Carro Biast - MarTa PECCHIOLI

- PHOTOELASTIC STRESS ANALYSIS IN MASONRY STRUCTURES

Photoelasticity has not been used for a detailed analysis of the static
behaviour of masonry seructures.

Among few interesting exceptions we must notice the paper by R.
March and R. Jonash (1), where horizontal load effects are studied, in section
models of famous gothic cathedrals. Such models, however, had been obtained
by cutting a whole plate of photoelastic material, by reprodiiotion only of
the section profile of those buildings; so the particular static charactenistics
- of the framework to be investigated, The leaking of tensile strength, ﬁrst
of all, had mot been taken into account.

Within the studies which are in progress at the Istituto di Costruzioni
di Firenze, Facoltd di Architettura, whose object in the structuxa& analysis
. of masonry, we try to apply the photoelastic methods, assuming particular
models, able to simulate the static behaviour of the masonry structoral
. elements. o .
As a first approach, dry jointed plane elements have been investigated,
- 50 to simulate a structural Gcheme similar to a masonty framework loaded
- in dits plane (2).

Such models have been made by traditional matema;ls used in photoeIa-, '
sticity (perspex and araldit B 12), but much care was needed in the assembly -
of such elements, in order to avoid distress phenomena in the contact sur-
 faces. Furthermore, these models have been fitted betwoen two glass plates,
with the aim to watrant, during the tests, the stability of such frames.
Some examples of the tests, which have been cartied out, are dn,scussed
in what follows. -
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Fig. 1 shows the model of the behaviour of a wall continuous, subjected '
to a concentrated load, supported by elastic base: a) isodlinics 15°; b) isosta-

tics lines ¢) isochromatics.

Fig. 2 shows a tectangular opening in a wall, with upper girder, su-f :
bjected to a concentraded load end on migid supponted a) isoclinics 15°

b) isostatics line; ¢} isochromatics.

Fig. 3 shows = bracket with concentraded load. a) isodlinics 15°; b)f

isostatics line; ¢) isochromatics.
It is easy to note the region of stress concentrations, and while some

elements show a dlear bending loading, with semarkable increasing of;

Stresses.

More recent studies have been carried out about panticular’ structural :

clements, aiming to evaluation of the stvess state.
Three of the examples are presented: a pier, an arch, a flat ceiling; the

arch and the ceiling have been deduced from plates n® XXIX and XXXIII:

of the Rondelet treatise,

Pier

The pier object of the test described in that memory is the structural
behaviour of a pier, made by eight hewnstones, with no tensile strength,
subjected to eccentric load.

The obtained results show general agreement, except for 2 few s
ficant differences, with the theory of eccentnicelly loaded beams.

In fig. 4 the following data are collected: nsosﬁamcs lines, isochromatics

and the bending diagrams of sttess, with reference to the niddle pofat and B

the contact bounderies of the single stones.

Such values are obtained as mean ‘value of the 4 mﬁermedaate elements. ;

Test data:
dimensions of hewn stones cm 53X 25x%X1
fringe value kg/emm = 15
external load ‘ kg = 130
eccentrecity : ‘ =1
resultant foroe sez. A Ra = kg 126,8 (error 2,5%)
tesitant force sez. B . Rb = kg 133,9 (error 3%)
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The structure behaviour of an arch, made by 11 stones, has been stu-
ied, taking a vertical disteibuted load into account.

Fig. 5 shows isostatics lines, isochromatics and the stress diagrams in
ome section. - ‘

Test data:

imensions of arch om 24 X 12 x 1
; kg/cmn = 24
external doad kg =6 X 32,5

A vervical load acting on a flat ceiling, made by 5 stones, has been
investigated. Fig. 6 shows the isostatics =hnes the isochromatics and . the
stress diagrams, in some section.

Test data:

mensions of flat ceiling cm 17 X 3 X 1
kegfemn = 15
ke = 64

;theste searches.
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STRUCTURES

ANALYSE DES CONTRAINTES DANS LES STRUCTU-
RES EN MACONNERIE, A I’AIDE DES METI—IODES
PHOTO-ELASTIQUES

Le présent travail, effectué dans le cadre des recherches sur les cons-
fructions en magonnerie poursuivies actuellement 3 PInstitut de la Cons-
truction de la Faculté d’Architecture de Florence, représente la premitre
Zstentative d'une recherche systématique sur le comportement des structures
en magonnerie par le moyen des technigues photo-élastiques.

Ce mémoire présente les résultats, obtenus par observation photo-elas-
tique, d’essais effectués sur des éléments structurels: cloisons, corbeaux,
pilastres, arcs et plates-bandes. Les expériences tentées ont permis de deter--
miner 1'état des contraintes existant dans les structures examindes.

Les résultats démontrent les possibilités considérables qu’offre la photo-
elastmmetne dans le domame de l’analyse statxque des construcnons en
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SUBJECT: STRUCTURES

TITLE: PHOTOELASTIC STRESS ANALYSIS IN MASONRY
STRUCTURES.

SUMMARY:

The operations described are a part of the research now being done at
the Building Institute of the Florence Architecture Faculty and represent
the first approach to systematic research on the behaviour of coursed masonry
or brick structures with the aid of photo-elastic techniques.

The paper gives the results obtained by photo-elastic observation follow-
ing tests on architectural members: inside walls, corbels, pilasters, arches
and lintel courses. It was possible by this method to determine the degree
of stress existing in the structures examined.

The findings demonstrate the remarkable potentialities of photo-elastic
methods for the static testing of coursed masonry and brick buildings — a
field in which, with rare exceptions, they had never been previously used.
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J— ESTRUCTURAS

- TITULO: ANALISIS DE CARGAS EN ESTRUCTURAS A BASE DE

MUROS POR METODOS FOTOELASTICOS
SUMARIO:

El presente trabajo, realizado en el programa de investigacién que se
viene desarrollando actualmente dentro del Instituto de la Construccién en
la Facultad de Arquitectura de Florencia, sobte construcciones a base de
muros, es el primer intento para establecer una investigacién sistemdtica
del comportamiento de estructuras murales, mediante el empleo de técnicas
fotoeldsticas. ' .

En este reporte se presentan los resultados obtenidos de Ja observacién
fotoeldstica de pruebas sobre elementos estructurales: muros divisorios,
ménsulas, pilastras, arcos y platabandas. Los experimentos realizados, permi- -
tieron aislar el estado de tensién existente en las estructuras estudiadas.

Los resultados muestran notables posibilidades ofrecidas por la fotoelas-
ticidad en el campo del andlisis estdtico de construcciones a base de muros,
donde, salvo raras excepciones, no se habfa aplicado antes.
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Hwn @ C. BHABY = M, [OEYYIOSM
Hacruryr pus Hsywerus lloerpoax, ApxuTerTypERit daxyantet
JREBePCETST 5IA Mayuwersil, GACPEHIMA (Hranma)

Ovezwor :+ CTPYKTYPA

Hezpawne : H3VYBH4E CBASATEALEEY LPEITCANMA noa KAMEHHEY &
KHPIEIHHAEX CTPOEHRE o [PHMEHERKEM  $OTQ-DIACTHUHNY
MEYQUIOB

Hparroe OnmHcanHe :

hacroagan paborn, cOBEDECHARA B pawyax HB3YUEeHLA O KaMOEHNX
HOXHDPOHUEHX HOCTPORNEX, NPONIBOKNNHY B BACTOAUSG BDPEMA B
Hecruryrs mna CTPOMTEABCT SR APKAYEXTYLROrG P2KYARTETR I'GDOAR
dropeEINA; DpescraBxset ¥a ceda Nepnym OQONT XY CHCTEMATERGCKOIC
AIMCKEMAL B UPONNOCTH KAMOHHMX UICTPOERX, HPH NOMORH (OTO-
CRACTHUHHY KEeTOZOB.

JTH D2URMCH ONBCHEADT DEBYARTATH HONYUOHHMA 0¥ POTO~34ABCTHUHEX
BA0ABJISHAAX K HORODHM HOIREPranT DASAXUENE COCTABINS IBOTH
CTPOSHEA : TePSI'OPOAKH, NONUOPRM, IEIICTDH, SAKPYTICHANE LBepH
HiM 2DKH M Repexuuie, [IpoNIRerenExe OUNTH HOSBOARKH YCTREOBHUTL
AR oCA3ATeNbYNX DPEENHCEEAN, KOTODHM LOXRAH HONUMLITCH H3yuage-
MHE HocTpolixu.

HNoayuerntie PesyARTATH HAPEANHO DOKRSHBANT GONBIKS DOIMITHOCTH
CYROCTBFNREE GpH FROTDPelNeRaN CROCOTOR GOT0-~32ZACTONSYDHE B
O0ZECTE CTATHUECKOrD ABAAXIN NPETAIAGMOrO K KEPUHUHMY A KAMEHHMM
mocTpolixest, I'ie oMH, © PeAXAME WCKEDYOUEANE, 066 HOWETE 490
HRECIRA 48 Cua¥ yReTpeCResi.
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STRUTTURE

LTOLO: ANALISI DELLE SOLLECITAZIONI IN STRUTTURE
MURARIE CON METODI FOTOELASTICI.

:

Il presente lavoro, effettuato nell’ambito delle ricerche che Vengono
ttualmente svolte presso UIstituto di Costruzioni della facolta di Architet-
ura di Firenze sulle costruzioni in muratura, & il primo approccio per una
icerca sistematica sul comportamento delle strutture murarie, mediante’
Yimpiego di tecniche fotoelastiche. .

In questa memotia vengono presentati i risultati, ottenuti dall’osserva-.
ione fotoelastica, di prove su elementi strutturali: sett murari, mensole,
ilastri, archi e piattabande. Le esperienze fatte hanno permesso di indivi-
uare lo stato di tensione esistente nelle strutture studiate. -

I risultati mostrano le notevoli possibilitd che la fotoelasticitd offre nel
campo dell’analisi statica di costruzioni in muratura, ove, salvo rare eccezioni,
on era mai stata applicata. '
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