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ABSTRACT

Extensive experimental research aimed at defining the mechanical behavior of load bearing
masonry walls made with perforated clay units was carried out at the University of Padova.
Fifty-one specimens were characterized by means of uniaxial and diagonal compression tests and
also by in-plane cyclic shear compression tests. Three types of masonry walls were investigated:
masonry made with units with mortar pockets, masonry made with tongue and groove units,
masonry made with units with small dimensional tolerance in height and thin layer mortar.

Four types of non-linear finite element models were used in order to simulate the experimentally
observed mechanical behavior. From the comparison of the obtained results, it was possible to
draw some conclusions about the adopted experimental procedures, the different behavior of the
three masonry typologies and the reliability of the modeling strategy to simulate the tests. On
these bases, a simplified micro-modeling strategy, with the total strain rotating crack law for the
units and interface elements for the masonry joints was chosen to reproduce monotonically the
cyclic shear behavior of masonry.

This model was used to carry out parametric analyses of the tested masonry typologies, in order
to assess the influence of the unit compressive strength on the tested specimens global shear
behavior. A range of strength between 5 and 20 N/mm’ was investigated. In the present
contribution, the results of the parametric finite element analyses carried out are described and
discussed.

KEYWORDS: load bearing unreinforced masonry; in-plane cyclic tests; finite element
modeling; unit strength.

INTRODUCTION

The development of new systems for constructing unreinforced masonry walls has been driven
by the market towards systems which have better thermal insulation properties and allow faster
and cheaper construction processes. Because of these developments, the latest construction
technologies have replaced traditional head joints, fully filled with mortar, with preformed
pockets for mortar infill at the lateral faces (units with mortar pockets) or with mortarless head
joints with mechanical interlocking between units (tongue-and-groove units). Traditional bed



joints have also been replaced by thin-layer mortar joints, which are laid on edge-ground units
(thin-layer joint masonry). One important aspect is that these construction technologies have
been developed in countries not prone to seismic risk. Therefore, despite standard mechanical
characterization, which can be obtained by means of relatively simple tests (see [1], for a concise
literature review), the seismic behavior of these masonry types is still not adequately
characterized nor it has been regulated by seismic codes [2].

Several advanced computational approaches are also available for the assessment of seismic
behavior of masonry. The non-linear finite element modeling has been recognized as a general
and efficient method for the analysis of load bearing and displacement capacity of masonry
systems. In general, a numeric representation of masonry can be achieved by separately
modeling masonry constituents (units and mortar joints, micro-modeling approach), or following
a global approach where the whole structure is schematized as a continuum without any
distinction between masonry constituents (macro-modeling). Micro-modeling strategy for
masonry has mainly focused on the development of reliable interface models, since the first
introduced by [3]. [4] developed an interesting interface model under multi-surface plasticity
theory, where not only shear and tensile but also compressive behavior can be taken into account
through a cap model. [5], has further developed this interface model with a refined description of
the dilatancy phenomenon. An appropriate modeling of cracks through units is also of basic
importance to avoid an over stiff response and a considerable higher failure load of the numerical
models when compared with the experimentally determined ([4]; [6]). In order to simulate the
distributed cracks which develop on the blocks and consequently to better reproduce numerically
the global behavior of the structure using a micro-modeling approach, a smeared crack model
should be applied to the blocks ([7]; [8] and [9]).

The mechanical parameters can be derived both from experimental data or deduced from
homogenization techniques ([10]; [11]; [12]). Micro-modeling strategy is more detailed and is a
valuable tool to reproduce masonry assemblages tested during experimental researches. It
requires a large number of parameters but facilitates understanding the local behavior of masonry
and results in parameterization of experimental campaigns. Conversely, such strategy is not
suitable for simulating the global behavior of buildings, since computational burden is usually
excessive. Macro-modeling approach is less detailed, but depends on a limited number of
parameters. It can be suitable for structures of large dimensions, thus becoming more attractive
for practice oriented analyses.

In this scenario, experimental research aimed at defining the mechanical behavior of load-
bearing masonry walls made with vertically perforated clay units and various types of head and
bed joints has recently been carried out by means of uniaxial compression, diagonal compression
and shear compression tests. Three types of clay masonry were studied. According to the
experimental results, methodical process of model calibration was carried out in order to obtain
one single set of parameters that can be used with different modeling strategies and is able to
describe different types of test. Experimental behavior was reproduced by four types of non-
linear finite element models. From the obtained results, it was possible to draw some conclusions
about the adopted experimental procedures, the behavior of the three masonry types, and the
reliability of the various modeling strategies (as presented in [13]), in order to use the most
consistent one to carry out parametric analyses.



EXPERIMENTAL PROGRAM

The main aim of the experimental program was to assess the in-plane cyclic behavior of three
types of load bearing masonry walls made with vertically perforated clay units and various types
of head and bed joints. Masonry made with pockets for mortar infills (Po), according to the
Eurocode 6 [14], is classified as having fully filled head joints, as mortar is provided over a
minimum of 40% of the unit width. Masonry made with tongue-and-groove units (TG), was built
with dry mechanical interlocking between units at the head joints. Thin-layer joint masonry (TM)
was built using thin-layer mortar at the bed joints and dry mechanical interlocking between the
units at the head joints. Figure 1 shows the three types of unit.

Cross-section design (250x300 mm and shell and web arrangement), percentage of holes (43%)
and mean compressive strength (20 N/mm?) were almost the same in all units. Thin-layer mortar
(TM, bed joints 1.3 mm thick) and general-purpose mortar used for specimens with ordinary bed
joints (TG and Po, bed joints 12 mm thick), were both pre-mixed products.

More detailed descriptions of test procedures and results are reported elsewhere in [1] and [13].

Figure 1: Three types of clay units: a) edge-ground unit TM; b) unit with tongue-and-
groove TG; ¢) unit with mortar pocket Po.

NUMERICAL MODELING

To simulate the experimentally observed behavior four types of non-linear finite element models
were used. The experimental results were reproduced by means of both macro-modeling and
micro-modeling strategies. A plane stress state was assumed in all the adopted models. Eight-
node elements with Gauss integration scheme were used in continuum models and for masonry
units. In the discrete models, also six-node interface elements with Lobatto integration scheme
were adopted.

The macro-modeling strategy implemented two types of constitutive laws: the isotropic total
strain rotating crack model [8] and the orthotropic plastic model developed by [15]. The first is
implemented with linear softening in tension and parabolic curve in compression, while the
second uses Rankine-Hill failure criterion. The micro-modeling strategy implemented continuum
elements, adopting both the above mentioned constitutive laws, for the expanded units, and
mortar joints collapsed into zero-thickness interface elements. Coulomb friction criterion with
parabolic compression cap and tension cut-off describes the interface behavior [15].

The main mechanical parameters were extracted by common tests, used in practice for
characterizing materials and simulating actual loading condition in structural masonry walls,
these parameters were used without arbitrary corrections. Inelastic parameters, which can be
obtained by means of more complex test procedures and are useful for theoretical studies of
masonry behavior, were defined on the basis of extensive literature survey [16]. Some simple
criteria to obtain orthotropic parameters from isotropic ones and to evaluate mechanical
properties of expanded units in micro-models were defined [13]. The first criterion, which
influences the masonry anisotropy when perforated units are used, is based on the net area ratio



that characterizes masonry cross sections. The second allows to extrapolate the micro-model
parameters and to apply them into the analyses without any correction, by introducing
systematically on the numerical models the experimental error related to mortar joints and
mortar-unit interfaces irregularity.

To see all the used parameters refer to [13].

VALIDATION OF THE MODELS AND ANALYSES RESULTS

The results showed that, in the case of the uniaxial compression, three out of four models are
able to reproduce the experimental behavior, and the orthotropic models seem to be more
adequate. The experimental behavior under diagonal compression can be described properly only
by means of the interface models, whether they are orthotropic or isotropic. Besides, only the
isotropic models adequately describe the shear compression tests. Both these modeling strategies
were able to reproduce the observed sequence of failure mechanisms and, in particular, the
isotropic micro-models presented crack patterns consistent with the experimental ones (see, for
example, Figure 2b and c).

The type of simulated tests was higher influenced on the model accuracy than the type of
masonry that composes the specimens. In general, it can be said that any type of test can be well
simulated by at least one type of modeling strategy.
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Figure 2: In-plane cyclic shear-compression (TM 27%): test set-up (a); crack pattern (b);
principal compressive stresses at ultimate load with interface model TSRCM (c).

PARAMETRIC ANALYSES

The perforated clay units used for experimental tests were designed on purpose for the research,
following the principles of ‘robustness’ given by recent seismic codes (EN 1998-1, 2004; OPCM
3431, 2005; DM 14/01/08, 2008). They had mean compressive strength of about 20 N/mm”.
Compressive strength of perforated clay units used in practice varies in a range from about 20 to
5 N/mm’. Therefore, to study the influence of unit compressive strength (f.,) on global shear
behavior of the three masonry types, the analyses were repeated using units with compressive
strength of 20, 15, 10 and 5 N/mm®. From the results obtained by model calibration, it appeared
that simplified micro-modeling strategy, with total strain rotating crack law for units, is the most
adequate to reproduce monotonically the cyclic shear behavior of masonry. The parametric
analyses thus implemented this model. These criteria, explained more in details in [13], were
adopted to define model parameters.



A database of unit properties was created in order to estimate the mechanical characteristics of
the theoretical units. This database contains values reported in literature for about one hundredth
perforated clay units characterized by similar percentage of holes ([1]; [17]). The fitting process
used relations similar to those proposed by Eurocode 2 for concrete [18]. They were adapted to
estimate the unit elastic modulus E, (equation 1) and the unit tensile strength f;, (equation 2)
starting from the unit compressive strength f,. Equations 1, 2 refer to the gross area of units.

E, =3041-3/f,, (1)
f, =0.087 £ ()

For each masonry type and for each value of unit compressive strength, the analyses were
repeated applying the same vertical load used in the experimental (and numerical) phases of the
research, or a vertical load corresponding to the same ratio between applied load and
compressive strength of masonry. In the latter case, it is possible to compare the behavior of each
masonry type, varying the unit compressive strength, when stresses inside the walls have
comparable intensity.

To evaluate the pre-compression load on the models with different masonry compression
strength (with correlation to different unit strength) an adapted version of the Guidi [19] relation
(Equation 3) was used, and fitted with the experimental data. The adopted version of the
equation used the following values: a=4.52, b=1 and ¢=2.75. Table 1 shows the parameters used
in the parametric analyses that were changed from the models used to reproduce the
experimental tests.

f =fc—“-10g(b~fm+c) 3)
a

c,m

Table 1: Parametric analyses. Parameters changed from the used relation.

[N/mm?] ™ TG Po

f. (2042 15.00 10.00 5.00{20.96 15.00 10.00 5.00{20.43 15.00 10.00 5.00
fi 0.47 042 033 022 047 042 033 022| 058 042 033 0.22
fom | 695 5.16 344 1.72| 5.67 4.12 274 137| 534 412 274 137
22%| 1.53 1.14 0.76 0.38| 125 091 0.60 030| 1.17 091 0.60 0.30
27% | 1.88 139 093 046| 1.53 1.11 0.74 037| 144 1.11 0.74 0.37

Go

All the analyses performed are shown in Figure 3. In Figure 3 the corresponding horizontal load
versus drift diagrams are presented. The black line, represents the parametric analyses with the
same vertical load applied in the experimental tests, whereas the gray lines indicate the analyses
in which the applied vertical load changes in order to keep the ratio with masonry compressive
strength constant.

Figure 4 shows a summary, for the three masonry types, of the previously presented parametric
analyses results. The dots represent the performance of each numerically analyzed wall in terms
of maximum resistance (Hp.x) and drift at ultimate limit state (0,). The dash-dots curves
correspond to analyses carried out by applying the same vertical load used in experimental tests.



The continuous curves relate to analyses carried out under vertical load

same ratio between applied load and masonry compressive strength.
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= FC=05 22% = FC=0527%
I3 FC=10 22% 1 X P —— FC=10 27%
150 - © FC=15 22% 150 - o 7 FC=1527%
| ® —FC=05 451kN IR \ — FC=05 554kN
S T~ —FC=10 451kN S —FC=10 554kN
—FEC=15 451kN / —FEC=15 554kN
1/ —TM 451kN 22% 1 — TM 554kN_27%
100 1 —EXP TM 22% 1001 —EXP TM 27%
50 1 “" 50 1|
] Drift [%)] ] Drift [%)]
0 } — T 0 } F— ———
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
3 FC=05 22% 'z FC=05 27%
15 s |5 - R
%073 —EG=05 371kN WIR = — FG=05 456kN
9 - —FC=10 371kN 19 ‘ —FC=10 456kN
1= . —FEC=15 371kN ; —EC=15 456kN
1/ —TG 371kN 22% ] ‘ —TG 456kN 27%
100 1 / —EXP TG 22% 100 1 : —EXP TG 27%
50 50 -
| 1 ]
] Drift [%] Drift [%]
0 —t - [E— — — O : — - - - T —
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
1 Z FC=05 22% FC=05 27%
= FC=10 22% FC=10 27%
150 - © FC=15 22% FC=1527%
| & — —FC=05 349kN —FC=05 429kN
19 —FC=10 349kN —FC=10 429kN
1= 4~ —FC=15 349kN —FC=15 429kN
—Po 349kN 22% —Po 429kN 27%
/ — EXP Po 22% - —EXPPo 27%
50 |
| Drift [%] i Drift [%]
0O+ttt Tttt o+—r—t+ "+ F Tt
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0

Figure 3: Results of parametric analyses: load-drift curves under the same vertical load
(black line) and under the same ratio of vertical load to compressive strength (gray line).

The four dots in each curve correspond to results of analyses carried out on walls made with
units of different strength (20, 15, 10 and 5 N/mmz) and, obviously, decrease in maximum load
corresponds to lower unit strength.

When the applied vertical load is the same as in the experimental tests, besides the effect of unit
strength, it is possible to observe the behavior of the various masonry types. For TM masonry,
maximum horizontal load decreases by -5%, -11%, and -28% for unit strength of 15 N/mmz, 10
N/mm” and 5 N/mm® (compared to the case with unit strength of 20 N/mm?). For TG and Po



masonry, it decreases by about -2%, -7%, and -23% (see Table 2). The differences between

masonry types can be related to the higher brittleness of thin-layer joint masonry.
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Figure 4: Results of parametric analyses: maximum load-maximum drift diagrams under
the same vertical load (dash-dots line) and under the same ratio of vertical load to
compressive strength (continuous line).

The most important non-linear maximum load decrease that all the masonry types present at the
lowest unit strength show that, for modest unit strength, the wall behavior becomes more brittle
independently from the masonry type and this occurs when unit strength is comprised between
10 and 5 N/mm’. In this regard, it has to be noted that the Italian codes require a minimum
characteristic compressive strength of unit of 5 N/mm?, for the use in seismic areas ([20] and
[21]). The European seismic code also recommends a minimum normalized compressive
strength of masonry units of 5 N/mm?” [22]. However, the previous, being a characteristic
strength, refers to an average strength which is higher than 5 N/mm?” (and for sure comprised



between 10 and 5 N/mm?). Instead, the latter, being a normalized compressive strength, refers to
an average compressive strength of unit, which is even lower than 5 N/mm? considering the unit
dimensions generally found in the construction market and the procedures adopted to obtain this
strength from tests [23].

The behavior in terms of drift at ultimate limit state (maximum drift) is different for the various
masonry types. As expected, for the lowest unit strength, maximum drift decrease is higher for
TM masonry (-63%) than for TG and Po masonry (-57%). However, for higher unit strength, this
trend changes, and maximum drift decrease is -28% and -17% for TM masonry and unit strength
of 10 and 15 N/mm?, whereas it is -38% and -26% for TG and Po masonry (as shown in Table
2). Combined with maximum load, this fact is reflected on the dash-dots curves of Figure 4 and
depends on the different failure modes of the various masonry types. The curves bend sharply in
the case of TG and Po masonry, indicating that failure mode changes for different unit strength.
The model results show that rocking is dominating for higher unit strength, while brittle shear
failure develops and prevents rocking to occur for lower unit strength. In the case of TM
masonry, the dash-dots curves of Figure 4 are almost linear, as shear failure dominates in all the
unit strength range and confirms the brittleness of this masonry type.

Table 2: Parametric analyses results.
Experimental and numerical maximum load and maximum drift

; 22 % 451 kN 27 % 554 kN
™ °” drift load drift load |drift load drift load
[N'mm?| % kN % kN | % kN % kN
50 [1.69 403 0.34 106.0(1.43 47.7 023 107.0
. 100 [1.03 75.7 0.58 126.0/0.64 88.5 0.49 138.0
parametric 5o 1075 107.0 0.74 136.0]0.56 124.0 0.62 155.0
20.4 [0.85 139.0 0.85 139.0]0.65 158.0 0.65 158.0
experim. 204 |0.89 1352 0.89 135.2]0.72 166.0 0.72 166.0
; 22 % 371 kN 27 % 456 kKN
TG i drift load drift load |drift load drift load
[Nmm*]| % kN % kN | % kN % kN
50 (279 364 0.61 954 240 435 041 111.0
parametric 100 [1.70 72.8 0.85 113.0{1.18 86.5 0.67 135.0
15.0 |1.20 107.0 0.95 120.0/0.97 125.0 0.80 143.0
21.0 [1.21 123.0 1.21 123.0|1.18 147.0 1.18 147.0
experim.  21.0 |1.43 126.6 143 126.6|1.27 153.6 1.27 153.6
; 22 % 349 kN 27 % 429 kN
Po o drift load drift load |drift load drift load
[Nmm*]| % kN % kN | % kN % kN
50 [3.13 362 0.71 93.8 [2.49 43.5 0.47 106.0
. 100 [1.61 725 092 111.0]1.25 87.2 0.72 131.0
parametric s 1145 108.0 1.17 117.0/0.97 131.0 0.87 140.0
204 |1.49 118.0 1.49 118.0|1.25 142.0 1.25 142.0
experim. 204 |1.64 139.9 1.64 139.9(1.25 142.8 1.25 142.8

When the applied vertical load changes in order to keep constant the ratio with masonry
compressive strength (continuous lines), it is possible to observe the effect of unit strength and of
the applied vertical load. Through Table 2 is possible to see that for TM specimens, maximum



horizontal load decrease is almost linear with unit strength decrease (-22% when f,=15 N/mm’,
-45% when f=10 N/mmz, -70 when f.=5 N/mmz). For TG and Po specimens, maximum
horizontal load decrease is less pronounced when unit strength is higher, but it is exactly as in
TM masonry for the lowest unit strength (-11% when f.=15 N/mm?, -40% when f,=10 N/mm?,
-70 when f.=5 N/mm?). This confirms that the lowest unit strength is critical for all the masonry
type. The behavior in terms of maximum displacement is similar for the three masonry types. For
unit strength of 15 N/mm? displacement is 11% smaller than for unit strength of 20 N/mm?, due
to increased brittleness. For lower unit strength (10 and 5 N/mm?) the effect of the lower vertical
load applied becomes evident and maximum displacement increases of 12% and 110%
respectively. Finally, the comparison of the three masonry types in Figure 4 shows that
maximum drift, in TM masonry, is always lower than in Po and TG masonry.

CONCLUSIONS

Three types of load-bearing un-reinforced masonry walls, made with perforated clay units and
different types of head and bed joints were experimentally tested under in-plane cyclic loads.
Four different types of non-linear models, which follow macro and micro-modeling strategies
and implement isotropic damage criterion or orthotropic plastic criterion for materials, were
calibrated based on tests results. The isotropic models, in particular the isotropic micro-model,
adequately described the shear compression tests and allowed to observe the differences in stress
distribution and behavior due to the type of masonry bond arrangement.

The parametric analyses carried out showed how the wall performance under combined shear
and compression depend on the unit strength and masonry type. In general, maximum horizontal
load and drift at ultimate state decrease with the unit strength. For masonry with ordinary bed
joint (Po and TG) the decrease of unit strength also corresponds to change in dominant failure
mode, from rocking to shear, whereas in the case of more brittle thin-joint masonry, shear is
prevailing in all the unit strength range. In all masonry types, critical behavior arises for unit
strength between 10 and 5 N/mm®. The corresponding requirements for the minimum unit
strength to be used in seismic area seem to be adequate in the Italian code but unconservative in
the European standard. If the ratio of applied vertical load to masonry compressive strength is
kept constant, maximum drift can increase for lower unit strength, as vertical load decreases and
shear behavior is less prevailing. In any case, displacement capacity of thin-layer joint masonry
remains smaller than for other masonry types.

ACKNOWLEDGEMENT

This work was supported by the Associazione Nazionale degli Industriali del Laterizio (Italian
association of clay brick and tile producers). Experimental tests were carried out at the
Laboratory of Structural Materials Testing, University of Padova, Italy. Numerical analyses were
carried out using the code DIANA"™ release 9.

REFERENCES

1. da Porto, F. (2005). “In plane cyclic behaviour of thin layer joint masonry.” PhD thesis.
University of Trento, Trento, Italy.

2. Tomazevi¢, M., Lutman, M. and Bosiljkov, V. (2006). “Robustness of masonry units and seismic
behaviour of masonry walls.” Construction and Building Materials, 20: 1028-1039 .

3. Page, A.W. (1978). “Finite element model for masonry.” J. Struct. Engrg., ASCE, 104(8), 1267-
1285.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

Lourenco, P.B. (1996). “Computational strategies for masonry structures.” PhD thesis, Delft
Univ. of Technol. Delf, The Netherlands.

Van Zijl, G.P.A.G. (2004). “Modeling masonry shear-compression: role of dilatancy
highlighted.” J. Engrg. Mech., ASCE, 130(11), 1289-1296.

Chaimoon, K., and Attard, M.M. (2007). “Modeling of unreinforced masonry walls under shear
and compression.” Engineering Structures, 29, 2056-2068.

Lotfi, H.R., and Shing, P.B. (1994). “Interface model applied to fracture of masonry structures.”
J. Struct. Engrg., ASCE, 120(1), 63-80.

Rots, J.G. (1997). “Structural masonry. An experimental/numerical basis for practical design
rules.” Balkema eds., Rotterdam. The Netherlands.

Giambanco, G., Rizzo, S., and Spallino, R. (2001). “Numerical analysis of masonry structures
via interface models.” Comput. Methods Appl. Mech. Engrg., 190, 6493-6511.

Pegon, P., and Anthoine, A. (1997). “Numerical strategies for solving continuum damage
problems with softening: Application to the homogenization of masonry.” Comput. Struct., 64(1-
4), 623-642.

Ma, G., Hao, H., and Lu, Y. (2001). “Homogenization of masonry using numerical simulations.”
J. Engrg. Mech., ASCE, 127(5), 421-431.

Calderini, C., and Lagomarsino, S. (2008). “Continuum model for in-plane anisotropic inelastic
behavior of masonry.” J. Struct. Engrg., ASCE, 134(2), 209-220.

da Porto F., Grendene M., Modena C. (2009). “Estimation of load reduction factors for clay
masonry walls”, Earthquake Engineering and Structural Dynamics, John Wiley & Sons, Ltd;
DOI: 10.1002/eqe.887 (accepted for publication)

European Committee for Standardization. EN 1996-1-1: 2006. Eurocode 6 - Design of masonry
structures - Part 1-1: General rules for reinforced and unreinforced masonry structures.
Brussels, 2006.

Lourenco, P.B., and Rots, J.G. (1997). “A multi-surface interface model for the analysis of
masonry structures.” J. Engrg. Mech., ASCE, 123(7), 660-668.

Guidi, G. (20006). “Sistemi di muratura portante in laterizio: calibrazione di modelli numerici
sulla base di risultati sperimentali.” Graduation thesis, University of Padova. Padova, Italy (in
Italian).

DISWAIL, 2005-2007, COOP-CT-2005-18120. (2008). "Developing innovative systems for
reinforced masonry walls"; Scientific coordinator: C. Modena. University of Padova.
<http://diswall.dic.unipd.it/>

European Committee for Standardization. EN 1992-1-1: 2005. Eurocode 2 - Design of concrete
structures - Part 1-1: General rules and rules for buildings. Brussels, 2005.

Guidi G. (1954) “Confronto di resistenze fra murature in mattoni pieni e semipieni con vari tipi
di malta”, L’industria italiana dei laterizi, n°1, 1954.

Ordinance of the Prime Minister. (2005). “General Criteria for Seismic Classification of
National Territory and Technical Guidelines for Structures in Seismic Zones.” OPCM 3431,
Rome, Italy. In Italian.

. D.M. 14/01/2008 (2008) “Technical standards for constructions”, Ministero delle Infrastrutture.

In Italian.

European Committee for Standardization. EN 1998-1:2004. Eurocode 8 - Design of structures
for earthquake resistance. Part 1: General rules, seismic actions and rules for buildings.
Brussels, December 2004.

European Committee for Standardization. EN 772-1:2000. Methods of test for masonry units -
Determination of compressive strength. Brussels, June 2007.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


