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Abstract Lateral load capacity of any structure plays a very important role to resist
earthquake [1]. To understand the lateral load capacity of any low-rise masonry
building, a 3D finite element model of unconfined brick masonry stack has been
drawn here. The ANSYS modeling of plain brick masonry shows that masonry
structure fails at the joint. Therefore, to impart ductility and strength in the stack,
shear key of 4 mm diameter TMT bar of 1/8th, 1/6th, and 1/4th of longitudinal
length of brick length is provided at every joint separately in different samples and
performance of both confined and unconfined prism is tested against vertical and
horizontal load [2]. The purpose of this study was to develop a better behavior of
low-rise masonry building during earthquake. Numerical as well as experimental
methods have been adapted to calculate the stress developed in masonry stack [3].

Keywords Masonry structure · Confined masonry · Unconfined masonry · FEM
analysis of masonry structure

1 Introduction

Unconfined masonry was used in approx. all types of structure since the life begins
[4]. The masonry structures were made by two basic materials: brick and stone.
These structures were not reinforced and designed to support mainly gravity loads.
Thesemasonry structureswere very good at resistingwind and earthquakes.Masonry
building has shown very poor performance during strong earthquake, so it is very
important to improve the lateral load resistance of masonry buildings [5]. So to
achieve this objective, many researches have been performed in the past. The main
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focus is on ensuring that these inertial forces caused by the ground vibrations reach
the ground without causing major damage or complete collapse in the structures [6].

This research starts with analyzing the scaled unconfined model of four bricks on
shake table in laboratory and then confined the same four brick model with varying
diameter reinforced to strengthening the unconfined brick model to resist the lateral
load [7]. And when the confined models were tested on shake table and compared
the result with unconfined brick masonry, a significant lateral strength was observed.

2 Modeling of Structure

2.1 Choice of Elements

The ANSYS software contains more than 100 different element types in its element
library. Each element has a unique number and a prefix that identifies the element
category, such as BEAM3, PLANE42, and SOLID45. ANSYS classifies the ele-
ments into 21 different groups, out of which our main concern is of structural group.
SOLID45 is used for the 3D modeling of solid structures [8]. The element is defined
by eight nodes having three degrees of freedom at each node: translations in the nodal
x, y, and z directions. The element has plasticity, creep, swelling, stress stiffening,
large deflection, and large strain capabilities [9].

2.2 Material Properties

For the brick elementmaterial propertieswhich are assigned aremodulus of elasticity
(EX) and Poisson’s ratio (PRXY) [10]. Values of EX and PRXY are taken according
to Ali and page 1986 [5] and are tabulated below (Tables 1 and 2).

Table 1 Material properties
of bricks

Properties Mean

(a) Bricks

Modulus of elasticity 14,700 MPa

Poisson’s ratio 0.16

Tensile strength 1.20 MPa
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Table 2 Material properties
of mortar

Properties Mean

(a) Mortar

Modulus of elasticity 7400 MPa

Poisson’s ratio 0.21

Tensile strength 0.78 MPa

Fig. 1 Model of specimen M1

2.2.1 Model Detail of Specimen

To model the masonry, rectangular blocks are used for bricks and also for mortar.
Four numbers of bricks of standard size, i.e., 190 mm × 90 mm × 90 mm are used,
and mortar of thickness 10 mm is placed in between them as shown in Figs. 1 and 2.

2.3 Result and Discussion

Postprocessing includes defining boundary condition and application of loads. For
specimen M1, the one end of the brick masonry is fixed. The load is applied on the
other end of the blocks. Pressure loads of 70 kN, 80 kN, and 90 kN are applied on
the top face of the brick masonry. In addition to the vertical load, horizontal load is
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Fig. 2 Model of specimen M2

Fig. 3 X-component of stress on UTM and ANSYS
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Fig. 4 XZ shear stress

also applied to the specimen M1. Different stress contours are drawn, and graph has
been plotted between different parameters. For specimen M2 in Fig. 2, one end is
fixed to make it confined and vertical load is applied.

2.4 Stress Computation

Stress computation for specimen M1 with vertical loading
From Fig. 3, it can be seen that X component of stress is maximum at the middle

points. It increases parabolically from ends toward the center. For middle bricks, this
stress is more as compared to top and bottom bricks.

Figures 4 and 5 show that the maximum stress is at the joint of brick mortar in
XZ direction.

It can be observed in Figs. 6 and 7 that shear stress increases with distance along
Y-axis. At a distance of 90 mm, stress is approximately 1400 MPa but from 90 to
100 mm, i.e., at the level of mortar, it decreases abruptly to −1563 MPa. Maximum
shear stress is also observed at 28 mm which is equal to 1693 MPa.
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Fig. 5 Variation of XZ shear stress Y-axis

Fig. 6 Von Misses stress along Y-axis
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Fig. 7 Variation of Von Misses stress along Y-axis

3 Experimental Investigation

For confinement of the masonry prism, TMT steel bars of 4 mm diameter were used.
Between every course, shear keys of 26.25 mm = 1/8th, 35 mm = 1/6th, 52.5 mm
= 1/4th of longitudinal length of brick length consecutively in different specimens
were used as shown in Fig. 8a–c.

3.1 Compressive Strength

For determination of compressive strength, bricks were taken out from curing tank
and tested in UTM (Figs. 9 and 10). Tests were carried out at 7, 14, and 28 days of
curing.

3.2 Testing of Masonry in Universal Testing Machine

Different Stresses at Failure for Confined and Unconfined Masonry are tabulated
below in Table 3.
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Fig. 8 a and b Schematic view of masonry prism. c Pictorial view of reinforcement used

Table 3 Compressive strengths at failure

Compressive stress at failure

Prism type Strength in MPa of stack after

7 Days 14 Days 28 Days

Unconfined brick masonry 4.32 6.02 6.66

Confined brick masonry Shear key length 26.25 mm 5.80 9.19 10.33

Shear key length 35.00 mm 6.47 9.19 10.33

Shear key length 52.50 mm 7.61 10.42 12.14
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Fig. 9 Unconfined masonry
failure

Fig. 10 Confined masonry
failure
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Fig. 11 Experiments performed on shake table

For understanding the behavior of masonry prism against lateral loading, i.e., in
earthquake or in wind load, shaker table test with varying frequency was performed.
The unconfined brick masonry samples were put on the shaker table platform and
fixed with the help of clamp (Fig. 11). After fixing unconfined masonry tightly on
the platform, a frequency of 5 Hz and amplitude of 10 mm was set and the motor
was run on this frequency for at least 120 s.

3.3 Testing of Structure Under Horizontal Load: Shake Table
Results

All the samples including confined and unconfinedmasonry are tested under the hori-
zontal load using the unidirectional shake tablewith varying frequency and amplitude
as shown in Fig. 11. The result is tabulated in Table 4.

4 Results and Discussion

When brick was tested under universal testing machine (UTM), the average strength
of brick was found to be 9.21 N/mm2 and strength of cement sand mortar was found
to be 14.57 N/mm2 at 28 days of curing.

So material was found according to weak brick strong mortar theory.
Test conclusion of unconfined and confined brick masonry tested under universal

testing machine and under shake table test is summarized below in Table 5.
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Table 5 Result of UTM and shake table

S. No. Sample (after
28 days)

Failure load
KN

Stability on shake table

Frequency
(Hz)

Amplitude
(mm)

Remarks

1 Unconfined
masonry prism

137 15 35 Total Collapse
at 26th s

2 Confined with
shear key
26.25 mm

217 20 50 Cracking at
80th s

3 Confined with
shear key
35.00 mm

230 20 50 Very small
cracking at
360th s

4 Confined with
shear key
52.50 mm

255 20 50 Stable after
360 s

Stress analysis of confined & unconfined Masonry Prism at 7,14 
& 28 Days 

Green- 7 day, Blue-14 days, Yellow- 28 days 

8 
6 
4 
2 
0 

Unconfined Shear key 26.25mm Shear key 35mm Shear key 52.5mm

Sample Type

Chart 1 Stress analysis

5 Conclusion

After analyzing Chart 1 of performance of confined and unconfined brick masonry,
it is concluded that the stress capacity of unconfined brick masonry at 28 days of
curing was found to be 6.6 N/mm2 while after confinement, stress capacity increased
to 12.14 N/mm2 for shear key length 52.5(1/4th of sample length) mm, i.e., the
compressive load capacity of confined brick masonry was approximately doubled of
unconfined brick masonry structure at 28 days. But if we look the shake table result,
then we found that this stack does not show any crack even after the application of
vibration for 360 s.

From the experimental study, it can be concluded that the brick stackwith shear key
length 1/6th of longitudinal length will be an economical solution for confinement.
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