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Masonry infill walls are commonly used as partitions and
exterior walls in many countries. Generally, the masonry
wall is executed without any gap from the frame, which
leads to the interaction between the structural frame and the
infill wall. Interaction between the structural frame and the
masonry infill wall can damage the frame and the infill wall.
Therefore, it is necessary to find a solution to improve the
performance of masonry infill walls in the structural frame.
Isolation of the masonry infill wall from the surrounding
frame by polymeric material is the idea of this paper to
decrease the damage to the structure and masonry infill. In
this essay, Finite element models of steel infill frame and
isolated infill frame subjected to In-Plane cyclic loading are
developed in ABAQUS. For this purpose, three one-bay,
one-story masonry-infilled steel frames with different frame
ratios of height to the length (H/B) isolated by different
polymeric ~ materials ~ with  various  thicknesses  were
investigated. Isolation of masonry infill can reduce the base
reaction about 25%. In the Isolated Infill wall, the drift’s
amount increases about two times compared with the
unseparated infill wall. Therefore, it damages the masonry
infills up to moderate drifts, while full interaction is still in
place drifts are large. Also, infill walls isolated by a softer
polymer, have better performance. In brief, isolation of infill
wall using polymeric materials improves the behavior of the
infill and frame.

1. Introduction

nonstructural elements. Masonry infill walls

In most design codes, as a usual assumption, are commonly used as partitions and exterior

masonry infill  panels

are

considered walls as the primary goal. Generally, a
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masonry infill wall is built without any gap
from the structural frame. So, the interaction
between the masonry infill wall and the
surrounding frame affects the overall
performance of the structure[1-2]. Often and
not always, the interaction of the masonry
infill with the surrounding frame has an
adverse effect on the overall performance of
the structure[3]. Because the infill wall has a
high contribution to the Lateral stiffness and
strength of the structure. In that case, the
infills may invalidate the structure's seismic
design and challenge design codes' intention
to control the inelastic response, as shown in
past earthquake reports. Also, the aftershocks
in the seismic sequence have a unique effect
on infill walls[4]. The brittle behavior and
low tensile strength of masonry infill panels
can be a reason of damage to the structure
during an earthquake. in[5]the development
of fragility curves for brick infill walls in
steel frame structures was discussed. Seismic
design codes expressed the negative effects
of masonry infill wall on the performance of
the structure as follows:

1. Due to the absence of the infills at the
ground story, produce a soft story at the
ground story.

2. Increasing the inelastic deformation
demands in the part of the building with
more-sparse infills due to the non-
uniformly distributed position of infills
in the elevation or plan.

3. Brittle failure of frame members and the
connections due to the interaction
between the infill wall and the
surrounding frame.

Nonstructural  components (architecture,
mechanical, electrical, plumbing, furniture,
accessories, equipment) have higher costs
than structural components [6,7]. Also, by
damage to nonstructural elements, especially
masonry infills during the earthquake,
emergency evacuation of the building is
disrupted. One of the methods to reduce the
damage of masonry infill and the
surrounding frame is the isolation of the
masonry infill from the structural frame.
Some studies [8-17] investigated the effects
of separation of masonry infill using air gap.

Other methods with target:

1. The sliding mechanism occurs in the
brick's layer in masonry infills to
increase ductility and reduce lateral
stiftness and strength [18-23].

2. Decreasing the infill stiffness and the
damage by using softer masonry blocks
at the point of interaction of the masonry
wall with the frame [24].

3. Applying fuses or isolators as Energy
attenuative devices in the perimeter of
the infill [25-28]. Also, Masonry wall
reinforcement

4. Using timber lumbers to improve the
masonry infill performance [29].

5. Procuring a more deformable masonry
using soft plastic joints as a connection
between bricks [30].

6. invention and development of structurally
favorable masonry units, which would
strengthen beneficial aspects of steel-
frame interaction and alleviate negative
aspects[31].
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Isolation of masonry infill from the
surrounding frame using air gap, although it
can improve masonry infill's in-plane
performance, reduces the out-of-plane
stability of masonry infill. Also, using an
isolator device and fuse can be expensive and

complicated.

A new concept in separating the masonry
infill walls from the surrounding steel frame
has been investigated [32]. At the interaction
point of the masonry infill and the structural
frame, the performance of the masonry infill
is improved by placing a thin layer of
polymeric with high energy
absorbing capacity and ductility[33] By
doing this, at low drifts, the interaction
between steel frames and masonry infill is
reduced. Also, the infill steel frames act like
bare frames. At high drifts, the polymeric
material is highly compressed[33]. In this
paper, three steel moment frames in different

material

ratios of height to length (H/B) in various
isolator materials in different thicknesses of
the layer are developed. Polymeric materials
have good potential to achieve high strains
(close to 1.0) in compression mode. So, they
are imagined as useful elements for isolating
masonry walls from the surrounding frame.

2. Problem statement

In order to evaluate the behavior of the
masonry infill wall separated by polymeric
materials at the junction of the frame and the
wall, three main models were investigated
according to Fig 1. In this study, three one-
bay, one-story masonry-infilled steel frames
with different frame height to the length
ratios (H/B) isolated by different polymeric

materials in different thicknesses of the layer
were considered.

Three various models based on these
variables are studied as follows:

a) Structural frames without infill wall (Bare
frames)

b) Structural frames with masonry infill wall
(Infill walls)

c) Isolation Infill wall from the surrounding
frame using polymeric material (Isolation
Infill walls)

All specimens are subjected to cyclic load.
The masonry infill's stiffness and ultimate
strength were obtained from the force-
displacement diagram. Finally, the behavior
of the isolated infill wall is compared with
the non-isolated infill wall. Thus, it can be
found how much the polymeric materials can
reduce the masonry infill frame's stiffness
and strength.

3. Numerical simulation

A numerical simulation was performed in
this study to compare the isolation infill
wall's behavior with the Masonry infill wall
and the bare frame in Abaqus software. Also,
the effect of polymeric materials in isolation
of masonry infill wall from the structural
frame was studied.

3.1. Bare Frame

Three steel moment frames with different
height to length ratios (H/B) equal to 0.5, 1.0,
and 2.0 were examined to obtain the bare
frame specifications. These three frames
were designed based on the AISC [34], the
dead load was considered 500 kg/m’, and the
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live load was assumed 200 kg/™. The
examined two-dimensional frames are the
side frames of the three-dimensional square
plan. The geometries of frames are given in
Table 1, and the schematic configuration of
all three frames is shown in Fig. l1a. The used
steel grade is ST37. In order to define the

21

cyclic behavior of steel, the plasticity
material model has been used. Beams and
columns modeled using the C2D4R element.
Beams and columns connection simulated
with tie element. The boundary restraint was
made by defining the conditions at column
connections.

Masonry Infill Steel Frame

AL |

I H H=4 H HH

I
e
I
I
I

Polymeric Material

(c)

(d)

Fig. 1. Configuration of the three types of models: (a) Bare frame, (b) Infill wall, (c) Isolation infill wall,
(d) Details of the isolation system.

Table 1. The geometry of considered frames (Bare Frames).

Models name H/B H(m) B(m) Beam Section Column Section
BF-HBO0.5 0.5 1.2 2.4 IPE160 IPE160
BF-HB1.0 1.0 1.2 1.2 IPE140 IPE140
BF-HB2.0 2.0 1.2 0.6 IPE120 IPE120
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3.2. Masonry infill wall

Based on the three bare frames modeled in
section 3.1, three masonry infill walls were
modeled according to the geometric
specifications of Table 2. The bricks
(300x300x100 mm) and  half-bricks
(150x300x100 mm) are used to model the
infill. Fig 2 shows the simulated bricks in the
software. Also, the mechanical characteristics
of the brick[35,36] to model the infill wall
used in the software are given in Table 3. The

masonry blocks were modeled with the
C3D8R element. The angle of friction and
mortar cohesion were supposed according to
the engineering sentence due to the lack of
data on the mortar type. The hard contact
element with 44 degrees for the angle of
friction and 0.5 for cohesion were considered
for the mortar behavior simulation. The
mortar contact element was used between the
bricks layer and between bricks and the
structural frame. The boundary conditions are
similar to the section 3.1.

Table 2. The geometry of considered masonry infill frame (Infill Wall).

Models name H/B H(m) B(m) Tile in Length Tile in Height
IW-HBO0.5 0.5 1.2 8 4
IW-HB1.0 1.0 1.2 4 4
IW-HB2.0 2.0 1.2 2 4

Fig. 2. The geometry of masonry Bricks Unit.
Table 3. Material characteristics of bricks [35-38].
Density (“9 /1n3) 860
Resilient modulus (GPa) 5.6
Poisson ratio for masonry material 0.14
Angel of Friction 44
Drucker Prager Flow Stress Ratio 1

Dilation Angle 50
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3.3. Isolation infill wall

In this part, the isolation masonry wall from
the surrounding steel frame, simulated in
Abaqus software with a micro modeling
method. In this research, four different
polymeric materials from [37-39], according
to Table 4 mechanical properties, in four
thicknesses of 5, 10, 15, and 20 mm were
considered. The polymeric layers were

modeled with a solid elastic element
(C3D8R), and the polymer layer was placed
at the connection of the column and the
masonry wall. According to Fig. 3, the real
stress-strain curve of polymeric materials is

hyper-elastic (nonlinear-elastic), but in this

element of polymeric isolator and Masonry
infill and frame is a mortar (hard contact
element), as shown in Fig 1.d. The bare
frame and masonry Infill frame modeling
parameters are precisely the same as the
previous sections. Table 5 shows the studied
models in this section.

Stress

0 1

Strain

paper, 1t W?s C.C)ns1(1.ered linear-elastic ] mn Fig. 3. Stress-strain curve of Polymeric materials.
order to simplification. The connection
Table 4. Mechanical properties of polymeric materials [37-39].
. Density
Material kg E (MPa) O
7/ p3)
Polyurethane (PU) [37] 38.2 3.3 0.3
Polystyrene (PS) [37] 195 2.24 0.3
Polyethylene (PE) [36] 80 3.9 0.3
Rubber (RU) [38] 1043 11.9 0.49

Table 5. Properties of the models with isolated infill walls.

Models name
Material | H/B Thickness of layer
5 10 15 20
PU 0.5 | ISO-HB0.5-PU5 | 1SO-HBO0.5-PU10 | 1SO-HBO0.5-PU15 ISO-HB0.5-PU20
1.0 | ISO-HB1.0-PU5 | 1SO-HB1.0-PU10 | 1SO-HB1.0-PU15 ISO-HB1.0-PU20
2.0 | ISO-HB2.0-PU5 | 1SO-HB2.0-PU10 | 1SO-HB2.0-PU15 ISO-HB2.0-PU20
0.5 | 1SO-HBO0.5-PS5 | 1SO-HBO0.5-PS10 1ISO-HBO0.5-PS15 1ISO-HBO0.5-PS20
PS 1.0 | ISO-HB1.0-PS5 1ISO-HB1.0-PS10 1ISO-HB1.0-PS15 1SO-HB1.0-PS20
2.0 | ISO-HB2.0-PS5 | 1SO-HB2.0-PS10 1ISO-HB2.0-PS15 1ISO-HB2.0-PS20
0.5 | ISO-HB0.5-PE5 | ISO-HBO0.5-PE10 | 1SO-HBO0.5-PE15 1ISO-HBO0.5-PE20
PE 1.0 | ISO-HB1.0-PE5 ISO-HB1.0-PE10 1SO-HB1.0-PE15 1SO-HB1.0-PE20
2.0 | I1SO-HB2.0-PE5 ISO-HB2.0-PE10 1ISO-HB2.0-PE15 1SO-HB2.0-PE20
0.5 | 1SO-HB0.5-RU5 | ISO-HB0.5-RU10 | ISO-HB0.5-RU15 | 1SO-HB0.5-RU20
RU 1.0 | 1ISO-HB1.0-RU5 | 1SO-HB1.0-RU10 | ISO-HB1.0-RU15 | ISO-HB1.0-RU20
2.0 | 1SO-HB2.0-RU5 | ISO-HB2.0-RU10 | ISO-HB2.0-RU15 | ISO-HB2.0-RU20
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As shown in Fig. 4.b, at the corner of the
frame, Cyclic Lateral Displacement (Fig. 4.a)
was applied. Dynamic analysis was used to
analyze the models in ABAQUS software.

3.4. Model verification

This paper used a numerical simulation in
ABAQUS to verify the infill walls' behavior.
For validation, the numerical modeling was
compared with experimental results of [35].
A single-span one-story (the height to length
ratio is equal to one) steel moment frame was
tested by Flanagan and Bennett at the
University of Tennessee, Knoxville, as
shown in Fig. 5a. Also, according to Fig. 5b,
numerical modeling of masonry frames was
performed. The beam section is W310x52,
and the column section is W310x52.

The masonry infill wall includes seven bricks
in length and height. The dimensions of the
infill are 2100 x 2100 mm. For modeling the
infill wall, brick and half-brick were used.
The brick unit's geometry was shown in Fig.

0.06

0.04

=]
=
~

isplacement (m)
o

-0.02

D

-0.04

-0.06

Time (sec)

(@)

6 — and the characteristics of the used brick
in the software were given in Table 3. In this
experimental test, the loads were applied
based on UBC 1991 features. The cyclic
lateral displacement was imposed on the
corner of the frame. Due to the lack of data,
the friction angle and mortar cohesion were
guessed according to the engineering
judgment. The coefficient and angle of
friction were assumed equal to (0.5-0.7) and
(30-50), respectively [36]. Based on the
sensitivity analysis, cohesion equal to 0.526
and degrees for friction angle equal to 42
were assumed. These values are close to the
test results by [40]. In order to simulation of
the behavior of mortar, C2D4R element was
used for modeling the structural section of
the frame. Beams and columns connection
simulated with tie element. Fully fixed
boundary conditions for displacements and
rotations were applied at the bottom of the
columns. The characteristics of the material
were given in Table 6 based on [35,36].

(b)
Fig. 4. Simulation of Cyclic Loading protocol: (a) Displacement history; (b) Displacement Applied to
frame.
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(b)
Fig. 5. Comparison and verification of the simulation: (a) Flanagan and Bennett frame[34], (b) finite
element model.
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Fig. 6. The geometry of masonry Bricks Unit [35].

Table 6. Characteristics of the considered materials [35, 36]

25

Tile compressive strength (f/5)

Compressive strength of coherent masonry material (f,)
Modulus of elasticity of masonry material at x direction (E,)
Modulus of elasticity of masonry material at y direction (E,,)
Poisson ratio for masonry material (v)

Mortar friction coefficient ()

Specific weight of masonry material (y)

14.8 MPa
5.6 MPa
5390 MPa
2160 MPa
0.14
0.5-0.7
817 kg/m®
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Fig.7 shows a comparison between the finite
element model results and the experimental
test results. The evaluation shows a good
agreement between the results of the FEM

200

model and experimental test data. The
differences between the numerical model and
experimental test are due to assumptions of
the numerical model.

[ o
= th
(=] =

Base Shear (kN)

th
=

0

Experimental [30]
—— FEM [Present Study]

0 5 10

15 20 2

th

30

Displacement (mm)
Fig. 7. Comparison between the results of the present study and [35].

4. Results and discussion

In this section, the influence of three
parameters such as mechanical properties of
polymeric materials (E, u), thickness of
isolator layer (t), frame’s dimensions (H / B),
in reducing the initial stiffness and ultimate
strength of masonry infill were investigated.
For this purpose, all hysteresis diagrams have
been given in Appendix A. Fig. 8-19 were
obtained using the diagrams in Appendix A.

Fig. 8 shows the influence of isolator
thickness in separating the masonry infill
with H/B=0.5. Less stiffness has been
observed in the masonry infill frame at a
separation thickness of 5 mm in polystyrene
and polyurethane materials. In other words,
in polystyrene and polyurethane materials,
the optimal separation performance in
reducing initial stiffness occurs at lower
thicknesses. However, in polyethylene and

rubber materials, good performance in
reducing the initial stiffness occurs at a
thickness of 20 mm. Fig. 9 shows the
influence of isolator materials in frame with
H/B=0.5. The results generally show better
performance of polystyrene at small
separation thicknesses in reducing the initial
stiffness of the masonry infill frame. By
increasing the thickness of the isolator,
almost all materials showed the same
performance in reducing initial stiffness.
Also, as the thickness of the isolator
increases, the polymeric materials that have a
higher elasticity modulus have a better
performance. Generally, in isolation infill
walls from the surrounding frame with a
height to length ratio (H/B=0.5), polymeric
materials with lower elasticity modules in
lower thickness of isolation have a better
performance in reducing initial stiffness.
Polymeric materials in masonry infill wall
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with H/B=0.5 can reduce the initial stiffness
from about 30% (polyurethane in 5 mm

thickness) to about 60% (polyethylene in
Smm thickness).

10000

| OBF mIW BSmm Bl10mm Bl3mm O20mm |

1000

PU

PE R

Fig. 8. The influence of isolator layer thickness on reducing the initial stiffness of the masonry infill in
frame with H/B=0.5.
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| EBEF =W mPS mPU mPE |:|Ru|

9000 A

5000 A

7000
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1000 A

Smm 10mm

15mm 20mm

Fig. 9. The influence of isolator layer materials on reducing the initial stiffness of the masonry infill in
frame with H/B=0.5.

In isolating the infill wall from the structural
frame with H/B=1.0 by polystyrene,
polyethylene, and rubber, best performance
occurs at a thickness of 10 mm as shown in
Fig. 10. Also, the best polyurethane
separation thickness is 20 mm and then 10

mm. It can be concluded that the separation
of the masonry infill frame with (H/B=1.0) in
a thickness of 10 mm indicates its optimal
performance in reducing the initial stiffness.
As shown in Fig. 11 in the masonry infill
with H/B=1.0, the difference in material
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performance at thicknesses greater than 5
mm is negligible. But at a thickness of 5 mm,
rubber, has more effect in reducing the initial
stiffness of the masonry infill frame. The best
separation performance in masonry infill

frames (H/B = 1.0) occurs in rubber
separation with a thickness of 10 mm. The
weakest separation performance occurs in
masonry infill frames separated by 20 mm
polystyrene.

10000

o000

OBF mIW B5Smm B10mm B15mm O20mm

1000

PS

Fig. 10. The influence of isolator layer thickness on reducing the initial stiffness of the masonry infill in
frame with H/B=1.0.

10000
oBF mIW mPS mPU mPE oRU
9000
8000 -
7000
—
%6000 .
.;’ 5000 -
4000
3000
2000 -
- ﬂ ﬂ ﬂ
0 r

Smm 10mm

15mm 20mm

Fig. 11. The influence of isolator layer materials on reducing the initial stiffness of the masonry infill in
frame with H/B=1.0.

According to Fig 12, it can be concluded that
by increasing the thickness of the isolator up

to 15 mm, the isolator performance improves
in reducing the initial stiffness, and then in
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the separation thickness of 20 mm, the initial
stiffness of the masonry infill frame
increases. Also, according to Fig. 13,
polymeric materials do not significantly
reduce stiffness in  small isolation
thicknesses. Increasing the thickness of the
isolator layer in softer polymeric materials

such as polystyrene has a more effect in
L]

reducing initial stiffness (in H/B=2.0).
Generally, the masonry infill frames with
(H/B= 2.0) separated by materials with low
elasticity modulus have better performance in
smaller thicknesses. Separation by materials
with a higher modulus of elasticity is also
optimal at greater thicknesses.

| oEF eV oimm Bllmm olimm |:|2IIln1n1|

300 4

1 4

1]

Ps

FE EU

Fig. 12. The influence of isolator layer thickness on reducing the initial stiffness of the masonry infill in
frame with H/B=2.0.
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000 A

4000 A

3000 A

2000

1000

o T
Smm 10mm

T
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Fig. 13. The influence of isolator layer materials on reducing the initial stiffness of the masonry infill in
frame with H/B=2.0.

According to Fig. 14 in a Masonry infill wall
with (H/ B = 0.5), it can be concluded that in

separation with all materials except

polystyrene, with increasing separation
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thickness, the ultimate strength of the increasing the modulus of elasticity of
masonry infill frame increases. Also, polymeric materials, the ultimate strength of
according to Fig. 15, generally, with the masonry infill frame increases.
140
OBF m IV = Snmm B8 10 @ 13mm 0O 20mm
120
100
@sn -
=4
60
40
20 H
]

Fig. 14. The influence of isolator layer thickness on reducing the maximum strength of the masonry
infill in frame with H/B=0.5.

140
OBF wI'W mPS BPU @EPE ORU

40

20

o

Smm I 10mm I 15mm I 20mm
Fig. 15. The influence of isolator layer materials on reducing the maximum strength of the masonry infill
in frame with H/B=0.5.

As shown in Fig. 16, in almost all polymeric same performance of polymeric materials in
materials, if the separation is done with a isolation thicknesses of 15 and 20 mm. Also,
thickness of 5 mm, the ultimate strength of the Masonry infill wall with (H/B=1.0), the
the isolated masonry infill wall does not polymeric materials do not affect the ultimate

decrease much. Fig. 17 shows the almost strength of the infill wall.
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140
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gsn ]
£

60 -

40

0

0

Fig. 16. The influence of isolator layer thickness on reducing the maximum strength of the masonry
infill in frame with H/B=1.0.

140

| OEF =W mPS EPU mMPE ORU

20

o -

Smm 10mm

15mm 20mm

Fig. 17. The influence of isolator layer materials on reducing the maximum strength of the masonry infill
in frame with H/B=1.0.

As shown in Fig. 18 and Fig. 19, it can be
concluded that the ultimate strength of the
isolated infill wall is close to the non-isolated
masonry infill wall. However, generally with
increasing the thickness of the polymeric

materials and increasing the polymeric
materials' elastic modulus, the ultimate
strength of the isolated masonry wall
increases.
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GBF mIW @imm 810mm &813nmm O20mm

Fig. 18. The influence of isolator layer thickness on reducing the maximum strength of the masonry
infill in frame with H/B=2.0.

D EF mT'V mPS mPUT mFE EIRUI

Smm 10mm

15mm 20mm

Fig. 19. The influence of isolator layer materials on reducing the maximum strength of the masonry infill
in frame with H/B=2.0.

The influence of the ratio of height/length on
capacity appears to be small; narrow panels
(high ratio of H/B) have substantially higher
ductility [40]. The following results were
obtained by examining the effect of height-
to-length ratio (H/B) of infill wall:

1. Assuming a constant height for the
masonry infill wall and increasing the length
of the frames lead to an increase in the initial
stiffness and the ultimate strength of the
masonry infill.

2. In frames with smaller H/B, the separation
of masonry infill is more appropriate.

In this section, behavior of masonry infill and
isolated masonry infill by 10 mm

polyethylene are discussed and compared.

According to Fig. 20a, in constant drift (2%),
the isolated infill undergoes less base
reaction. In a 2% drift, the isolated masonry

infill can reduce the base reaction by up to
25%.
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Fig 20. Comparison between the behavior of masonry infill (IW-HBO0.5) and masonry isolated infill (ISO-
HBO0.5-PE10): (a) in constant drift; (b) in constant Base shear force.
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Fig 21. Stress Contour of Masonry Bricks, (a) IW-HBO.5 in Drift=2%; (b) IW-HBO0.5 in Base shear
force=75 kN; c¢) ISO-HBO0.5-PE10 in Drift =2%; (d) ISO-HBO0.5-PE10 in Reaction Force=75 kN.
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Table 7. Effect of separation on initial stiffness and ultimate strength.
H/B  K-IW (kN/m) R-IW (kN/m)  Material Thickness(mm) K(kN/m) %'  R(kN) %’

5 3787 58 98.75 14
oU 10 4512 50 10770 6
15 4655 48 10945 5

20 5404 40 10446 9

5 4081 55 10389 10

o 10 4669 48 8253 28
15 5046 44 8853 23

20 4505 50 8673 24

05 9093.95 115.37 - i
o 10 4723 48  107.08 7
15 4509 49 10774 7

20 4989 45 10754 6

5 5945 34 10067 12

RU 10 5209 42 10653 7
15 5162 43 1145 1

20 4940 45 10754 7

5 5940 32 10138 16

oU 10 5431 37 10832 10
15 5484 37 9342 23

20 5188 40 9215 24

5 5589 36 11596 4

o 10 5209 40 9819 19
15 5717 34 9531 21

20 7806 10 9855 18

1.0 8753 121.53 5 5442 37 10762 11
o 10 5166 40 9833 19
15 5295 39 9388 22

20 5311 39 9632 20

5 5042 42 11342 6

AU 10 4833 44 10759 11
15 5459 37 10716 11

20 5403 38  101.90 16

5 6519 22 69.72 4

oU 10 5137 38  67.86 6
15 5244 37  60.66 16

20 5913 29  66.18 8

5 6416 23 69 4

o 10 5573 53 6363 12
15 4890 44 6103 15

20 4603 44 6015 16

2.0 8360 7247 5 5997 28 7045 2
o 10 6297 24  68.16 5
15 5485 34 6434 11

20 7044 15 6467 10

5 6646 20 705 2

RU 10 4573 45 6797 13
15 6143 26  67.36 7

20 5941 28 685 5

! Reduction rate of initial stiffness and ultimate strength
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Also, in a constant base reaction (75 kN), the
drift amount increased about two times
compared with the masonry infill's
unseparated infill wall. It means that the
ductility increases with the separation of the
infill wall (Fig. 20b). By comparing the stress
contour in a constant drift (2%), it can be
derived that the isolation of masonry infill by
polymeric materials can reduce the stress of
clay blocks (Fig. 21a, Fig. 21c). According to
Figure (Fig. 21b, Fig. 21d), the separation of
the masonry infill in a constant base reaction
(75 kN) can decrease the masonry bricks'
stress. In order to have clearly conclusions, in
Table 7, the percentage of reduction in initial
stiftness and ultimate strength is shown.

5. Conclusions

This article investigated a procedure for
separating masonry infills from structural
frames during deformation. The high
deformation capacity behavior of polymeric
materials is vital for isolating infill walls
from the frame. According to the proposed
concept, isolating masonry infill from the
frame using polymeric material has an
excellent potential to reduce infill wall-frame
interactions. Therefore, the behavior of
infilled frames is similar to bare frames.

Frame dimensions, the isolator layer's
thickness, and the isolator materials were
investigated. In general, the separation of
masonry infill in frames with a lower height-
to-length (H/B) ratio shows better
performance of isolation effect. In isolation
infill walls from the surrounding frame with
H/B=0.5, polymeric materials with lower
elasticity modules in lower thickness of
isolation have a better performance in

reducing initial stiffness. In this case,
polymeric layers can reduce the initial
stiftness from about 30% (polyurethane in 5
mm thickness) to about 60% (polyethylene in
Smm thickness). The best separation
performance in masonry infill frames (H/B =
1.0) occurs in rubber separation with a
thickness of 10 mm. Also, polymeric
materials do not significantly reduce stiffness
in small isolation thicknesses. Increasing the
isolator layer's thickness in softer polymeric
materials such as polystyrene has more
potential in reducing initial stiffness (in
H/B=2.0). In all height to length ratios of the
frame, separation by polymeric materials
with a higher modulus of elasticity is also
optimal at greater thicknesses. As well as,
using softer isolator materials with less
thickness leads to a more appropriate
masonry infill behavior. In addition, in
constant drift, the isolated infill experiences a
lower base reaction of up to 25%. Also, in
constant base reaction, the drift amount
increases to 100% with the masonry infill's
separation. It means that the ductility
increases with the separation of the infill
wall.

Overall, isolating the masonry wall from the
structural frame using polymeric material is
an excellent idea to decrease the damage to
the structure and masonry infill.

Futures studies can be considered more
materials for isolating. Also, geometric
isolator optimization can be a good idea to
continue research. In addition, due to the
effects of opening on masonry infill wall
behavior mentioned in [41]. In future
research, the separation of openings from
masonry walls by polymeric materials can be
investigated.
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Appendix

Hysteresis diagrams of base-shear vs. displacement are represented in this part for models with
different properties.

Base Reaction (kN)

Base Reaction (kN)
Base Reaction (kN)

1o 150
Drift Ratio (%) Drift Ratio (%6)

Fig A. 1. Hysteretic loop of Bare frame: (a) BF-HBO0.5, (b) BF-HB1.0, (¢) BF-HB2.0.

Base Reaction (kN)

Base Reaction (kN)

20
Drift Ratio (%)

Drift Ratio (%0)

Fig A. 2. Hysteretic loop of Infill Wall: (a) IW-HBO.5, (b) IW-HB1.0, (c) IW-HB2.0.
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Base Reaction (kN)

Base Repction (kN)

Drift Ratio (%)

Base Repction (kN)

@)

Base Reaction (kN)

Drift Ratio (%)

Fig A. 3. Hysteretic loop of Isolated infill: (a) ISO-HBO0.5-PUS, (b) ISO-HBO0.5-PU10, (¢) ISO-HBO.5-
PU15, ISO-HB0.5-PU20.

(a)

Base Reaction (kN)

Drift Ratio (%)

150

Base Reaction (kN)

Drift Ratio (%)

Base Reaction (kN)

(d)

Base Reaction (kN)

Drift Ratio (%)

Fig A. 4. Hysteretic loop of Isolated infill: (a) ISO-HBO0.5-PS5, (b) ISO-HB0.5-PS10, (¢) ISO-HBO0.5-
PS15, ISO-HBO0.5-PS20.
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Base Reaction (kN)

@)

Base Reaction (kN)

Fig A. 5. Hysteretic loop of Isolated infill: (a) ISO-HBO0.5-PES, (b) ISO-HBO0.5-PE10, (c) ISO-HBO0.5-

Drift Ratio (%)

Base Reaction (kN)

(b)

Base Reagtion (kN)

@

Drift Ratio (%)

PE15, ISO-HBO0.5-PE20.

(a)

Base Reaction (kN)

Base Reaction (kN)

Fig A. 6. Hysteretic loop of Isolated infill: (a) ISO-HBO0.5-RUS, (b) ISO-HB0.5-PR10, (c) ISO-HBO.5-

Drift Ratio (%)

Base Reaction (kN)

Drift Ratio (%)

Base Reaction (kN)

Drift Ratio (%a)

RU15, ISO-HBO0.5-RU20.
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(b)

Base Reaction (kN)
Base Reaction (kN)

d)

Base Reaction (kN)
Base Reaction (kN)

180
Drift Ratio (%) Drift Ratio (%)

Fig A. 7. Hysteretic loop of Isolated infill: (a) ISO-HB1.0-PUS, (b) ISO-HB1.0-PU10, (¢) ISO-HB1.0-
PU15, ISO-HB1.0-PU20.

(b

Base RE:?clinn (kIN)
Base Reaction (kN)
=

P
&

(d)

Base Reaction (kN)
Base Reaction (kN)

Drift Ratio (%) Drift Ratio (%)

Fig A. 8. Hysteretic loop of Isolated infill: (a) ISO-HB1.0-PS5, (b) ISO-HB1.0-PS10, (¢) ISO-HBI1.0-
PS15, ISO-HB1.0-PS20.
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(b)

Base Repction (k)
Base Reaction (kN)
=

Base Reaction (kN)
Base Reaction (kN)

Drift Ratio (%) Drift Ratio (%)

Fig A. 9. Hysteretic loop of Isolated infill: (a) [ISO-HB1.0-PES5, (b) ISO-HB1.0-PE10, (c) ISO-HB1.0-
PE15, ISO-HB1.0-PE20.

(a)

Base Reaction (kN)
Base Reaction (kN)

Drift Ratio (%) Drift Ratio (%)

Base Reaction (kN)
Base Regction (kN)

Drift Ratio (%) Drift Ratio (%)

Fig A. 10. Hysteretic loop of Isolated infill: (a) ISO-HB1.0-RUS5, (b) ISO-HB1.0-RU10, (¢) ISO-
HB1.0-RU15, ISO-HB1.0-RU20.
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Base Reaction (kN)
Regction (N)

Base

(c) )

Base Reaction (kN)
Base Reaction (KN)

Drift Ratio (%) Drift Ratio (%)

Fig A. 11. Hysteretic loop of Isolated infill: (a) ISO-HB2.0-PUS5, (b) ISO-HB2.0-PU10, (c¢) ISO-
HB2.0-PU15, ISO-HB2.0-PU20.

186

(b)

Base Reqctinn (kN)
Base Reaction (kN)

106

Drift Ratio (%) Drift Ratio (%)

() (d)

Base Reaction (kN)
Base Reaction (kN)

Drift Ratio (%) Drift Ratio (%)

Fig A. 12. Hysteretic loop of Isolated infill: (a) ISO-HB2.0-PS5, (b) ISO-HB2.0-PS10, (¢) ISO-HB2.0-
PS15, ISO-HB2.0-PS20.
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Base Reaction (kN)
Base Reaction (kN)

Drift Ratio (%)

(c) (d)

Base Reaction (kN)

Base Re:llclinn &N)

Drift Ratio (%) Drift Ratio (%)

Fig A. 13. Hysteretic loop of Isolated infill: (a) ISO-HB2.0-PES, (b) ISO-HB2.0-PE10, (c) ISO-HB2.0-
PE15, ISO-HB2.0-PE20.

@ ’ )

Base Reaction (kN)
Base Reagtion (kN)

Drift Ratio (%)

()

Base Reaction (kN)

Base Reaction (kKN)

Drift Ratio (%) Drift Ratio (%)

Fig A. 14. Hysteretic loop of Isolated infill: (a) ISO-HB2.0-RUS, (b) ISO-HB2.0-RU10, (c) ISO-
HB2.0-RU15, ISO-HB2.0-RU20.
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