











An Equivalent Step-By-Step Post-Elastic Analysis for Multi-Storey R/C Buildings with Masonry Infills

Table 7

Mechanical properties used for the simulation of masonry infills for the 6-storey structure

Initial unreinforced masonry | Retrofitted reinforced masonry
Young's Modulus (N/mm?) 2500 3500
Poisson’s Ratio 0,18 0,2
Tensile strength (N/mm?) 0,25 1
Compressive strength (N/mm?) 2,5 4,5
Softening Modulus under compression (N/mm?) 0 0
Softening Modulus under tension(N/mm?) 0 0

104, Typical multi bay frame extracted from the 6-storey frame structure
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Figure 13(a) Typical multi bay frame extracted from the 6-storey frame structure
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Figure 13(b) Fully non-linear masonry
infilled R/C frame simulation (type A)

Figure 13(c) Non-linear surrounding
R/C frame- with multi-linear diagonal

for masonry infill (type B)

Push over behaviour for a four bay initial single storey
masonry infilled R/C frame
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Figure 14 The fully non-linear type A response for initial singe-storey masonry infilled frame

Journal of the International Masonry Society Masonry International Vol 30. No 2. 2017

57



VASSILIOS J. SOULIS, GEORGE C. MANOS

Push over behaviour fora four bay retrofitted single storey
masonryinfilled R/C frame
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Figure 15 The fully non-linear type A response, for retrofitted single-storey masonry infilled frame
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Figure 16(a) State of masonry damage Figure 16(b) State of masonry damage
at strain level 2.0%o0 at strain level 3.0%o0
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Figure 17(a) State of retrofitted masonry Figure 17(b) State of retrofitted masonry
damage at strain level 2.0%o damage at strain level 3.0%o

3.2.4 Push over analyses for the multi-storey multi-bay approximation of the proposed methodology is employed in
masonry infiled R/C frames adopting type A, and B respect to the single-bay approximation (MANOS et.al [2]).
simulations Figures 19(a) and 20(a) depict in more detail the
Figure 18, depicts the base shear — top displacement predicted damage of the initial and retrofitted masonry
pattern obtained either by the fully non-linear “pushover” infills of the 6-storey structural formation as it resulted
type A analysis for the 6-storey structure, when the top from the equivalent type A numerical simulations, for a
displacement reached the target value of 54mm, or the top storey displacement corresponding to 3% of the
proposed equivalent type B analysis with the multi-linear building height. Using the procedure of step h of section
diagonal struts utilizing the two different approximations of 3.1, the predicted masonry damage up the height of
the proposed methodology, the one adopting the multi-bay this structure was also obtained as it resulted from the
approximation and the other adopting the single-bay application of the equivalent type B numerical simulations,
approximation as proposed by MANOS et.al [2]. The target and the recording of the inter-storey shear deformation
displacement corresponds to approximately 3% shear strain levels; this is shown in Figure 19(b) for the 6-storey
level recorded at the top floor. As can be seen, the load- structure with the initial unreinforced infills and in
displacement response obtained by the step-by-step Figure 20(b) for the 6-storey structure with retrofitted
equivalent post-elastic analysis is in good agreement with reinforced infills. In the case of initial masonry infill the
that predicted by the fully non-linear analysis. The push over failures are predicted along the diagonal of the infill, while in
curves employing the simulation type B are in better the retrofitted infill, failures were reported in the corners of
correlation with the simulation type A when the multi-bay the infill.
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Comparison of push over curves of the inelastic 6-storey frame with
multilinear diagonal struts and the inelastic 6-storey frame with
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Figure 18 Base shear — top storey displacement “pushover” response as predicted either by type A or by type B
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Figure 19(a) Masonry damage Figure 19(b) Masonry damage
prediction type A, y=3%o prediction type B, y=3%o
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Figure 20(a) Masonry damage Figure 20(b) Masonry damage
prediction type A, y=3%o prediction type B, y=3%o
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4. CONCLUSIONS

The strength, load-displacement behavior and failure
patterns observed during the experiments for the single-
storey one-bay masonry-infilled R/C frames examined in this
study are successfully predicted by the proposed numerical
simulations that utilize different modelling techniques for the
simulation of the masonry infill (macro-modelling technique,
diagonal strut model).

Based on the successful validation of the proposed
numerical simulation of the non-linear response of single-
storey one-bay masonry-infilled R/C frames an equivalent
“pushover” analysis is proposed for predicting the behaviour
of masonry infills from their interaction with the surrounding
R/C structural elements when these masonry infills are
incorporated within multi-storey frame structural formations.

By comparing the response of a planar multi-storey R/C
masonry-infilled frame, as predicted by the fully-non-linear
simulation type A validated in the first part of this paper and
the proposed equivalent “pushover” type B analysis, it can
be demonstrated that this proposed “equivalent pushover
analysis” is reasonably successful in predicting the “top
storey versus base shear” response of the 6-storey structure
used for validation purposes.

The resulting push over curves of the fully non-linear
type A analyses are in better agreement with the push over
curves utilizing the equivalent type B analysis when the
multi-storey structure is modelled as multi-bay single-storey
units than as single-bay single-storey units as proposed
previously by MANOS et.al [2].

The expected behavior of the diagonal cracking of the
weak masonry can be predicted by the proposed “equivalent
pushover” analysis as well as the corner crushing of the
retrofitted, strong masonry.

The computational time needed for the proposed
“equivalent pushover” analysis is considerably less than that
of the computational time needed for the fully non-linear
analysis of multi-storey masonry infilled R/C frames when all
the non-linear mechanisms of structural members are
included, as presented in the first part of this paper.

In this study it has been demonstrated that the proposed
“equivalent pushover” analysis can be used as a useful
design tool for assessing the state of masonry infills within
complex multi-storey structural formations.
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