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1. Introduction
1.1 Objectives

The issue of the seismic performance and safegxisting masonry structures is characterized by

numerous uncertainties and as in our case by da@abf sufficient knowledge.

The aim of this work is to understand the seisngbavior of “Sub standard Confined Masonry

Structures”, characterized by substandard matesiadspoor design knowledge, with the scope to

reduce the design’s uncertainty and the numbeictifns involved in the seismic event.

In fact this technique is used in zones of higlsre& hazard and the scope of this work it is to

define, through a rational basis, the “Seismic &emdnce Factors” that, when properly

implemented in the seismic design process, willltés equivalent safety against collapse in an

earthquake, comparable to the inherent safety sigaoilapse intended by current seismic codes,

for building with different seismic-force-resistisgstems [1].

This aim was been achieved through the followirgpst

* investigation of materials, design and construcpeaactices that result in substandard confined
masonry structures;

» experimentation of three full scale walls with #im to characterize the in plane behavior;

» development of an efficient FE model capable ofijmteng the behavior of the CM walls;

» validation of the FE model (elementary archetype);

» development of three houses’ models based on ¢meegitary archetype;

» testing the houses’ models with 10 different tyde aonscaled accelerograms through the
Incremental Dynamic Analysis;

* implementation of Push Over Test;

» validation of the Capacity Curve using the dynanésts results;

» definition of the Global Ductility Factor and theBavior Factor.
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1.2 Back ground and literaturereview

1.2.1 Confined Masonry

The construction of confined masonries starts D8l @&fter the Messina earthquake, becoming one
of the most popular and inexpensive structural tanBon system used for housing.

This construction is common for low-rise resideinbiaildings and individual houses in many areas
of Latin America, Indian subcontinent and Asia adlwas some parts of Europe.

In these buildings masonry shear walls are oftenahly structural element assumed to provide
resistance to gravitational and seismic laterad$odt consists basically of masonry panels confine
by vertical and horizontal elements usually of f@iced concrete. The horizontal members are

called bond-beams and vertical members are calezbtumns.
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Figure 1 Example of Confined Masonry [2]

Tie-columns have a square section whose dimensimnaisually equal to the wall thickness. In
respect to the bond beams, their width is the thédkness and the depth is usually equal to 20-25
cm (8-10 in).

The crucial point is that this technique has evblgssentially through an informal process based on
experience, and that it has been incorporatedrmdbconstruction through code requirements and
design procedures that are mostly rationalizatadriee established practice, even after having been
validated by structural mechanics principles angeexnental evidence.

In spite of masonry experimental research progreomsiucted in many countries, the behavior of

confined masonry shear walls is still not very vkglbw.
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1.2.2 Failure Modes

In order to investigate the Seismic behavior of dfag Structures, a comprehensive literature
review was conducted [3-4-5-6-10]. The first things have to define is “Failure Mode”, that is the
core of the structural design of buildings. A faunode is a mechanism by which a component in
a building stop to be able to resist the loadsiadpn it.

The goal of structural design is identifying thespible mechanism that could bring about failure,
predicting the force or deformation that failure tys mechanism will occur, and determining if
this force or deformation capacity is larger thapexted demands on the structure. There are two
general types of failure modes: non-structuralufgilmodes and structural failure modes. For the
first modes, they result only in collapse of théef component itself. This happens because non
structural elements do not support other membensalstructural point of view, such elements are
only required to resists the forces applied to thdiractly, such as self-weight or inertial force.
Structural failure modes involve the failure ofustiural members, or members that are relied upon
to support other components of the building. Iftauctural failure mode occurs, the result is
collapse of part or all the building.

As shown in picture 2, we have tree typical disttibns of forces:

vertical, in plane lateral forces and out of pléateral forces.

Vertical Inad/sv
In-plane lateral s /;‘jr/fr

"
forces 1 C}-ut—ﬂ!—pl&:é\\
ateral forces

Hf"/

Figure 2 Confined Masonry wall with loads [7]

From the damaging observation, after a seismic tevéns possible to define two different

categories in which divide the seismic behavioMafsonry structure: the first mode we consider
the collapse’s kinematics connected with the oytlahe behavior of masonry walls (rocking) and
the second mode’s mechanisms that involve the aneplbehavior of masonry walls, damaged

typically for shear or flexure.
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And it is just the second mode that have a relex@rtunder seismic action as will be explained in
1.2.4. In fact also in code [8-9] the seismic-feresisting element considered in the analysis are

those work in their plane. The typical mechanisargtie second mode are shown in picture 3.

i N ¥ nan T B
. F :

|J il.' |I ]I Efl 7 fFj

IJ 'lr | :iI i{ IR\‘* \ JI

| ] Y |i

Figure 3 Failure M echanisms[7]

In plane failures occur in walls parallel to theedtion of earthquake shaking. Generally resisting
forces in the in-plane direction is an efficientywfar a structure to transfer lateral forces to the
foundation and that it is the way in which the nmagastructures works.

Three failure modes can result from confined magwralls carrying lateral loads in-plane:

diagonal shear failure, sliding shear failure anglane bending failure.

1.2.2.1 Diagonal Shear Failure
It is a typical in plane mechanism observed in spetiportioned confined masonry structures.

Several approaches can be used to idealize the toansfer that brings about diagonal shear

failure. One of them it is illustrated in figure h, which the force transfer is achieved through a

compression strut and a tension tie.
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Figure 4 Shear Failure[10-11]
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Referred to the literature it is possible to assuna the width of the diagonal strut it is equal t

one third of its length and its thickness it is aene of the panel.

As diagonal cracking increases, the compressiont stecomes less effective in transferring
compressive force. To compensate, the tie colunork v distribute the horizontal inertial force

off the main diagonal, in effect widening the coegsion strut.

Increasing the load increase also the number wfissinside masonry and for a certain point of view

we can image it like in figure 5:

Figure 5 Increasing of Struts[11]

1.2.2.2 Sliding Shear Failure
In this type of failure, a horizontal crack forms the mortar joint across a portion or the entire

length of the panel and then it extends into teecblumns. Once the tie columns have failed in
shear, failure occurs by the wall sliding along kimgizontal joint. It happens only if the resistanc

of the mortar joint is very weak.

—=— (Concentrated
| ‘ ‘ ‘ ‘ ‘ Intertial
| Force

‘ ‘ ‘ ‘ ‘ ‘ \\L ‘\\ Shear Failure in

‘ ‘ | ‘ ‘ ‘ Tie Column

‘ ‘ ‘ ‘ ‘ ‘ ‘ Shear Failure in
‘ ‘ | ‘ ‘ ‘ Mortar Joint

Figure 6 Sliding Shear Failure[10]
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1.2.2.3 In-Plane Bending Failure

Horizontal and vertical loads cause compressiassés at one end of the wall and tensile stresses

at the other. Assuming the tie column does noiqpate, the wall fails when the tension strength
of the mortar at the tension end is exceeded, rgubke wall to tip over.

Vertical Loads on wall from floorroof
slab + walls from higher levels
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Figure 7 Bending Failure[10]

1.2.3 Confined Masonry Buildings, Seismic Behavior

It is really important to understand how this stanes work to resist earthquake forces.
Earthquake introduces stress into buildings by lacaténg and displacing the base of the building.
Since no lateral forces are applied to the buildibgve the ground, the walls, floors and roof stay
in their original positions. The foundation, howeveants to drag the rest of the building along
with it since everything is connected together. dboso, the structural elements must apply forces
on the superstructure to get it move with the tatron.
The forces applied by the structural elements warkssercome the inertia, or resistance to change
the initial conditions of the superstructure, drahce are referred to as inertial forces. Theimert

of a component of a building is directly propor@bio its mass. Thus, much heavier will be a wall,
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a floor etc., and larger will be the force that s developed in the structural elements to miake i
move with the foundation.

To make easier to understand the seismic respdnaestoucture, instead of consider earthquake
loads as ground displacements and accelerationetsoes we can consider the base of the
structure to remain still, and apply equivalenttat loads on the building equal to the inertial
forces caused by ground motion. The two systemssatesturally equivalent, but the latter is

usually easier to understand and interpret. Figuiustrates the two ways of conceptualizing

earthquake loads.

Defected Building Shape doue to Ground Motion =  Defected Buoilding Shape due to Inerial Loads

Imertial Loads
due to Mass
of Walls

Imertial Loads \ \
due o Mass of ~___ l"-..\'
Roof + Floor =

Al

et

£ / i Ly LA
T T 7 ff.r’fr‘ffh?? ';‘GZ‘-JX:” LSS EE .r“f-'?f-l'???
Ground Acceleration

Figure 8 Idealization of earthquake demands [10]

We have to underline that the magnitude and doeabf seismic loads continually change during
the seismic event. In seismic design have to berghte the maximum demands in each direction
and designing the structure to resists them.

The equivalent lateral force visualization of equbake loads will be used to explain how a
confined masonry structure transmits earthquakeefoto the foundation. Referring to Figure 5
below, the inertial forces on a CM building are cemtrated where most of the mass is: at the floor
and roof levels, and in the masonry walls themsel\fdne red arrows show the inertial forces on
each component applied to the component’s centanaxds, the blue arrows illustrate how the
inertial forces transfer to supporting elementsl e green arrows represent forces on components

transferred from other components [10].
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Direction

ol Ground
Maotion

Figure9 Inertial Loadsin CM [10]

Analyzing the members of the simple structuresgare 5, it is possible to understand that the
masonry walls perpendicular to the direction aflshg are much weaker and more flexible than
the wall parallel to the direction of shaking. 8iete elements transfer their inertial forces to the
much stiffer elements bordering the walls. The r@d the floor transmit the inertial forces from
their own mass, along with the forces transfercethém from the walls perpendicular to the
direction of shaking, to the walls parallel to theection of shaking. To do so, roofs and floors
deform in plane (since all deformations are par&diehe plane of the roof or floor) as a diaphragm
and as a result, are referred to as diaphragm alsmehe walls parallel to the direction of shaking
have the responsibility of transferring inertiatdes from their own mass, the diaphragms and the
walls perpendicular to shaking down to the fouraativhere it is transmitted to the surrounding

soil. These walls perform this function by deformin-plane in shear and bending (second mode).

1.2.4 Seismic Design

In reference to the Italian Code NTC2008 and Anzeri€Code ASCE 7, the seismic design it is
related to the seismic behavior of the structurevant to design.

In other words the point it is if the structure chssipate energy or not.

If the structure can’t dissipate energy we havedsign in an linear-elastic way, in which the desig

load it is the linear-elastic load that come frdra &inalysis. In the other case, it is possibledoce
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the response spectrum of the structure and desigith a less load instead of the elastic load,
reducing the cost of the structure.
As an example it is shown in figure 10 a diagramwinch it is clear the difference between design

in linear-elastic hypothesis or design with an tetgslastic behavior:

Design Force

—4¢— Linear Elastic Behavior
/ —— linear Elastic-PerfectPlasticBehavior

Lateral Displacement

Figure 10 Elastic Behavior vs Elastic-Plastic Behavior

Seismic codes are developed with the intent of emg$serviceability requirements during frequent
moderate earthquakes and life safety during a megothquake. Therefore, in the latter case
extensive damage to the structure may be accealtag as collapse is prevented.

Design seismic forces are obtained by reducingheali elastic response spectra by a response
modification factor R (Ve/V)[9] or using q (struceufactor) [8] and member forces are determined
through linear elastic analysis[12].

In addition, a displacement amplification factog i€ used to compute the expected maximum

inelastic displacement from the elastic displacanmatuced by the seismic design forces.
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E
E Design Earthquake R = Response Modification
oA Ground Motions Coefficient = V/V
@ C, = Deflection Amplification
ﬁ Factor = (#5)R
@ ) C, A 12, = Overstrength Factor = V,__/V
2 Ve > ¥
LT, o
ko R Pushover
—V . Curve
@ max j x 2,
% vV s ¥ ¥
=

/R 5 e

Lateral Displacement (Roof Drift)

Figure 11 Seismic Performance Factor described by NEHRP

Usually R and grecommended by the codes depend on the perioceddtthcture, the structural

system type and the structural ductility.

1.2.5 Numerical Modeling

The different techniques proposed in the literafarddealizing this structural type can be divided
into two groups, namely, local or micro-models amaiplified or macro-models. The first group
involves the models in which the structure is ddddnto numerous elements to take account of the
local effects in detail, whereas the second grawtudes simplified models based on a physical
understanding of the behavior of the CM wall. la thter case, a few elements are used to represent
the effect of the element as a whole. It is evidieatn experimental observations that these
structures exhibit a highly nonlinear elastic bebg\and the most important factors contributing to
the non linear behavior arise from material norediity. These factors can be summarized as
follows:

» Infill Panel: cracking and crushing of the masormstjffness and strength degradation.

» Surrounding Frame: cracking of the concrete, yrgf he reinforcing bars, local bond slip.

» Panel-Frame Interfaces: degradation of the bondtisin mechanism, variation of the contact

length.

10
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After the considerations done before, and a congmrghkie literature review, the seismic behavior
of Confined Masonry structures it is modeled thtoumacro modeling in which it was supposed
that the wall under seismic action will act witlstaut and tie mechanism whit considering also the

friction between the masonry units. Figure 10 tiate it.

Friction

G A

Figure 8 CM Modeling

The diagonal strut model is widely accepted asmplg and rational way to describe the influence

of the masonry inside the frame.

11
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2. Mechanical Characterization of the Materials

2.1 Introduction

In order to investigate the materials, design aodstuction practice that result in substandard
confined masonry structures, a comprehensive litexaeview was done.

In Confined Masonry, as we explained before, weeham unreinforced masonry wall panel

surrounded by horizontal and vertical “confiningembers called bond beams and tie columns.
The masonry wall panel consists of units bondedl wibrtar and confining elements constructed of
reinforced concrete (RC). In some cases the units masonry walls are toothed at tie column
locations to create better interlock between thé arad tie column. In a CM system, the masonry
wall panel assume the role to transmit all latarad gravity loads to the buildings foundation. The
bond beams and tie columns work to hold the waletber under earthquake. The RC confining
elements improve the connections between wall-floof- enabling the structure to better act

together as a unit during a seismic event, tha what we call box behaviour, that it is really

important to make the structure able to resistexdhaction.

The important features in CM structures are theenmas quality and the detailing used in the

design as shown in Figure 11.

| Concrete

preferable to smooth)

w3 e Quality of clay bricks or
[ concrete masonry units

Anchorage detailing [~y ~¥

Corner joint \
defailng| N quality Butt joints
- (s 'I‘ RS (often missing)
Plain reinforcing bars —— "l--| LT T T T T T
in confining elements om0 .
S HAA L S e |A'/ Bed joints (mortar
/i: |:,: , : e : : :Jl quality, joint thickness)
Wall edge (toothed——] 7 e o e e e
T 1 [ T T 1 I
1 [
[ I | | [ [ T T T I I
I | I I [ T T T : I

Figure 11 Typical Design and construction practice

12
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2.2 Specimens Dimensions and materigWalls, Units, Mortar, Frame)

Confined masonry wallare made of units, “confining” elements and bondiragerials like mortal
What we want to do now it is to define what are dtendard dimensions and typologies of mat:
used in substandard CM walls define a full scale specimen that can repregentealphysical
behavior of that element.n€& pointwas to desigma test that was able objectively to represent
type of construction, characterized from a reallpstandard materials and also dn approach,

using a restrict number of specime

2.2.1 Wall Dimensions

The height of the walls is inside a range betwe@G-2.50 m (7.28.2 ft). The length betweer-4
m (6.2413 ft). The column depth is usually equal to thel Wackness, betweel5-20 cm (6-8 in).
The depth of the confining beam varies bein a range of 20-25 cm {B) in), and its width

between 15-20 cm (8-in) in function of the wall thicknes

2.2.2 Blocks (Units)

There are a lot of masonry units that are used Mh @We can divde them in respect to tl
materials, geometry and distribution of cores. Ve bave concrete blocks, solid concrete bri
clay blocks and clay bricks (each one solid ordw)l The most common are hollow concr
blocks with a net area about 5-60% ofthe gross cross section. They are also typicallgemeeal

the construction siteand that means that the choose of the matetiEsorrelated to the materic

they have.
P T
=
- - __.-ﬂ #/;;[.3:‘:;[;#]
[~ [’Qf.;?’ g P N
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Figure 12 Types of masonry units [2]
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Below there is a table in which we (see the strength of the different types of u

Table 1 Strentgh in masonry units [14]

Type of masonry unit class O'PKm a'PK Net section
Kg/em® Kg/em®

Solid clay brick A 120 80 >80% gross section
Solid clay brick B 75 45 >80% gross section
Eollow clay block A 120 85 >60% gross section
Eollow clay block B 75 50 >40% gross section
Eollow conerete block I 65 45 >40% gross section
Eollow conerete block I 65 45 >40% gross section
Follow concrete block 11 50 30 >40% gross section

2.2.3 Mortar
Portland cement and lime mortar are the most udeeir compressive strength ranging betv
5-10 MPa (730-1450 psiJ.he bed joints thickness varies betwe-2.5 cm (0.37-1.0 in). For the

builders the head joints are not considered impbra their thickness change betwe-1 cm (0-

0.375 in).

e

Figure 1 Thick of mortar bed joints

14



“In-Plane Cyclic Behavior of Substandard Confined Magdrull-Scale Experiments, Fin-Element Modeling and
Incremental Dynamic Analysis”

Chapter 2

2.2.4 Concrete

The concrete it is castad place, so it isn't typically compacted. The wdferound and smoot
aggregates in conjunction with smooth bars anddi#termine the presence of large voids and
bond with the steel. The compressive strength pical substandard concrete varies betw8-12
Mpa (1150-1750psi).

The poor compression strength in units, mortara@ntrete is due to lower quantity of filler. As"
can see to the below figures, poor materials usedonfined masonries are combinecth no
accuracy to the design details.

Figure 12 Unconsolidated concrete at the interfac&ith masonry

Figure 13 Lack of bond
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2.2.5 Steel Reinforcement
The longitudinal reinforcement of beams and pillgygically consist infour bars with a tensil
strength of about 28820 Mpa (4061-61000 psi). The ties are smooth bar equally spacdgdno

decrease in spacing at the column or beam andmis

In fact, as we can see fropicture(a) and (b)hey made open stirrups with large spacing betv
steel tie, and not deformed steel bars (pict-e) it inducing buckling of the longitudinal barsde

failure mechanisms of the walls.
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2.3 Mechanical Characterization of the Material:

As we explain before, the goal of the first partteg work was to be able to design and constri
limited number of full scale specimens that werke abrepresent what is done in common prac
of building CM structures. Once defined from theerliture review what were the range
dimension and strength of the constituents, weesteo produce the. In order to characterize ti
mechanical properties and define the constitutividets of the materials us following the

American Codes [9], the llowing experiments were perform.

2.3.1Compression Test on single bcks (ASTM C140)

To define the compressive strength of the conaretts six tests were carried ¢

A single block was instrumented with four 0.5 cth2(in) displacement transdus, one strain
gageand one 445 kN (100 Kip) load cell. In figure 14siillustrated the tes

Figure 14 Test Set Up
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Below the average resutise rejorted. The net cross section area is 39141.21204.

Table 2 ASTM C140 Results

Specimen | Comp. Strength (MPa) on net | Modulus of | Poisson's ratio

area Elasticity

(MPa)

Block #1 7.37 4670.70 -
Block #2 6.97 4390.40 -
Block #3 6.82 6874.80 -
Block #4 7.38 5493.30 0.87
Block #5 7.59 6128.00 0.62
Block #6 7.01 7077.50 0.77
Average 7.19 5772.45 0.7t
stdev 0.30 1117.73
COV % 4.164 19.363

2.3.2 Compression Test on twblock prisms (ASTM C1314)

Three tests were carried ooh twc-blocks prisms instrumented with four vertical 0/ €2in)
displacementransducers, two horizontal 0.5 cm (0.2 in) dispiaent transduce and one 445 kN
(100 Kip) load cell.

Figure 15 Test Instrumentation
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Average results are reported in table 3.

Table 3 ASTM C1314

Specimen | Comp. Strength (MPa) | Modulus of Poisson's ratio
on net area Elasticity
(MPa)
Prism #1 7.37 10985 0.779
Prism #2 6.97 13241 1.104
Prism #3 6.82 9670.5 1.058
Average 7.05 11298.83 0.980

2.3.3 Compression Test on concrete cylinders (ASTKI39)
This test was very important to know if the cemesg¢d to cast bond beams and tie column was
representative of what often used in developin@sar&ix concrete cylinders 10x20 cm (4x8 in)

with a cross section of 8107.08056 fnvere taken from each wall.

Table 4 Wall 1 ASTM C39

Specimen Comp. Strength (MPa) Modulus of Elasticity (GPa)
Wall 1-1 9.13 12.53
Wall 1-2 11.78 11.14
Wall 1-3 9.38 11.18
Wall 1-4 11.85 11.67
Wall 1-5 12.34 9.43
Wall 1-6 9.10 12.49
Average 10.60 11.41
stdev 1.54 1.15
COV % 14.564 10.039
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Table 5 Wall 2 ASTM C39

Specimen Comp. Strength (MPa) Modulus of Elasticity
(GPa)
Wall 2-1 13.25 14.51
Wall 2-2 14.33 15.17
Wall 2-3 12.03 12.68
Wall 2-4 12.98 14.69
Wall 2-5 12.78 14.83
Wall 2-6 13.95 11.49
Average 13.00 13.64
stdev 0.70 1.49
COV % 5.368 10.906
Table 6 Wall 3 ASTM C39
Specimen Comp. Strength (MPa) | Modulus of Elasticity
(GPa)

Wall 3-1 12.43 14.57

Wall 3-2 12.50 12.66

Wall 3-3 13.40 14.38

Average 12.78 13.87

2.3.4 Compression test on mortar cylinders (ASTM QQ9)
Six tests were carried out on mortar cylinders dathmluring the construction of walls and
instrumented with three vertical 0.5 cm (0.2in 3pdacement transducers and tested in a 0.14 MPa

(20 psi) load cell. The specimens dimensions wesglb cm (3x6 in).
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Table 7 ASTM C 109
Specimen Comp. Strength (MPa) Modulus of Elasticity (GPa)

Type N #1 8.513 11.050
Type N #2 9.575 12.076
Type N #3 8.075 12.251
Type N #4 7.459 -
Type N #5 7.599 -
Type N #6 7.537 10.692
Type N #7 9.690 12.751
Type N #8 8.293 10.444
Average 8.34 11.54
stdev 0.88 0.94
COV % 10.547 8.144

2.3.5 Flexural test on blocks and mortar prisms (ASM C348)
Three point bending test was used to define thaufld strength of mortar and blocks.

Table 8 ASTM C348 Blocks Prisms

Specimen Flexural Strength Flexural Strength
(MPa) (psi)
#1 1.63 236.85
#2 1.83 265.52
#3 1.61 233.15
#4 1.53 221.72
#5 1.81 262.37
#6 1.82 263.33
Average 1.70 247.16
stdev 0.13 18.87
COV % 7.634 7.634
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Table 9 ASTM C348 Mortar Prisms

Specimen Flexural Strength (MPa) Flexural Strength (psi)
CM #1 6.23 903.8:
CM #2 6.15 892.3"
CM #3 6.97 1011.1.
CM #4 6.62 960.1+
CM #5 6.61 959.0:
CM #6 5.80 840.7¢
Average 6.40 927.8"
stdev 0.42 60.61
COV % 6.532 6.53:

2.3.6 Shear tests on mortar joints (BS EN 10-3:2003)
This test wagperformed with three units of CM under three difetr precompression levels

define the cohesion and friction coefficient of thertar joints

Figure 16 Test Set Up
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Table 10 BS EN 1052-3:2003

Compressive Stress (MPa)

Precompression (MPa) 0.1 0.2 0.3 0.5
0.153 0.276 0.370 0.430
0.167 0.307 0.378 -
Shear Stress (MPa)
0.186 0.298 0.387 -
0.169 0.294 0.378 0.430

Average

2.3.7 Flexural test on mortar joints (ASTM E754)
Four point bending tests in five seven-blocks gpecis were carried out to obtain the modulus of

rupture of masonry.

Table 11 ASTM E754

Specimen Modulus of rupture (MPa) Modulus of rupture
(psi)
Prism #1 0.16 23.24
Prism #2 0.16 22.98
Prism #3 0.21 30.60
Prism #4 0.19 27.52
Prism #5 0.10 14.25
Average 0.18 26.08
stdev 0.03 3.66

COV % 14.029 14.029
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2.3.8 Compression test on small masonry walls (BINEL052-1:1999)

To have a better idea about the compression bahavimasonry, compression tests on small walls
were conducted. The smalls walls were built with teasonries units and instrumented with two
vertical 10 cm (4in) potentiometers, one 5 cm (2im)rizontal displacement transducers one 445
kN (100 kip) load cell and one pressure transd@cemeasure the maximum vertical load and

pressure. The results are on line with the avesAgabstandard confined masonry units.

Table 12 BS EN 1052-1:1999

Specimen Comp. Strength Modulus of
(MPa) on net area Elasticity (GPa)

Wall #1 4.52 7.359
Wall #2 3.69 8.179
Wall #3 4.71 7.621
Average 4.31 7.72
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3. Experimental Program

The experimental program was intended to definein-plane behaviour of Confined Masor
walls subject to a cyclic displacement. The goabk wa make a test thivas able to represent
objectively this type of technique, characterizednf highly substandard materials and de:
approach, using a restrict number of specimense@eéined the constituents properties and
that were inside substandard range, 1types of confined masonry walls were desig, built and

tested.

Substandards Substandards Substandards
materials materials materials
No Details Details Details
No longitudinals Longitudinals No longitudinals
reinforces reinforces reinforces
Wall Set Up Wall Set Up Wall Set Up
, ! !

12 Strain Gauges
T displacement

15 Strain Gauges
T displacement

12 Strain Gauges
T displacement

transducers transducers transducers
5 Potentiometer 5 Potentiometer 5 Potentiometer
Dots for D_I.C. Dots for D_I.C. Dots for D.1.C.

Figure 17 Experimental Program
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Below in figure 18 it is illustrated the scheme $tvear compression test of cantilever wall. The

benchmark from where it is started the test design:

Uapsr conneclion
Radlsirlbuilon loading wartkal hydraulle |ack
Loadlng beam baam W 6 x 40
W 1d E Al

Baottom connaction
verjcal hydraule acs

Jpoer conpacllon
of tha stnut

| 1
i i K T T T
% B gy I=agE |_|| ESIINANANR AR AR RANRANAA AN N

Hofom connaction
of tha sins

=i 41

3 =

[ ——
B

A ;

Mnchoring plates |

Figure 18 Example of the Test Scheme

3.1 Test set up, instrumentations and procedure

Three Confined Masonry walls made of 40x20 cm (25xG.625 in) concrete blocks, cement
mortar and reinforced concrete frame were builteyThvere designed to contain inside strain
gauges, potentiometers, displace transducers asideawas treated with white cement paint to
contain dots for digital image correlation.

The dimensions of the three specimens were 250218m (98x95.625x7.625 in).
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Figure 20 Type 2-3 in evidence the engineering details
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As it is underlined in figure 19ype one specimen represent a lack of engine&riog/ledge like
anchorage length and distance betweebars .

That specimen was instrumented with twelve straunggs, seven displacement tducers and
five potentiometers.

Figure 21 shows thiastruments position

Load Cell 445 K (100 kap)

Hydrau be Actustor
40N (110 kIp)

1

ol e i N

‘?|
5
i

Figure 21 Set Up Type 1 Specimen

Type one specimen was used as benchmark spec

Below in figures 22 (a) and (lb¢present respective the set up for type twand typethree
specimens.

Type twospecimen was retrofitted using longitudinal alunnnbars with the scope to increidhe
wall confinement and consequentially systemstrength. It was instrumented wseven
displacement transducers, figetentiometers and additional strain gauges to aredake aluminun

strain.
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