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Behavior of Geopolymer Concrete Confined by Circular Hoops Muslikh1,*, N. K. Anggraini2, D. Hardjito3,
and Antonius4 1Dept. of Civil and Environmental Engineering, Gadjah Mada University, Yogyakarta,
Indonesia 2Master Student of Civil Engineering, Diponegoro University, Semarang, Indonesia 3Professor of
Civil Engineering, Petra Christian University, Surabaya, Indonesia 4Professor of Civil Engineering, Sultan
Agung Islamic University, Semarang, Indonesia Abstract. This paper discusses the behavior of geopolymer
concrete subjected to passive confinement under compression loads. The confinement is induced by the
use of lateral hoops, assembled from un-deformed reinforcing bars. To compare the effect of confinement,
identical specimens were produced using conventional concrete with the similar concrete compressive
strength. The cylinder specimens were 100 mm in diameter and 200 mm in height, and the hoops were
placed on the outer most fibers of the cylinders, perpendicular to the line of loading, with no concrete cover.
The parameters analyzed in this study were the steel bar to concrete volumetric ratio, the hoop spacings
and the steel yield stresses. The experimental results show that unconfined geopolymer concrete were very
brittle compared to the unconfined Portland cement concrete. The strength enhancement (K value) of the
confined geopolymer concrete was higher than K value of Portland cement concrete. Confined geopolymer
concrete also has better deformability compared to the confined Portland cement concrete. The average
confinement effectiveness of geopolymer concrete also has a higher value than that commonly used in the
Indonesian Concrete Standard (SNI), that is 4.1. The results were further assessed to the most recent
experimental test results conducted in this area. Keywords: geopolymer, confinement, hoops, stress-strain
1 Introduction Inelastic deformability of reinforced concrete columns is essential for overall strength and
stability of structures during a strong earthquake. The inelastic deformation of the structural column can be
significantly achieved by confining the concrete core [1], or by increasing the matrix bonding of concrete
materials such as fiber concrete [2,3]. On the other hand, the current development of concrete technology
also leads and prioritized to the eco-friendly concrete. Geopolymer concrete is known as an environmentally
friendly and energy efficient material. Ekaputri [4] reveals that geopolymer concrete is the best technology
in overcoming the problem of national coal ash waste crisis in Indonesia. Compared to other types of
concrete, geopolymer concrete produces the least amount of CO2 emissions, advanced materials with
many advantages (fireproof, rustproof and high strength). The process of making geopolymer concrete
does not require much energy, as does the cement making process which requires at least temperatures up
to 8000C. By heating + 600C for one full day can be produced high strength geopolymer concrete.
Therefore, geopolymer concrete can reduce greenhouse gas emissions.
*Corresponding author: muslikn2007 @gmail.com © The Authors, published by EDP Sciences. This is an
open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/). Currently, research on geopolymer concrete is also evolving.
Mechanical geopolymer concrete has excellent ability to withstand sulfate attacks, has relatively low creep




and shrink properties, making it suitable for structural applications [5-8]. The stress-strain model of
geopolymer concrete has also begun to be proposed, among them by Nguyen et al. [9] and Diaz-Loya [10].
However, Diaz-Loya revealed that geopolymer concrete is more brittle when compared with normal
concrete. Compared with steel fibrous concrete, the use of geopolymer concrete within the structure is still
very limited. As a result, geopolymer concrete design equations are still not widely developed. Several
geopolymer concrete research on structures are still performed and developed, such as column structure,
and precast structures [11-13]. The triaxial behavior of geopolymer concrete was also evaluated by
Giasuddin et al. [14], where based on the test results, indications that the geopolymer concrete brittle
behavior changes to ductile when active confined are applied. Another way to increase the ductility of
geopolymer concrete is by installing CFRP confinements [15]. The results of the investigation Ganesan et
al. [16] concluded that an increase in concrete strength of confined geopolymer concrete is known to be not
significantly different from that of confined normal concrete. In this study, an evaluation of the behavior of
strength and ductility of geopolymer concrete confined by a round section hoops has been carried out.
Experimental tests were conducted with the primary objective of evaluating the collapsed behavior of
confined geopolymer concrete by reviewing the design parameters of reinforcement bars such as the
volumetric ratio (ph) and spacing (s). 2 Experimental Program 2.1 Materials Concrete materials are
designed into two types, i.e. geopolymer concrete as the main material (code: GC) and normal concrete
(code: NC) as comparison. The confined concrete specimen is controlled by the unconfined concrete,
whereas for the geopolymer concrete, the UGC code is given. The normal concrete is coded as UPC. The
coarse aggregates have a maximum diameter size of 19 mm and are designated as local sand from the
area in Central Java. The composition of the concrete mixture is shown in Table 1. The plain confining steel
reinforcement has a diameter (d) of 5.5 and 6 mm, with a yield stresses (fy) of 514 and 466 MPa
respectively. Table 1. Composition of Concrete Mix Design Material Geopolymer Concrete (kg/m3) Normal
Concrete (kg/m3) Coarse Aggregates 1209.6 1209.6 Fine Aggregates 806.4 806.4 Fly Ash 561.6 - Cement
445.6 Natrium Hydroxide Fluid (8 Molar) 100.8 - Natrium Silicate Fluid 201.6 - 2.2 Specimens and
instrumentations The specimen is a concrete cylinder 100 mm in diameter and 200 mm in height. In the test
area two LVDT (linear vertical displacement transducers) mounted in the vertical direction are used to
measure the deformation of the specimen in the direction of the load. The FLA-6-11 type strain gages are
installed on the confinement reinforcement. The cables from both LVDT and strain gages are then
connected to the data logger. 2.3 Data Execution and Data Analysis of the Experimental Results The
concentrically loading is conducted on the specimens, with a constant increment, and monotonic mode. The
compression testing machine has an effective capacity of 1800 kN and was deformation controlled. The
analysis of stress and strain on confined concrete were based on the calculations proposed by Antonius
[17]. The increased strength of confined concrete (K) is defined as the ratio between confined concrete
stresses at the maximum response (f'cc) to the unconfined concrete stress (f'co). 3 Results and Discussion
The value of stresses, strains and increased strengths of confined concrete (K = f'cc / f'co) of all specimens
are presented in Table 2. 3.1 Failure modes and geopolymer effects Fig 1 shows the failure modes of both
confined normal concrete and confined geopolymer concrete. In general, the collapse behavior of the two
types of concrete does not show a significant difference. The confinement caused a non-brittle failure mode,
the direction of cracks running vertical (columnar) and the crack propagation is observed to be distributed
evenly around the surface of the specimen. Table 2. Values of experimental result Specimen fact (MPa) d-s
(mm) Hoops p h fy (MPa) f'co (MPa) f'cc (MPa) €'cc ec85 Kf'cc K? f' co Kaverage UGC GC1 GC2 GC3
GC4 GC5 GC6 GC7 GC8 GCY GC10 GC11 GC12 32 - 5.5-60 6-60 5.5-100 6-100 - 0.017 0.020 0.010
0.012 - 514 466 514 466 36.3 36.28 62.76 62.76 63.33 66.50 62.21 59.58 48.20 46.66 48.39 46.57 48.55
49.26 0.0026 0.0059 0.0059 0.0032 0.0032 0.0026 0.0048 0.0030 0.0040 0.0044 0.0048 0.0036 0.0043 -
0.0234 0.0227 0.0173 0.0163 0.0183 0.0197 0.0078 0.0069 0.0089 0.0079 0.0070 0.0077 - 1.731.731.74



1.831.711.641.331.291.331.281.341.36-1.731.731.32 1.33 UPC NC1 NC2 NC3 20 - 5.5-60 - 0.017 -
514 21.7 21.69 35.94 37.87 35.86 0.0025 0.0077 0.0076 0.0074 - 0.0159 0.0136 0.0173 - 1.66 1.57 1.65 -
1.63 Confined geopolymer concrete Confined normal concrete Fig 1. Failure modes Following the visual
observations to the failure behavior, a comparison of stress-strain behavior between the unconfined
geopolymer concrete and unconfined normal concrete is conducted. The method chosen in this study is by
normalizing the compressive strength of each type of concrete to the standard cylindrical concrete
compressive strength (f'c). Fig 2 shows the data assessment. It can be seen that the curves prior to
reaching the peak, coincides. The initial stages even show an exact behavior between the confined and
unconfined specimens. For the post-peak behavior, it is seen that the unconfined geopolymer concrete is
more brittle, it can be concluded that the existence of reinforcement becomes very important in geopolymer
concrete. The data in Table 2 underlines the above-mentioned statements, since the unconfined concrete
peak strain comparison between the geopolymer concrete and normal concrete are almost identical, with
values of 0.0026 and 0.0025 respectively. The stress-strain behavior evaluation between the confined
geopolymer and normal concrete is shown in Fig 3. From this figure, it is demonstrated that the confined
concrete peak stress (f'cc) of each specimen was normalized to the unconfined concrete peak stress (f'co).
The normalization also automatically reveals the increase in strength of confined concrete (K). Comparisons
were made between specimens GC1 versus NC1, GC2 versus NC2 and GC3 vs NC3. Based on the data in
Table 2, the values of K and deformability of the confined geopolymer concrete are higher than the values
obtained from the confined normal concrete. fc/f'c 0.6 0.4 0.2 0 UGC UPC 1 0.80.6 0.4 0.2 0 GC1 NC1
GC2 NC2 GC3 NC31.210.8K=fcc/f'co21.81.61.41.2 0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0
0.005 0.01 0.015 0.02 0.025 0.03 0.035 Axia strain Axial strain Fig 2. Comparison of unconfined concrete
Fig 3. Comparison of confined concrete 3.2 Effect of parameter change on the confined concrete design
Basically, changing the confinement reinforcement spacing will have implications on the shifting of the
confinement reinforcement volumetric ratio values. As with confined normal concrete, closer spacing of
confinement reinforcement, higher volumetric ratios and confinement reinforcement yield stress, will yield in
the increase of the K value (Table 2), while the behavior of the post-peak for confined concrete will exhibit a
more pronounced slope gradient change and a more ductile specimen behavior. Fig 4, 5, 6 and 7 illustrate
the effect of confinement reinforcement parameters. The confined geopolymer concrete behavior
demonstrates the utility of highly effective confinement and possesses analogous behavior properties to the
confined normal concrete. This behavior is very advantageous if the confinement utilization of geopolymer
concrete is applied to earthquake resistant concrete column structures. K=fcc/fc021.81.61.41.2GC1 1
GC20.8GC30.6 GC7 0.4 GC8 GCY90.2000.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 Axial strain
Fig 4. Effect of tie spacing 2 1.8 1.6 1.4 K=fcc/f'co 1.2 GC1 1 GC2 0.8 GC3 0.6 GC4 0.4 GC5GC60.200
0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 Axial strain Fig 6. Effect of volumetric ratio 2 1.8 1.6 1.4
K=fcc/f'co 1.2 GC1 1 GC2 0.8 GC3 0.6 GC4 0.4 GC5 GC6 0.2 0 0 0.003 0.006 0.009 0.012 0.015 0.018
0.021 0.024 Axial strain Fig 5. Effect of tie spacing 2 1.8 1.6 1.4 K=fcc/f'co 1.2 GC7 1 GC8 0.8 GC9 0.6
GC10 0.4 GC11 0.2 GC12 0 0 0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 Axial strain Fig 7. Effect of
volumetric ratio 3.3 Effectiveness of confinement The effectiveness of the confinement adopted by the
current Indonesian National Standard (SNI 2847-2013) for structural concrete requirements [18], has a
magnitude of 4.1. The value is basically based on the data of normal concrete test results [1]. Furthermore,
the experimental results data in this study (Table 2) were processed to obtain the confinement effectivity
value (k) of each specimen, using equation (1) below [1]: k ? f'cc ? f ‘co (1) f2 In the above equation, the
peak confined concrete stress (f'cc) and unconfined concrete stress (f'co) are taken from Table 2, and the
lateral stress f2 is calculated based on the equation below [16]: 2.As .fy f 2 ? s.d ¢ (2) Fig 8 shows the
calculated results of the confinement effectiveness for each specimen. The data are also compared to the
confinement effectiveness value adopted in SNI (k = 4.1). Based on the figures, except for the GC8 and



GC10 specimens, the k values of all specimens are higher than the confinement effectiveness based on
SNI. These results show that the circular cross-sectional hoop is very effective in increasing the strength of
confined concrete. Furthermore, the confinement effectiveness in confined geopolymer concrete is higher
than the confinement effectiveness for normal concrete. Effectivity of confinement (k)4.10C1C2C356
789GGGGC4GCGLCGCGCGCGLC10GC11GC12specimens Fig 8. Effectivity of
confinement 4 Conclusions Geopolymer concrete has excellent mechanical properties and is
environmentally advantageous because the material does not consume cement. The CO2 that is produced
as residue during the cement-making process can be minimized maximally. These conditions make
geopolymer concrete as one of the environmentally friendly construction materials. However, geopolymer
concrete is brittle compared to normal concrete using cement, so the installation of confinement
reinforcement on geopolymer concrete becomes very important in order to increase ductility, especially for
earthquake resistant structures. The value of the geopolymer concrete peak strain remains within the range
of the values customary assumed in normal concrete. The effect of confinement reinforcement reduction,
higher volumetric ratios and higher reinforcement yield stresses on confined geopolymer concrete, will
result an increase in strength of the confined geopolymer concrete, and improves the material ductility. It is
also concluded that this behavior is similar to the effect of changing the reinforcement parameters in the
confined normal concrete. Further, it can be concluded that the confinement effectiveness for geopolymer
concrete has a higher degree of effectiveness as compared to the confinement of normal concrete. This
research has opened up new insights and shows a good prospect in the direction of structural element’s
research developments for geopolymer concrete, in the future. Acknowledgment. The implementation of
this research is a collaboration of researchers from Gadjah Mada University, Diponegoro University, Petra
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