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ABSTRACT
In the Seismic retrofit design of California's Toll Bridges, seismic isolation is used in several
bridges to limit the seismic force input into the superstructure and to avoid costly superstructure
retrofit measures which would require partial lane closures and traffic interruptions. Isolation
bearings and dampers of the size required for these large span bridges have not been built or
tested to date. This paper describes the design and construction of a full scale testing facility
which will allow the real-time 6-DOF dynamic characterization of the seismic response
modification devices designed for California's Toll Bridges.

INTRODUCTION

Testing objectives and procedures

Technical requirements for the Caltrans Seismic Response Modification Device Test System
(SRMD) were developed on the basis of current design projects for the California Toll bridge
Retrofit Program, as well as the new AASHTO T-3 Guide Specification for Seismic Isolation
Design III, 121. Specifications have been adjusted during the design, to provide a very flexible
test system, open to a wide spectrum of devices and testing possibilities.
The main technical capabilities of the 6-DOF system are summarized in table 1 together with the
testing system acceptance requirements 131.

Table 1- Technical specifications

Vertical force
Vertical moment
Long, force
Lateral force
Vertical displ.
Longitudinal displ.
Lateral displ.
Vertical velocity
Long, velocity
Lateral velocity
Height of Specimen
Relative Platen rot.

53,400 kN (12,000 Kips)
8,136 kNm (72,000 Kip-in)

8,900 kN (2,000 kips)
4,450 kN (1,000 Kips)

±0.127 m (5 in.)
±1.22 m (48 in.)
± 0.61m (24 in.)

±254mm/s(10in./s)
+1,778 mm/s (70 in./sec)
±762 mm/s (30 in./sec)

Up to 1.52 m (5 ft)
±2°

Accuracy of
application

±5%

±2%
±2%
±2%
±10%
±10%
±10%

Accuracy of readout

0.5% full range
±1.35 kNm (12 Kip-in)

1.0% full range
1.0% full range
1.0% full range
1.0% full range
1.0% full range



Together with the above specifications the different types of isolating devices and dampers to be
tested and the testing objectives and procedures drove the overall design approach.
The isolating devices considered were Friction Pendulum (FPS) and elastomeric isolation
bearings, proposed solutions for Benicia-Martinez and Coronado bridge, respectively, as well as
viscous dampers, common to almost all the toll bridge retrofit projects. Testing objectives ranged
from slow speed uni-directional testing for basic performance characterization to high speed, 3-D
testing for energy based analysis. The investigation of the effect of wear and aging was also an
important issue in the proposed test program, through re-characterization of the performance of
the scale SRMDs already exposed to the actual bridge loads, deformations and environmental
conditions.

Dedicated testing facility

Targeting the possibility of testing the SRMD devices that will be installed in the first of the
Caltrans toll bridge retrofit projects (Benicia-Martinez bridge), the design and construction of the
testing facility was put on a fast track 1 1/2 year schedule. This challenging time frame did not
allow any time for construction of a new building space for the SRMD testing machine. For this
reason the University of California, San Diego located and obtained a portion of the existing
High Bay Physic Laboratory as permanent space for the testing machine. The building is located
on the UCSD campus directly adjacent to the Powell Structural Research Laboratories, with the
advantage of direct access to the support services of these Labs. The available space comprises
about 300 square meters (3,200 ft2) and is already serviced by a 20 ton (40 kips) overhead crane.
The exceptional demand of hydraulic power for this test system requires about 19,000 liters
(5,000 gal) of oil storage and a pressurization, through nitrogen gas, up to 34 Mpa (5,000 psi).
For safety reasons the pumps and the 100 accumulators will be located in a separate building.
Direct pumping, designed for long duration tests and for accumulator charge will provide 720
and 417 liters per minute (190 and 110 gpm) at 21 and 34 Mpa (3,000 and 5,000 psi),
respectively.

DESIGN CONCEPT

Machine geometry and components

The design of the test facility was developed jointly by Caltrans, the University of California,
San Diego and MTS Corporation of Eden Prairie, MN. Many preliminary configurations were
re-visited and modified due to the complexity of the project, driven by the large demand of
vertical forces and displacements, as indicated in table 1. The final design configuration of the
testing machine is shown in figure 1.
The testing system, presently under construction, consists of prestressed concrete reaction frame
(concrete box), and of a moving platen, connected by four horizontal actuators to the concrete
box. The platen slides over four hydraulic hydrostatic low friction bearings attached to the floor
of the concrete structure. The platen also extends with four steel outrigger arms that support four
low friction sliding actuators at their tops.
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Figure 1 - SRMD testing system

The testing system is completed by two additional reaction structures: a steel cross beam,
removable and linked to the concrete box through a tie-down rod system, and a heavily
prestressed reaction wall on one end of the machine. Figure 2 shows a plan view and cross
sections, with key dimensions.

Due to the large displacements of the test specimens in the longitudinal and transverse directions,
the traditional solution of a platen with hinge connection to horizontal and vertical actuators was
not practical. This configuration would have required very long stroke vertical actuators, with
deep excavation inside the existing building. Space limitations, difficulties of access for tall
excavating equipment and the need to maintain the rest of the existing laboratory in working
condition during construction made this solution impractical. The technical option MTS provided
was the use of 4 vertical hydraulic sliding bearings which support the moving platen, apply the
vertical load, and allow horizontal motion and swivel capacity with very low friction (less than
0.2% of vertical force). Characteristics of all the actuators of the system are presented in table 2.
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Figure 2 - SRMD system plan view and cross sections

Table 2- MTS actuators technical specifications

Function

Quantity
Max Force
(Tension)
Max force

(Compression)
Stroke

Rod diameter
Bore

Max velocity
Swivels

Servovalves

Pressure
Weight

Horizontal
Actuator

4
4,500 kN (1,000 kips)

7,000 kN (1,600 kips)

2.5 m (100")
0.3 m (12")
0.5 m (20")

1.8m/s(70in/s)
± 20° both ends

(19 m3/min) (5,000 gpm)
35 Mpa (5,000 psi)

13 ton (28 kips)

Vertical
Actuator- Bearing

4
NA

18,000 kN (4,000 kips)

0.25 m (10")
\_ NA

0.81m (32")
0.4m/s(15in/s)

±2°
(11 n? /min) (3,000 gpm)

35 Mpa (5,000 psi)
4.4 ton (9.7 kips)

Vertical (Outrigger)
Actuator - Bearing

4
NA

534 kN (120 kips)

0.5 m (20")
NA

0.19 m (7.5")
0.5m/s(18in/s)

±2°
(0.7m3/min)(180gpm)

21 Mpa (3,000 psi)
0.4 ton (1 kip)

This solution strongly influenced the geometry of the facility, allowing a relatively shallow
embedment of the moving platen into the support frame. The dimensions and strokes of the
horizontal actuators determined the shape of the support structure. Its close box-like geometry,
together with the property of self-reacting the horizontal forces, was desirable also for providing



containment of oil leakage and testing of specimens to failure. The large vertical loads which the
testing machine can apply are transferred to the test specimen by the 4 vertical hydrostatic
actuators through the platen and reacted against an assembled tubular cross-beam. A self-
reacting frame in two directions is thus obtained, as sketched in figure 3.

rods Cross-beam

horizontal
tetuators

Concrete box

Figure 3 - The self-reacting frames

Platen Shape and Stability

The size of friction pendulum bearings under development, together with the overall dimensions
of the concrete box, determined the geometry of the moving platen. As shown in figure 2 (and
more in detail in figure 8) the actual dimensions are based on a rectangular shape of 3.65 by 4.88
m (12'xl6')5 extended in the longitudinal direction to accommodate the four outrigger arms at
the corners and the mounting plates of the horizontal actuators. An initial analysis of the overall
stability of the platen, at the most critical conditions of loads and displacements, showed the
limits of the solution of a platen supported on four sliding bearings which provide vertical force
only in compression. A large improvement in stability was achieved by adding eccentric points
of vertical reaction through the four steel outrigger arms connected to the platen. On top of each
of these extensions a sliding bearing provides extra vertical force needed to balance the
overturning moment applied to the platen. One of the main issues was the location of the reaction
structure for these actuators, given the large range of displacements they are allowed to cover.
The solution of mounting these actuators to slide in pockets which are part of the surrounding
concrete box was adopted. The pockets in the lateral walls are covered on the inside top face
with steel plates, providing the finish conditions required for the optimum performance of the
sliding actuators. The outriggers arms will be equipped, based on the actual design, with MTS
534 kN (120 kips) hydrostatic bearings, applied above the steel arms. They allow 0.5 m (20") of
stroke. For design purpose their service capacity has been assumed at 490 kN (110 kips). The
design of the system took into account also the possibility of more powerful actuators, up to
1,470 kN (330 kips), applied above and/or below the outrigger arms.



The mechanism of stability of the platen is shown in figure 4 for elastomeric and friction
pendulum bearings. In the figure P represents the vertical load and H the applied shear force at
mid height of the specimen, A the total platen displacement, 01 and 02 the vertical forces
applied by the outrigger actuators, VI and V2 the vertical forces applied by the sliding bearings
mounted below the platen, and W the total weight of platen, specimen and outrigger actuators.
For simplicity the model is here reduced to a 2-D system. However, the response of the platen
has been analyzed with a 3-D finite element model which allowed the application of several
critical combinations of loads and displacements 131.

Elastomeric
bearings

FPS
bearings

Figure 4 - Platen stability models

The two types of isolation devices present substantial differences in terms of forces transferred to
the machine during a test. The elastomeric rubber bearings represent the most critical case for
platen stability as well as for structural demand. In fact, due to their capacity to carry shear and
end moments, they introduce a large overturning moment into the platen. This contribution is, as
shown in figure 4, increasing with the size of the specimen. Additional moments are transferred
to the platen when displacements occur. Due to P-A effect the applied vertical load P introduces
a moment with the same direction of the one due to the horizontal forces. Opposing effects are
exerted, in this case, by the platen self-weight and the vertical load eccentricity with respect to
the center of sliding bearings (centerline of the machine). The remaining force components need
to be balanced by the actions exerted by the installed vertical actuators (V,0). Several
combinations of loads analyzed showed the difficulty of establishing a general rule for the
governing force component in the stabilizing mechanism. Generally however the axial load P
represents the main reason for instability at significant displacement whereas the horizontal shear
governs for limited strokes. The balancing effect operated by the sliding actuators depends on the
proportions between applied external forces and displacement. It must be noted that in several
conditions only the actuators on one side of the platen are active (under "compression" force)
while the other ones are instead following the displaced position of the platen without providing
any force contribution.



Slightly different is the stability mechanism for friction pendulum bearings. The main reason is
the low coefficient of friction between moving components, that results in reduced overturning
moment to the platen. Also due to the articulated configuration of FPS devices, the applied
vertical load always remains aligned with the resultant of the actions introduced by the vertical
hydrostatic bearings. This condition eliminates the overturning moment due to P-A effect.
Figure 5 shows the stability response of the platen for combined transverse and longitudinal
displacements, for elastomeric and FPS bearings.
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Figure 5 - Combined envelope of platen stability curves

The envelope curves show the outrigger forces necessary to stabilize the platen, assuming the
vertical actuators below the platen are at their maximum level of reaction. In figure 5a the most
critical conditions of horizontal loads (H), displacements (A), and half of the bearing height (y)
are combined. The values of H and A are the same in both longitudinal and transverse direction.
The maximum of y=0.76 m (2.5 ft) as indicated in the plot, corresponds to the highest specimen
allowed with cross-beam installed, i.e 1.52 m (5 ft) clearance. It must be noted that also the
condition of zero shear force was analyzed for elastomeric bearings. This limit state can be
postulated to exist when an elastomeric bearing has failed in shear, while still being subjected to
vertical load. Displacements and height of the specimens range from a moderate level to the peak
values allowed by the system. The dashed horizontal lines correspond to the capacity of the
outrigger actuators. The present configuration will include four actuators capable of 490 kN (110
kips) each, mounted on top of the outrigger arms. In order to complete the analysis of stability
performance of the platen two other possible scenarios are reported in the same plot: the
presence of 1,470 kN (330 kips) actuators on top of the outriggers and/or extra actuators installed
below the platen extensions (negative values of outrigger force). For instance, the configuration
of zero horizontal load and maximum displacement in both directions (black circle in figure 5a)
does not present any stability problems up to a maximum vertical load of 17,800 kN (4,000
kips). At this level the capacity of the 490 kN (110 kips) top outrigger actuators is exceeded and



to reach stability at the vertical force of 26,700 kN (next data point) an extra force is needed
from below the platen (about 650 kN, 146 kips). Above 35,600 kN (8,000 kips) of vertical load
the capacity of the outrigger actuators is exceeded for any elastomeric bearing under maximum
horizontal displacement or load conditions. In the graph unstable conditions in case of very low
vertical load, maximum horizontal capacity and very tall specimens can be seen.

Figure. 5b shows the difference in behavior of FPS bearings with respect to the elastomeric
devices. The stability of the system becomes an issue only at very low or very high vertical
loads. For a large intermediate range of vertical forces the outrigger actuators are not required for
stability purposes. The designed system configuration with 490 kN (110 kips) actuators above
the platen arms allows stable tests at maximum displacement in both longitudinal and transverse
directions with vertical load up to a maximum of about 50,000 kN (11,236 kips).

STRUCTURAL COMPONENTS DESIGN

Concrete Reaction Frame

As shown in figure 3 the two main self-reacting structures consist of two reacting frames placed
in perpendicular planes. The specific nature of the applied loads was the basis for a "non
standard" limit state definition. The system is in fact numerically controlled for the load and
displacements application phase and the level of peak forces introduced into the system is of
deterministic nature. Service loads assumed for the design of each structural element were:

Vertical Load = 53,400 kN (12,000 kips) (quasi static)
Vertical Load = 44,500 kN (10,000 kips) (dynamic)

Longitudinal Load =8,900 kN (2,000 kips)
Transverse Load = 4,450 kN (1,000 kips)

A service load factor of 1.2 was assumed for every possible combination of the above forces,
with the structure behaving elastically in all its components. An ultimate load factor of 1.6 was
introduced as design specification and applied to the combination of vertical and longitudinal
load, vertical and transverse load and to longitudinal and transverse forces acting simultaneously.
The ultimate load factor has been derived from the absolute maximum load the hydraulic
actuators can express. This implies the failure of the control system in a situation of peak force
applied. The degradation of the structural integrity of the system, in this case, has been carefully
controlled and limited, introducing also, through some fabrication detail, preferential location for
mechanisms of damage.
All structural concrete for the SRMD machine was specified with a nominal design strength of
48 Mpa (7,000 psi) and Grade 60 reinforcement. A maximum reinforcement spacing of 0.3 m
(12") was specified for better crack control and preservation of structural stiffness integrity.
As shown in figure 2, the four vertical large actuators are connected to the vertical concrete
frame at mid span of the 2.43m (8 ft) high horizontal beam that represents the main reaction
block of the overall structure. The beam is 10.36 m (34 ft) long with a clear span of 5.18 m (17
ft) and is 3.75 m (12'-4") wide. It receives the vertical forces distributed, through a 2.74 x 2.74 m
(9x9 ft) steel plate, from the hydrostatic sliding actuators. The point of application of the vertical
reactions to these forces are instead the plates and nuts that restrain the tie-down steel rods at the



bottom of the beam itself. The structure was designed with post-tensioning strands, running
horizontally at about 0.6 m (2 ft) from the bottom level. The post-tensioning force is about 5,800
kN (1,300 kips) for each tendon. A total of 10 tendons with 30, low relaxation, 7-wire, 15.24
mm (0.6") diameter strands are required. The limitation in space at the anchorage location on the
south side of the machine necessitates the application of post-tensioning force only at one end of
the prestressing system. Heavy transverse reinforcement, consisting in 25.4 mm (#8) 4 leg
stirrups is used along the overall length of the concrete beam at 0.15m (6") spacing. This
reinforcement was designed for the severe shear and torsional forces expected. As visible in the
cross-section of figure 2, this main structural element will accommodate also 6 of the hydraulic
lines, running, into steel tubes, all the way through the width of the concrete beam. The
remaining structural components of the concrete box are the two longitudinal walls 0.61 m (2 ft)
thick and the two end walls in the transverse direction. With exception of the reaction wall, the
sides of the concrete box did not require particularly heavy reinforcement and prestressing. A
post-tensioning system of 2 straight tendons, each one with an overall prestressing force of
5,385 kN (1,210 kips), is provided to react the horizontal actuator forces.
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Figure 6 - Reaction Wall

The transverse cross-section of figure 2 shows the extent of the pockets realized along the
longitudinal walls to provide a reaction surface to the outrigger actuators. The longitudinal wall,
at its top, extends horizontally into the machine space producing an overhang about 1.8 m (6 ft)
wide and 0.61m (2 ft) thick. Taking into account possible changes in terms of the capacity of the
outrigger actuators, these structural components have been heavily reinforced with 35.8 mm
(#11) longitudinal rebar at 0.15 m (6") spacing and 19.05 mm (#6) closed stirrups every 0.15 m
(6"). The overhang beams will also support removable precast concrete panels which provide a
cover to the machine space.
Particular attention has been paid to the design of the reaction wall of the SRMD concrete box.
As mentioned above, the need to test devices like viscous dampers requires a reacting structural



element on one side of the specimen, while the other side is mounted to the moving platen. The
reduced space around the test system does not allow the connection of the specimen to the lab
floor. The required capacity of the wall was limited to the design horizontal load of 8,900 kN
(2,000 kips), and was achieved with a system of horizontal and vertical post-tensioning. The
basic tendon layout is shown in figure 6.
Fixed-end-loop-anchors were chosen for the vertical tendons, not requiring access to the bottom
slab for the stressing operations. The 0.91 m (3 ft) thick wall is provided with 50 mm (2")
diameter horizontal steel sleeves on a 0.61 m (2 ft) module for the attachment of specimens and
external actuators. The hole pattern was intended to reproduce the existing ones in the Powell
Structural Research Laboratories for compatibility with tools and mounting devices.

Steel Corner Fixtures

The horizontal actuators, shown in figure 2, are connected with spherical swivels on the rod end
to the platen and with the swivel at the other end to the corner of the concrete box. Due to the
high force capacity of these actuators and the required precision for their installation, the
connection to the concrete structure was a delicate step in the design procedure. The co-existence
of actuator connection and of the post-tensioning system for the concrete walls resulted in a quite
articulated shape of the corner fixtures. The general geometry of these structural elements is
shown in figure 7.

- 0.91 4 m (3'-0") Reoction Woll

OVERVIEW OF CORNER DETAIL

Figure 7 - Corner steel fixtures

The goal was to provide, through steel plates, an anchorage that transfers the loads applied from
the actuators to both the external and internal faces of the concrete box. The elements are shaped
to provide a chamfer to the structure portion above the laboratory floor. On the internal side of
the fixtures, two 0.13 m (5") horizontal steel plates will accommodate the bolted connection
with the actuators. The overall geometry of these corner details had to take into account also the



congested situation of valves and pressure hard lines located at the end of the actuators, with the
complication of a system that is allowed to swivel horizontally and vertically to follow the platen
displacements.

The Platen

In its configuration, the testing system does not differ significantly from a shake table
configuration. The platen needs to exhibit very high stiffness without excessive weight. The
advantage of actuators slightly oversized with respect to the design loads made the weight less
critical in the design concept. The presence of stabilizing actuators, eccentric to the platen
stressed the importance of a very stiff system. The proposed solution is schematically shown in
figure 8.
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Figure 8 - Moving platen

Two 51 mm (2") thick steel plates spaced 0.91 m (3 ft) apart are connected through a pattern of
welded steel rods 76 mm (3") in diameter. The rods, positioned in a grid of 0.3x0.3 m (12"xl2")
have tapped holes on the top for specimen attachment. The actuator mounting plates are
connected, on the short sides of the platen, to a very stiff steel frame that transfers forces to the
other side of platen through three longitudinally placed steel beams. This steel frame is welded to
the top and bottom steel plate and to the lateral plates along the long sides, forming a closed box.
The platen is grouted with concrete from holes in the top steel plate. The outriggers are designed
as pre-assembled steel boxes that will be welded to the main body of the platen once in place in
the machine space. The governing action in the platen design was the shear force transferred to
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its top surface, in case of elastomeric bearings. The steel rods were calculated to resist these
shear forces as well as axial stresses introduced by pure bearing and overturning moments.
One of the main difficulties, in the design of the platen, was the specification of a steel surface,
at the bottom of the box assembly, with the flatness and finishing characteristics imposed by the
four hydrostatic low friction actuators. Flatness was required to be at least 0.16 mm per meter
(0.002" per foot) under full service conditions, resulting in a severe request of stiffness for the
platen and a delicate fabrication process. The design process had to take into account the risk of
the bottom plate warping during welding and fabrication. For this reason it was decided to design
a complete steel box and, after all the welds are completed, to machine the bottom surface to the
desired flatness and finish. The overall steel box weight of 272 kN (61 kips) without concrete
and outriggers arms, complicated the search of a shop with appropriate hoisting and machining
capabilities.

The Steel Cross Frame and Tie-Down System

As schematically indicated in figure 9, the vertical self-reacting frame of the system is completed
by a cross-beam attached to the concrete box. It is evident that the flexibility of the testing
facility is largely expanded in case of a removable cross beam, with the possibility of testing of
specimens exceeding the clearance imposed by this transverse steel structure.

8.534 m (28'-0") -

13 mm (1/2") Diaphragm £

64 mm (2 1/2") Tronsfe

Figure 9 - Steel cross frame

The cross-beam, as shown in figure 9, is conceived as a modular box section, with each segment
designed to remain below the weight limit of 20 tons, imposed by the crane capacity. Three steel
beams, each one about 1 m wide and 1.8 m high (3'x6'), can be assembled, side by side, through
bolted connections along the lateral plates and by cover plates overlapping the boxes at the top.



In order to allow the attachment of test specimens, a 64 mm (2 W) thick, 3.7x2.95 m (12'x9.6')
transfer plate is provided, with the additional purpose of connecting the three steel boxes at the
bottom. To increase the stiffness, steel diaphragms are vertically placed inside the box section
along the overall beam length. Figure 9 shows, at the two ends of the beams, the location of the
24 steel tie-down rods, with 152 mm (6") diameter each, used to connect the cross-frame to the
concrete box. In this region of high stress concentration, square tubes are positioned, inside the
steel boxes to directly transfer the tie-down forces and provide vertical stiffness to the system.
The design of the tie-down rods was driven by the need for a significant pre-loading tension
force which will eliminate the risk of up-lift of the reaction steel frame and consequent loss of
the friction forces at the steel-concrete interface. The goal was also to be able to remove the
cross-frame from the concrete box without removing extra long rods and without having to
access any space below the concrete frame. The design solution is based on lock off nuts, welded
to plates permanently positioned at the bottom of the concrete frame. A lower segment of the
rods, located inside a cast-in-place steel tube, will be screwed into the nut and connected to a
steel coupler at the top edge. The steel coupler, while locked with pins into the concrete, will
receive the top portion of the steel rods. The rods will be tensioned through hydraulic jacks and
locked with nuts at the top of the steel cross-frame. The rods will be made from ASTM A193-B7
steel with 517 Mpa (75 ksi) yield stress. Figure 10 depicts the cross-head tie-down scheme.
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Figure 10 - Tie-down system

CONTROL SYSTEM and READOUT

The control and redout system has been developed by MTS and adapted specifically for the
SRMD testing facility. It is based on a Direct Digital Control technology with a Host-Target
architecture. The control computer interacts with the load cells applied in the horizontal actuators
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rods and the pressure transducers of the vertical actuators. Closed loop control is performed in
the rectangular coordinates. A coordinate transformation is used to convert errors in the
rectangular positions to commands to the individual servo valves on the actuators. Control modes
are: force in the vertical, and position control for the other degree of freedom. Additional force
control loops minimize warping and compression of the platen due to mechanical overconstraint.
Inevitably the system will introduce errors related to (1) friction of the vertical actuators, (2)
friction of the horizontal actuators swivels, and (3) inertia effect of the platen and test specimen.
Their extents are approximately quantified as 0.5%, 0.5% and 5% of the relative forces,
respectively. The calibration of the system will include a measure of the friction values through a
test bearing. Accelerometers, mounted on the platen surface, provide three component
acceleration readings and will allow a compensation for the loading errors due to the inertial
mass of the platen. All force, displacement and acceleration data will be collected in files. The
position data files will provide location and direction of velocity data needed to determine the
vector of the friction correction.
During the design phase, the review panel members, specifically addressed the need of a direct
measure of the loads applied to the specimens. The goal is clearly the accurate readout of shear
forces and axial load rriinimizing acceleration errors or actuator friction. The subject is presently
under study at University of California, Irvine and San Diego.
An accurate data acquisition and a camera monitoring system will provide the record of the
specimen response. Particular attention will be dedicated to the measuring of surface temperature
of FPS bearings and dampers.

POTENTIALITIES of the TESTING FACILITY

The geometry and configuration of the testing system, together with the dynamic characteristics
of the hydraulic devices make a wide spectrum of tests possible with the SRMD system. With
minor modifications the system is flexible to perform in different testing setups, with the
characteristics of a unique shake table. The removable cross-frame and the configuration of the
platen, allow the installation of tall specimens, possibly extended outside the existing size of the
platen, without interfering with the reaction frame. Several different configurations of possible
tests have been analyzed, including specimens in geotechnical sand boxes and devices tested
under axial tensile load.
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