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Graphical abstract Abstract

Near Surface Mounted (NSM) is a technique performed for the installation of
strengthening material info grooves cut into the concrete cover of reinforced
concrete (RC) beams bonded using a bonding agent. This technique is
becoming more widely recognized because of its efficiency, effectiveness, and
| exfl ease of application. We investigated flexural strengthening of RC beams with the

& NSM technique using bamboo reinforcements, through both experimental tests
and a finite element analysis (FEA). The experimental tests were carried out on
three RC beams, one consisting of a confrol beam, and the other two
strengthened by the NSM technique with two steel reinforcements, and four
bamboo reinforcements. From the experimental tests, we found that the flexural
strength of the beam with NSM bamboo reinforcements was increased by 41.7%
and the deflection ductility index was reduced by 21.55%. The mode of failure
observed in all the strengthened beams was a flexural failure. Finally, the result of
FEA behaved similarly to the results of the experimental test.
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1.0 INTRODUCTION both experimental tests and a finite element analysis
(FEA). In the NSM technique, strengthening materials

Reinforced concrete structures all over the world are placed into grooves cut info the concrete cover

require rehabilitation or strengthening at some time in
their life span for various reasons, such as mechanical
damage, environmental effects, increased service
loads, and errors in the design and construction [1].
On the other hand, some elements of the structures
may also have been weakened due to corrosion of
steel rebars [2-5]. This paper presents an investigation
on the flexural strengthening of reinforced concrete
(RC) beams with the Near Surface Mounted (NSM)
technique using bamboo reinforcements through

of the RC beams and bonded using a bonding
agent. This technigque has many potential
advantages because it can improve and enhance
the flexural strength of reinforced concrete beams
without the need for additional dimensions, and it is
becoming more widely recognized because of its
efficiency, effectiveness, and ease of application [6].
The other advantages of this fechnique include: less
risk of debonding from the concrete substrate, better

79:6 (2017) 233-240 | www.jurnalteknologi.utm.my | elSSN 2180-3722 |


mailto:kbhahmad@utm.my

234
protection against accidental and
unchanged aesthetic features [7, 8].

The use of bamboo as the strengthening
materials of RC beams was previously reported [9-
11]. Bamboo is a source of building materials that are
renewable and widely available in Indonesia. Of the
approximately 1,250 species of bamboo in the world,
140 species or 11% of them are native to Indonesia.
Gonzales et al. [12] state that the high potential of
bamboo and its versatile characteristics have
opened a wide area of study. Bamboo can be used
in manufacturing value-added products because of
its excellent tensile strength [13]. Furthermore, the
moisture content and shrinkage of bamboo are very
important, as they effect its dimensional stability and
strength  [14]. Bamboo’s moisture content s
influenced by age and place of growth. The
shrinkage is calculated from the air-dried density of
bamboo because it is considered as a state
approaching bamboo applications in the field [15].

Many studies on the use of the NSM technique for
flexural strengthening of RC beams have been
conducted. Rancovic et al. [16] performed an
experimental investigation on the flexural behavior of
RC beams strengthened with  NSM  GFRP
reinforcement. FRP bars with G-rod @10 mm were
used. It was found that the NSM strengthened
specimen achieved 73% higher maximum load.
Zhang et al. [17] presented a bond strength model
for applying NSM CFRP strip to concrete interfaces.
The predictions of the proposed model were
compared with the results of 51 test specimens
collected from 7 existing studies as well as the

impacts
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predictions of the only existing bond strength model.
They reported that the proposed bond strength
model, due to its accuracy, simplicity, and
applicability to a wide range of real-world cases, can
be readily incorporated in design codes and
guidelines. Husain et al. [18] conducted a study on
the strengthening of reinforced concrete beams
using NSM FRP. They found that, in general, as the
bond length of NSM FRP bars increases, the initial
stiffness, ultimate load capacity, and deformation
capacity increase. The increase is more significant
with a bond length not less than 48 times the
diameter of the bar.

2.0 METHODOLOGY
2.1 Beams Design

For the experimental program, a total of three series
of specimens, consisting of 1000 mm long RC beams
with a rectangular cross-section of 100 x 150 mm,
were conceived. The tension and compression
reinforcements used were steel bars with 6 mm
diameter. The shear reinforcement, designed fo
induce flexural failure, consisted of steel stirrups of 6
mm nominal diameter spaced at 50 mm. The first
beam specimen was the control beam with no
strengthening (CB), and the remaining beam
specimens were strengthened with different numbers
of steel and bamboo bars (NSM1 and NSM2). The
specimen dimensions and reinforcement details are
shown in Figure 1.
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Figure 1 Details of the specimens
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2.2 Material Properties

All beam specimens were cast using normal
concrete. Figure 2 shows the casting process.
Crushed stone was used as coarse aggregate, and
the maximum size of the coarse aggregate was 20
mm. Natural river sand was used as fine aggregate.
Fresh tap water was used to hydrate the concrete
mix during the casting and curing of the beams and
cylinders. The concrete consisted of 205 kg/m3 of
water, 510 kg/m?3 of fine aggregate, 1,135 kg/m?3 of

coarse aggregate and 477 kg/m3 of cement, with a
0.43 water/cement ratio. The 28 days average
compressive strength of the concrete was 18.30 MPa
based on tests of three 150 mm diameter and 300
mm high concrete cylinders. On average, the yield
and ultimate strength of the 6 mm steel bar were
240.39 MPa and 510.46 MPa respectively. The
average ultimate strength of the bamboo was 688.88
MPa. The results of tensile tests of the steel bar and
bamboo, in an example of one specimen, are
presented in Figure 3.

Figure 2 Casting process: (a) slump test, (b) pouring the fresh concrete, (c)
unstrengthened beam:s, (d) strengthened beams
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Figure 3 The result of tensile tests of steel bar and bamboo
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2.3 Finite Element Analysis

Finite element analysis (FEA) was also performed here
using a limited version of a program named ATENA,
which can model up to 200 elements [19-21]. An 8-
noded solid element, CC3DnonLinCementitious2,
was used to model the concrete. The longitudinal
steel reinforcement and bamboo were modeled
using CCReinforcement elements. Two nodes were

required for this element. Loading and support plates
are modeled using the 8-noded solid element
CC3DElastlsotropic. The concrete with stirup was
modeled using the 8-noded CCCombinedMaterial
element. The material properties which are the results
of a test on one specimen, and the types of elements
used in this analysis, are summarized in Table 1. The
finite element analysis (FEA) was performed based on
just a quarter section as shown in Figure 4.

Table 1 Materials and the type of the elements

Materials Element Type Properties Unit Data
Compresion strength MPa 11.30
Concrete CC3DnonLinCementitous2 ;
Young's modulus, Ec MPa 17850.33691
Young's modulus, Es MPa 195000
Ultimate stress, fu MPa 495.49
Reinforcement P6 CCReinforcement
Yield stress, fy MPa 338.75
Area of reinforcement, A m2 0.0000283
Young's modulus, Es MPa 20000
Ultimate stress, fu MPa 644.44
Bamboo CCReinforcement -
Yield stress, fy MPa 666.67
Area of reinforcement, A m2 0.0000283
Area of Shear reinforcement, Ay m?2 0.0000283
; Ratio of direction x reinforcement (1) - 0
Concrele win CCCombinedMaterial ———— -
stimup Fo- Ratio of direction y reinforcement (2) - 0.005652
Ratio of direction z reinforcement (3) - 0.003768
: Young's Modulus, E MPa 200000
Loading and CC3DElastisotropic :
support plates Poisson’s Ratio, v - 0.3

Figure 4 Model of finite element analysis at a quarter section

The application of constraint conditions in the
FEA consisted of a support constraint condition and a
surface constraint condition. The support constraint
condition was applied in the simulation to represent
support in the experimental test specimens. It was
applied by giving the displacement value of zero in
the Y direction using constraint for line. The value was
applied to a line in the middle part of the support

steel plates in the model. In addition to the support
line, the constraint condition was also applied to the
surface that does not undergo displacement by
using constraint for surface. This was because the
simulation was only done for half of the section. The
constraint condition applied can be seen in Figure 5.

The plan of meshing of the beam with NSM bamboo
reinforcement shown in Figure é exceeded the total
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number 200 elements, consiste

d of 196 volume
elements and 4 line elements, respectively. To find

out the response that occurred in the FEA, the load
observation and flexural observation points for the Y
direction were applied. The observations were
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carried out by using monitor for point with oufput
displacements to measure the deformation and

using the output of compact external forces to
measure the load.

1]

i
l

(b) Constraint for surface

Figure 5 The application of constraint conditions
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Figure 6 The plan of meshing of the beam with NSM bamboo reinforcement

3.0 RESULTS AND DISCUSSION
3.1 Load-Deflection Curve

Figure 7 shows the load versus midsp

an deflection for

all beam specimens. As can be seen from the figure,
the curves exhibit a fri-inear response defined by
elastic, concrete cracking to steel yielding and steel
yielding to failure stages. The load-displacement

curve resulting from the FEA behave

d similarly to the

results of the experimental test. The study by Hidayat
et al. [22] previously proved that in reality a concrete

member is not uniform and does
homogeneous strength throughout

a0
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not possess a
its depth. Since

Control Beam (CE}

the properties of materials were homogeneous in all
segments in the FEA, there was a reasonable
difference in its slope between the two [21]. The
experimental result shows that the use of NSM
strengthening increased the ullimate load of the
strengthened beams by 12.46% and 41.74%. Table 2
shows the results of FEA by using the NSM
strengthening increased the ultimate load of the
strengthened beams by 75.46% and 86.39% for NSM1
and NSM2, respectively over the confrol beam. If is
observed that the ultimate load ratios from the FEA
results against experimental results are 1.08, 1.56, and
1.31 for CB, NSMI1, and NSM2, respectively.

o

10
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———-Finite Element Analysis
20 25 30

Midepan deflection (mm)
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Figure 7 Load-midspan deflection of beams
Table 2 Ultimate load of the beams
Experimental Finite element analysis
Codes Ultimate Load, Pu %Py Ultimate Load, Pu %Py *Ratio
(kN) 0 (kN) °
CB 32.10 - 34.56 - 1.08
NSM1 36.10 12.44 56.32 75.46 1.56
NSM2 45.50 41.74 59.83 86.39 1.31
*Finite element analysis result to the experimental result
3.2 Ductility ductility index was reduced by 15.65% and 21.55% in

In this study the displacement deflection index was
examined, with the results as presented in Table 3.
The deflection ductility index is expressed as the ratio
between the deflection at ultimate load (Au is the
mid-span deflection at ultimate load) and the yield
load (Ay is the midspan deflection at yield load).
Compared with the control beam, the deflection

the experimental test result, and it was reduced by
7.96% and 23.90% in the FEA result, for NSM1 and
NSM2 respectively. The overall reduction in ductility of
the strengthened beams was most likely due to the
increased tension reinforcement ratio (strengthened
bars).

Table 3 Ductility of the beams

Experimental

Finite element analysis

Codes Ay Au d Ay Au d *Ratio
(mm) (mm) H (mm) (mm) H
CB 5.39 22.06 4.09 3.00 22.34 7.45 1.82
NSM1 5.92 20.44 3.45 3.21 22.00 6.85 1.98
NSM2 5.10 16.39 3.21 3.00 17.00 5.67 1.77

*Finite element analysis result to the experimental result

3.3 Mode of Failure

The failure modes of all the beams are shown in
Figure 8. The cracking pattern was similar for all the
beams, in the results of both the experimental test
and the FEA. At first, a fine flexural crack developed
at the midspan of the beam. As the external load
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increased, additional cracks developed at the
neutral axis or beyond the neutral axis, with a notable
increase in the deflection of the beam. However, all
the strengthened beam specimens showed narrower
and finer cracks compared to the control beam. The
results are due to the greater stiffness of the
stfrengthened beam specimens.

s A AR

(a)
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(o)

Figure 8 Failure modes of the beams: (a) CB; (b) NSM1; (c) NSM2 [11]

4.0 CONCLUSION

The following conclusions can be derived from the

experimental and finite element analytical results:

a. The experimental result shows that the use of NSM
sfrengthening increased the ultimate load of the
stfrengthened beams by 12.46% and 41.74%, while
the results of FEA when wusing the NSM
stfrengthening increased the ultimate load of the
stfrengthened beams by 75.46% and 86.39% for
NSM1 and NSM2, respectively, compared with the
control beam.

b. The deflection ductility index was reduced by
15.65% and 21.55% in the experimental test results,
and it was reduced by 7.96% and 23.90% in the
FEA results, for NSM1 and NSM2, respectively,
compared with the confrol beam.

c. The mode of failure observed in all
stfrengthened beams was a flexural failure.

d. The results of finite element analysis behaved
similarly to those of the experimental fest.

the

Acknowledgements

The authors express their gratitude and appreciation
to the Research and Public Services Institution (LPPM)
of Jenderal Soedirman University for funding this study
through the Institutional Research Scheme, and to
Rahmat Agung Triono and Agung Aryandi who
provided assistance so that this study accomplished
its goals. The authors also thank the anonymous
reviewers, whose comments greatly improved the
paper.

References

[

(2]

(3]

(4]

(3]

6]

(7]

(8]

191

(10]

Hosen, M. A., Jumaat, M. Z., Darain, K. M. U, Obaydullah,
M. and Islam, A. B. M. S. 2014. Flexural Strengthening of RC
Beams with NSM Steel Bars. International Conference on
Food, Agriculture and Biology (FAB-2014). Kuala Lumpur,
Malaysia. 11-12 June 2014. 8-13.

Soleimani, S. M. and Banthia, N. 2012. Shear Strengthening
of RC Beams Using Sprayed Glass FiberReinforced
Polymer. Advances in Civil Engineering. 2012: 1-20.
Maryoto, A., Hermanto, N. I. S., Haryanto, Y., Waluyo, S.
and Anisa, N. A. 2015. Influence of Prestressed Force in the
Waste Tire Reinforced Concrete. Procedia Engineering.
125: 638-643.

Maryoto, A. 2017. Resistance of Concrete with Calcium
Stearate due fo Chloride Aftack Tested by Accelerated
Corrosion. Procedia Engineering. 171: 511-516.

Maryoto, A., Gan, B. S. and Han, A. 2017. Reduction of
Chloride lon Ingress Info Reinforced Concrete Using A
Hydrophobic Additive Material. Jurnal Teknologi. 79(2): 65-
72.

Burke, P. J. 2008. Low and High Temperature Performance
of Near Surface Mounted FRP Strengthened Concrete.
Master Thesis. Ontario, Canada: Queen’s University.

Barros, J. A. O., Ferreira D. R. S. M., Fortes A. S. and Dias S.
J. E. 2006. Assessing the Effectiveness of Embedding CFRP
Laminates in the Near Surface for Structural Strengthening.
Constr. a. Build. Mater. 20: 478-491.

Ciobanu, P., Taranu, N., Popoaei, S. and Banu, D. 2012.
Structural Response of Reinforced Concrete Beams
Strengthened in Flexure With Near Surface Mounted Fibre
Reinforced Polymer Reinforcement Experimental Setup.
Constructii. Arhitectura. 4: 9-16.

Haryanto, Y., Wariyatno, N. G. and Sudibyo, G. H. 2013.
Perilaku Lentur Balok Beton dengan Perkuatan Bambu
Petung dan Perekat Berbahan Dasar Semen. The 7th
National Conference of Civil Engineering 2013. Solo,
Indonesia. 24-26 October 2013. 149-155.

Haryanto, Y., Wariyatno, N. G. and Sudibyo, G. H. 2014.
Kekuatan dan Kekakuan Balok Beton dengan Perkuatan
Geser Bambu Petung dan Perekat Berbahan Dasar
Semen. The 4th National Seminar of Civil Engineering 2014.
Solo, Indonesia. 21 May 2014. 106-111.



240

[

2]

3]

[14]

[19]

[16]

Yanuar Haryanto et al. / Jurnal Teknologi (Sciences & Engineering) 79:6 (2017) 233-240

Haryanto, Y., Wariyatno, N. G., Sudibyo, G. H. and
Purnomo, S. N. 2014. Kapasitas Beban Balok Beton
Bertulang dengan Perkuatan Near Surfaced Mounted
menggunakan  Bambu  Petung. Seminar  Nasional
Percepatan Desa Berdikari Melalui Pemberdayaan
Masyarakat dan Inovasi Teknologi 2014. Purwokerto,
Indonesia. 20-21 November 2014. 2221-2231.

Gonzdlez, M. E., Veblen, T. T., Donoso, C., and Valeria, L.
2002. Tree Regeneration Responses in a Lowland
Nothofagus-Dominated Forest After Bamboo Dieback in
South-Central Chile. Plant Ecology. 161(1): 59-73.
Nordahlia, A. S., Anwar, U. M. K., Homdan, H., Latif, M. A.,
and Mahanim, S. M. A. 2011. Anatomical, Physical and
Strength  Properties of Shizostachyum brachycladum
(Buluh Lemang), Journal of Bamboo and Rattan. 10: 111-
122.

Anokye, R., Kalong, R. M., Bakar, E. S., Ratnasingam, J.,
Jawaid, M., and Awang, K. 2014. Variations in Moisture
Content Affect the Shrinkage of Gigantochloa scortechinii
and Bambusa vulgaris at Different Heights of the Bamboo
Culm. BioRecourses. 9(4): 7484-7493.

Morisco. 1996. Rekayasa Bambu. Yogyakarta, Indonesia:
Nafiri Offset.

Rancovic, S., Folic, R. and Mijalkovic, M. 2010. Effects of
RC Beams Reinfocement Using Near Surface Mounted

(7]

(8]

(191

[20]

(21]

[22]

Reinforced FRP Composites. Architecture and Civil
Engineering. 8(2): 177-185.

Zhang, S. S., Teng, J. G. and Yu, T. 2014. Bond Strength
Model for Interfaces Between Nearsurface Mounted
(NSM) CFRP Strips and Concrete. The 23rd Australasian
Conference on the Mechanics of Structures and Materials
(ACMSM23). Byron Bay, New South Wales. 9-12 December
2014. 383-388.

Husain, M., Fawzy, K. and Nasr, M. 2015. Strengthening of
Reinforced Concrete Beams using Near-Surface Mounted
FRP. International Journal of Engineering Science and
Innovative Technology. 4(2): 59-73.

Cervenka, V., Jendele, L. and Cervenka, J. 2014. ATENA
Program Documentation Part 1; Theory. Prague, Czech
Republic: Cervenka Consulting.

Al Faridi, S. 2010. Analisis Non-linier Elemen Hingga Struktur
Balok Beton Prategang Dua Bentangan. Master Thesis.
Yogyakarta, Indonesia: Gadjah Mada University.
Haryanto, Y., Gan, B. S. and Maryoto, A. 2017. Wire Rope
Flexural Bonded Strengthening System on RC-Beams: A
Finite Element Simulation. International Journal of
Technology. 8(1): 134-144.

Hidayat, A., Purwanto, Puspowadojo, J., and Aziz, F. A.
2015. The Influence of Graded Concrete Strength on
Concrete Element. Procedia Engineering. 125: 1023-1029.



