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ABSTRACT

This paper aims to investigate the performance of geopolymer adhesive (GPA) as a substitute
for epoxy in the near-surface-mounted (NSM) technique to enhance the shear strength of
reinforced concrete (RC) beams. Seven RC beams of 1200 mm in length, 120 mm in width, and
160 mm in height were tested under three-point loading. The specimens involved one control
beam and six strengthened beams. This paper investigates several parameters, namely the types
of paste adhesive (epoxy or geopolymer), spacing of NSM bars (80 and 65 mm), and inclined
NSM bars (90° and 45°). The initial crack opening load, ultimate load-carrying capacity,
deflection, and crack pattern. According to the results, the epoxy adhesive can increase load
capacity by up to 96.36%. Geopolymer adhesive yielded a maximum of 68.62% compared to
un-strengthened RC beams. The first crack load on strengthened specimens was increased by

up to 18% compared to un-strengthened RC beam:s.
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1. INTRODUCTION

Shear failure of RC beams is usually sudden and without any warning, so it's better to have a
flexural failure than a shear failure. Shear deficiencies can arise in RC beams for various
reasons, such as insufficient shear reinforcement or bar corrosion, which decreases the steel
area, creates a construction deficiency, and raises the service load (Alasadi and El-Zanaty, 2015;
Salman, Mansor and Mahmood, 2018; Liu, Jia and Wang, 2019; Liu and Jia, 2020; Sahib and
Al-Asadi, 2022). The NSM technique, which uses epoxy adhesive to strengthen and restore
reinforced concrete (RC) structures, is one of the crucial strengthening methods (Thamrin, Haris
and Haris, 2019; Ketab and Attiya, 2024) (Rashmi, Anand and Balaji, 2021). High temperatures
cause epoxy, an adhesive used in strengthening techniques, to lose its mechanical properties
(Gamage, Wong and Al-Mahaidi, 2005; Gamage, Al-Mahaidi and Wong, 2006; Al-Salloum,
Elsanadedy and Abadel, 2011; Majhi, Mukherjee and Spadaccini, 2019). The covalent bond
begins to weaken and the adhesive melts when it is subjected to temperatures higher than the
glass transition temperature (Tg), which causes slippage (Cabral-Fonseca et al., 2018) and it
poses certain risks to the workers as well. It is important to remember that the adhesive is the
crucial factor governing the bonded structure's overall efficacy (Cabral-Fonseca et al., 2018;
Zhou et al., 2023). As a result, the necessity to switch out this glue for a fresh one is growing.
Because of its natural composition, geopolymer is a sustainable material with excellent
mechanical qualities that may be used in high-temperature settings (Ding, Cheng and Dai, 2017,
Mermerdas et al., 2017; Hadi, Salman and Oleiwi, 2019; Maras, 2021). Geopolymer mortars
provide numerous benefits in building restoration, improve the structural integrity of building
components, and diminish the likelihood of extensive cracking during seismic events (Mao et
al., 2023). Geopolymers were engineered as fire-resistant substances with excellent resilience
to high temperatures (Deng et al., 2021). It is considered another advanced material showing
tremendous properties in several civil engineering applications (Zhang et al., 2018; Hager,
Sitarz and Mroz, 2021; Mohammed and Ikram A. Saeed, 2021; Shamsa, Al-Shathr and Al-
Attar, 2021), (Liu, Su and Yan, 2022), and (Hadi, Salman and Oleiwi, 2020).In a prior study
utilizing Geopolymer Paste glue (GPA) inside the NSM approach, the pull-out test outcomes
for strengthening prism GPA indicated a bond strength equivalent to 70% of that of epoxy
adhesive (Hadi, Salman and Oleiwi, 2020).

This study includes castings and testing. seven reinforced concrete (RC) beams with dimensions
of 120mm width, 160mm height, and 1200mm length and a clear span of 1100mm. They were
subjected to three-point loading to study the behavior of beams in shear, one of which was

considered a control beam (unstrengthen), while other RC beams were strengthened in shear by
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NSM. The parameters include types of paste adhesive (epoxy or geopolymer), spacing of NSM
bars (80 and 65mm), and Inclined NSM bars (90° and 45°). This study employed geopolymer
paste adhesive as an alternative to epoxy for the NSM strengthening method since it is a more
economical, environmentally friendly, and sustainable substance. More significantly, it
performs better at higher temperatures. The principal test outcomes encompass the ultimate

load capacity., failure characteristics, crack patterns, deflection, and crack load.

2. MATERIALS

2.1. Normal concrete

Normal concrete was utilized to fabricate the reinforced concrete beam specimens. This study
utilized Ordinary Portland cement (Type I) in conjunction with natural sand and crushed gravel,
with a maximum particle size of 19 mm, as the aggregate. Tap water was utilized to mix and
cure the concrete. The specifics of the mixed design employed are presented in Table 1. After
28 days of curing, the compressive strength of concrete reached 30 MPa. Three cubes (150 mm
x 150 mm x 150 mm) were evaluated for compressive strength, while three cylinders (150 mm
in diameter and 300 mm in height) were assessed to determine their tensile strength, which was
measured at 3.54 MPa.

Table 1. Concrete mix used

Cement (kg/m3) Coarse aggregate (kg/m3) Fine aggregate (kg/m3) Water (kg/m3) w/c

374 736 996 228 0.61

2.2. Adhesive
2.2.1. Geopolymer Paste Adhesive

For strengthening RC beams in shear with the NSM technique, Geopolymer Adhesive (GA)
was used as binding material. GA is environmentally friendly, sustainable, low cost, and at high
temperatures it operates. For the preparation of geopolymer adhesive, the alkaline solution and
binder (Ground Granulated Blast Furnace Slag (GGBFS)) are required. The alkaline solution is
prepared by using pure water to dissolve flakes at a 10-molar concentration to prepare a solution
of sodium hydroxide (NaOH) before 24 hours of casting in a (NaOH/water) ratio of 1:2, then
mixing sodium silicate (Na2Si03) with sodium hydroxide solution in an (SH/SS) ratio of 1:2.
The ratio of fluid to binder (F/B) is 0.55 was used. Table 2 shows the geopolymer mix used.
The geopolymer compressive strength was equal to 62MPa.

Table 2. Geopolymer mix used
Slag binder(mg) F/B Na2SiO3(mg) NaOH(mg)
2100 0.55 770 385

2.2.2. Epoxy Adhesive

Epoxy Sikadur—30 was used as an adhesive compared with geopolymer adhesive. The
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Compressive Strength was 90 N/mm?2, Tensile Strength 29 N/mm?2, Shear Strength 18 N/mm?2,

Tensile adhesion strength >21 N/mm2.

2.3. Reinforcement Bars

A deformed steel bar of 16mm diameter with 700.94 MPa ultimate stress, modulus of elasticity
200 GPa, and 612.64 MPa yield stress was used as the main flexural reinforcement. the
strengthened beams used NSM—steel bars with a diameter of 8mm (U-shape) which have the
following properties: 686.1 MPa ultimate stress, modulus of elasticity 200 GPa, and 656.67
MPa yield stress.

3. EXPERIMENTAL PROCEDURE

As simply supported, seven RC beams were cast and tested. As depicted in Table 3, one RC
beam was used as a control beam (un-strengthened), and six additional RC beams were
strengthened in shear using the NSM technique and steel bars. The grooves of the NSM —
technique was constructed before casting the beams by putting the wood strips into the molds
with the dimensions required, the groove dimension of this search is (20mm x20mm) equal to
2.5 times the NSM-bar diameter that was taken from the previous study (Hadi, Salman and
Oleiwi, 2020). Epoxy and NSM bars with different spacing (80, 65mm) and inclined NSM bars
(90°, 45°) were used by the first group to strengthen the RC beams in shear. Geopolymer was
the adhesive material in the second group which comprised of three specimens with varying
spacings of NSM steel bars (80 and 65 mm) and inclined NSM bars (90° and 45°). The name
of the specimen depended on the type of adhesive, spacing of NSM—bars, and Inclined of NSM
bar, such as BE — S65 — D8st — 90° means B: beam specimen, S65: the spacing of NSM—bars
(65 mm), D8st: 8mm NSM- steel bars, and 90°: The inclination angle of NSM-bar (90°). In
flexural applications, the beams were strengthened with 16mm steel bars. To ensure shear
failure, all specimens were designed without shear reinforcement, as demonstrated in Fig. 1.
The RC beams were 16mm in height, 120mm wide, and 1200mm long with a clear span of
1100mm. The applied NSM technique occurred after the curing time of the RC beams. Use the
pressured water to clean the grooves and let them dry. Adhesive (epoxy or geopolymer) was
used to fill the grooves partially and then the bars were pressed into the grooves, and the
adhesive was used to fill the remainder of the grooves, following which leveled the surface.
Before the test, the specimen strengthened and rested for 7 days. To detect the cracks during
testing, the specimens were covered in white paint. The stages that have been strengthened by

NSM are shown in Fig. 2.
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Table 3. RC beams details

577

Group name Beam name Adhesive paste  Angle NSM Rod Spacing (mm)
Control B.C. / / / /
Group 1 BE — S65 — D8st — 90° Epoxy 90 Steel 8mm 65

BE — S80 — D8st — 90° Epoxy 90 Steel 8mm 80
BE — S65 — D8st — 45° Epoxy 45 Steel 8mm 65
Group 2 BG — S65 — D8st — 90° Geopolymer 90 Steel 8mm 65
BG — S80- D8st — 90° Geopolymer 90 Steel 8mm 80
BG — S65 — D8st — 45° Geopolymer 45 Steel 8mm 65
| P
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Fig. 1. Details of RC beams: (a) longitudinal section; (b) section a-a

Fig. 2. NSM — strengthened stages: (a) Groove cleaned; (b) NSM applied.
4. RC BEAMS TESTING PROCEDURE

RC beams with three-point loading were tested as simply supported in the structural lab at Thi-

Qar University/Engineering College. The 180 KN capacity of the hydraulic universal machine

was used for testing the specimens. The specimen was tested at a load rate of 0.25 KN/Sec after

the load and supports were set up. The LVDT was secured on the center bottom surface of the

RC beams. The specimen was subjected to static load in increments until it failed. The test is

complete when the static load decreases. The capacity of ultimate load, deflection, and crack

load were the results of this test.
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5. RESULTS AND DISCUSSIONS

5.1. Ultimate Load Capacity

This study aims to evaluate the increase in ultimate load capacity of RC beam specimens
strengthened using the NSM technique with GPA compared to the reference beam without
strengthening. An increase in ultimate load capacity can be seen in Table 4 and Fig. 3. The
results obtained from using epoxy adhesive showed that the specimens (BE — S80 — D8st — 90°,
BE — S65— D8st — 90°, and BE — S65 — D8st — 45°) showed an increase of (60.1%,88.38%, and
96.36%), respectively. These results came from the effectiveness of using the NSM technique
in strengthening RC beams. The results obtained from using geopolymer adhesive showed that
the specimens (BG — S80 — D8st — 90°, BG — S65— D8st — 90°, and BG — S65 — D8st — 45°)
showed an increase of (47.7%,65.3%, and 68.62%), respectively. This increment came from
the fact that the geopolymer adhesive has excellent bond strength and can be used as adhesive
material with NSM technique in shear strengthened, the reason for this difference was that the
compressive strength of geopolymer (62MPa) is less than that of epoxy (90 MPa). Fig. 4 shows
the failure modes of the RC beams.

Table 4. The increased ultimate load of RC beam specimens.

Specimen name Pcr (KN) Pu (KN) Increased in Pu (%)
B.C. 28.12 57.14 /

BE — S80 — D8st — 90° 31.53 91.5 60.1

BE — S65 — D8st — 90° 32 107.64 88.38

BE — S65 — D8st — 45° 32.5 112.2 96.36

BG — S80 — D8st — 90° 32.42 84.4 47.7

BG — S65 — D8st — 90° 33 94.45 65.3

BG — S65 — D8st — 45° 33.2 96.35 68.62

a) Strengthened by NSM with epoxy b) Strengthened by NSM with

adhesive geopolymer adhesive

Fig. 3. The RC beams ultimate load capacity
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Fig. 4. The failure modes of the RC beams.

5.2. Load-Deflection Characteristics

Fig. 5. displays load-deflection curves These curves consist of three stages: pre-cracking,
cracking, and failure stages. From the start of the load, until the first crack appears, this is the
zone of pre-cracking. In this stage, the RC beams proportionally increase deflection with the
load. While the cracking stage began after the appearance of the crack, in this stage, the slower
rate of increasing load occurs in comparison with the pre—cracking stage, the faster rate of
increasing deflection with increasing load, and increased crack width and appearance of shear
crack due to decreasing the beam stiffness. The failure stage occurs when reaching the load to
the peak value and rapidly drops, in this stage the deflection is uncontrolled and the cracks in
the shear become dominant due to the load—carrying capacity of the beam being lost. The results

of deflection for RC beams can be found in Table 4.
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Fig.5. The RC beams load—deflection curve

Table 4. Deflection results of RC beams

Name of specimens Pcr  Deflection at Pu Deflection increase
(KN) Pcr (mm) (KN) at Pu(mm) deflection (%)
B.C. 28.12 1.8 57.14 5.6 /
BE — S80 — D&st —90°  31.53 1.6 91.5 10.7 91.07
BE — S65 — D8st — 90° 32 1.7 107.64 10 78.57
BE — S65 — D8st — 45° 32.5 1.7 112.2 9.85 75.89
BG - S80—-D8st—90° 32.42 1.5 84.4 8.2 46.43
BG —S65 — D8st — 90° 33 1.6 94 .45 8 42 .86
BG—-S65—-D8st—45° 332 1.6 96.35 7.9 41.07

5.3. Cracks Characteristics

Table 5 shows the results of the tested RC beam cracks. The load of the first crack was (28.12,
31.53,32,32.5,32.42, 33, and 33.2) of the specimen of RC beams (BC, BE — S80 — D8st — 90°,
BE — S65 — D8st — 90°, BE — S65 — D8st — 45°, BG — S80 — D8st — 90°, BG — S65 — D8st —
90°, and BG — S65 — D8st — 45°) respectively. The increased percentage of the first crack load

of specimens strengthened with NSM —steel bar and geopolymer adhesive reached 18%. All

first crack loads of strengthened RC beams were greater than the control beam, this can be

explained by the fact that the NSM - bar provided the additional tensile capacity and more

strongly of concrete cover in comparison with the control beam.

Table 5. The tested RC beams crack characteristics

Name of specimens Pcr (KN) Percentage of increase
in Pcr (%)
B.C. 28.12 /
BE — S80 — D8st — 90° 31.53 12.12
BE — S65 — D8st — 90° 32 13.8
BE — S65 — D8st — 45° 32.5 15.57
BG - S80 — D8st — 90° 32.42 15.3
BG — S65 — D8st — 90° 33 17.35
BG — S65 — D8st — 45° 33.2 18
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could investigate the behavior of geopolymer adhesives in different environmental parameters,
such as humidity, chemical exposure, and freeze-thaw cycles. Moreover, this study is limited
to the certain materials and arrangements tested and suggested and could study the efficiency
of geopolymer adhesives with different types of NSM bars, strengths of concrete, and sizes of

beams.

6. CONCLUSION

The purpose of this search was to conduct an experimental study on strengthened RC beams in
shear using the NSM technique, which utilizes geopolymer as an adhesive material. The
parameters of this study involve a type of paste adhesive (epoxy or geopolymer), spacing of
NSM bars (80 and 65mm), and inclined of NSM bars (90°and 45°). The test and discussion
results led to the following conclusion:

1. Strengthening with geopolymer adhesive delayed the appearance of cracks by a huge margin.
The first crack load of strengthened RC beams increased up to 18% and 15.57% when using
geopolymer and epoxy adhesive, respectively, compared with un-strengthened RC beams.

2. Using geopolymer and epoxy adhesive, the ultimate load of strengthened RC beams
increased to 68.62% and 96.36%, respectively, as compared to un-strengthened RC beams.

3. Strengthened RC beams in shear that were strengthened with NSM and geopolymer adhesive
experienced an increase in deflection of up to 46.43% when subjected to an ultimate load,
compared to un-strengthened RC beams.

4. Geopolymer adhesive can be used to strengthen RC beams in shear by using the NSM
technique in a feasible manner. While epoxy had better ultimate load gains, geopolymer
adhesive displayed adequate performance and added thermal stability and sustainability.

5. The failure mode of the specimen BE — S65 — D8st — 45° converts from shear to flexural
failure. While other strengthened beams failed in shear, the Geopolymer adhesive provides
better crack control and distribution.

ACKNOWLEDGEMENTS

The study was performed in the Civil Engineering Department laboratory at Thi-qar
University’s Engineering College. The assistance of the Civil Department is hereby recognized
with gratitude.

7. REFERENCES

Alasadi, and El-Zanaty (2015) Terms and conditions Privacy policy Effect of reinforcement
details on shear transfer across shear planes, Journal of Engineering and Applied Science.
Available at: https://www.scopus.com/inward/record.uri?eid=2-s2.0-

85012283823 &partnerID=40&md5=785b084088ccaf027a2dddfcd49e2bs.



582 Kadhim and Al-Asadi

Al-Salloum, Y.A., Elsanadedy, H.M. and Abadel, A.A. (2011) ‘Behavior of FRP-confined
concrete after high temperature exposure’, Construction and Building Materials, 25(2), pp.

838-850.

Cabral-Fonseca, S. et al. (2018) ‘Durability of FRP-concrete bonded joints in structural
rehabilitation: A review’, International Journal of Adhesion and Adhesives, 83, pp. 153-167.

Deng, J. et al. (2021) ‘Comparative study on prestress loss and flexural performance of
rectangular and T beam strengthened by prestressing CFRP plate’, Composite Structures, 262,
p. 113340.

Ding, Y., Cheng, T. and Dai, Y. (2017) ‘Application of geopolymer paste for concrete repair’,
Structural Concrete, 18(4), pp. 561-570.

Gamage, J., Al-Mahaidi, R. and Wong, M.-B. (2006) ‘Bond characteristics of CFRP plated

concrete members under elevated temperatures’, Composite Structures, 75(1-4), pp. 199-205.

Gamage, J., Wong, M. and Al-Mahaidi, R. (2005) ‘Performance of CFRP strengthened concrete
members under elevated temperatures’, in Proceedings of the international symposium on bond
behaviour of FRP in structures (BBFS 2005). International Institute for FRP in Construction

Hong Kong Hong Kong, China, pp. 113—118.

Hadi, N.S., Salman, W.D. and Oleiwi, S.M. (2020) ‘Production of geopolymer adhesive paste
material for NSM technique’, in AIP Conference Proceedings. American Institute of Physics

Inc. Available at: https://doi.org/10.1063/5.0000394.

Hadi, N.S., Salman, W.D. and Oleiwi, S.S.M. (2019) ‘Effect of nano-silica and micro Steel
fiber on compressive strength development of fly ash geopolymer paste cured under ambient
temperature’, in IOP Conference Series: Materials Science and Engineering. [OP Publishing,

p. 012010.

Hager, 1., Sitarz, M. and Mrdz, K. (2021) ‘Fly-ash based geopolymer mortar for high-
temperature application—Effect of slag addition’, Journal of Cleaner Production, 316, p.

128168.

Ketab, H.B. and Attiya, M.A. (2024) ‘BEHAVIOR OF REINFORCED CONCRETE
CONTINUOUS DEEP BEAMS WITH OPENINGS AND USING MULTIPLE TYPES OF
STRENGTHING’, Kufa Journal of Engineering, 15(3), pp. 1-20. Available at:
https://doi.org/10.30572/2018/KJE/150301.



Kufa Journal of Engineering, Vol. 16, No. 4, October 2025 583

Liu, J. and Jia, Y. (2020) ‘Experimental investigation on durability of cement-steel pipe for
wellbores under CO2 geological storage environment’, Construction and Building Materials,

236, p. 117589.

Liu, J., Jia, Y. and Wang, J. (2019) ‘Calculation of chloride ion diffusion in glass and
polypropylene fiber-reinforced concrete’, Construction and Building Materials, 215, pp. 875—
885.

Liu, J., Su, X. and Yan, F. (2022) ‘Experimental investigation on the effect of geopolymer
adhesive on the bond behavior between CFRP and concretes’, Polymer Composites, 43(5), pp.
3259-3275. Available at: https://doi.org/10.1002/pc.26615.

Majhi, S., Mukherjee, A. and Spadaccini, A.F. (2019) ‘Thermal performance of an alkali-
activated paste for bonding fibre sheets with concrete’, Composites Part B: Engineering, 162,

pp. 43-53.

Mao, Y. et al. (2023) ‘Seismic performance of interior beam-column joints using reinforced
slag-based geopolymer concrete’, Earthquake Engineering & Structural Dynamics, 52(2), pp.
285-307.

Maras, M.M. (2021) ‘Characterization of performable geopolymer mortars for use as repair

material’, Structural Concrete, 22(5), pp. 3173-3188.

Mermerdas, K. et al. (2017) ‘Effect of aggregate properties on the mechanical and absorption
characteristics of geopolymer mortar’, Engineering science and Technology, an international

Journal, 20(6), pp. 1642—1652.

Mohammed, T. and Ikram A. Saeed, .LA.S. (2021) ‘PRODUCTION OF GEOPOLYMER
CONCRETE FROM LOCAL MATERIALS’, Kufa Journal of Engineering, 9(4), pp. 174—186.
Available at: https://doi.org/10.30572/2018/kje/090412.

Rashmi, M., Anand, V.N. and Balaji, N.C. (2021) ‘Shear strengthening of RC beams using near
surface mounted technique with glass fiber reinforced polymer’, in AIP Conference
Proceedings. American Institute of Physics Inc. Available at:

https://doi.org/10.1063/5.0039664.

Sahib, H.A. and Al-Asadi, A.K. (2022) ‘Prediction of shear strength of CFRP-strengthened
reinforced recycled aggregate concrete beams using various strengthening methods’, Przeglad

Naukowy. Inzynieria i Ksztaltowanie Srodowiska, 31(4).



584 Kadhim and Al-Asadi

Salman, W.D., Mansor, A.A. and Mahmood, M. (2018) ‘Behavior of reinforced concrete one-
way slabs strengthened by CFRP sheets in flexural zone’, Int. J. Civ. Eng. Technol, 9(10), pp.
1872-1881.

Shamsa, M., Al-Shathr, B. and Al-Attar, T. (2021) ‘FFECT OF POZOOLANIC MATERIALS
ON COMPRESSIVE STRENGTH OF GEOPOLYMER CONCRETE’, Kufa Journal of
Engineering, 9(3), pp. 26-36. Available at: https://doi.org/10.30572/2018/kje/090303.

Thamrin, R., Haris, S. and Haris, Z. (2019) ‘Shear strengthening of reinforced concrete beams
with near surface mounted steel bars’, MATEC Web of Conferences, 276, p. 01004. Available
at: https://doi.org/10.1051/matecconf/201927601004.

Zhang, P. et al. (2018) ‘A review on properties of fresh and hardened geopolymer mortar’,
Composites Part B: Engineering, 152, pp. 79-95.

Zhou, C. et al. (2023) ‘Experimental study on the flexural strengthening of one-way RC slabs
with end-buckled and/or externally bonded CFRP sheets’, Engineering Structures, 282, p.
115832.



