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Abstract

Reinforced masonry was developed to exploit thength potential of masonry and to solve its lackeokile strength. Experimental
and analytical studies have been carried out tcegtigate the effect of reinforcement on the bemawichollow concrete block
masonry prisms under compression and to predighate failure compressive strength. In the numégicagram, three dimensional
non-linear finite elements (FE) model based on rifiero-modeling approach is developed for battreinforced and reinforced
masonry prisms using ANSYS (14.5). The proposethédel uses multi-linear stress-strain relationshipsmodel the non-linear
behavior of hollow concrete block, mortar, and groillam-Warnke's five parameter failure theoryshiaeen adopted to model the
failure of masonry materials. The comparison of tlaenerical and experimental results indicates that FE models can successfully
capture the highly nonlinear behavior of the phgsgpecimens and accurately predict their strerggitl failure mechanisms.

Keywords: Structural masonry, Hollow concrete block prismrpug, Compression failure, Finite element method,

Numerical modeling.
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1. INTRODUCTION

Masonry is a highly durable material used in cartton for
thousands of years. Masonry elements are relatiyeigk to
construct and low in cost, and have a pleasinghetst
appearance. Since early in the 20th century, toimmonly
accepted that Unreinforced Masonry (URM) structunesthe
most vulnerable during earthquakes. The poor padoce of
URM structures subjected to lateral loads is duadafficient
shear and flexural capacity. In order to improvee th
performance of URM structures especially walls the
reinforcement can be introduced in hollow conciatek to
resist in-plane seismic forces resulting from egutikes.

element software ANSYS 14.5. FE models are develdpe
both unreinforced and reinforced hollow concreteckl
masonry prisms. The FE model is validated by compgathe
predicted value with the experimental results.

2. EXPERIMENTAL PROGRAMME

The experimental studies were carried out to obtain
information on the following aspects

(i) Compressive strength and stress-strain cheviatits of
the hollow concrete block, mortar, and grout.

(i) Compressive strength and stress strain charatts of
URM and RM prisms.

In the past few decades variety of reinforced mason
techniques have been proposed. The various masgstgms
depend on many parameters such as geometric skapes
material of masonry unit, composition of mortar agrdut,

2.1 Hollow Concrete Blocks

In the present study locally available hollow caterblocks
from standard manufacturer of size 400 x 200 x190 were

quantity and layout of reinforcement. Most of tieénforced
masonry systems around the world are based on dbeofl
hollow concrete units; introduction of steel reirdfement
ensures an increase of ductility and provide betteergy
dissipation under seismic loading.

Here an attempt has been made to develop a thremdional
non linear FE models to predict masonry behaviatearaxial
compression. Non-linear analysis is carried ounhgidinite

used. The compressive strength, water absorptiwh,iratial
rate of absorption (IRA) was determined by followithe
guidelines of 1S: 2185 part 1- 1979[10]. The strefgin
relationship for the block was obtained by testihgm in a
compression testing machine. Mean values of nepcessive
strength, water absorption, and IRA for these doalere 14

MPa and 5.02 %, 0.7235 % respectively. The Young’s

modulus at 30% of peak stress was found to be 133@Ra.
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2.2 Cement-sand Mortar

Cement-sand mortar of mix 1:6 by volume was usethis
investigation. Grade 53 ordinary Portland cememf@uning
to 1S:2250-1981[11] and river sand were used. Gbeascy of
mortar was determined by flow table test accordiog
1S:5512-1969[] and the w/c of 1.27 was adoptedflimw of
100% . Compressive strength of mortar was obtaibgd
testing 50 mm mortar cube under compression testing
machine. Mean compressive strength of the mortsatimdd
was 6.5 MPa. The stress-strain relationship fortamowas
obtained by testing mortar cylinders of size 150 diameter
and 300 mm height. The Young’'s modulus at 30% afkpe
stress was found to be 12500 MPa.

2.3 Grout

Grout for masonry construction is a high slump mnigt of
cementitious materials, aggregate, and water. Gsoused to
fill cells in hollow masonry units to increase cejpypand hold
reinforcing steel in place. Grout has a maximumregate
size of 12.5 mm and the slump should be betweera8d®50
mm [6]. In the present investigation M20 grade cete was
used as a grout with a slump value of 220 and waerent
ratio of 0.75, and maximum aggregate size of 12 was
considered. The mean compressive strength of gratained
was 23 MPa. The stress-strain relationship for gneas
obtained by testing grout cylinder of size 150 miantketer
and 300 mm height. The Young’'s modulus at 30% afkpe
stress for the grout was found to be 27700.93 MPa.

2.4 Reinfor cement

Reinforcement is used in the masonry structuregesist
tensile and shear stresses induced by variousdoaditions,
to increase axial load carrying capacity, and tovie
ductility under seismic loading. Steel employed as
reinforcement in masonry structures includes regifg bars,
joint reinforcement, connectors, and pre-stresstegls. In
this study reinforcement were provided followingeth
guidelines of IITK-GSDMA [13]. Grade Fe 415 reinforg
bars of diameter 12 mm were provided at every qoofiche
block and which is tied with the help of stirrufsdiameter 8
mm bars.

2.5 Compressive Strength of the Masonry Prism

The compressive strength of masonry prisms wererihted

by testing the stack bonded masonry prisms. Theetbiock
height URM and RM masonry prisms were casted using
hollow concrete blocks and mortar joint thickne$sld mm
were used. The prisms were cured for a period ofl&gs
under moist burlap. The tests were carried out in a
compression testing machine. The mean compressimegsh

of URM and RM prisms was found to be 5.43 and 8BaM
respectively.

3. FINITE ELEMENT ANALYSISBY ANSYS(14.5)

Finite element analysis were performed using theSXN
(14.5) software to investigate the behavior of nmaggrisms
under compression and to predict the ultimate feilu
compressive stress .In this study three blockHtaigasonry
prisms of size 400 x 200 x 600 mm with 15 mm mojoant
thickness were considered for analysis. The masprigms
were modeled using the micro-modeling approach.

3.1 Masonry Unit, Mortar and Grout Modeling:

An eight-node solid element (SOLID65) was used tdeh
the hollow concrete block, mortar, and grout. Thadids
element has eight nodes with three degrees ofdreeat each
node, translations in the nodal x, y, and z dioes. The
element is capable of plastic deformation, crackimghree
orthogonal directions and crushing. The Solid 68mant
requires linear isotropic and multi-linear isotropnaterial
properties to properly model concrete element (m@sanit,
mortar, grout) as can be seen in table 1.

3.2 Reinfor cement M oddling

3-D spar element (Link 180) was used to model the
reinforcement. This element has two nodes and ttiegeees

of freedom for each node, translations in the naggl and z
directions. The bilinear kinematic hardening modlek used,

it requires the yield stresdy) and the hardening modulus of
the steel (B. Yield stress of 415 MPa, elastic modulus of
2x10° MPa and Poisson’s ratio of 0.3 were used.

Table 1: Linear and multi linear material properties folid@&5

Linear Isotropic

Material property Masonry Mortar Grout
unit joint

Young's Modulus, E (MPa) 14,393.5 12500 27700

Poisson's ratioy 0.18 0.16 0.18
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Multi-linear Isotropic
Hollow concrete block Cement-sand mortar(l:(;)ar:il_g:g)'Mzo concrets
Strain Stress Strain Stress Strain Stress

Mpa (MPa) (Mpa)
0.0002 2.8787 0.00005 0.625 0.00008 2.2160
0.0004 4.9750 0.0001 1.236 0.00016  4.3064
0.0006 6.7097 0.00015 1.858 0.00024 5.9410
0.0008 8.0582 0.0002 2.301 0.00032 7.3932
0.001 9.2236 0.00025 2.819 0.0004 8.5500
0.0012 9.5528 0.0003 3.243 0.00048 9.9582
0.0014 10.4191 | 0.00035 3.627 0.0005p 11.454
0.0016 10.9227 | 0.0004 4.026 0.00064  12.573
0.0018 11.2015 | 0.00045 4.380 0.0007p  13.626
0.002 11.4805 | 0.0005 4411 0.0008 14.478
0.0022 12.4440 | 0.00055 4.666 0.00088  15.2344
0.0024 12.6960 | 0.0006 4.869 0.00096  14.3433

Implementation of the Willam and Warnke [8] matenedel in ANSYS requires different constants tadiedined in table 2

Table 2: Concrete constants for solid 65

Material property Masonry | Mortar Grout
unit joint

Shear transfer coefficient for open cragk, 0.3 0.3 0.3

Shear transfer coefficient for close cragk, 0.6 0.6 0.6

Uniaxial cracking stress ft (Mpa) 1.2 0.6 2.3

Uniaxial crushing stress fc (Mpa) 12 6 23

The shear transfer coefficiefit represents conditions of the
crack face. The value op ranges from 0 to 1, with O
representing a smooth crack (complete loss of stiaasfer)
and 1 representing a rough crack (no loss of dineasfer). In
this study the shear transfer coefficient was ta&er0.3 for
open crack and 0.6 for closed crack.

3.3 Finite Element Discretisation

Finite element analysis requires meshing of the ehab
shown in fig. 6 and the reinforcement details of iRRdel is
shown in fig.7. The prism is constrained at basesiagply
supported. The surface pressure was applied oatprthm in
sub-steps and non-linear analysis was carried aoutl u
convergence of the solution was achieved.
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Fig. 6: FE model and boundary conditions

3.4 Crack Patterns

Figure 8 (a) shows the crack pattern of FE modethat
centroid of the element which was found comparalitk the
experimental observation figure 8 (b).
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Fig. 8 crack pattern in the RM prism

CONCLUSIONS

The experimental and analytical study shows thabduction
of reinforcement in hollow concrete block increafies axial

load carrying capacity of the prism and also insesa

ductility. The FE model successfully predicts mbite failure
compressive stress of URM and RM prism close t&/85f
the experimental values.

Fig. 7: Reinforcement details of FE model
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