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ABSTRACT

The paper discusses the requirements of the enclosure and infrastructure for OWL. Although predicted to have no serious
technologicd risks, these items will constitute asignificant investment within the OWL projed. An enclosure for such a
large telescope does not have to provide the same functions as the adual enclosures built as of today. Protedion from wind
disturbanceis not provided as efficiently as by enclosures with dimensions in the order of 30m. The conditioning of such
large volumes is economicdly not viable. A none @-rotating enclosure is shortly discussed as a solution and the reasons,
which could make it effective ae analyzed. The pier of the telescope is sketched and its effed on the telescope dynamicsis
discussed.
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1. GENERAL INTRODUCTION

We introduce the discussion on the feasibili ty of an enclosure for a 100m telescope, which can be built at reasonable cost
and still provide the nealed sheltering of atelescope. We dso elaborate on the impad of the mncrete infrastructures, taking
into consideration the influence geo-technicd properties of the soil, and their influence on the dynamic behavior of the
telescope.

A primary goal of this gudy isto limit the st impad of such structures on the projed to the minimum, not only as capital
investment but also for maintenance and operations in the cae of the enclosure. For this reason the enclosure should be &
small and as smple & possble, with the functions implemented as close & feasible to the ground level, and therefore eaily
readable for maintenance, with the least number of mechanisms. It shall perform the functions of proteding the telescope
from sun exposure during the day, shelter the telescope from survival wind and from rain or snow. It should leave the
functionsto ather spedalized constructions, which are urtil now performed by the m-rotating enclosures, of proteding from
wind during operations and to keep the telescope & the forecasted air temperature during the night if they cannot be
performed emnomicdly or efficiently. Based on the @ove mnsiderations the enclosure for OWL can be ewisaged as a
huge but simple hangar which, diding on rails, is moved apart to al ow observations. This type of sheltering structure is not
new in astronomicd applicaion, see for example the first concept for the ESO VLT. Yet, until today, emnomicd
affordability of co-rotating enclosures has leal the final choice to this type of construction, the reason being mainly the
efficient protedion from wind dsturbance while observing. In the following we will elaborate on a possble none @-
rotating enclosure for OWL.

Another point in the design of atelescope that deserves grea attention, without hiding any technologicd risk, isthe mncrete
suppating pier. The mncrete structure and the soil are integral part of the dynamic chain, which defines the control
bandwidth of the aces of the telescope. Therefore its design needs to be developed considering its effed on the system, and
not only as a separate package belonging to a different engineeing discipline.

2. ENCLOSURE FUNCTIONS
The ided enclosure should provide the following functions:
» Smalest posshle enclosed volume and developed surface for economic reasons (the st of such buildings can be
considered proportional to the developed surface.
» Proted the telescope from solar expaosure during the day, from extreme environmental conditions like survival wind

load, rain and/or snow.
» Protead the telescope from wind disturbance during observation at any operational angular position.

SPIE Vol. 4004, Munich, March 2000



» Kee the inner temperature & a anvenient level, so that the telescope structure and optics are & thermal equilibrium
with the external environment at the start of the observation. In this way the telescope induced sedng is minimized.

» Minimizethe so-called "dome seeéng". This function is obtained in modern enclosures by letting the ar flow inside the
enclosed volume, so that the structural parts and the floor surrounding the telescope quickly read and thermal
equili brium with the external environment.

The last two functions reduce themselves mainly to spend energy to remove hea from materials, and to remove steady
buoyancy bubbles generated inside the enclosed volume.

The dasscd co-rotating enclosure, both cylindricd and sphericd, built for the telescopes up to the 10m class provide most
of the functions listed above.

Rotating buildings with the daraderistic dimensions of about 30m meximum can be built with reasonable capital
investment, although enclosing larger than strictly needed volume. The thermal conditioning of the enclosed volume,
typicdly in the order of 25,000 to 30,000 cubic meters, can be provided efficiently with reasonable power consumption. The
dimension still allows convenient maintenance acces. The observing dit/opening is never more than 1/3 of the
charaderistic dimension. This leaves enough structural material to provide sufficient torsiona stiffnessof the anstruction
to avoid deformations during the rotational motion, which could hinder the motion itself, espedaly if enclosure
deformations add up under wind load.

The mog Important furntion Of CO'rOtati ng wind spectra for open air and inside enclosure for VLT

buildings of this class is undoubtedly efficient 120 ‘ ‘ ‘
protedion from wind dsturbance during
observation, mainly by means of permeale 56
windscreens incorporated in the observing dlit.
This satement must be better detail ed, because the
windscreens, while deaeasing the DC component
of the wind speed, move the turbulent spedral
content to higher frequency, obtaining the dfed of
incressed disturbance on the tracking. ESO has
performed a number of wind tunnel studies to
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determine the wind turbulence spedra inside an 40
enclosure & different wind attadk angles and at
different windscreen protedion. The studies 5

confirmed that the Von Karman spedrum

represents the turbulent flow both in open air and -

inside the enclosure. The turbulence intensity and e e e e —"
the turbulence integral length in the different Frequency in Hz

situations have been determined and the spedra
for the extreme caes of open air, and windscreen
up are shown in Fig.1. It can be noted that the
presence of the enclosure and the windscreen increases the contents of wind energy above 0.2 Hz, which is not beneficial to
the telescope tradking, espedally if the telescope has high locked rotor eigenfrequencies.

On the other hand, both the enclosure and windscreen at the primary mirror level perform efficient protedion from wind
disturbance In this case, the mirror figuring which is largely dependent from wind pressure deformation is well preserved
and it is the main reason for which co-rotating enclosures have dways been preferred, if economicdly affordable, in the
telescope domain.

In conclusion, while the mirror figuring preservation would always cdl for a -rotating dome, athough aso a fixed
protedion could be mnsidered, the other functions could well be performed by a none @-rotating enclosure. Once opened,
it would not cause locd dome sedng, and would allow the telescope structure and ogtics to use the natural ventilation to
read thermal equili brium with the external environment.

Fig. 1: Von Karman wind spedra.

3. ENCLOSURE FOR A 100M TELESCOPE

Following the experience acumulated for 10m class telescopes, in the first instance, the possbility to build a @-rotating
enclosure for OWL is a tempting idea On the other hand, assuming to scde up the cst of a 100m telescope aiclosure
proportional to the enclosed volume, it brings investments that would discourage such an approach. (An enclosure similar to



the one a the VLT, would enclose eout 7 milli on cubic meters against the @out 25,000 cubic meters of VLT, and would
develop about 200,000 square meters of surfaceinstead of about 4,000 square meters.
Moreover, anumber of considerations about the functions to be performed deserve to be discussed, spedfically:

» The dficiency in proteding the primary mirror and the telescope from wind bufeting is debatable and shall be studied
in detail .

» The mnditioning of volume which is in the order of 2 to 7 million cubic meters would definitely result in extreme
economicd burden both for the installations and for the power generation plant dimensions.

» The aped ratio of the observing dit to the dharaderistic dimension of the enclosure will be dose to 2/3, that is not
much structural suppart is left to provide the stiffness needed during motion, unlessthe enclosed volume is increased
more than what strictly nealed, increasing the cost.

To asessthe first point will require detail ed studies about the fluid dynamics inside large enclosures, where it means of the
same dimension of the vortex typical in open air (about 80 to 100m). Based on general considerations, it seems that the
protedion of the primary mirror would be dficient, while protedion of the secondary structure from turbulence would be
lessefficient because of the drculation of the vortices due to the large dimension of the volume.

The second pdnt is purely economic, but also speks in favor of dedicaed constructions to perform functions that are
nealed locdly. Conditioning is the typicd example. OWL plans to have locd smaller conditioned volumes to ke the
primary mirror at the desired temperature to avoid locd sedng degradation. The structure of the telescope is designed for
low thermal time mnstant, which alows the telescope to read thermal equili brium with the amosphere shortly after the
opening of the enclosure.

The third pant is a matter of structural design, but the ratio between openings and continuous gructura parts is relatively
unfavorable, espedally if the volume enclosed has to be kept at the minimum.

Based on the aove, it has been thought, as afirst approach, to consider a none @-rotating enclosure for OWL, composed of
two halves diding on rails, learing the telescope in open air during operations. In Fig.2 a schematic view of the enclosure
with the rails and the telescope pier is gown in
comparison with the VLT Telescope aea &
Paranal.

The preliminary choice to consider for such a
solution is based on the foll owing considerations:

» OWL will be horizontaly parked; therefore
the height of the ach will be the smallest
possble (about 90m outer diameter).

» The volume enclosed will be the minimum
possble for an enclosure (in the present case
about 2 millions cubic meters and 36000
sguare meters covered areg), and the structure
can be designed to allow natural ventilation
during the day.

»  The mechanisms will be kept at the minimum,
and almost all functions can be installed close
to ground level (motion system, power
distribution, etc.)

» The protedion of the telescope from wind
buffeting can be implemented, if needed, with
fixed installations placal conveniently
(athough its needs to be determined if such a
measure can efficiently proted the telescope, or if the telescope has to be designed to take cae of full wind disturbance
rejedion).

aigdinde

The drawbadks of this concept is mainly in the dimensions of the site needed to acoommodate the full stroke of the
enclosures halves to leave the telescope out of their wakes. The rule of the thumb says that the wake fades away in a
distance that is about threetimes the obstade dimension fadng the wind. In this case the enclosure has to be moved about
300m far from the telescope. All summed up the site will need a plane aeaof about 1x0.4 km square. The verticd walls



closing the two halves could be designed to allow wind flow through—so that to open, or to close, the enclosure with wind
will not require high forces and large motors. Just as an indication with a wind speed of 10 m/s direded along the dliding
diredion, and an opening time of 20 minutes it would require for eat helf a power of about 21kW, if thewall is lid.
Assuming a survival wind speed of 50 m/s the enclosure will experience aforce to be discharged to the rail s of about 21
MN aong the diding diredion and of about 12 MN aong the perpendicular diredion, due to a more favorable drag
coefficient. Finally it seems that the concept of a double hangar holds and is feasible. It may also be integrated with a locd
windscreen with the only aim to proted the primary mirror from direct wind pressure.

It is worthwhil e to mention that such an enclosure design is not new in opticd telescopes field. The VLT enclosure has been
thought, at the beginning of the projed, to be compased of four hangars sliding on rail s, being the least expensive way to
proted the VLT telescopes. While the VLT projed progressed, this lution has been abandoned in favor of an open air
cupola which had the alvantage to use less gace ad to reduce the demands on site development. At the end a fully co-
rotating enclosure has been redized, mainly because the primary mirror figuring during observation required to be proteded
from dired wind pressure.

4. ALREADY EXISTING BUILDINGS OF COMPARABLE SIZE

Another reason which encouraged to consider the concept presented above, is that large buil dings of the same size or even
larger, have been designed and huilt in the past and one is being built presently.

The dirigibles industry dedt with design and building large enclosures to be opened since the beginning of the last century.
Also today in Brand, nea Berlin, Germany, alarge fadory of dirigiblesis being built. (Fig.3).

The building is 360m long, 220m large and 107m high, it covers an areaof 66000square meters and encloses a volume of
5.5 milli ons cubic meters, more than twice of what the OWL enclosure would require.

/ i \

Fig. 3: dirigibles factory in Brand.
(courtesy of SIAT Germany,
Dipl. Ing. M. Hautum, Dipl. Ing.
VerenaThiels)

Theright and left sides, shaped as quarter of a sphere, can be opened to let the dirigibles out when they are completed. It can
be noted that the movable parts show diagonal bradng's to stiffen the parts to withstand the motion without deforming. The
cost of this type of construction is propartional to the developed outside surface ad it isin the 600 EUR/m? range.

Other buildings with even more demanding requirements have been designed and studied. An example is the protedion
sarcophagi of the damaged nuclea reador of Chernobil in Ukraine (Fig. 4). Due to the high level of radiation it is
impossble to work diredly on the reador. Therefore the aches, which form the cmplete building, 81m radius and 30m
long each, are built far from the final location and then are sled on rail sto the final pasition. The safety requirements of such
a oonstruction are extremely high and the working conditi ons extremely difficult. The final cost has been estimated in about
200 MEUROS. The completed construction will cover about 45000 square meters, will enclose eéout 3 millions cubic
meters.
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Fig. 4: Chernobil reador protedion sarcophagi (article in Bauingeniuer 1999Nr. 6)

Also examples of diding cover of the dimension interesting for OWL exist. In Miyazaki, Japan an artificial searesort is
equipped with a @ver which can be removed to let the sun through (Fig.5). The two halves are made of threetelescopic
segments each, which slide on ead other. The mvered areais about 300m long and 16am wide.

Fig. 5: Seagaia searesort. Miyazaki, Japan

Other examples of movable cvers are to be found in modern stadiums. In Venice one such install ation is planned, which
will be completely covered, and the total cost is estimated at about 80 MEUROS.

5. TELESCOPE PIER

The telescope pier is diredly part of the stiff ness chain, together with the soil, which defines the bandwidth of the telescope
axes control. The pier transfers to ground al the readions to the @ntrol torque delivered by the main axes drives. Every
rocking movement of the pier on the soil or due to intrinsic insufficient stiffness will show up in the Bode plot for atitude
axis. In fad both tachometers and encoders measure the relative speed and dsplacement between telescope tube and



telescope azmuth structure, whose movement is aso defined by the stiffness of the pier itself and the geotechnicd
properties of the soil. For the azmuth axis the torsional tiff ness of the pier comes diredly into play for the same reasons.
Therefore it is esentia to design the pier in such a way that the system pier+soil behaves as a stiff unit with resped to the
telescope itself. Idedly the lowest eigenfrequency of the telescope on infinitely stiff supparts should not change more than
few percent when the red pier and soil are introduced in the model (for the VLT we obtained the excdlent result not to have
any degradation of the d@genfrequency at Paranal, where the soil Y oung modulusis about 45000M pa).

To read thisgoal it is necessry that the loads transferred to the concrete be evenly distributed, to avoid locd deformations
of the mncrete itself. Consequently the pier must transfer the whole load to the soil evenly and distribute it on an areg
which, ac@rding to the dastic charaderistics of the terrain, will assure the desired stiff ness.

It appeas clea that a stiff, compact type soil will result in a more limited need for large foundations, and finally in more
eqnomic construction.

Based on the dove wnsiderations, a static analysis has been performed to assess preliminarily the stresslevel and the
deformation of the ncrete under the telescope gravity load. To oltain a more wmmplete result the portion of terrain
embedding the pier has been modeled as elastic, homogeneous and isotropic.

Two cases for the soil have been considered, and none as good as Paranal, namely a "stiff" soil with Young modulus of
25000 Mpa and a "weak" soil with a'Y oung modulus of 2500Mpa. For information the first is equivalent to good concrete
and the seaond to a mediocre soil. In both cases the terrain is considered compad, that is good for hankering diredly the
pier to the soil with micropdes.

A quarter of the pier has been modeled asin Fig. 6. Asfirst guessit is designed as a 5m thick axial-symmetric structure

It is loaded symmetricadly with a force system, which represents the adual distribution of the readion forces determined in
the FEM analysis of the telescope for a total load of 30,000,000 N (about % of the telescope weight). Static analyses have
been performed under the foll owing conditi ons:

>  Stiff soil, telescope load only 2 ANSY:
»  Stiff soil, telescopetpier own weight x»l
»  Wed soil, telescope load only Conerete

The dm was smply to understand whether
larger than usual quantity of reinforcement
had to be used, to determine the order of
magnitude of the defledion of the system
pier+soil under the telescope load, and to
asess preliminarily the possble effeds of
soil elasticity on the design.

Figs. 7, 8, 9 and 10 show the results
relevant to our investigation, which can be
summarized as foll ows:

§
:
N
N
N

» The deformation due to the telescope
load isin the range of 0.5mmin case of
weak soil, and of about 0.2mm in the
case of stiff soil. This is eguivalent to
concentrated stiffness at the vertical
boundaries of the tel&ecope, due to Fig.6: Model of the pier+soil
pier+soil, of about 610 N/m, and of
about 1.5e11 N/m respedively, twice because of symmetricd reasons, and pradicaly larger becaise the deformation is
decaeasing far from the largest defledion point.

» Thetensle stresses are in the order of 0.3 MPa, when only the telescope load is considered, and dlightly lower when the
pier own weight is taken into acount, because it works as compression pre-stress The @mnsequenceis that no spedal
reinforcement is needed and a percentage of reinforcement in the usual range of 2 to 3% can be used.

» The compressve stresses are in the order of 0.4 MPa, which shows a good dstribution of the telescope load, and dces
not cause any worry for the mncrete behavior.

» The compresdve stressincluding the pier own weight is in the range of 2MPa. It shows an evident over dimensioning
of the dab thickness whose optimizaion will beneficialy refled in the mst of the mnstruction.
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The preliminary cdculations performed here indicate that no major technical problems are to be expeded in building a
telescope pier which will not degrade the dynamic performances of the telescope, and without fadng spedal structural
difficulties.

After optimization one expedsto paur about 150000 cubic meters of concrete, reinforced with about 36000Tonns of sted.
In the cae that the soil i slargely fragmented or not compad of course the design of the pier would look much different. The
soil would not all ow the direa hankering and therefore large foundations dab and ribs need to be built.

Tedhnicdly a solution can be found even in this case, but the material quantity, the framework, the excavation work may be
up to 2 times higher than the solution considered here. It is also pcssble that the geomedhanicad charaderistics of the soil
are much worse than those used above, in which case a caeful system analysis must be caried out to corredly asessthe
impad on the telescope aces control.

The enclosure rail s will also need concrete foundations and hankering to the soil. In the concept considered here this will
result in about 30000cubic meters of poured concrete and 100 Tons of reinforced sted.

The extension of the enclosure rails will require asuitable site, to avoid large leveling works with the consequent costs.



6. CONCLUSIONSAND NEXT STEPS

This paper isjust afirst step in organicdly discussing the requirements and the problems linked to the design of enclosure
and infrastructure of OWL.

Based on the drealy existing buildings in the world, the enclosure mnsidered is feasible and reasonably economicd. The
concrete pier does not show grea difficulties.

It will beimportant to develop the design always keeping in mind the strict relations between soil, concrete and telescope.
The next steps we plan to perform can be summarized as foll ows:

» Todetail further the design of both enclosure and infrastructures to reduce uncertainty on costs.

» Toanayzethe wind loading of the telescope on a site with opened enclosure.
» Toassssthe feasibility and efficiency of windscreens to reducethe wind load on the telescope.
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