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ABSTRACT

Un-reinforced masonry (URM) walls are used as infill in building structures of nuclear power plants.
Stability of these walls under seismic loading is an impodasign safetgonsideration. Confinements in the form
of mullions andtransoms have been used to reduce the size of unconfined wall panel and enhance the stability of
URM walls.
Behavior of URM Walls for various arrangement of confining elements has been examined in this paper using
F.E.M code ABAQUS. Eighteen different camfment schemes have been studiéth precast RC members as
confining elements. Masonry is modeled at macroscopic level. Interaction between masonry and confining elements
is simulated at microscopic levéhc or r el at i on i s develpogreadmebteetrwe e nr efl paetrefdc
strength and stiffness, and fAgeometric parameter o, rel
done on half scale model of five confined wall specimens. The proposed simplified relations obtained from
analtical results provided fairly accurate prediction of different behavioral aspects of confined masonry with
various arrangements of grid elements as seen from experimental observations. It is observed that type and
arrangement of confining elements playjonarole in deciding the behavior of the system as a whole. Effective
diagonal members play an important role in increasing the strength and stiffness of the wall whereas horizontal
memberamparts flexibility to the systerand increaseiss ductility. Thus a combination of the both results in better
confinement.

INTRODUCTION

Stability of large size URM wall panels under seismic shaking could become an issue with respect to the
safety of structures, systems and components located in the vicinity optiesle in a nuclear power plant. These
walls are seismically qualified by reducing the panel size through appropriate confinement using a neR@rk of
elements called transoms and mullions.

Confinement of URM walls using horizontal, vertical or diagon@ @lements, to improve the seismic
performance, has been a traditional fornboilding construction, practiced in different regions of the world. Half
timbered (Britain), colombage ( France), dhdgiwari (Kashmir), pombiliano and gaiola (Portugal) ate some of
the names of confined masonry construction. These types of structures resist lateral load by working along the
interface of masonry and grid elements, which is the key to the energy dissipation capacity of the system. Moreover,
subdivision ofthe infill into smaller panels arrests any major crack formation and prevents the masonry from falling
out of plane.

Even though commonly recognized as an effective practice and traditionally adopted in different places,
such provision is surprisingly notet adequately supported by strong research. No attempt has been made to
analyticallypredict the behavioral aspects of such walls. The objective of this paper is to study the effect of different
confinement schemes on theglane behavior of URM wallsnder cyclic lateral loads. It includes:

l. Analytical modeling of different confinement schemes using RC members as grid elements.

Il. Developing a correlation between different design parameters related to strength, stiffnestearaf
confinement, usg the analytical results.

Il. Experimental verification o&nalytical prediction ofome selected confinement schemes.

GEOMETRY AND MATERIAL DETAILS
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Both analytical and experimental steisl wereconducted on halécaled wall specime(2.5 m x 1.5 m)
considering the prototype wall dimensions as 5 m x Jhe crosssections of confining grid elements were 40 mm
X 60 mm (width x thickness). Only the top beam had a esestion of 100 mm x 60 mnkighteen different
confinement schemes were modeled in FEbtle ABAQUS. Out of these five were verified experimentalihe
wall panels were halbrick thick (60 mm)and made with lime cement mortar of 1:1:6 (cement: lime: sand)
proportion by weight. Masonry was constructed inside the panels. Connections b#tevegid elements were
made of metal straps of 3 mm x 25 mm crssstion having legs of 150 mm.

The confinement schemes used in the study can be broadly classified into two groups:

a) Schemes having effective diagonals: In this group all schemes had@atgenals continuous from the
top beam to the bottom one giving rise to an inverted V type configuration. During monotonic loading one of the
diagonals takes tension whereas the other carries compression.

b) Schemes not having effective diagonals: sTdroup mainly consists of members having vertical and
horizontal gridelements or a combination of them introducing plane of weakness in the direction of loading or
perpendicular to it.

ANALYTICAL STUDY

A total of eighteen different confinement schema@sl one unconfined wall were modeled using the FE
code ABAQUS.FE models were optimized with due consideration of structural behavior and computational
efficiency (Chuang et. al., 2004Masonry was modeled at macroscopic levelteraction between diffen¢
constituents of thevall as well as theonfinement system wasmulatedat microscopic level.

FE Discretization

The masonry wasdiscretized with0.05 m squarsized, 4nodedplane stressso-parametric CPS4R type
elements. Standartivo dimensionalbean element of type B1 was used to model the confirgrig elements.
Rotational springs of connection type join+rotation were used to model the connection between the grid elements.
Appropriate description through *SURFACE INTERACTION option was used hothrigential direction (friction
factor 0.5) and in normal direction (Hard contact) to account for possible slip phenomena at the interface of masonry
and grid elements. A schematic diagram of a typical wall representing different finite elements isnshigarel.
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Fig.1. Schematic diagram of a typical wall showing different elements used
in the analysis

M aterial Modeling
The material behavior of masonry was modeled using the material option *CONCHREOfterties 6
masonry were taken from previous research on masonry (Raiet. al, 1996. Youngdbandcopoli ssonds
ratio for masonry were taken 850 MPaand0.2 respectively Stressstraincurvefor masonry is shown in Figugz
Young6s modulinforeeménband reinfoeced concrete were evaluated from standard tensile test and



Transactions SMIRT 21, 6-11 November, 2011, New Delhi, India Div-V: Paper ID# 641

cylinder compression test respectively. The vahere found to be 210 GPa for steel and 55 GPa for concrete.
Poissonbés ratio was taken.as 0.3 for steel and 0.15 f ol

8.00

Sl
=}
S

Stress (MPa)
-
=)
(=}

E=950MPa R

5o
=3
S

0.00 T t '
0.000 0.004 0.008 0.012 0.016 0.020

Strain (mm/mm)

Fig 2. Compressive behavior of masonry (Rai,1996)

Boundary Condition and Loading

The bottom of the wall was considered as fixedly rotational degree of freedom waltowedto simulate
the connection between the confining elements as rothspriag The models were subjected to a constant vertical
loadingand a monotonically increasing lateral load was applied to obtain the backbone curveddftyathtion
behaviorunderearthquake effectd he typical finite element mesh along with loadirand boundary conditions is
shown in Figures.

Fig 3. FE Mesh with loading and boundargnditions.

Results of Analytical Study

A schematic diagram representing the analytical -iaglacemenplot is shown in Figure 4Different
behavioral quantities for a confined masonry wall, such as the ultimate shear resistance (Rc), -sfi#otgs
(Kes) etc. were evaluated as described in the figure. The analysis could predict only up to the beginning of severe
cracking. Slow convergenca a particular loading increment prematurely terminated the program. The values of
ultimate shear resistance, effective stiffness and drift before severe cracking for different confinement aehemes
given in Table 1. Theenreantti of aict/orto,d ewhoetrees it hies fichoen ftiont a
and t is the total length efall boundary confining elements.
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Fig4. Schematic representation showing different behavioral quantities of the analyticdldplatement curve.

Table 1. Values of ultimatateralload, effective stiffness and drift before severe cracking for different
confinement schemess obtained from analytical results

Confinement | Sketch | it | Ultimate | Effective | Drift(%) || Confinement | Sketch | i/t | Ultimate | Effective | Drift(%)
Scheme Ratio | Load(kN) | stiffness | before Scheme Ratio | Load(kN) | stiffness | before
(kN/mm) | severe (kN/mm) | severe
: cracking cracking
Unconfined . _ 7.52 13.96 0.037 10 15 6130 9 017
Masonry

1 D 0 14.45 9 0.16 11 036 | 2036 36 0.04

2 0.18 | 22.62 13.63 0.14
12 0.73 32.14 66 0.05

3 032 | 1745 9.75 0.26
13 064 | 17.71 7.8 0.41

4 05 30.29 10.91 0.31
14 0.82 26.73 9.0 0.39

5 0.36 23.8 10.12 0.2
15 15 30.08 13.71 0.18

6 0.68 | 3853 12 0.32
16 0.48 45.37 63 0.13

7 0.86 | 33.33 13.33 0.25
17 1.03 | 54.88 54 0.14

8 B | 0.66 | 55.86 60.95 0.12
| 18 1.35 | 58.37 52.5 0.17

9 | 0.98 | 5453 a4 0.13

Trend for Strength

Ultimate shear resistance or strengthhef wall is denoted as Ror confined masonry wall and,Rfor un-
confined masonry wall. TheratoRglR s def i ned as fAstrength factor o, a fac
confined URM wallwith respect tdhe correspondinginconfined wallUsing analytical results and a combination
of analytical and experimental resul®c/R,. was evaluated for various confinement schemes and were plotted
against their respective i/t ratios. Both linear and exponentiafibesbdels were used to predietirend for strength
from these results. The linear best fit model was found to give better correlatiefatidrr of the type: Rc/Rnc =
(Re/Rncy+ U (i /t) was obtainedgyanals Us haorven tihne Fiogeufrfe c5.e n(tRc /
For a fixed number of data points the value of these coefficients will depend upon the material properties (brick,
mortar, concrete etc.). (Rc/Rggj e not es t he fAstrength factoro when i =0 i
group having no effeate diagonal members. For the group having effective diagonal members, i=0 has no meaning
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and hence the

difference against their corresponding experimental vauegiven in Table 2. The predicted values were found to
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be in good agreement with the experimental values.
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relations
for five confinement schemes (which weatso evaluated experimentally were calculated and theercentage

Trend for Strength(analytical)
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Fig 5. Trend for strengthising linear bestit.
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Table 2. Comparison of strength factor as obtained from analytical trend and experiment.

(RdRn)
(RJR.nC) Error (%) Analytical + Error(%)
(ReRnc) Analytical Experimental
Specimen| Scheme (i) |Experim P
E

ental Linear Eﬁfi:re Linear E)r(,gzre Linear X?_Olne Linear E);EZIn
best- fit | best-it | bestfit | ™ pestit )
best-fit best-fit best-fit best-fit
1 ﬂ 0.18 2.99 2.78 2.67 7.02 10.7 2.51 2.53 16 15.4
2 H 0.5 3.89 3.27 3.13 15.9 19.5 3.33 3.17 14.4 | 185
3 I%|¥| 0.98 7.12 7.29 7.27 2.38 2.1 7.15 7.13 042 | 0.14
4 |¥|—/\Z| 1.5 7.34 8.11 8.15 | 10.49| 11.03| 7.69 7.72 4,77 | 5.17
5 I>—<|>—<| 1.5 5.83 4.81 5.12 17.5 12.2 5.88 6.38 0.86 | 9.43

Trend for Stiffness

To propose a trend for stiffness the term effective stiffness was introduced. The analyticftoathtion
curve was idealized as a-liear model and the point of inflection corresponds to the yield loadf the wall.
Effective stiffness is the stiffness evaluated at 60% of this yield load. It is denotedascKnfined masonry wall
and Knc for unconfined asonry wall. The ratio ¥K,.i s

def i

ned as
stiffness changes in a confined masonry wh respect to the correspondingconfined masonry wall. The values

fisti

ffness

for i

fact
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of Astiffness factorso owedriengp lioctotnfd nagnainhstf ather €dr iIf ¢
schemes using analytical data points and a combination of analytical and experimental datA peatien of the

type: KiKne = (KdKndo + U (i /I t) was obtain&Kgd, dret ebotvhei AsFifgunes$
boundary confined masonry. The proposed values of AfAsti
five experimentally evaluatedonfinement schemes and tpercentagedifference againsttheir corresponding

experimental valuesre given inin Table 3. The predicted values were found tmbehigherside as compared to

the experimental values. This may be due to the lgemmpation assumption made to model the masonry.

Trend for Stiffness(analytical)
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Fig 6.Trend forstiffness using lineardst fit

Table 3. Comparison of stiffness factor as obtained from analytical trend and experiment.

EXPERIMENTAL INVESTIGATION OF CONFINEMENT SCHEMES

Some of the confinement schemes were evaluated experimerita#yformation and propagation of
cracks, damage pattern etc. could only be monitored through a complete experimental program.



