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Abstract

The application on non-cementious concrete are widely discovered for industry as to enhance
the use of waste material, fly ash. Fly ash known as geopolymer binder which can improve the
mechanical performance of the concrete and reinforcement impart strength to the concrete,
relatively. Reinforcement correlate improvement in the blast resistance when retrofitted with
the steel bar and fibres. The levels of damage after the blast explosion rely on the types of
reinforcement in the concrete matrix. Meanwhile, the mass of explosive and distance of
explosive to the concrete beam used in experiment field also affect the level of damage after
blasting. The 3 beams was tested in the field blast experiment by using different scaled
distance that are 0.298 m/kg1/3 , 0.224 m/kg1/3 and 0.149 m/kg1/3. Impulsive impact from
the explosive detonation with the lowest scaled distance bring the most effect against the
concrete. This paper represent the geopolymer concrete beam with steel bar reinforcement
response towards explosive air blast loading.
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Introduction

The solid waste material from coal burning industry, fly ash were used in cement and
concrete composites. It can be formed by the reaction of alkaline activator for instance
aluminosilicate material and alkaline solutions [1, 2]. An extensive research has been
investigated the most frequent used in a mixture as an activating solution is sodium hydroxide
(NaOH) and waterglass (Na2SiO3) [3-5]. Furthermore, the higher concentration of NaOH
provoked high alkalinity caused inter reaction between the two components, Si and Al, that
insult the bridge glassy chain of fly ash [7, 8]. After dissolution, the geopolymer paste act as
binder to the coarse aggregates, fine aggregates and reinforcement together to form geopolymer
concrete via geopolymerization process [6]. During the middle phase, continuity reaction occur
until the C-S-H gel formation phase formed while water completely release, the hardening of
concrete were take places [9].

Based on the laboratory data, reported that fly ash cement can harden rapidly at room
temperature and exhibited high compressive strength in the range 20 MPa after only 4 hours.
While the compressive strength of geopolymeric cement is resulted as 80 MPa after curing at 28
day. It was reported that, there were several factors mainly interrelated with compressive
strength such as curing time and temperature, solid to liquid ratio and water amount in the
mixture [10]. Moreover, reinforcement concrete also can be raise the value of tension and
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compression strength of concrete due to ductility and capability to exhibit lower modulus of
elasticity [12, 13].

The concrete is a very easily affect strain rate material as it showed higher fracture
energies and also higher impacts strength [13]. High impact energy deteriorate the concrete
structural as well as lower the mechanical behaviour [15, 16]. The severity of damage and
injuries by the cause of explosion cannot be assumed with simple assumption [16]. As a result,
there were some parameters to be expected in the blasting phenomenon based on the standoff
distance, size and type of explosion and shape of charges [18-20]. Limited study has been
proposed on the blast resistance of reinforce concrete beams, column, slabs, concrete walls and
masonry walls using geopolymer concrete.

Design of experiment setup

Concrete Reinforcement Design

The incorporation of concrete fiber reinforcement material such as glass, nylon, steel,
carbon and polypropylene can increase its mechanical properties, including its ductility, crack
and impact resistance, tensile strength, stiffness, ductility, fatigue life, durability, and shrinkage
reduction capability [12]. From the former researchers revealed that, the arrangement of the
reinforcement can reduce the damage degree of the concrete structure [14] and optimal
arrangement also able to minimize the ballistic resistance [20]. Fig. 1 shows the cross section
view of concrete beam with Y10 steel rebar grade B5S00BT with a nominal yield at 500 MPa.
The threaded reinforcement concrete surface geometries and mechanical behaviour are not
similar because it bonding tightly to concrete compared to unthreaded steel bars. Research
which have been developed over three decades also proved, energy absorption capacity can be
improve by enhancing fiber that have high stress transfer capability and impact resistance [21].
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Fig. 1. Cross section view of concrete beam with reinforcement

Blasting events

Air blast detonations events on concrete purpose were studied as to perform
experimental data. This measurement data will compute into modelling of concrete target
towards blast in the action of dynamic loading. Table 1 shows the parameter used in field blast
experiment using emulex esplosive. Fig. 2 indicated that illustration design for a blast test
comprised of simply support blocks, displacement needles and an explosive at mid span of the
beam.
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Table 1. Parameters for field blast experiment

Scaled distance

Beam Mass of( g;(;r:]c;swe, W Standof(f n?rls;ance, R (2= RIAW)
(m/kgll3)
Beam 1 300 200 0.298
Beam 2 300 150 0.224
Beam 3 300 100 0.149
+— Explosive
Standoff
distance
«— Displacement
300 mm | | N needle | |
1000 mm -
1100 mm

[ Y
¥

Fig. 2. lllustration for field blast test

Damage assesement

The duration of the blasting events occurs in very short time, measured in milliseconds
per detonation. In addition, the open air detonation is the primary damage mechanism because
of the shock wave produced. This can be known as, damage due to direct air blast effects and
progressive collapse. The damage generated from the blast loading usually encountered from
this blasting events are crack mitigation, concrete spallation, flexural strength failure and
deflection collapse.

Crack propagation

As a result, the rate of crack propagates rapidly at higher stress rate, thus cause the zone
of micro cracking become bigger. The cracks width is decreased while the number of cracks
increased as the compressive strength of the beam is higher. The main cracks perforates through
the shock waves reflected on top and bottom of the surface endlessly. It is observed that the
involving of tensile and compressive cracks is the primary factor of crack propagation. From
the experimental results as shown in Fig. 3, there are two cracks pattern as initial cracks at the
bottom of the beam and parallel cracks for bending failure located at sides of the beam.

Initial Cracks

Fig. 3. Crack on the beam after exposed to air blast
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Concrete spallation

The mechanism for formation of concrete spallation is when the shock wave reflects
frequently as compressive pressure towards the concrete surfaces, the tensile wave also have a
tendency reflects oftentimes on the bottom surface. This effect the concrete spallation occurs at
the bottom when the tensile pressure wave reflected as shown in Fig. 4. The top side will leads
to the horizontal cracks due to back and forth pressure from the open air explosive detonation.
The bottom side of the beam will encounter the tensile failure as the impulsive force acting
upside the beam.

a) Compressive failure b) Tensile failure
Fig. 4 Post blast concrete spallation damage

Deflection rate and flexural failure

As stated from the experiment, the concrete crushing in the compression region can
caused the flexural failure and deflection rate increased. It was also examined that the present of
steel bar reinforcements avoided shear cracks to develop, thus, increasing the shear strength of
the beams and resulting in a more ductile failure. After detonation, beams deflected till contact
the steel needle downward into sand as shown in Fig. 5, thus deflection rate are calculated by
computing the value of maximum deflection. Table 2 shows the result on deflection and level of
damage of the beam. The beam with the lowest scaled distance is observed to have more
damage and high deflection rate compared to highest scaled distance.

Fig. 5. Sketch maximum displacement by steel needle

Table 2. Deflection result after blasting

Scaled Distance, Z  Deflection

Beam (mikg™) (mm) Observation
Beam 1 0.298 2.0 No damage
Beam 2 0.224 5.0 No damage
Beam 3 0.149 7.0 Damage at top and bottom
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Conclusions

From the conclusion, the importance of a concrete reinforcement design being able to
sustain concrete members towards the impact explosion. The durability of the geopolymer
concrete can be tested by adjusting the scaled distance during blast field event. If this ability
was not analyses, blast loaded concrete structures may cause the shear cracks and engineering
failure. By using fly ash as the replacement material, it was proved that better performance of
the strength of concrete compared to OPC. In addition, a broader studies about awareness in
public area and land defense concerns has increased the need to support the development of
new and more affordable upgrade technologies.

Acknowledgments

The authors acknowledge Center of Geopolymer and Green Technology
(CoEGeoGTech), Universiti Malaysia Perlis for the lab facilities and financing. The author
thank to all who have contributed to this review paper.

References

[1] R. H. Kupaei, U. J. Alengaram, and M. Z. Bin Jumaat, A Review on Fly Ash-Based
Geopolymer Concrete, Electron. J. Struct. Eng., 2013, 13(1), pp. 1-6.

[2] J. Liyana et al., Reviews on Fly Ash based Geopolymer Materials for Protective Coating
Field Implementations Centre of Excellence Geopolymer & Green Technology (
CEGeoGTech ), School of Materials, 2013, 7(5), pp. 182-186.

[3] M. M. A. Abdullah, H. Kamarudin, H. Mohammed, I. K. Nizar, A. R. Rafiza, and Y.
Zarina, The relationship of NaOH Molarity , Na 2 SiO 3/ NaOH Ratio , Fly Ash / Alkaline
Activator Ratio , and Curing Temperature to the Strength of Fly Ash-Based Geopolymer,
Advanced Materials Research, 2011, 330, pp. 1475-1482.

[4] L.N. Assi, E. Deaver, M. K. Elbatanouny, and P. Ziehl, Investigation of early compressive
strength of fly ash-based geopolymer concrete, Constr. Build. Mater., 2016, 112 (June),
pp. 807-815.

[5] D. Hardjito, Studies on Fly Ash-Based Geopolymer Concrete Djwantoro Hardjito,
Geopolymer: green chemistry and sustainable development solutions, 2005, p. 103.

[6] M. Soutsos, A. P. Boyle, R. Vinai, A. Hadjierakleous, and S. J. Barnett, Factors
influencing the compressive strength of fly ash based geopolymers, Constr. Build.
Mater., 2016, 110, pp. 355-368.

[71 G. Sung, Y. Bok, K. Taek, and Y. Soo, The mechanical properties of fly ash-based
geopolymer concrete with alkaline activators, Constr. Build. Mater., 2015, 47 (2013),
pp. 409-418.

[8] X.Li, X. Ma, S. Zhang, and E. Zheng, Mechanical Properties and Microstructure of Class
C Fly Ash-Based Geopolymer Paste and Mortar, Materials, 2013, pp. 1485-1495.

[91 M. M. A. Abdullah, K. Hussin, M. Bnhussain, K. N. Ismail, and W. M. W. Ibrahim,
Mechanism and Chemical Reaction of Fly Ash Geopolymer Cement- A Review, Journal of
Asian Scientific Research, 2011, 6(1), pp. 35-44.

[10] B. V Rangan, Fly ash-based geopolymer concrete : study of slender reinforced columns,
Journal of Materials Science, 2007, 42, pp. 3124-3130.

http://www.ejmse.tuiasi.ro 131



Mortar A NURUL et al.

[11] G. B. Maranan, A. C. Manalo, B. Benmokrane, W. Karunasena, and P. Mendis,
Evaluation of the flexural strength and serviceability of geopolymer concrete beams
reinforced with glass-fibre-reinforced polymer (GFRP) bars, Eng. Struct., 2015, 101
(April), pp. 529-541.

[12] E. Aswani and L. Karthi, A Literature Review on Fiber Reinforced Geopolymer Concrete,
Int. J. Sci. Eng. Res., 2017, 8(2), pp. 408.

[13] N. P. Banthia and S. Mindess, Impact Behaviour of Concrete Beams, no. July 1987, 2016.

[14] S. Yao, D. Zhang, F. Lu, W. Wang, and X. Chen, Damage features and dynamic response
of RC beams under blast, EFA, 2016, 62, pp. 103-111.

[15] J. Leppénen, Fragment impacts into concrete. Department of Structural Engineering and
Mechanics, Concrete Structures, Chalmers University of Technology, Sweden.

[16] S. Ahmad, A. Elahi, J. Igbal, M. Adeel Kevani, and A. G. Abdul Rahman, Impulsive
loading on reinforced concrete wall, Proc. Inst. Civ. Eng. Struct. Build., 2013, 166(3),
pp. 153-162.

[17] P. Design and O. District, Minimum Standoff Distances for Non-Load-Bearing Steel Stud
In-Fill Walls, Protective Design Center Technical Report, 2015, PDC TR-15-01
(August).

[18] J. Nam, H. Kim, and G. Kim, Experimental Investigation on the Blast Resistance of Fiber-
Reinforced Cementitious Composite Panels Subjected to Contact Explosions, Int. J.
Concr. Struct. Mater., 2017, 11(1), pp. 29-43.

[19] D. Zhang et al., Experimental study on scaling of RC beams under close-in blast loading,
Eng. Fail. Anal., 2013, 33, pp. 497-504.

[20] C. F. Zhao and J. Y. Chen, Damage mechanism and mode of square reinforced concrete
slab subjected to blast loading, Theor. Appl. Fract. Mech., 2013, 63-64, pp. 54-62.

[21] J. Ha, N. Yi, J. Choi, and J. J. Kim, Experimental study on hybrid CFRP-PU strengthening
effect on RC panels under blast loading, Compos. Struct., 2011, 93(8), pp. 2070-2082.

[22] N. Jones and M. Alves, Post-failure motion of beams under blast loads, Struct. Under
Shock Impact V111, 2014, 8, pp. 3-12.

Received: June 10, 2018
Accepted: August 28, 2018

132 EUR J MATER SCI ENG 3, 3, 2018: 127-132



