design of
tall buildings is governed by the need
to limit the wind induced structural
vibrations to an acceptable level. This
leaves the designer with the option of
either increasing the amount of steel or
concrete in the building’s lateral system
to add stiffness, or of adding a complex
and expensive damping system in order to
ensure the comfort of building occupants.
Various damping systems have been
employed on tall buildings throughout
the US and overseas, and have proved
to be economic for buildings above a
certain height, particularly in windier
climates. A new type of damping system
employing viscous dampers is currently
being designed for tall burldrngs in
Europe, Asia and the Amesieas, that
achieves higher levels of
other dampin

W way to
tall buildings.

The commonly

water, located at the top of the building,
which is tuned to the motion of the
building to absorb energy. This mass is
significant, usually a few percent of the
building mass, and thus, in addition to
the cost and complexity of the damper
itself, additional structure is required to
support the load and prime real estate at
the top of the tower is lost.
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A new system for providing damping,
the Damped Outrigger concept (patent
pending), is currently being installed in
towers in the Philippines, and is in the
design stage for several other towers
around the world. In this system, viscous
dampers are used to damp the relative

outriggers attached to
the core and the perimeter structure,
hus efficiently dam e first mode

of vibration any similar
altermte onﬁ rations are possible
e same effect, including

mpe located in outriggers, at the

of outriggers, or between outriggers

extended between dual cores, shear walls
and columns.

Analysis shows that with viscous
dampers at just 4 to 8 locations in these
configurations, similar or greater levels of
damping than a TMD can be achieved,
whilst adding no weight and only
occupying a small area of an available
mechanical floor. This system can be
installed on both steel and concrete frame
systems and, depending on the position
of the outrigger level or by using multiple
outrigger levels, damping up to 10% of
critical can be achieved, with further
significant benefits for the structure.

cantinum’ on nextpﬂge

Damper and Attachments.

Column

Connection
block

Steel
connection

Damper
with cooling fins

Pressure
release valve

Connection
block

Outrigger
wall

STRUCTURE magazine m June 2008

SI)IWONOZ)§| WANLNILS



Building A, Mxx Moments, Vh=30m/s,Test 1, Omni-Directional Speeds Reduced Wind Loads
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Figure 2: Base Moment Against Wind Angle for Various Damping Levels.
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Damper Design

The design considerations for dampers use
in damped outrigger systems to resist both

Reliability can be achieved by using well
designed dampers, by using multiple dampers
on each outrigger and by an appropriate
inspection plan.

A further benefit of the damped outrigger
system is that it provides damping in all
modes of vibration. For super tall structures,
ructure, to maximize the overall level of  the higher modes of vibration may also be
ice, and viscous dampers mu damping achieved. In general it is found excited by the wind, and in seismic events
so that the seals provide a long  that the overall level of damping is not very  the higher modes will be the dominant
life and the static friction is low enough that  sensitive to the precise damper rate, and  ones excited.
the dampers move in relatively modest wind  therefore it is possible to use dampers that It is interesting to note that it is common
events. These dampers must also be designed to ~ do not have an exactly linear characteristic ~ practice for engineers and wind tunnels
dissipate sufficient energy in the form of heat, ~ — which allows more damper manufacturers  to assume damping levels of 1% for steel
so that their performance does not degrade  to compete for their production. buildings and 1.5% for concrete buildings.
during a wind storm that may last

many hours. An analysis is needed
to assess the power dissipation
requirement, and devices such as
external cooling fins may be added
to aid in cooling.

These dampers however are not
dissimilar to some of the large
dampers used in the shipping and
manufacturing industry, and even
with very onerous specification
requirements, manufacturers will
provide performance warranties
for 20 years or more.

To design the damped outrigger
system, it is necessary to analyze the
dampers within the whole building
structure, as the stiffness of the
structure to which the dampers are
attached has a significant effect on
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St. Francis Shangri-La Place, Construction Photos.
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However, recent measurements show that the
damping levels on very tall buildings may be
as low as 0.5%. This reduction in damping
may occur because the size of structural
elements becomes very large on tall towers and
the damping effect from internal partitions
and cladding becomes proportionally less
compared to the structure. However Figure
2 shows how significant the damping level
is to the design forces and the predicted
movements and accelerations.

c Factored overturning
Effect | Method Assumption moment (GNm)
Wind Code [ Code winds, damping = 1.0% 7.4

=N
Wind Code [ Code winds, damping = 7.5% 4.5
. Winds from climate study,
Wind WIT damping = 7.5%
Table 1: Variation of wind loading with damping.

Design Example

This example is a development of two
similar residential buildings 690 feet tall and
approximately 125 feet square in plan, located
in a region of typhoon winds and UBC Zone
4 seismic conditions. Each building has a
reinforced concrete core (coupled in one
direction) and an irregular arrangement of
perimeter columns and walls.

For each of the two buildings, 8 outrig
walls are attached to the core i
half way up the buildi
are attached to

|
his building is
n and the viscous damper
ed and tested.

Wind Effects

The building is subjected to regular typhoon
winds. The likely dynamic response was ini-
tially calculated using the Detailed Method
of the National Building Code of Canada for
both along-wind and across-wind directions.
For occupant comfort, 10-year and 1-year re-
turn periods were considered, and 100-year
return period was taken for strength design.
Following initial design, wind tunnel testing
was used to better quantify the wind loading.
Alongside the wind tunnel tests, a directional
climate study was performed. This made a
significant difference to the final assessment of
wind induced response.

Considering one load direction only, the base
overturning moments are shown in 7able 1.

It can be clearly seen from 7able I that the
use of dampers, alongside a climate study,
has reduced the overturning moment by
50%, representing a significant reduction
in load and associated structural cost.

Lateral accelerations were predicted for the
10-year wind, using wind tunnel tests. From
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the results shown in Table 2, it is clear that

the addition of damping substantially
reduces the lateral accelerations below the

recommended limit for the return period.
In addition, the reduced design wind
loads and improved seismic performance

led to construction savings in ex@ss of

Effect Method Assumption Latera(ll:i(l:;:zlge)ration
Ifgt;zlr a;::/iciieration | wrT giirrgait;gst:u;l% Z}foinds intrinsic 25.6
P e e
Ildgt}elzllr a\)‘c/iczﬁfration | wrT i;lfrg‘f:itsg limit for 10 15

Table 2: Variation of lateral acceleration with damping.
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e high level of reliable damping
can significantly reduce the dynamic forces
which the str must be designed for.

This 1 some new approaches to
‘des@must be completely integrated in

théstructure from an early stage to obtain
| ntaximum benefit.

If the level of damping is sufficiently high,
then the resonant response of the structure
to the wind is virtually eliminated. In this
case only the quasi-steady component of the
wind load needs to be designed for, and thus a
tower may be shaped to minimize drag, with
reduced concern for vortex shedding and
cross wind response.®
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