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ABSTRACT :

The Hysteretic Device System or Hyde System is a passive control concept. The controlled mechanism is an
arrangement of rigid blocks coupled by elastic-plastic steel or friction devices. The aim is to dissipate the largest
part of the input energy in these devices. To stabilise this mechanism during the nonlinear action of the devices,
an elastic stiffening system in parallel to these devices is needed. But the stiffness may not be too high, since
otherwise the energy dissipation in the devices is reduced. Such systems are particularly suitable in soft storey
structures. The devices are attached in the soft storey, the motion is concentrated there and the other storeys react
as a rigid body. Since soft storeys exist in a multitude of present buildings, the Hyde System is a useful concept
for seismic retrofitting. To choose the necessary yielding force of the devices with respect to the allowed storey
drift in the soft storey, a design curve is determined. This design curve shows the relationship between the storey
drift and the yield force of the devices. For the determination of the design curve, a large number of
time-consuming and error-prone nonlinear time history analyses have to be performed for various yield force
levels of the devices. In this paper, a simplified calculation procedure for Hyde Systems is shown. The principal
item of the procedure is an approximation for the design curve. So the large number of time history analyses is
not necessary for the design anymore. The expenditure for the design of Hyde Systems reduces almost to the
range of a conventionally design. By this simplified procedure, it is possible that the Hyde System concept can
be used by a wider circle of engineers.
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1. HYDE SYSTEM CONCEPT

A Hyde System consists of two parallel structures: A Primary Horizontal load bearing system (PHS) with
Seismic Links (SL) where Hysteretic Devices (Hydes) are placed and a Secondary Horizontal load bearing
system (SHS). The Primary system must be very stiff in order to concentrate horizontal displacements in its
Seismic Links. The Hysteretic Devices must show almost ideal stiff-plastic behaviour by use of dry friction or
yielding. Then, already small movements in the links cause plastic energy dissipation transmitting only the
maximum friction or yield forces to the adjacent rigid structural blocks. These conventional structures are thus
protected from overloading. A well designed Hyde System dissipates around 85% of the earthquake's input
energy and thus leads to small link displacements and forces. The SHS must stabilise this mechanism with
respect to the P-A effect during non-linear action of the PHS. It must therefore be stiff enough to perform this
task; however it should not be too stiff, as this stiffness will otherwise draw energy away from the Seismic Links
and thus diminish the efficiency of the Hyde System.
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Figure 1 Mechanism of a Hyde System

2. DESIGN OF HYDE SYSTEMS

To choose the necessary yielding force (Fyyq.) of the Hysteretic Devices with respect to the allowed storey drift
in the soft storey, a design curve is determined. This design curve shows the relationship between the storey drift
and the yield force of the devices. It is limited by two elastic systems: (1) by the building without Hysteretic
Devices and (2) by devices being strong enough that they do not yield (only elastic behaviour of the devices).
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Figure 2 Design curve for a Hyde System

The design curve can be calculated by non-linear time-history analysis for different yield-levels of the devices.
Typically, 4 to 5 points should be calculated covering the range between the two elastic limits of the design curve
To represent the ground motion, artificial accelerograms matching the elastic code design spectrum can be used.

Many codes require at least 3 of them for design. Thus, about 15 to 20 non-linear time history analyses are
typically required to obtain the design curve.
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Figure 3 Artificial accelerogram matching a typical design spectrum

3. SIMPLIFIED DESIGN METHOD

To reduce the expenditure for the design of Hyde Systems, a simplified design method has been developed. By
this method, only modal analysis of the building is needed. To perform the design, a linear model of the building
is needed. The model without devices in the Seismic Link is used to describe the Secondary Horizontal load
bearing system and the model with elastic elements for the devices is used to describe the Primary Horizontal
load bearing system. By means of this model, the first eigenperiod of the Secondary and the Primary Horizontal
load bearing system can be calculated. In the following, these values will be called Tsys and Tpys. By using
modal response spectrum analysis, the deformation in the Seismic Link for the system without devices (dsys) and
for the building with elastic devices (dpys) can be easily calculated. Furthermore, the force in the devices for the
building with elastic devices (Fyydee1) is needed. For the calculation of dpys, a reduced viscous damping ratio
(&pus) should be used. This takes into account that, by introducing the devices in the Seismic Link, the stiffness is
considerably increased but not the viscous damping. Assuming mass-proportional damping, the reduced
damping can be calculated without knowing the damping matrix of the model.

gPHS = Lo g (3.1

TSHS

The simplified design method uses a scaled deformation d and a scaled Force F .

g =9 deus (3.2)
dSHS dPHS
Fo_F (3.3)
FHyde,el

With this definition, the scaled deformationd is 1 for the displacement without the devices (dsys) and 0 for the
displacement with elastic devices (dpys). An approximation for the scaled design curve is given as follows.
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The values for a and b are given in Table 3.1. These values depend on Tsys, Tpus and the subsoil class.

Table 3.1 Coefficients for the approximated design curve (subsoil class A according to Eurocode 8)
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Figure 4 Scaled design curves

This simplified design method can be used, if the effective mass of the first mode of the structure is at least 90%
of the total mass of the structure. This criterion is usually fulfilled for soft storey buildings.
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4. DESIGN EXAMPLE FOR A 4-STOREY BUILDING

In Figure 5, a 4-storey reinforce concrete frame building is given. The Seismic Link consists of RC-walls
(separated from the adjacent columns) with shear panels. The Secondary Horizontal load bearing system is the
RC-frame in the ground floor.
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Figure 5 RC frame building with masonry infill designed as Hyde System

]

Except of the shear panels, all other structural elements must remain elastic during the entire earthquake. On the
basis of this condition, the maximum allowed storey drift is derived from the quasi-linear limit state of the frame
columns in the ground floor. A linearized moment-curvature-diagram yields a design displacement dj;,,= 3.88 cm
in this case.
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Figure 6 Design displacement defined by quasi-linear limit state of the frame columns

Figure 7 shows the first mode shape of the building without Hysteretic Devices and with elastic devices.
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Figure 7 First mode shape of the building without and with elastic devices
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The building should be designed for an earthquake with a design ground acceleration a, of 0.35g and Subsoil

Class A. A viscous damping ratio & of 5% is used. Therewith, the reduced viscous damping ratio can be
calculated.

Tons 2 2 019 5 6.90% 4.1
Tous 1.06

Epus =

By using modal response spectrum analysis, the two elastic limits of the design curve are dsys = 17.29 cm and
dpus = 0.045 cm. The value for Fyyyge o is 575 kN. Therewith, the scaled design displacement can be calculated.

5 _ i —dpgs _ 388-0.045 _ ., @2)
dgys —dpys 17.29—0.045

lim

The values for a and b are taken from Table 3.1 and the scaled design force as well as the design force are
calculated.

1.33531

— — b
Fin =(1-d,,") = (1-0.22°%1) 7 20,2153 (4.3)
Fiisce = Fim - Fitgaor = 0.2153-575 =123.8kN (4.4)

By using equation 4.5 the Hyde forces for any storey drifts can be calculated. In figure 8, the approximated
design curve and the design curve being calculated by using time history analyses are given.
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Figure 8 Design curve
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To control the efficiency of the Hyde System, the energy balance for the building is calculated. Figure 9 shows
that most of the energy is dissipated in the hysteretic devices.
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Figure 9 Energy balance under seismic loading

5. CONCLUSIONS

A simplified design method for Hysteretic Device Systems is presented. By using this method, it is not necessary
to use nonlinear time history analysis. Only modal analysis of the building is needed. The calculation of the
required yield force for the hysteretic devices is done using simple equations. Thus, the effort for the design of a
Hyde System is considerably reduced. For the first time, this enables a quick, code based design within the time
constraints of every-day structural design practice. In this paper, the simplified design method and its application
demonstrated on a Hyde System design of a 4-storey building are explained.
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