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Abstract: - The Integrated Center for Laser Advanced Technologies (CETAL) is located on the IFIN-HH-
non-nuclear activities platform, group II, Atomistilor Street No. 409, Magurele City, Ilfov County, in a
reinforced concrete building with basement and 3 levels. In this building there are clean rooms where the
level of noise and vibration must be within the E-Class (according to ASHRAE TC classification level 2.6
(curves) ISO VC - E) corresponding to a maximum level of decibels below 125micro inches/sec (50 dB) -
3,175um/s to not affect the operation of the equipment installed in these rooms. Noise and vibration that
can affect these rooms may come from the outside environment (earthquakes, road and rail transport,
industrial activities conducted in the building) and the indoor environment (operation of equipment
generating noise and vibration, such as air conditioning, pumps, fans, Shaker). Meeting this requirement
was achieved by applying the SERB-SITON solution for isolation to noise, shock, vibration and seismic
movement of the industrial objectives. Given the severe isolation requirements imposed for certain rooms
at CETAL and the fact in the CETAL building that there are some important sources that generate noise

and vibration, the isolation solution was applied differently for the whole building and clean rooms.

Keywords: - noise, shock, vibration, earthquakes, devices, phono-absorbant membrane

1. GENERAL PRESENTATION

The Integrated Center for Advanced Laser
Technologies Building is composed of two
buildings, A and B, of different heights, with a
reinforced concrete structure: Building A -
basement, ground floor and 2 levels; building B -
basement, ground floor and 1 level, and it is placed
in the space associated to the old thermal plant,
which will be demolished completely.

Building A consists of 4 4.35m bays + 2 5.75m
bays and 2 6m spans.

Building B consists of 1 6.90m bay + 4 4.35m
bays + and 1 8m span + 1 6m span.

In Building A, the infrastructure is a basement
with 40cm thick walls and 80cm thick foundation

raft. The concrete pillars of the structure with
dimensions of (75x75)cm or (80x80)cm are placed
on the foundation raft. The platform above the
basement is monolithic with beams with sizes
ranging from 40x60 + 40x95. The platform’s
thickness is 20cm and 35cm locally. The
superstructure of body A is made of pillars, beams,
concrete monolith platforms, class C20/25 with
PC52 concrete reinforcement steel.

In Building B, the infrastructure is a basement
whose plane and vertical dimensions result from
screening and loading requirements. The screened
area will be provided with 1.50m thick walls, 1.00m
thick foundation raft and 2.00m heavy concrete with
barytes platform, class C25/30, for elevation +0.00.
The structure with two levels (ground floor and Ist
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floor), two openings of 8.00m and 4.00m, a span of
6.90m and four bays of 4.35m is of class C20/25
concrete monolith. The building foundation was
done at elevation -6.50m where the conventional
pressure determined on the basis of the geotechnical
study is 341 kPa in sand dust layer.

The infrastructures of the two bodies form rigid
boxes and the superstructure is made of frames on

two perpendicular directions, transversal and
longitudinal, made of continuous beams and
embedded poles).

Fig. 1.1. and 1.2 gives an overview of CETAL
side - front and side - back.

Figure. 1.2. CETAL side — back overview

In CETAL will take place mainly the following
research and development activities, divided into 3
main laboratories:

- Border Research Laboratory of hyperintense
laser-matter interaction;

- Laboratory of advanced and border
technologies with photon laser processing;

- Laboratory of investigations in the field of
photonics.

2. CONSTRUCTIVE DESCRIPTION OF
THE ISOLATING SOLUTIONS

Meeting the requirements for the proper
functioning of the equipment at CETAL building is

done according to the project by isolation to shock,
vibration, seismic movement and sound of each zone
(room) with specific solutions imposed by the
dynamic characteristics of the sources generating
shocks, vibrations and noise and the limits for the
operation of equipment installed in various
laboratories of the building. According to the
Beneficiary’s requirements, the level of noise and
vibration must be within the E-Class (according to
ASHRAE TC 2.6 classification ISO VC - E125 level
(curves)) which corresponds to a maximum level of
decibels below 125micro inches / sec (50 dB) -
3,175um/s  for the clean room of the
characterization.

Given that some rooms are fitted equipment
generating high noise and vibration, and other with
devices that need to be protected from noise and
vibration, the isolation solution differs from one
room to another:

a. The clean room classified A-S06 between the
axes d - f and axes 0 - 2 respectively in the
basement of Body A, between levels - 5.70m
and 0.00m, is performed on a concrete slab with
dimensions of 10.55 m x 6.80 m, 0.16 m thick
which is isolated by a solution to hang to the
0.00m elevation with SERB-SITON-IZO1
elastic damping isolation devices. Supporting
the platform is made with 8 anchoring systems
whose contact to the floor and the reinforced
concrete slab is done with special devices that
do not transmit noise and vibration (see Fig. 2.1
and Fig. 2.2).

b. The A-S02 camera - laboratory for vibration
measurements, framed between the axes h - j, 1-
2 respectively at the basement between levels -
5.70m and 0.00m includes noise and vibration
generators and high precision laser meters that
need to be protected from noise, shock and
vibration (see fig. 2.3 and Fig. 2.4).

Given the conflicting requirements between the

two areas of the Ilaboratory of vibrations

measurement, the technical solutions to meet
these requirements are made as follows:

bl. the laboratory area between axes h-iand 1 -

2 of the basement between levels - 5.70m and

0.00m, is achieved by providing a reinforced

concrete slab with dimensions of 5.0 x 3.65 m,

0.16 m thickness, where measuring devices are

installed and which is isolated by a hanging

solution with SERB-SITON-IZO1 elastic

damping isolation devices (Fig. 2.5);

b2. the laboratory area between axesi-jand 1 -

2 of the basement between levels - 5.70m and

0.00m, is achieved by providing a reinforced

concrete slab with dimensions of 3.5 x 4.5 m,

0.35 m thickness, where the Shaker and its
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related equipment are installed and which is
isolated by a solution to support a heavy
concrete slab with 4 SERB-SITON-IZO1 elastic
damping isolation devices (see fig. 2.6).

Since the CETAL building is located in an area
affected by high intensity earthquakes
(according to the P100/2006 seismic design code
the horizontal acceleration is 0.24g with
maximum amplification of the seismic response
in the vibration periods between 0.16 and 1.6
sec.), the isolation solutions must also be
ensured for earthquakes as provided by law.

The isolation solution proposed for the
suspended platforms in rooms A-S06 and A-S02
provides insulation including to seismic
movements. Given the limited space of 30cm
between the isolated platforms and the structure
pillars of the CETAL building, the maximum
seismic movements require platforms to be
limited below this value. To limit without shock
the maximum seismic movement of the
platforms below 30cm, they are tied with four
SERB-SITON-TELI type telescopic devices to
the top of the slab of the building and placed
under the respective platforms. The telescopic
devices are mounted at 45° to the axis of the
building to take earthquakes in any direction in
the horizontal plane and catching devices to the
bottom of the building platforms and foundation
raft is done with special bushings that do not
transmit noise.

To avoid amplification of noise generated by the
operation of the Shaker and related equipment
and for their absorption in the inner chamber
(walls, ceiling and floor) will make a sound
absorbing layer. The sound-absorbing layer has
a sandwich structure made of uprights with cross
section of 4x4cm installed on concrete walls
with  6mm thick sound-absorbing rubber
elements between which a 60cm wide and 7cm
thick vertical layer of sound absorption mineral
bazalth wool is provided. Vertical pillars fixed
on the concrete walls are reinforced with
M8x100 mm plastic dowels or M8x100 mm
conexpand screws. Over the vertical pillars a
2mm thick sound absorbing rubber band is
sticked. Over the rubber band a rectangular
inside network of horizontal and vertical
wooden beams with 12x1.5 cm cross section is
provided. Horizontal and vertical beams fixed
on the uprights are designed to maintain the
position of mineral 7 cm thick wool layer, which
is pressuring the beams, and to support sound-
absorbing rubber band from the outside. Over
the rectangular inner grid of uprights and
wooden beams made at an 60x60cm inter-axle

sound-absorbing rubber vertical bands are
mounted with 120cm width and thickness of
6mm. Catching rubber bands on the rectangular
grid of pillars outside the network is done with a
wooden ruler with the cross section of 8xlcm,
fixed to the indoor network by dowels.

To stop noise transmission to the concrete walls
and through concrete walls in other rooms, all
the catchings made in the two rooms or the
penetrations of pipes, ducts, etc. must be
achieved through a rubber sleeve with a
minimum thickness of 10mm.

The ventilation and air conditioning installation
located in building B, on the floor at the
elevation +8.00 m on axis 3 between axes g - i
will be isolated by installing air conditioning on
all six SERB-SITON-IZO3 devices able to
absorb vibrations generated of its functioning
and to cut noise transmission through structural
elements of the building. Each device is
mounted in a cylindrical outer casing welded on
a plate embedded in the concrete floor to the top
of it with minimum dimensions of
500x500x10mm.
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Figure 2.1. A — S06 — Clean Room Characterization —
horizontal section
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Figure 2.2. A — S06 - Clean Room Characterization —
transversal section
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Figura 2.3. A — S02 Vibration Measurement Laboratory —
horizontal section
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Figure 2.4. Detail of the vertical section of the vibration
measurement laboratory A-S02
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Figure 2.5. Detail of the vertical section of the vibration
measurement laboratory

SECTIUNEA B-B

Figure 2.6. Detail of the vertical section of the vibration
measurement laboratory

3. ASSESSMENT OF THE DYNAMIC
CHARACTERISTICS OF THE ISOLATION
SYSTEM

To assess the dynamic characteristics of the
insulation system and to check the resistance of the
structural elements, modal and stress analysis were
made in the SAP2000 program. Support bars are of
steel rod of length 5.5m and ¢55mm and were
modeled with FRAME type elements.

The plate is made of concrete and was modeled
with SHELL type elements.

The whole system behaves like a physical
pendulum caught in the ceiling.

In Fig. 3.1 - 3.14 modal analysis for the two
spaces A-S06 and A-S02 are presented, including
Shaker platform.

|

/XN

Figure 3.1. AS06. Model overview.
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Figure 3.2. AS06. Vibration module 1. T =4.63s. X Figure 3.6. Axial force in tie rods for own weight +
direction (longitudinal). useful weight + earthquake

Figure 3.3. AS06. Vibration module 2. T = 4.63. Y  Figure 3.7. AS02. Model overview.
direction (transversal).

Figure 3.8. AS02. Vibration module 1. T =3.72s. X
Figure 3.4. AS06. Vibration module 3. T = 3.54s. direction (longitudinal).

Figure 3.5. Platform deformation due to own weight + Figure 3.9. AS02. Vibration module 2.T = 3.42s.
useful weight + earthquake Y direction (transversal).
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Figure 3.10. Platform deform—ation due to own weight +
useful weight + earthquake

Figure 3.11. Axial force in tie rods and the stress diagram
in the platform for its own weight + useful weight +
earthquake

Figure 3.12. Shaker Platform. overview.

Figure 3.13. Shaker Platform. Module 1 (T = 0.50s) and
Module 2 (T =0.39s).

Figure 3.14. Shaker Platform. Module 3 (T = 0.35s) and
Module 4 (T = 0.23s).

A. AS06 Room

The structure modelled for room AS06 has a
single dominant vibration mode on each direction,
X, Y, period T = 4.63s, in which the entire mass
participates. This means that the other modes are
insignificant and not working.

In terms of horizontal stresses from noise, shock,
local vibration, etc., period T = 4.63s provides good
insulation for the system.

To analyze the isolation system a useful load of
150Kg/m2 has been considered. Because the self
oscillation period is about 3 times the corner period
of the site (Bucharest area), Tc = 1.6s, a very good
seismic isolation is also obtained. In this case, the
design earthquake for the site, the horizontal seismic
acceleration determined from the response spectrum
of the site (cf. P100/2006) is ag = 0.1g, respectively
vertical seismic acceleration, ag = 0.07g.

The results of the analysis are the following:

* Maximum vertical deformation (arrow) is v =
0.8cm for weight (taken by finishing); v = 1.12cm
for weight + useful weight, v = 0.056cm (negligible)
of the earthquake. In this case the specific
deformation after of the plate the finish (current) is
maximum v = 0.32cm appropriate useful load.

» Axial force in the tie rod: F = 52767N (own
weight + useful weight + earthquake);

* The load factor for metal components, defined
as the ratio between the actual effort and allowable
effortis = 0.3 <I;

* Maximum effort in the concrete plate: cmax =
1.63x106 Pa (16.3daN/cm2) (for own weight +
useful weight + earthquake).

Static and dynamic stresses are under allowable
limits, ensuring a high level of safety of the
proposed isolation solution.

B. AS02 room

The structure modelled for room AS02 has a
single dominant vibration mode on each direction,
period T = 3.72s on X direction and T =3.42s on Y
direction respectively, in which the entire mass
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participates. This means that the other modes are
insignificant and not working.

In terms of horizontal stresses from noise, shock,
local vibration, etc., period T = 3.72s provides good
insulation for the system.

To analyze the isolation system a useful load of
150Kg/m2 has been considered. Because the self
oscillation period is about 2.5 times the corner
period of the site (Bucharest area), TC = 1.6s, a very
good seismic isolation is also obtained. In this case,
the design earthquake for the site, the horizontal
seismic acceleration determined from the response
spectrum of the site (cf. P100/2006) is ag = 0.15g,
respectively vertical seismic acceleration, ag = 0.1g.

The results of the analysis are the following:

e Maximum vertical deformation (arrow) is
v = 0.13cm for weight (taken by finishing); v =
0.18cm for weight + useful weight, v = 0.013cm
(negligible) of the earthquake. In this case the
specific deformation after of the plate the finish
(current) is maximum v = 0.06cm appropriate useful
load.

» Axial force in the tie rod: F = 27985N (own
weight + useful weight + earthquake);

* The load factor for metal components, defined
as the ratio between the actual effort and allowable
effortis = 0.1 <1;

* Maximum effort in the concrete plate:
Omax = 1.43x10° Pa (14.3daN/cm?) (for own weight +
useful weight + earthquake).

Static and dynamic stresses are under allowable
limits, ensuring a high level of safety of the
proposed isolation solution.

C. Shaker

Due to vibration isolation reasons imposed by the
equipment supplier the shaker’s support structure
must have a mass 10 times greater than the shaker’s
mass. The platform’s sizes to meet this condition are
4,5 x3, 5 x0, 35 m. These dimensions provide a state
of well below allowable limits efforts to work in the
spring. Since according to documents received
Shakers come into work at a higher frequency of 5
Hz (T = 0.2 s), devices for isolation platform will be
made so that their stiffness to ensure a period of
vibration of at least 2 times higher than the
minimum vibration period in which the shaker starts
(T>0.45).

Modal analysis shows that the first vibration
mode is the period T1 = 0.5s, ie T1 = 0.39s in both
directions in horizontal plane. In vertical direction,
the vibration period of mode 1 is T1 = 0.35s. These
vibration periods provide a good isolation system,
even without special measures to achieve isolation.

Stiffness of isolation devices will be done so that
isolation requirements are met.

After constructing an isolation device prototype,
analysis will be done again based on the data
obtained for the experimental prototype.

4. EXPERIENCE IN OPERATION OF THE
SERB-SITON DEVICES

SERB-SITON devices are built on Romanian
inventions [1, 2]. Since 2000 a number of
experimental models and prototypes were made and
tested at various laboratories, such as IMS of the
Romanian Academy, INMA Baneasa, UPB, UTCB,
UTP, etc.

In 2003 the first industrial application was made
for SERB-SITON devices, shock isolation, vibration
and seismic movements of the CM 1250t hammer
matrix belonging to the Forge Department SC IUS
SA Brasov. The degree of isolation achieved under
experimental measurements is 98% .

SERB-SITON mechanical devices used to make,
consolidate or insulate buildings to withstand
powerful earthquakes are guaranteed over the life of
the building. The guarantee is based on the
experience of using devices similar to of SERB-
SITON for the isolation of heavy equipment and
pipeline networks. For example, the SERB-SITON
mechanical devices were also used for the isolation
of a hammer mold weighing 360 KN of forging the
SC Department IUS SA Brasov in 2003 to
consolidate and extend a concrete block in the
frames of 6 levels of NAVROM SA Galati, the
seismic isolation of 10 cabinets and automation from
ROMAG PROD Drobeta Turnu Severin, etc. For
performance evaluation comparative judgments are
devices used to isolate SERB-SITON hammers
application stamped as their level is high. Since
installing these devices in 2003, the mold hammer
operates continuously without changing the
characteristics of the isolation devices, and the
amplitude of vibrations generated in apartments in
blocks on Harmanului Road, near the SC IUS SA,
fell about 8 times after isolation hammer. Vibration
maximum speed after insulation is 6.75 mm/s
compared to 48mm/s (the limit allowed in the EU of
15 mm/s).

If due to conservative assumption an equivalence
between the oscillations given by an earthquake in
SERB-SITON isolation devices of the constructions
and vibration caused by blows of the hammer ram in
SERB-SITON devices used in its isolation, the
application is similar because more isolation devices
are used for buildings, the following judgments are
done:
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- The hammer mold, whose total weight is 36 tons,
works with a 110 strokes/minute frequency;

- The effective functioning of the hammer is allowed
to be only 1 hour per shift and that the hammer
works 3 shifts, 6 days a week;

- We assume a hammer ram blow generates only one
vibration although in reality the hammer in the
SERB-SITON isolation solution does about 1.5
oscillations at a blow;

- The number of oscillations generated by an
earthquake in a building is considered as the
maximum amplitude of 40 cycles;

- The number of earthquakes occurring in a year is
approximated to 5.

In these conservative assumptions the number of
oscillations made in SERB-SITON devices in the
isolation system of the mold hammer from
commissioning to date, is 64864800 cycles.

From vibration measurements made at regular
intervals during the first 5 years (warranty period) in
the Forge Department [US it appears that no change
occurred in the dynamic behavior of the hammer
which allows us to conclude that SERB-SITON
devices are in good working order and were not
affected yet by the fatigue phenomenon. Currently
working devices operate at nominal parameters
without maintenance and repairs on their mounting.

Since the SERB-SITON devices used for the
construction, consolidation, seismic isolation of
constructions have a stress level of the constituent
elements lower or equal to those of the resistance
elements of the SERB-SITON isolation devices used
in isolating the mold hammer in the Forge
Department at [US SA Brasov, it results that they
can be guaranteed for a total of 324324 years in
terms of fatigue caused by taking shock and
vibration.

Given these results, and that SERB-SITON
devices used in building consolidation will operate
in better working conditions than those in Forge
Department IUS SA Brasov, it can be concluded that
SERB-SITON devices for the construction,
consolidation, seismic isolation of constructions can
be guaranteed during their lifetime if not there are
some events that may affect the integrity of devices
such as fire or excessive corrosion phenomenon
caused by chemical agents.

Since the SERB-SITON devices are robust,
oversized to stress and have a simple design, which
excludes their blocking during operation, they
maintain their elastic take over of the dynamic load
and their damping properties for at least 100 years
under construction and assembly quality control.

Using SERB-I and/or SERB-B devices to control
impulse and seismic energy transfer from the

foundation land to the building and the behavior of
the building during earthquakes will reduce seismic
risk of existing buildings with a financial effort and
social disruption lower than for conventional
building processes and because there is no need for
additional living space to evacuate the occupants
during the building consolidation.

SERB-SITON solution for the construction,
consolidation, isolation of constructions has several
advantages not only to traditional building solutions
but also to modern solutions applied in countries
with high technology, such as Japan, USA etc. due
to the fact that the elements used to control the
seismic behavior of the construction can be achieved
with the desired rigidity and dampening
characteristics are guaranteed during the building
lifetime and does not require maintenance, repair or
replacement.

According to modern technologies applied in
countries like Japan, USA etc. consolidation is
achieved by isolating the building using supports
made of rubber and steel blades stuck together or by
deformation control of structures with hydraulic
damping or polymer elements whose behavior in
more than 10 years can not be guaranteed.

Table 4.1 shows a comparison between devices
and SERB-I insulation supports made of rubber and
steel blades.

Table 4.1.

Characteristics SERB-I Rubber isolating
supports

Plane form and Square, 50 — 100 cm Circle, 70 — 120 cm

dimensions (side) (diameter)

Maximum force | 300 —3000 KN 300 - 1000 KN

taken on the depending on the depending on the

device dimensions dimensions

Height 60 —70 cm 70 — 200 cm (several

sectors)
Rigidity Non-linear geometric Material non-linearity,

characteristic in the desired shape,
on vertical and

horizonthal plane.

low and depending on
the material properties in
horizonthal plane. The
supports are rigid in the
vertical plane.

Energy damped | 40 — 60% 2-5%

in the oscilating

cycle from

elastic energy

Maintenance Unnecessary The supports

works replacement every 3 — 5

years is required

In table 4.2 a comparison is made between
SERB-B devices and hydraulic dampers used to
control building deformation in countries like Japan,
USA, Italy etc.
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Table 4.2.

Crt. Device IMPORT
No. Characteristics SERB-B HYDRAULICS
1 Maximum force 500 - 1500 KN | 200—500 KN
taken on the device depending on depending on the
the dimensions | dimensions
2 Dimensions (40 — 70) cm/ (70 — 150)
(length/diameter) (15-20)cm cm/(40-60) cm
3 Rigidity Non-linear Not rigid.
geometric in
the shape
imposed by the
consolidated
building
4 Capacity to take over | Over the limit Can not control
building deformation. | imposed by the | directly the
Allows deformations | device rigidity building

with pre-established increases deformation. The

forces. gradually damping force is
limiting the proportional with
building the deformation
deformation to speed.
the imposed
values.
5 Malfunction Excluded. There is the
possibility possibility of
hydraulic fluid
loss or filling of
the flow holes of
liquid required to
guarantee of
silicone oils
6 Warranty Over 100 years | Probably 10

years

5. CONCLUSIONS

The SERB-SITON solution for isolation to noise,
shock, vibrations and seismic movements in CETAL
allows meeting the requirements imposed by high
precision equipment manufacturers and the
manufacturers of equipment generating noise and
vibration in the same building with minimal cost and
without additional requirements of the location and
the whole building.

The performance of the devices used for isolation
to noise, shock, vibrations and seismic movements
in CETAL and their reliability is demonstrated by
experimental ~ measurements  performed  on
prototypes and by analyzing the behavior in time of
similar devices used successfully for isolation of
equipment generating shock and vibration with
intensities up to 10 times higher than those achieved
in CETAL.

For further information please contact Mr. Ph.D.
Eng. Viorel Serban, mobile phone: 40-722.615.672

or 40-21-404.60.06, 40-21-457.45.50; fax: 40-21-
242.15.23, e-mail:  office.sigmass@gmail.com,
serbanv(@router.citon.ro, vserban@rdslink.ro.
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