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THE USE OF HYDRAULIC DAMPERS FOR THE PROTECTION OF THE
STRUCTURESFROM THE SEISMIC RISK: AN OUTSTANDIG EXAMPLE.

A. Marioni — R. Dalpedri

AlgaS.p.a, Milano

ABSTRACT

Under the name of hydraulic dampers a wide variety of devices may be considered that
utilises the viscosity properties of a fluid to reach some positive effect on the structures in
order to improve their resistance against the effects of an earthquake.

A main distinction may be made between the so called Shock Transmission Devices (STD)
and the Viscous Dampers (VD).

The first ones (STD) are utilised in a structure to allow slow movements due to thermal
effects, creep and shrinkage and to provide additional rigid points in case of an earthquake.
These devices have no effect on the seismic response of the structure but allow to distribute
the horizontal forces generated by the earthquake in many points.

The second ones (VD) can also significantly reduce the seismic response dissipating high
amounts of energy.

As an important example of application the paper describes in details the seismic retrofitting
of the Carquinez bridge, in the San Francisco bay, California. For that project very large
hydraulic devices with a capacity of 16000 kN have been manufactured. The paper describes
the conceptual design, and the tests performed on the devices. probably the biggest

antiseismic devices ever dynamically tested in full scale in the world.
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1. IN GENERAL

Under the name of hydraulic dampers a wide variety of devices may be considered that
utilises the viscosity properties of a fluid to reach some positive effect on the structures in
order to improve their resistance against the effects of an earthquake.

Common feature of the different types of hydraulic dampers is the presence of a cylinder
filled with oil. The cylinder is divided into two chambers by a piston. The device is fixed to
the structure, normally through spherical hinges, in such a way that the relative movement of
the structure causes the piston to move inside the cylinder. The movement of the cylinder
causes the ail to flow from one chamber to the other through an Hydraulic circuit. The flow of
the oil causes the behaviour of the device that is depending from the viscosity of the fluid and
the properties of the hydraulic circuit.

The behaviour of aviscous dampers can generally be described by the equation

F=C VK+A

Where:

F isthe force applied to the piston

V isthe velocity at which a piston is moved

C, A and K are constants depending on the properties of the fluid and the hydraulic circuit.

In the following schemes the force-velocity and force-displacements diagrams are plotted for
different values of the exponent K assuming A = 0. (See Fig. 1) in the following page:
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Fig. 1 — Force vs. Velocity and Force vs. Displacement plots (for a sinusoidal excitation) of

Hydraulic Devices for different values of the exponent K, in an arbitrary scale.

From the above plotsiit is obvious that the exponent K=2 or greater will be preferred when the
difference of force at low velocity and high velocity shall be maximised. This is the case
when the device shall allow slow movements due to thermal variations, creep and shrinkage
and became rigid in case of dynamic actions like wind or earthquake and when the energy
dissipation is not required. These devices are commonly known as Shock Transmission
Devices (STD), Lock-Up Devices (LUD) or Hydraulic Couplers (HC), they are treated in
more details in the following paragraphs.

When the dissipation of energy is the principal performance required to the devices, exponent
K=0,2 or smaller is preferred since it is evident from the force-displacement diagram that the
energy dissipation, that is proportional to the area of the plot, is increasing when the exponent

is decreasing. In this case the devices are more commonly known as Viscous Dampers (VD)
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2. THE SEISMIC RETROFITTING OF THE CARQUINEZ BRIDGE

2.1 General

The Carquinez bridge is one of the toll bridges of the San Francisco bay area, in California. It
consists of two parallel steel cantilever structures, one built in 1927 having a length of 1620
meter, the other built in 1958 having a length of 1588 meter. The channel span for both
structures is 330 meter and the tower height is 94 meter.

The two structures that currently bridge the Carquinez Straits play an important role in the
Bay Area s transportation network and are used by more than 109,000 drivers every day. The
Carquinez Bridges do not meet current seismic design or traffic safety standards and they will
be the subjects of two major projects

Thefirst project involves retrofitting the existing eastbound bridge, that includes 12-foot lanes
and two 2-foot shoulders, originaly opened in 1958, for safety and seismic stability. The
second project will replace the existing three lanes westbound 1927 bridge with a suspension
style bridge that will provide, with three mixed-flow lanes and one carpool lane, the latest
construction technology with public amenities such as a pedestrian bike lane and two new
vista points. The retrofit of the existing 1927 bridge was rejected in favour of replacement
because the deterioration of its metal components, the difficult accessibility and maintenance
of the structural members, and major rehabilitation is virtually impossible while the bridge is
being used for traffic.

The cost of retrofitting the 1958 structure is $70 million. The contract for this project was
awarded on Friday, June 19, 1998 to Balfour Beatty Construction, Inc. The contract for the
design, manufacturing and testing of the Shock Transmission Devices (STD) has been
awarded to the Alga-Techstar J.V. afew days later. Retrofit construction on the 1958 bridge is
projected to finish in August 2001.
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This project will facilitate the following upgrades:
replace or strengthen the steel truss membersin the bridge towers;
reinforce pile foundations of Pier 5 at the south end of the bridge;
retrofit the abutment where the bridge touches down on the northern end;
strengthen the eastbound on/off ramps and approach structure.
apply 6 large size hydraulic dampers between the bridge and the piers alowing free

thermal movements and providing restraint in case of earthquake

2.1 Performance and design of the STD for the Carquinez Bridge

The performance requirement of the STD are the following:
Nominal rated force = 15570 kN

Stroke length for thermal movements = £152 mm
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The STD consists of a steel cylinder and a steel piston dividing it in two chambers. The
cylinder at one side and the piston rod at the other side are connected to the structure through
spherical hinges. The dimensions of the device are quite exceptional: 870 mm diameter and
2900 mm full length. Due to the exceptional dimensions of the device an externa hydraulic
circuit and an external accumulator have been preferred to interna ones that are commonly
used in smaller devices. The main reasons for that were the following:

to alow easy access to the circuit for adjustment and maintenance

to avoid any interference between the flexural bending of the device due to own weight

and the behaviour of the hydraulic circuit

to avoid excessive overpressure in the cylinder due to the thermal expansion of the oil.
The oil flow through the hydraulic circuit is practically independent from the externa
temperature in order to provide constant performance independently from the environmental
conditions: this could be achieved basing the design of the hydraulic circuit on a turbulent oil
flow that is practically independent from the viscosity of the fluid and therefore independent
from its temperature. Turbulent oil flow also have the advantage of quite good approximating
the exponent 2 in the equation given in paragraph 1.
The structural design of the devices has been entirely performed through finite element
analysis. The sted parts are manufactured utilising very high strength quenched and tempered
steel with tensile strength up to 800 N/mm? or more. The selection of so high strength
materials was primarily due to the necessity of reducing as much as possible the dimensions
and in particular the length of the devicesin order to fit the available space in the bridge.
The devices are connected at both ends to the structure by two spherical hinges allowing a

rotation of +3°in all direction.
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Fig. 2 — General assembly of the STD’s for Carquinez Bridge

Fig. 3 and 4 — Details of the manufacturing of the STD’s for Carquinez bridge
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Fig. 5 — Installation phase of the device

2.2 Testing of the STD for the Carquinez Bridge

Testing represented for sure one of the most exceptional aspects of the job since, very seldom,
dynamic tests on so big devices have been performed in the world before and for sure never in
atesting laboratory belonging to a manufacturer.

The whole manufacture of the devices has been checked, phase by phase, for quality of
materials, welding and machining procedure and assembling. Particular attention has been
done on some exceptional weldings, to be performed on the end anchorage frames, on
structural steel parts of more than 250 mm thickness, to join by full penetration welding, that
has been qualified according AWS up to low temperature —18°C.
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All the device structural components, made by very high strength steel, have been heat treated

and checked by ultrasonic exams in order to avoid any minimal defect of the internal
structure.
The tests on the complete devices include hydrostatic tests with pressure increased up to
150% of maximum design pressure and some dynamic tests.
The dynamic tests, to be performed on each device, were the following:
Full cycle stroke test. During this test each device has been cycled through its full stroke at
slow velocity between 0,02 and 0,05 mm/s for 10 full cycles in order to verify that the
reaction would not exceed 10% of the nominal rated force.
Full force-velocity performance test. During this test the full design load of 15570 kN has
been applied to the piston at a travel rate between 0,08 and 0,5 mm/s in order to verify the
point of lock-up and the stiffness of each device. Lock-up had to be within 12,5 mm of the
point of zero movement and the stiffness of each device had not to vary more than 10%.
Simulated dynamic force transfer test. During this test the ability of the devices to lock-up
during dynamic loads has been tested. The load has been applied in the following sequence:

apply atension load of 15570 kN in 0.5 sec.

keep the maximum tension load for 5 seconds

unload and apply a compression load of 15570 kN in 1 sec.

keep the maximum compression for 5 seconds

unload
The deflection of the device between the point of zero and the maximum load, as well as the
deflection during the sustained load period had not to exceed 12,5 mm.

The last test was the one determining the necessary power of the dynamic testing system.

To perform the tests Alga basically utilised the existing equipment of its own laboratory,
although some upgrading and some additional tools were necessary.

To resist the design force of 15570 kN the existing frame for static test with a resistance of
50000 kKN was used. Since the available clearance in that frame was not enough to
accommodate the compl ete device, the dynamic tests has been carried out on the cylinder only

and the spherical hinges have been tested separately.
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To generate the necessary power the existing MTS system equipped with 250 kW pumps has

been used. To increase the instantaneous power to the required 750 kW a battery of
accumulators and a servo-valve have been added in paralel to the outlet of the MTS system.
With these additional devices the oil flow could reach the value of 1800 I/min at 210 bar for
20 seconds.

The force has been applied through 2 hydraulic actuators having a capacity of 16000 kKN. The
two actuators were connected in such away to behave as a single doubl e effect actuator.

The data recording system was able to record pressures, movements and temperature with a
sampling frequency up to 1000 Hz.

Fig. 6 shows a device during the test; it can be noticed the device at the centre with the two
actuators on top and bottom; on the right side of the picture the accumulators utilised to
increase the instantaneous power of the system can be seen. . Fig. 7 and 8 shows the action of
the two actuators on the device in order to move the piston in the two directions. Fig. 9 shows
atypical output of the ssmulated dynamic force transfer test.

Fig. 6 — A STD for the Carquinez Bridge during the Dynamic tests
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Fig. 7 — Action of the actuators on the device in the two directions
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3. CONCLUSION

The technology of the hydraulic dampers has become mature and thanks to a wide possibility
of realising the hydraulic circuits, it can accommodate practically any requirement of the
designersin terms of load — velocity behaviour in areliable way.

As evinced by the test results the STD’s for the Carquinez Bridge closely approximated the
ideal parameters insofar as allowing low velocity displacement with negligible resistance to

low velocity movements and withstanding high seismic loads with minimal deformation.

Fig. 9— The STD installed under the bridge.



