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on research in a complex state of stress

Wyznaczenie powierzchni zniszczenia zaprawy i cegly na podstawie
badan w zloZonym stanie napreZenia
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Abstract. The paper shows a investigation of masonry
components in a complex state of streses. In the mortar and brick
material model the Willam-Warnke failure criteria are used. All
parameters of failure criteria are obtained from mortar and brick
samples investigations. To estimate the position of the meradians
of the failure surface, the triaxial and uniaxial tests of mortar and
brick were made.
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Streszczenie. W artykule opisano wyniki badan komponentow
muru w zhozonych stanach naprezenia. Jako kryterium zniszcze-
nia zaprawyi cegly przyjeto model Willama-Warnkego. Wszyst-
kie parametry powierzchni zniszczenia zostaly okreslone na pod-
stawie badah zaprawy i cegly. W celn wyznaczenia pohudnik ow
powierzchni granicznej wykonano badania zaprawy i cegly
w trijosiowym aparacie Sciskania.

Slowa kluczowe: elementy murowe, zaprawa, kryterinm znisz-
czenia Willama-Warnkego, badania w osiowym i trojosiowym
stanie obciaZenia.

In the numerical analysis of the masonry
structures two methods can be used: micro and
macro-modeling [2, 3, 4, 5, 6]. Micro-mode-
ling depends on different description of mor-
tar and brick properties. It mvolves separate di-
vision on finite-elements in each material. To
mike an appropriate description of the mortar
and brick mteraction o the plane of their con-
tact, the additional contact elements must be
used. Macro-modeling depends on estimating
substitite material description presenting con-
nections between average strengths and strains.
The masonry model is showed here as a homo-
homogeneous models is the unlimited size and
shape of the finite-elements. However, the ma-
in disadvantage of the said models is the lack
of the possibility to make an appropriate map-
ping of the masonry destmiction. There can be
showed the crack effect on the contact of mor-
tar and brick only by 1sing micro-modeling, In
the paper results of riaxial anduniaxial tests for
miortar and brick samples were submited. Pa-
rabolic meridians of Willam-Warnke failure
surface established and presented

Failure surface

Willam-Warnke failure surface has non-
circular cross sections consist of three tan-
gent ellipses (fig. 1a). The swrface has apy-
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Fig. 1. Willam-Warnke failore surface:
a) deviatoric section; b) general view

Rys. 1. Powierzehnia zniszezenia Willama-
-Warnkego: a) proekrdf  dewiatorowy;
b ) widok

ramid similar shape (fig. 1 b) with straight or
second-order parabolic generating line, cal-
led meridians [8]. In the paper the five-pa-
rameter Willam-Warnke criteria was used.
In the said criteria the failure surface has
parabolic meridians.

Failure surface defines the area of safe
material’s operating process. If the stress
paths puncture the failure suwrface, it will
damage the material. The meridian, where
the point responsible for the uniaxial com-
pressive strength is located, is called com-
pressive meridian (fig. 2a). Whereas the
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meridian, where the point responsible for
the uniaxial tensile strength and biaxial
compressive strength is located, is called
tensile meridian (fig. 2a). The shape of the
deviatoric section’s surface is periodical
- the compressive and tensile meridians
are situated interchangeably with an angle
between them equals @ = 60°. All meri-
dians converge in mean normal stress axis
on the triaxial tensile strength point £,
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Fig. 2. Parameters of Willam-Warnke
failure surface: a) hvdrostatic section;
b) deviatoric section
Rys. 2. Parametry opisujgee powierzefinig
miszezenia Willama-Wambego: al proekrdf
aksfatorowy; bl proekraf dewlatorowy
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