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Evaluation of Load Capacity and Toughness of Porous Concrete Blocks
Reinforced with GFRP Bars
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Abstract

In this study, mix proportioning of porous concrete with compressive strength and porosity exceeding 3MPa and 30%,
respectively, was examined and then load capacity and flexural toughness of the porous concrete block were evaluated
according to the different arrangements of the GFRP bars. To achieve the designed requirements of porous concrete, it
can be recommended that water-to—cement ratio and cement-to—coarse aggregate ratio are 25% and 20%, respectively,
under the aggregate particle distribution of 15~20mm. The failure mode of porous concrete blocks reinforced with GFRP
bars was governed by shear cracks. As a result, very few flexural resistance of the GFRP was expected. However, the
enhanced shear strength of porous concrete due to the dowel action of the GFRP bars increased the load capacity and
toughness of the blocks. The porous concrete blocks reinforced with one GFRP bar at each compressive and tensile
regions had 2.1 times higher load capacity than the companion non-reinforced block and exhibited a high ductile behavior

with the ultimate toughness index (Z,) of 434.
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Evaluation of Load Capacity and Toughness of Porous Concrete Blocks Reinforced with GFRP Bars
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Figure 1. Particle size distribution curve of each aggregate
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Table 1. Physical properties of coarse aggregates
Size Density Modulus of Unit weight
(mm) (glem®) fineness (kg/m?)
20 - 25 2.78 7.97 808.25
15 - 20 2.76 7.25 741.75
10 - 15 2.78 7 760.50
10 - 20 2.73 7 788.25
5-10 2.72 6.48 770.00
Table 2. Mix proportion of porous concrete
O’:aamd?e S;f:S wcec aaG Water  Cement  Gravel
%r%m? %) %) kam) (kg/m®)  (kg/md)
20 - 25
15 - 20 25 15 81.58 326.33 21755
10 - 15
10 - 20 30 25 141.8 472.65 1890.6
5-10 35 13 98.63 281.79 2167.6
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Figure 2. Tensile stress-strain curves for GFRP bars
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Figure 3. Arrangement of GFRP bars
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Table 3. Test results for different porous concrete mixtures

Size Void ratio fe

(mm) (%) (MPa)
20 - 25 43.45 2.86
15 - 20 37.90 370
10 - 15 37.07 3.77
10 - 20 30.88 6.11

5-10 37.26 3.60
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Figure 6. Compressive strength development of porous
concrete
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Figure 7. Relationship of porosity and compressive strength
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Figure 9. Load-deflection relationship of each beam specimen
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Table 4. Test results for flexural strength and toughness index

f. Toughness indices
e Y A I
BO 1.71 1.41 - - - -
B1 2.73 2.25 46 86 266 -
B2 3.53 1.21 291 48 112 274 434
B3 32 2.64 55 123 288 -
B4 3.79 3.13 57 138 384 -

* The measured f,(=627/(bh?)) was calculated from the flexural

stress equation of s non-reinforced rectangular section, where

M is the ultimate moment and b and h are the width and

overall depth of section, respectively.

= The predictions are calculated using ACI 318-14 equation
(0.63 /For ).
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