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Osterreichische

PATENTSCHRIF

Dr. MILUTIN MILANKOVI

Verfahren zur Herstellung hohler Eisenbet
Schablonen.

Angemeldet am 16, Juni 1908 Beginn der Ps
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Sohabl : T

goformte Obarplatte an jonon Stollen, wo sie nicht mebr als Druckgurt des Trigers
bezw. der Decke zu wirken bat, weggelasson wird, um Aussparungen fir die nachherige Ent-
fernung der Schablonen zu schaffen, welohe Aussparungen sodunn durch Formsticke ubgedeckt
worden.
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“I was enchanted with the very title of the Chair for Applied
Mathematics. | always appreciated mathematics as a wonderful
tool for solving the problems we face when studying nature and
space, the extraordinary nature of which is best reflected in
Celestial Mechanics and Theoretical Physics. And these two
sciences were integral parts of my Chair.”

Association “Milutin Milankovitch”
Belgrade : Milutin Milankovitch, A Traveler
through Distant Worlds and Times, 2008.
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TRAVELER THROUGH DISTANT WORLDS AND TIMES

IMPCOIIERH A HATHE
PABHO[HEBHIIA  POTALIHMIE

@3

IHMCEKH

147 mEnmoEs | S
- CONMCTHIIHT |
xmnomerpa TIEPHXEN L

- 152 mEnEoma
AwBJ] ERNOMETRA

JTECERA
! PABHOMHEBHITA
{(22. 9

CajamiH noflosa] Tavaka coONCTHIRfyMa (neTiH, 21, jyn; auMekH, 21, fengMbap) i
pasHogHennna (nponehina, 21, MmapT jecensa, 22, cenrembap) Ha o phaTH 3o ke mp" E
CyHia Ha cepepHO | XeMHOD epH, HAarHG oce pOTAlHje 3eMibe H NpelscHja i -3

Present position of the solstice points (summer, 21 June; winter 21 December) and
equinox points (vernal 21 March; antumn 22 September) on the Earth orbitaround the
Sun in the northern hemisphere; obliquity of the Earth's rotation axis and precessi

Association “Milutin Milankovitch”
Belgrade : Milutin Milankovitch, A Traveler
through Distant Worlds and Times, 2008.
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CMimankoerhesd IMKIVCH 33 NPOTeKTH nepiol o1 400.000 rom s B aa
Hape aH nepioy od 100,000 roguma
bch's cycles for the past period of 400, 000 years and foture
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changes in the seaso!
and spatial distribuwti
of the solar radiag
that reaches the Eart
surface, thus = cans
contrasts between |
seasons. This spom
increase or decrease
solar radiation direc
influences the cliny
system of the -
is, the extension
sion of icebergs
Earth.

aipoM  Munankoeuhesd
IHETVCH, jep & ol ogpe-
JHO HHXOBY [EpHOgHza-
iy OB TPH K TYCa qo-
BOIE A0 MPOMEHA Y CE0H-
CHO| H OPOCTOPHO] pacio-
Aend Cywdesor spadersa
Koje qocneka 4o 3 oM LHHe
MOBPIIHHE, YCIORLABAJY-
fil THME KOHTPACTE HIME-
by cezoma. Do mOBPEMEHD
noBefiake WM Caiibe e
Cymippe pagdjalHje JH-
PEKTHO YTHYE HA KJIHMAT-

[MleMaTHH NpHEAY KCEETPHOETeTA. D6 THE NyTamke JeMibe ok CyHa
Munankoedly Memha o8 ¥ THETycHMa o 100.00 0 roguna (Haeo p: Pisias and
Imbrie, 1986/1987)

Schematic presentation of eccentricity. According to Milankovitch, the
shape of the Earth's orbitaround the Sun changes in eycles of 100, 000D years
(Source: Pisias and Imbrie, 1986/1987)

Milutin Milankovitch, A Traveler through Distant
Worlds and Times

Baapivinp Kenen (1846-1940) (neeo) i Andpes Berenep (1880-1930) (necno)
Wiladimir Koppen [1846-1940) (left) and Alfred Wegener [1880-1930) (right)
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Research

Milankoviech’s Theorie der
Druckkurven;

Good mechanics for masoniy
architecture

Abgmact. Dusing the nineteenth century many smdiss on
the thenry of the thrust line were wrirten in annedion with

the subiliy of mmonry smucmres However, 2 general
meamnent of the theory of the thrnsr line from hoth a

mechanical and marhemarical paint of view may be bund
anly in the contriburions of the Serhian scholar Milurin
Milankovizh, published hemween 1904 and 1910 and
suhsmndally unlnown mo the historians of mechanics
q}_phed to archimgure This paper aims ar presnring
Milankovizch's thenry and d.'m:un.i.ng irs i miprovemenrs with
respect oo the previous lireraure on the subjecr.

Why good mechanics for masonry snchitectune?

There are different ressons e putting this question with respect to Milutin
Milankevitch’s contribution on the theory of the line of thnest spplied to mesonny vaultad
stractures, From our rlmdzmpmrltrfvzw thie result of Heyman's lesson, the first reason
comcerns his methodological approach. When Milankevitch discumed his doctoral thesis,
Bevtrag mer Theone der ﬂ'uc.‘:i'm [194d], [Flg. 1) at the Technische Hochschule in
Vienna in 194 and 'ﬂ'bErI published the two papers in the Zelochnlfe fir Madhemaak wund
Piyzde [1907a, 1‘)10] the .q:!]:!]l:mnrl of dastic 'I:]'benrv T mEmenry amd stone strschures
was 3 wellestablished trend, Starting from the 18705 the old tmdition of studies based on
the medel of the arch a5 2 system of rigid and infinitely esbant wuseis wes mpidly
.thmdnmdmdﬂu‘ncwﬂim"rfﬂtduﬁcudihncmﬂwﬁdﬂwﬂnfﬂ'i-:sh'uch.ln]
engineer, 25 well 25 for systerns and materizk that only with difficulty obeyed the cassical
]'I'\'Pﬂ'ﬂ'bmﬂ‘Fﬂ'bE mzﬂumzbcﬂﬂmmrvtﬁdﬂtntv 'T]'us rlewzthtm{: z]:!rnl{uctnf'ﬂ'ie
times as well, was the inevible reult of nlrlebuerlﬂ'i-aerlhl.rv progres in struciumsl
mechanics related to the grest development of the geneml methods for the amalyss of
hyperstatic elstic systems.

Milankovitch tzkes his dismnce Fom this official trend. He obvicusly knows that the
only ratienal way for sdving a statically indeterminate system requines sdopting the elastic
q:!]:!rn.t:'h. that is, 1.|s.ir|g the mm]:!]ete set nfu.p.lﬂihrh.lm. mm]:.z‘l:ihﬂi‘ly amd stress-strain
equations in onder to determine the schual state of the system., His purpose, however, isnot
o search for the actual state of the arch. His interest is focused on 2 general theery of the
equilibrium of masenry strectures and for this aim there & oo need to ke the elestic
approach. It & sufficient to esume some basic hypothesss concerning the mechanical
behaviour of masonry materzk and o st the equilibium equations in sccordance with
them. MNow, thess hypotheses are ementally three: 1) masonry has no tensle strength; 2) io
compressive strength is practically infinite in comparison with the stremes oocurdng in real
strsctures; 3] friction is rge encugh to prevent sliding between masonry elements.

Mems Nawad [aurad 9 {2007) 153210 MELE M Erwom Joukda. - Vol 5, No. 22007 185
10 SESETI01 526 [0 101007/ 00004 D07-0035-9
0 2007 Kim Willam i Beoks, Tusin
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Cocchetti, G., Colasante, G. and Rizzi, E.: On the analysis of minimum thickness in circular
masonry arches, Applied Mechanics Reviews, ASME, Vol.64, 050802.1-26, 2011.
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Rizzi, E., Cocchetti, G., Colasante, G. and Rusconi, F.: Analytical and numerical analysis on the collapse
mode of circular masonry arches, Advanced Materials Research, Vol.133-134, 467-472, 2010.
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Figure 3: DEM (DDA) numerical resulis for a full semi-circular arch (a=90°) made with variable
number of blocks, with comparison to Heviman, CCR and Milankovitch solutions. Angular
position of the haunch hinge
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Audenaert, A., Reniers, G., Dullaert, W. and Peremans, H.:
Evaluation of the limit load capacity of masonry arch bridges,
WSEAS Transactions on Applied and Theoretical Mechanics,
Issue 4, Volume 4, 137-146, Oct. 20009.
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Figure 1: Definition of the geometrical parameters of
an arch in function of &
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Figure 7: Evolution of the distribution of stress as the
pressure load is increased from (a) to (d).
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Figure 8: Envelope of the distribution of stress
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