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Abstract. Masonry wall has been used for ages as a part of non-engineered building structures, due
to its ease of manufacture, strength, and stiffness to support gravity loads, but brittle enough to resist
earthquake shake. One solution to increase its ductility when the earthquake shake stroked, ductile
materials at bed joints that binding the masonries may apply. Mortar is a composite material
consisting of sands, cement, and water that is generally used for masonry construction as a binder at
bed joints. On the other hand, rubber has been used to isolate vibration of machinery because of its
good damping behaviours. Those materials will be mixed and be elaborated to provide a ductile
mortar binder at bed joints. This research aims to investigate the mechanical properties and the
damping behaviour of hardened mortar with rubber tire crumbs at proportions of 0%, 40%, and
60%. Three types of specimens in forms of mortar cubes of 50x50x50 mm3, tensile specimens and
mortar beams of 100x100x500 mm3 were tested to provide strength and damping behaviour. The
addition of rubber tire crumbs in the mortar decreased the compressive strength, tensile strength,
flexural strength and unit weight. Despite its weakness in the mechanical strengths, the addition of
rubber tire crumbs could increase the damping behaviour significantly. This research recommended
that mortar containing RTC is still appropriate use for non-structural component although it has low
mechanical properties.

1 Introduction
Earthquake is an unpredictable natural phenomenon
causing damage to houses/ buildings, roads, bridges and
other infrastructures. The damage wall due to earthquake
affects casualties and injuries, especially for masonry
wall of houses in earthquake-prone areas. It is mostly
caused by the poor quality of materials and poor
workmanship, resulting in, among others poor detailing,
poor mortar quality, poor concrete quality, and poor
brick laying [1].
Currently, waste of rubber tire in form of rubber
crumb is used as a replacement material in concrete mix
or material pavement mix. The previous study reported
that replacement of partial aggregate in concrete with
waste of rubber tire affect the concrete properties. It
produces lightweight concrete [2, 3], increases
workability [4], ductility [5] and damping ratio [6, 7],
but mechanical properties [2, 3, 4, 8, 9, 10]. These
properties confirm a conclusion that concrete with
*

rubber tire crumb (RTC) is more appropriately used as a
non-structural component that doesn’t support higher
tension and compression. The lightweight properties,
good ductility and damping behaviour, has been taken
into consideration in using concrete with RTC as a
structural member against large earthquake.
Based on these realities, innovation is needed to
improve the resilience of houses against earthquake by
taking adavantage of rubber crumb which improves
workability of mortar, instead of low prices, easy to
access, and high damping. The innovation may be
applicable for middle to the low-class economics people.
The waste of rubber tire is overabundance, has limited
utilization and has been an environmental problem.
This study investigates mechanical properties and
damping behaviour of hardened mortar with RTC. It is a
preliminary study in proposing the utilization of RTC as
mortar bed joint on masonry wall to increase damping
behaviour of the wall, in preventing sudden collapse.
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2 Experimental Program

for Compressive Strength of Hydraulic Cement Mortars
(Using 2-in. or [50-mm] Cube Specimens) [12]. Mortar
tensile strength was tested (Figure 1b) according to
ASTM C190-85 (Method of Test for Tensile Strength of
Hydraulic Cement Mortars) [13].

2.1 Material Properties
This hardened mortar consists of Pozzolanic Portland
Cement (PPC), sand, water and RTC. The sand, taken
from Cangkringan Sleman, has specific gravity of 2.745
and unit weight of 1.508 kg/m3, while RTC has specific
gravity of 1.16 and unit weight of 235.7 kg/m3. This
RTC passed over sieve no. 16 (#1.18 mm).
Material requirements are determined by absolute
volume methods to obtain mix mortar having cement to
sand ratio of 1: 3, 1: 4 and 1: 5, while RTC contents are
of 0%, 40% and 60% of the sand requirement
respectively.
2.2 Specimens Preparation
Three types of the specimens in forms of mortar cubes of
50x50x50 mm3, tensile specimens and mortar beams of
100x100x500 mm3 were used in this study. The mortar
cubes and tensile specimens were tested to provide
compressive and tensile strengths, whereas mortar beams
were tested to investigate the flexural strengths and
damping behaviour. A total of 45 mortar cubes, 45
mortar briquette specimen and 9 mortar beams were
tested. The distribution of the specimens is shown in
Table 1.
Water requirement was determined by ASTM
C230/C230M-08 (Standard Speciﬁcation for Flow Table
for Use in Tests of Hydraulic Cement) [11] to comply
the appropriate flow for workmanship. Furthermore,
fresh mortar was moulded and cured until 28 days of old.

a) Compressive strength test
Fig. 1. Mortar testing set-up

2.3.2 Damping Behaviour Test
To investigate damping behaviour of hardened mortar, a
simple laboratory setup was provided. The beam
specimen was clamped at one end and free on the other
end. A load of 15 N (1.5 kg) on the free end was hanged
by a string. When the string was cut, the beam generated
a free vibration on its fundamental frequency. A sensor
(accelerometer) installed on the free end of beam
recorded the vibration. Furthermore, the Dewesoft
Program, installed in the computer, converted the analog
into digital signals and transformed them into frequency
domain (FFT). Figure 2 shows an experimental set-up of
damping test.

Table 1. Distribution of specimens

1:3

1:4

1:5

RTC
Content

I

0%

5

5

II

40%

5

5

III

60%

5

5

IV
V
VI
VII
VIII

0%
40%
60%
0%
40%

5
5
5
5
5

5
5
5
5
5

IX

60%

5

5

Tensile
specimens

Code

Beams

Types and Number of
Specimens

Cubes

Cement
to
Sand
Ratio

b) Tensile strength test

Dewesoft
Dewe43

3
3
3
clamp

sensor
Specimen

Load

2.3 Experimental Set-up
2.3.1 Compressive and Tensile Strength Test

Fig. 2. Experimental set-up of damping test

Mortar compressive strength test (Figure 1a) was carried
out by ASTM C109/C 109M-07 (Standard Test Method
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Damping behaviour of the beam can be identified by
analyzing the vibration arising from cutting of the string
using the logarithmic decrement method as explained in
Equation 1 and Figure 3.

60% RTC can classify as a lightweight mortar because
the unit weight is less than 1850 kg/m3 as required by
SNI 03-2461-2002 [14].

(1)
where,
ξ : Damping ratio (%)
Y1 : Amplitude 1 (maximum)
Y2 : Amplitude 2 (approximately at a half of Y1)
N : The number of cycles between Y1 and Y2

Fig. 4. Flexural strength testing set-up

The unit weight of RTC replacing the sand caused the
decrease of unit weight of mortar with RTC. The specific
gravity of RTC is 1.1597 and 2.74 for sand, while the
respective unit weight is 1508 kg/m3 and 235.72 kg/m3.
Fig. 3. The logarithmic decreament signal at the free end of the
beam

2.3.3 Flexural Strength Test
The beam specimens were tested by flexural strength test
after damping behaviour was investigated, as shown in
Figure 4. The test applies load-unload systems to
investigate the beam’s resistance to repeated loading.
LVDT connected to the data logger detects the deflection
of the beam during observation.

3 Result and Discussion
3.1 Mechanical Properties

Fig. 5. The unit weight of the hardened mortar

3.1.1 Unit Weight

3.1.2 Compressive and Tensile Strength

The mortar cubes containing 40% and 60% of RTC have
a unit weights of 1638 – 1772 kg/m3 and 1467 – 1516
kg/m3 respectively, whereas the unit weight of normal
mortar is 2148 – 2228 kg/m3 (see Figure 5). This result
indicate that the addition of RTC may reduce the unit
weight of the mortar cubes by up to 22% for 40% RTC
content and 32% for 60%RTC content. Besides that, the
unit weights of the mortar cubes containing of 40% and

The results of the compressive and tensile strength test
shown in Figure 6 and 7 conclude that the addition of
RTC in the mortar-mixture results in decreasing
compressive and tensile strengths of the hardened
mortar. Due to its low compressive and tensile strength,
the mortar containing RTC may be recommended for use
as a non-structural material, resisting low axial forces.
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The mortar cubes containing 40% and 60% RTC had
compressive strengths of 22% - 35% and 13% - 19%
respectively in comparison to normal mortar. The lowest
compressive strength was 2.681 MPa for 60% RTC. This
value meets the minimum compressive strength
requirement of masonry bricks of 2.5 MPa [3], so it can
be recommended for use of mortar bed joint, since the
compressive strength of masonry walls is more
influenced by the strength of the mortar bed joint, and is
limited by the strength of the masonry brick. Sometimes
the addition of mortar strength hasn't significant changes
in increaseing the compressive strength of masonry walls
[15].
The decrease in tensile strength due to the addition
of RTC on the mortar is smaller than the decrease in
compressive strength. This fact supports the state that
RTC is more advantageous in tensile strength than in
compressive strength.

the maximum displacement increases up to 203% and
400% respectively. This trend also took place on
repeated loading as presented in Figure 9.
By referring these results, it could be estimated that
mortar containing RTC had a ductile property as
indicated by its ability to prevent a sudden collapse. This
property may be appropriately applied as earthquake
structural materials because of its ductile property
against earthquake. It is expected that the occupants have
enough time to exit the building before the building
collapsed.
Topcu, 2018 [16] also investigate the flexural
strength of concrete with RTC. He stated that using
rubber aggregate reduces the flexural strength of
concretes. Even though rubber particles decrease the
flexural strength of concrete, RC specimens do not
collapse suddenly under bending load during the flexural
test due to high deformations of rubber particles. Figure
8 and 9 show that deflection of the mortar with RTC is
expected larger than normal mortar.

Fig. 6. The compressive strength test result
Fig. 8. Load-Displacement relationship (single-load system)

Fig. 7. The tensile strength test result

3.1.3 Flexural Strength

Fig. 9. Load-displacement relationship (load-unload system)

The addition of RTC in the mortar-mixture also resulted
in decreasing the flexural strength but the maximum
displacement of hardened mortar as shown in Figure 8.
The specimens with 40% and 60% RTC content had
67% and 41% decreasing of the flexural strength, while
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3.2 Damping Behaviour

The damping behaviour of mortar beam with RTC
inspire new expectation to get more earthquake resistant
building by using material having high damping ability.
It should be considered that mortar with RTC has low
mechanical strength, so it is not recommended for use on
structures withstanding large axial loads.
This damping ratio can be upgraded by increase the
rubber dimension since the damping ratio of rubber
mortar not only be influenced by the rubber content but
also affected by the rubber dimension [17].

The result from damping test (Figure 10 and 11) showed
that the addition of RTC in the mortar-mixture reduced
the frequency but increased the damping ratio. The
mortar beam frequency decreased as much as 14.7% and
29.5%, while the damping ratio increased as of 40% and
75% (in comparison to normal mortar beam) for a beam
containing 40% and 60% RTC respectively.

3 Conclusion
From the analysis of the mechanical properties and the
damping behaviour, it concludes that:
1. The addition of RTC in mortar can improve the
damping ratio of hardened mortar significantly, but
the mechanical characteristis.
2. Mortar containing RTC is still appropriate use for
non-structural component although it has low
mechanical properties.
3. Based on the damping behaviour, mortar containing
RTC is recommended for improving performance of
masonry wall against earthquake shake.

Fig. 10. Frequency of mortar beams

4 Further Research
Based on this research, it is suggested for some further
researches. A similar research using larger RTC might
increase the damping ratio of hardened mortar with
RTC. It may also be necessary to examine the effects of
long-time deformation due to creep.
The authors express their gratitude and highest appreciation to
Lembaga Pengelola Dana Pendidikan (LPDP) from Ministry of
Finance who has given Beasiswa Unggulan Dosen IndonesiaDalam Negeri (BUDI-DN) scholarship.
Fig. 11. Damping ratio of mortar beams
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