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RAISING OF A SEMI-CIRCULAR VAULT

A.V. Manzhirov and D.A. Parshin
Institute for Problemsin Medanics of Russan Academy of Sciences, Moscow, Russa

The dm of this paper is to oktain a solution
of the following engineaing problem: to construct a
heavy circular vault onasmoath rigid harizontal base
by layerwise aceetionalongtheinternal surfaceof an
initial arc-shaped structure (seeFig.). It is assumed
that the fixation o the vault to the base prevents its
separation bu alows for freedliding. The cae un
der considerationis that of plane strain. The material
is asumed isotropic, uniformly aging, and elastic or Figure. Semi-circular vault uncer acaetion
viscoelastic. Presented reseach results are based on
the ideas of growing soli ds mechanics and mathematicd theory of acaeted solids (see e.g., [1-).

Initial boundary value problems are formulated, in order to describe quasi-static deformation
of this dructure subjed to its own weight combined with an arbitrary variable load onits external
surfaceprior to, during, and after the processof its piecavise cmntinuows acaetion. These problems
take into acourt the posshility of using prestressed structural e ements in the processof acaetion.
For these problems analyticd solutions are constructed in terms of series and quadratures. Numericd
cdculations are demonstrated by results obtained for various problems conreded with diff erent types
and modes of raising o thin-walled and thick-walled vaults made of thin-walled elements, as well
as the reinforcement of initially thick-walled vaults. It is shown that the stressstrain state of raised
heary objeds esentially depends on the technique and the regime of their construction, and that the
charaderistics of their stress $ate in the processof construction may attain valuesthat grealy exceal
those & the end onthis process

The dfed of cree, aging, and material weight on the deformation o a heavy vault under
accaetion bystressfreestructural elementsis dudied. We single out and analyze the main tendencies
whaose mntinuowsinteradion determinesthe stressstrain state formationin the objea being acaeted.
From the standpdnt of these tendencies, some limiti ng regimes of acaetion are considered.

Thus, if the aceetion of avaultisfairly fast, avery strongload-relief if observed inits origina
part. However, ontheinitia stage of thisacaetion process the vault experiences dressesthat grealy
exceal theoriginal ones. Inthe case of athin-walled original arc, the diff erencebetween these stresses
is aubstantial. However, if the aceetion processis dow then the material added onthe fina stage
remains pradicdly stressfree In this stuation, the stresslevel in the origina part of the structure
becmes much greaer than theinitial one. If the original arc is aufficiently thin, it is ubjed to very
high stresses at theinitia instant, and therefore, the final structure will have regionswith stresslevels
grealy excealing the maximal level cadculated onthe basis of the final configuration.

Therefore, if one fail s to take into acaurnt gravity forces during the entire processof raising a
heavy objed, one may cometo an entirely wrong fcture of its current anditsfinal state, in particular,
one may obtain gredly overestimated values for the strength and the operational beaing cgpadty of
the structure.

Itis shown that for agradually acaeted vault on a sufficiently thick original arc, thefinal struc-
ture may have much smaller stresses than those cdculated for a ready-made structure immediately
installed onthe base. For a vault with a thin original arc, it has been shown that if one varies the
acaetion rate in a suitable manner, the stresses in the final structure can be substantialy deaeased
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relative to the initial state of the origina arc, so that the almissghble stressvalues in the aceetion
processare never adhieved.

In the ourse of these investigations, it was foundthat even a fairly thick-walled origina arc,
being installed ona smocth base, tends to separate from the base in periphera regions of its bottom
due to its own weight. Withou taking some spedal measures, it isimposdble to get rid of these
regions of separating (negative) contad stresses by subsequent reinforcement of such an arc.

Ancther problem under investigationis that of acaetion o avault using prestressed elements.
For avault acaeted in thisway, it isaso imposgble to ensure forces that would permanently prevent
separation o the vault from the base. However, usinglayerwise aceetionwith suitableinitial stresses,
one ca ensure amuch better resulting stress gate in the total structure than in the case of acaetion
by stressfree déements, i.e., one can minimize negative presaure on the base and the general stress
level in the body.

One dso considers an acaetion processin which the vault vertex is fixed by suspension with
controll able tension that compensates a given part of the aurrent weight of the vault and vanishes at
the end o the process Thistechnique leals to substantially small er stressesin thefinal structure than
thase obtained by common acaetion in the same temporal regime. In this case, it is also possble
to oltain a much better final contad stressdiagram than that for a ready-made vault installed onthe
same base. If, in addition to suspension, the dements used for acaetion are subjed to some initial
extension, then it is even posdble to construct a thin-wall ed vault that will exert positive presaure &
al paintsof the base.
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