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Abstract—The study aimed to determine the effect of compressive strength and split tensile strength of gap graded concrete with the
addition of strapping band waste variations of 0.5%, 1.0%, and 1.5% of the weight of cement. The study was conducted at the
Materials and Concrete Laboratory of Bosowa University-Makassar. Quantitative research with experimental studies through the
DoE (Design of Experiment) method conducted at the Materials and Concrete Laboratory of the Faculty of Engineering, Bosowa-
Makassar University. The study design was carried out on the quality of concrete f'c 20 Mpa. Normal concrete testing has a graded
grade, obtained by concrete compressive strength of an average of 23.52 MPa. Gap graded concrete with the addition of fiber
strapping band as much as 0.5% of the weight of cement, obtained by compressive strength of concrete at an average of 24.06 Mpa.
Compressive strength of an average of 26.04 Mpa obtained the addition of fiber strapping band waste as much as 1.0%. Concrete
compressive strength of an average of 20.48 MPa gained addition of 1.5% fiber strapping band waste. The concrete tensile strength of
an average of 1.463 MPa gained normal graded concrete testing. The concrete tensile strength of an average of 1.557 MPa achieved
Gap graded concrete with the addition of fiber strapping band as much as 0.5% of the weight of the cement. The concrete tensile
strength of an average of 2.548 MPa attained the addition of 1.0% fiber strapping band waste. Finally, the concrete tensile strength of
an average of 1.982 Mpa found addition of 1.5% fiber strapping band waste.

Keywords— gap graded concrete; concrete compressive strength; concrete tensile strength; waste strapping band.

used, but with innovation and technology so that the waste
I. INTRODUCTION can be used as an added material for forming concrete.

Waste results in environmental pollution especially plastic
fwaste are already massive at this time. Used plastic is
disposed of scattered and is a waste that cannot be broken
down by soil, which can pollute the environment. In the long
ferm, the bad consequences that are feared are the decreasing
quality of land, water, air, and other natural resources [9]. A
serious concern is needed in handling the problem of plastic

The progress of concrete technology in improving quality
requires creative innovation to answer the challenges o
high-quality concrete needs [1].To produce quality concrete,
good quality material is needed [2], in addition to other
factors, such as the composition of materials and constituen
materials, work methods, natural aggregate conditions [3].

Quality concrete concerns on workably, durability, strength, X X .
and economy [4]-[6]. waste in an integrated and directed manner.

Concrete is the material most often used in the world of Wa_ste _around our environment can _be used as added
construction, both building construction and road materla! In concrete mixtures, so that it can provide an
infrastructure. The nature of concrete is known to be better ifal_ternanve o utilizing untapped wastes, such as waste plastic
the compressive strength of the concrete is higher so that thyl_gh-pensny Polyethyl_ene (HDPE). Opt'”_"z'”g th_e
quality of concrete is based on concrete compressiveu““zat'on of High-Density Polyethylene plast|<_: waste is
strength. The greater the compressive strength of theexpected to reduce waste that pollutes the environment and
concrete, the better the quality of the concrete [7]. ConcreteProvides added value. The advantage of using waste is that it

is widely used because some of the constituent materials ar&2" re_duce e_nwronmentgl poliution and cqmmeraal value,
easily available and inexpensive [8]. The concrete which is certainly beneficial for the community [10].

constituent consists of several materials that are commonly Concretfa has advantageg, namely the. ‘case of obtaining
raw materials, ease of quality and durability [11], but also
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has weaknesses in low tensile strength, so it needs to baggregate can increase the stability of the mixture by filling
reinforced steel in concrete to withstand tensile strength [12]the pores or aggregate cracks.

Concrete in accepting the load that works against it requires In certain circumstances, if the availability of uniformly
steel reinforcement to carry the tensile load. There aregraded concrete material is difficult to obtain, the use of
several materials other than steel reinforcement to increaseavailable grade graded aggregates is an alternative that can
tensile stress and other stresses. One of them is by addinge considered. Aggregate slope gradation, which is an
waste strapping bands to a certain amount of concreteaggregate gradation with an incomplete size, or there are no
mixture or called Concrete Fiber [13]. Concrete fiber aggregate fractions or few [26]. The distribution of
technology is an innovation to improve concrete quality, aggregate grains affects the quality of concrete including the
which is a necessity in the construction industry [14]. use of grading gap items if the implementation of less will

The strapping band is a product made from PP produce porous and porous concrete [25].

(Polypropylene) and PET (Polyethylene) which is used in  Concrete compressive strength is the ability of hard
various industries, especially the packaging industry. concrete to resist compressive forces in each unit of the
Polypropylene fiber is a type of plastic fiber (polypropylene) concrete surface area [27]. Alternatively, it can also be
which is a special production with high technology [15]. Is a defined as a major mechanical characteristic of concrete,
polymer plastic that is easily formed when hot [16]. Fiber which can be identified through a laboratory test of
strapping band as added material is a material that has beecompressive tests on specimens. The compressive strength
used for various industrial purposes and after being of concrete is influenced by the proportion of the mixture,
discharged, it will become garbage that disrupts the the quality of the constituent material and the quality of the
environment. work.

The use of the strapping band is designed for compressive Normal concrete compressive strength is between 20 Mpa
strength of 20 Mpa concrete which refers to the results ofand 40 Mpa [28]. The composition of the mixture between
previous studies, obtained the value of concrete compressiveement, plastic, sand, and water, get the maximum
strength on the addition of 0.75% polypropylene fibers of compressive strength, specific gravity, and absorption.
24.31 MPa [17]. Concrete with the addition of strapping Tensile strength is an important trait that affects males and
bands can reduce the weight itself so that it includesthe size of cracks in the structure [29]. The split tensile
lightweight concrete. Lightweight concrete when the strength of concrete is the value of the indirect tensile
compressive strength of 17.24 Mpa-41.36 Mpa with a strength of a cylindrical concrete specimen obtained from
specific gravity of 1100 kg / m3 [18]. From the character and the result of loading the specimen placed horizontally
capabilities possessed, the concrete with strapping bandgarallel to the surface of the testing machine press table.
includes lightweight concrete for structural purposes. Tensile strength is an important characteristic that affects the

Concrete is a mixture of Portland cement or other propagation and size of cracks in the structure. The value of
hydraulic cement, fine aggregates, coarse aggregates ansplit tensile strength is obtained through press testing in the
water with or without additives that form solid masses [19]. laboratory by overloading each cylindrical specimen
Normal concrete is concrete that gets the addition of otherlaterally to its maximum strength. The formulas used in this
material with its specific gravity reaching 2200-2600 kg / method are as follows:
m2 [20]. Cement is a type of material that has adhesive and
cohesive properties that allow the attachment of other
mineral fragments to a solid mass [21]. When cement is
mixed with water to form a hardened mass, cement is called
hydraulic cement or often called Portland cement [22]. Description:

Portland cement is a hydraulic cement produced by grindingF : Tensile Strength (Mpa)

Fy =—2P (1)

the Portland cement slag especially consisting of calciump :load at split time (N)

silicate. Cement is milled together with additional d : Diameter of a cylindrical Test object
ingredients of calcium sulfate compounds and may be added : cylinder test object length

with other additives [23]. x  :Phi

Aggregates are natural mineral granules that function as
fillers in concrete mixtures. The aggregate is the main In certain circumstances, the availability of uniformly
component in the concrete [24] and occupies 60% -75% ofgraded concrete materials is difficult to obtain so that the use
the concrete volume [25]. Coarse aggregate is a material thaof available grade graded aggregates is an alternative that
has a size exceeding 6 mm or is stuck on filter No. 8 (2.36can be considered. Aggregate or gap gradation study [30],
mm). Coarse aggregate properties affect the final strength ofvhich is aggregate gradation with an incomplete size or
hard concrete and its resistance to concrete disintegrationwithout aggregate fractions is rooted by this study. The
weather. Coarse aggregates must be clean of organic mattgesearch was conducted at the Materials and Concrete
and must have a good bond with cement gel. Usually Laboratory of Bosowa University-Makassar. The study
consists of gravel, broken stones [23]. aimed to determine the effect of compressive strength and

The fine aggregate is the result of natural disintegration of split tensile strength of gap graded concrete with the addition
rocks or sand produced by the stone-breaking industry. Fineof strapping band waste variations of 0.5%, 1.0%, and 1.5%
aggregate is a space-filler between grains in the form of sandf the weight of cement.
[23] and passes the No. filter. 8 (2.36 mm). The fine
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A. Materials

Il. MATERIALS AND METHODS

Engineering, Bosowa University-Makassar. The research
design was carried out on the quality of concrete f'c 20 Mpa.
The cylindrical specimen is 15 cm in diameter and 30 cm in

This research implemented a quantitative research withlength. The testing method of the split tensile strength of

experimental

studies through

the DoE (Design of concrete is guided by the normative reference ASTM C 496

Experiment) method. This research utilized the Materials - 96, ASTM C 670: ASTM C 39, ASTM C 42, SNI 03-2493
and Concrete Laboratory provided by the Faculty of - 1991, and SNI 03-4810 — 1998 [33] (see Figure 1).

(a) Concrete Compressive Strength Test Tool

(b) Reading Size

(c) Concrete Tensile Strength Test Tool

Parameters of Fine Aggregate

Fig. 1 Materials for testing method

(Sand) and Coarse

Aggregate (Broken Stone):

Water content. Water content in the aggregate is
strongly influenced by the amount of water contained
in the aggregate. The greater the difference between
the weight of the original aggregate and the weight of
the aggregate after drying the oven, the more water
contained by the aggregate and vice versa. Tolerance
of water content in fine aggregates is 3% -5% and
coarse aggregate is 0.5% -2%.

Sludge level. The level of sludge is the percentage of
the size that passes the filter No.200 according to
ASTM and British Standard or 80 DIN (Germany) or
the size of the standard filter hole = 0.075 mm. Tests
in the laboratory are generally carried out by washing
methods according to ASTM C-117 (2000 Sieve in
Mineral Aggregates by Washing) Standard Test
Method for Materials. Slurry tolerance for fine
aggregates is 0.2% -6% and for coarse aggregate of
0.2% -1%.

The volume weight is the ratio between the weight of
the aggregate in the dry state and its volume. The
purpose of the test is to determine the fine or coarse
aggregate content weight. Volume weight tolerance
for fine aggregate is 1.4 kg / Itr-1.9 kg / Itr and for
coarse aggregate of 1.6 kg / Itr-1.9 kg / Itr.

Specific gravity is the ratio between the weight of dry
aggregate and the weight of distilled water whose
contents are the same as the aggregate content in a
saturated state at a certain temperature. Specific
gravity for fine aggregate is 1.6% -3.3% and for
coarse aggregate is 1.6% -3.2%.

Absorption is the percentage of the weight of water
that can be absorbed by the material against the
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weight of dry aggregate. The tolerance of observation
for fine aggregates is 0.2% -2% and for coarse
aggregate of 0.2% -4%.

Organic content, are ingredients contained in fine
aggregates, which can cause damage to concrete.
Organic substances contained in fine aggregates
generally come from plants that have been destroyed,
especially those in the form of humus and organic
mud. Harmful organic substances include sugar, oil,
and fat. Sugar can inhibit cement binding and the
development of concrete strength, while oil and fat
can reduce the binding capacity of cement. Organic
tolerance for fine aggregates is to pass the largest
filter <No. 3.

Filter analysis. The aggregate filter analysis is the
distribution of aggregate gradations. The aggregate
analysis provides important information about the
percentage of aggregates that have passed the
specified filter. Data on aggregate granular
distribution is needed in concrete mortar planning.
The filtering tolerance for fine aggregates is 2.2% -
3.1% and for coarse aggregates of 2.5% - 8.5%.
Aggregate wear. Aggregate wear checks are intended
to determine the resistance of coarse aggregates to
wear using a Los Angeles machine. Its function is the
aggregate ability to resist friction, calculated based on
the destruction of the aggregate by sifting the
aggregate in sieve No. 12 (1.70 mm). The wear is
stated by the ratio between the weights of the wear
material through the no. 10 to the original weight in
percent. Aggregate wear tolerance for coarse
aggregate is 15% - 50%.



Concrete Cylinder Wear Test Equipment Aggregate and Scale | Strapping Band

Filter Analyzer

Fig. 2 Material for experimentation

B. Method 2) Coarse Aggregate (Broken Stone): There are seven
The research procedure was carried out, as follows: types of tests on the characteristics of coarse aggregates
. Prepare tools and materials. The material of strapping(broken stones) and all of them meet the requirements, as

band with a size of 2 mm x 30 mm. follows.

+ Tests for the characteristics and characteristics of fine TABLE Il
aggregates and coarse aggregates. TEST RESULTS OFCOARSE AGGREGATESBROKEN STONE$

« Calculation of the combination of fine and coarse Dicrintio
aggregates to obtain the appropriate composition. No. Type Of Test Interval Result np

. II\DA(;Signing a concrete mix (mix design) with f'c 20 1| Water content 0.5% - 2% 1.01 Meets

a.

. Testing of compressive strength of gradual concrete| 2 Sludge levels 0.2% - 1% 0.83 Meets
slope f'c 20 MPa . 1.6 kg/ltr —

. Making the composition of mixing gradual concrete | 3 | Weightvolume [ 7 o0, 1.63 Meets
slabs with the addition of strapping band waste | 4 | Specific gravity | 1.6%-3.2%| 2.37 Meets
variations of 0.5%, 1.0%, and 1.5% of the weight of [ 5 [ Absorption 0.2% - 4% 1.94 Meets
cement. 6 Filter analysis 2.5% - 8.5% 6.71 Meets

. Maklng gradual concrete slab specimens with various 7 Aggregate wear 15% - 50% 18.83 Meets
strapping bands.

. Treatment of gap gradation concrete with a variety of The results indicate that all aggregate requirements specifications meet the
strapping bands for 28 days requirements
« Testing of compre_ssive s.tre_ngth _and tensile strength ofB. Tegi ng of Normal Concrete Compressive Strength with
gon(cjrete slope with variations in a waste strapping Graded Gradation
and.

. Data analysis and conclusions. Tests were carried out at 28 days of concrete against 12

(twelve) specimens. The results of normal concrete
compressive strength test are gradual gradation, as in the

I1l. RESULTS ANDDISCUSSION following table.

A. . Testing of Aggregate Characteristics TABLE Ill
. R T N C C ST
1) Fine Aggregate (S’ind) There are seven types Of ESULTS OF I ESTING OF OZNX:LGROAI\I;?-?FIIEOTE OMPRESSIVESTRENGTH OF
testing for the characteristics of fine aggregates (sand) an
all of them meet the requirements, as follows. Compressive Compressive
TABLE | No Test Item Code strength , fcr strength f'cr
TEST RESULTS FOR FINE AGGREGATfSAND) PIA (M Pa) average (MPa)
1 NC-GG-1 25.48
No. Type of Test Interval Result | Description 2 NC-GG -2 2208
1 | Water content 3% - 5% 3.59 Meets 3 NC-GG -3 22.65
Sludge levels 4 NC-GG -4 24.35
0.2% - 5% 1.73 Meets 5 NC-GG 5 2491
Weight 1.4 kgl/ltr- .9 6 NC-GG -6 24.63 2352
3 | volume kg/ltr 1.44 Meets 7 | NC-GG -7 23.78
Specific 8 NC-GG -8 23.21
4 gravity 1.6% - 3,3% 2.37 Meets 9 NC-GG -9 22 36
5 Absorption 0.2% - 2% 1.94 Meets 10 NC-GG -10 22.93
Organic 11 NC-GG -11 23.78
6 | content <No.3 | No.l Meets 12 | NC.GG 12 22.08
7 Filter analysis| 2.2% - 3.1% 2.71 Meets Information: - NC-GG = Normal Concrete - Gap Gradation.
The results indicate that all aggregate requirements specifications meet the ) )
requirements Table 3 above shows that the highest compressive

strength was 25.48 MPa and lowest compressive strength
was 22.08 MPa. Table 2 shows the results of testing of the
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concrete compressive value on 12 (twelve) test objects at thestrapping bands (polypropylene) showed that both of them

age of 28 days. The test results were found to be lowest irhad an increase. Therefore, it can be said that the results of
specimens 2 and 12 at 22.08 Mpa and the largest orthe research carried out are reinforced by the results of

specimens 1 at 25.48 MPa, or an average of 23.52 Mpa. Therevious research trials.

value of compressive strength produced is all higher than the _ , L
planned standard value of fc 20 Mpa. D. Testing of Normal Concrete Tensile Strength, Variation

of Waste Strapping Band
C. Testing of Concrete Compressive Strength of Waste Testing of the tensile strength of normal concrete as many
Strapping Band as 3 (three) specimens and the concrete variation of waste
Test of concrete compressive strength was carried out orstrapping band 0.5%, 1.0% and 1.5% each of 3 (three)
variations in waste strapping bands of 0.5%, 1% and 1.5% ofspecimens. The test results of split tensile strength are shown
cement weight with each of 3 (three) cylindrical test in the following table.
specimens. Based on the results of the concrete compressive

; . . TABLE V
strength test results are obtained as in the following table.

TESTRESULTS OFNORMAL CONCRETETENSILE STRENGTH, VARIATION OF
WASTE STRAPPINGBAND

TABLE IV
TESTRESULTS FORCONCRETECOMPRESSIVESTRENGTH OFSTRAPPING Tensile Tensile Strength
BAND WASTE No Test Iltem Code | Strength f'ctr average
_ f'ct (MPa) (MPa)
Compressive | Compressive 1 NC-GG-1 1.415
No | TestItem Code Strength, fcr Strength, f'cr 2 NC-GG -2 1.699 1.463
P/A (MPa) average (MPa) 3 NC-GG -3 1.274
1 SBI-05% 26.04 4 SBI1-0.5% 1.415
2 SB 11 - 0.5% 25.76 24.06 5 SBIl-0.5% 1.557 1.557
3 SB 11l- 0.5% 20.38 6 SB IlI- 0.5% 1.699
4 SBI1-1.0% 26.89 7 SBI-1.0% 2.689
5 SBII-1.0% 28.59 26.04 8 SBII-1.0% 2.548 2.548
6 SBIl-1,0% 22.65 9 SBIlI-1.0% 2.406
7 SBI-15% 22.08 10 SBI-15% 1.982
8 SBlII-15% 18.12 20.48 11 SBII-15% 2.123 1.982
9 SBII-15% 21.23 12 SBIll-1.5% 1.840
Information:

SB |- 0.5 % = Strapping Band, Sample 1- 0.5% Strapping Band
SB |- 1.0 % = Strapping Band, Sample 1- 1.0% Strapping Band
SB | — 1.5 % = Strapping Band, Sample 1- 1.5% Strapping Band

Table 5 shows the results of the value of the concrete
tensile strength for normal concrete obtained by an average
of 1.463 MPa. The value of split tensile strength on the

The results table 4 above shows the results of theaddition of strapping band waste variation of 0.5% obtained
variation of the concrete compressive strength test of 0.5%an average of 1.557 Mpa, a variation of 1.00% on average of
waste strapping band obtained 24.06 MPa. In the variation 0f2.548 Mpa and a variation of 1.5% on average of 1.982 Mpa.
1.0% of 26.04 MPa and 1.5% of 20.48 MPa. there was anin the variation of 1.00%, the greatest value is obtained or
increase in compressive strength of concrete at 1.0%the optimum tensile strength value is 2.548 MPa.
variation of 8.25%, but there was a decrease in variation of In Table 5, it also shows that the value of normal concrete
1.5%. Also, table 2 above shows that the value of normalsplit tensile strength is 1.463 Mpa and the value of concrete
concrete compressive strength of 23.520 Mpa is higher tharsplit strength of strapping band variation at 1.0% is 2.548
the planned standard of compressive strength of concrete, f®pa (optimum tensile strength), indicating that there is an
20 Mpa, so that it can be continued testing on the concretdncrease in tensile strength of 74,2%. Therefore, it can be
tensile strength. The addition of strapping band waste at asaid that there is an effect of adding waste strapping bands to
variation of 0.5% was obtained from the concrete the tensile strength of concrete.
compressive strength of 24.062 Mpa, the variation of 1.00% The results of previous studies said that, the value of split
was 26.044 Mpa and the variation of 1.5% was 20.447 Mpa. tensile strength of lightweight concrete, on the addition of

The results of previous studies showed that the 0.75% polypropylene fiber by 4.23 Mpa or an increase of
compressive strength of concrete on the addition of 0.75%60.38% from lightweight concrete without fiber [31]. The
polypropylene fiber was 24.31 Mpa or increased by 27.93% results of other studies said that the optimum increase in split
from fiber-free concrete [31]. When compared the two tensile strength for FAS was 0.35, namely; 3.49 Mpa with an
results of this study that the results of research that has beeimcrease of 5.76% using variations of fiber 0.9 kg/cm [32].
done, namely an increase of 10.73% and the results of The results of the next study said that the addition of
previous studies increased by 27.93%. Both of thesepolypropylene fibers to concrete mixes could increase the
compressive strength tests show that there is a differentensile strength of concrete. The optimum concrete tensile
percentage increase. The difference is caused, as said that &irength in fiber concrete with a dose of 0.65 kg/m? at 28
produce good quality concrete, is influenced by the days was 3.842 MPa or increased by 20.44% from normal
composition of materials and constituent materials, how to concrete [33]. The test results of the research conducted and
work, natural aggregate conditions [24]. The results of the the results of the tests of the three previous studies on the
concrete compressive strength test between the researctensile strength of the concrete have a different percentage
conducted and previous studies with the addition of increase. The difference is caused, as said that to produce
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good quality concrete, is influenced by the composition of  The results of the comparison of the compressive strength
materials and constituent materials, how to work, natural and concrete tensile strength with the addition of fiber waste
aggregate conditions [24]. The results of the concrete tensilestrapping bands are shown in the diagram. From the test, the
strength test between the research conducted and previoufllowing results are obtained. In the gap graded normal
studies with the addition of strapping bands (polypropylene concrete the compressive strength value is 23.52 Mpa and
fibers), showed an increase. Therefore, it can be said that théhe value of the split tensile strength is 1.46 Mpa. In gap-
research carried out can be strengthened by the thregraded concrete added with strapping band waste, the

previous studies. optimal compressive strength value at 1.0% variation is
i , 26.04 Mpa and the concrete tensile strength value is 2.548
E. Compressive Strength and Tensile Srength of Gap Mpa.

Gradation Concrete

Comparison of the compressive strength and tensile
strength of the concrete variations in strapping band waste,
presented in the following table 6. The test results on
concrete compressive strength, through the addition of fiber
strapping band waste of 0.5% each, an increase of 2.3% or to
24.06 Mpa. The addition of 1.0% waste strapping band
increased by 8.3% or to 26.04 Mpa. The test results on the
tensile strength of concrete, through the addition of fiber
strapping band waste of 0.5% each, increased by 6.4% or to
1.557 Mpa. The addition of 1.0% waste strapping band
increased by 63.7% or to 26.04 Mpa.

There was no correlation due to the addition of waste
fiber strapping bands between the compressive strength of
the concrete and the tensile strength of the concrete. This
situation can be seen from the results of the compressive
strength of the concrete, the highest increase of 8%, while
the results of the split tensile strength increased significantly,
namely 63.7%.

TABLE VI
.TESTRESULTS FOR THECOMPRESSIVESTRENGTH AND NORMAL
CONCRETETENSILE STRENGTH OFV ARIATIONS IN WASTE STRAPPING

IV. CONCLUSIONS
BAND Normal concrete testing has a graded grade, obtained by

" " concrete compressive strength of an average of 23.52 MPa.
g% g% %8 E§ _g g,§ Gap graded concrete with the addition of fiber strapping
=3 S 82 g 2 82 band as much as 0.5% of the weight of cement, obtained by
No | TestittmcodeS 58| ®53 | & 2 2 A compressive strength of concrete at an average of 24.06 Mpa.
g% =za? o e 3 Addition of fiber strapping band waste as much as 1.0%,
= é a obtained by compressive strength of an average of 26.04
v = 5 Mpa. Addition of 1.5% fiber strapping band waste, obtained
1 NC-GG-1 2548 1.415 by concrete compressive strength of an average of 20.48
2 NC-GG-2 22.08 1.699 1.463 MPa. _ _ _
3 NC-GG-3 22.65 1.274| There was an increase in concrete compressive strength
4 NC-GG-4 24.35 towards normal concrete on the addition of waste fiber
5 NC-GG-5 24.91 strapping bands in variations of 0.5% and 1.0%. In the
6 NC-GG-6 2463 o, variation of 1.5% waste fiber strapping band, there was a
7 NC-GG-7 23.78 ' decrease in concrete compressive strength. Normal graded
8 NC-GG-8 23.21 concrete testing is obtained by the concrete tensile strength
9 NC-GG-9 22'39 of an average of 1.463 MPa.
10 NC-GG-10 22.99 Gap graded concrete with the addition of fiber strapping
11 NC-GG-11 23.78 band as much as 0.5% of the weight of the cement, obtained
12 NC-GG-12 22.08 .
by the concrete tensile strength of an average of 1.557 MPa.
13 SB1O.5S % 26.04 1415 Addition of 1.0% fiber strapping band waste, obtained by the
14 SB 11-0.5% 25.76 24.06 1.557 1557 concrete teﬁsile strenath of ! f
15 | SBIIFO5% | 2038 1.699 or strength of an average of 2.548 MPa.
16 SB I-1.0 % 26.80 2 689 Addition of 1.5% fiber strapping band waste, obtained by the
17 SBII-1,0 % 2859 26.04 | 2548| 2.548 concrete tensile strength of an average of 1.982 Mpa. There
18 SB III-1,0 % 22 65 2 406 was an increase in the concrete tensile strength of normal
19 SBI-15 % 22.09 1.982 concrete on the addition of waste fiber strapping bands in
20 SB1I-1,5 % 18.12 2048 | 2.123| , o0, variations_ of 0.5% a_md 1.0%. In the variation of 1.5%, the
21 SB 11I-1,5 % 21.23 1.840 ' waste fiber-strapping band decreased the concrete

compressive strength.
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In further research, it is recommended the study produced16]
lightweight concrete and can be used for structural purposes

" A 17

In addition, further research should conduct the testing of[ ]
types of concrete other than gap-graded concrete.
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