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Abstract: The use of fiber-reinforced polymer (FRP) composites in compressive members is
advantageous to reinforced concrete structures in order to alleviate the problem of corrosion of steel
reinforcement and to produce a lightweight and efficient structural element. This investigation aims to
propose the theoretical models for capturing the axial loading capacity (ALC) of hollow concrete
columns (HCCs) having main FRP rebars and transverse FRP spirals. All the glass-FRP-reinforced
HCCs portray two-peak load performance. The first peak is due to the gross cross-sectional area of
concrete while the second peak is due to the core material laterally wrapped with FRP spirals. For the
prediction of the first peak load of HCCs which is equal to the maximum capacity of solid concrete
columns, a database of 279 FRP-reinforced columns was produced from the previous research and the
ALC models were suggested; one for capturing the first peak and the other for estimating the second
peak ALC of HCCs. The predictions of proposed models were compared with the test results from the
literature. A close relationship was perceived between the theoretical and experimental results.
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1.Introduction

When compared with solid concrete compressive members, hollow concrete columns (HCCs) offer
more resistance to axial loads and moments. Having higher structural efficacy and increased stiffness to
mass ratios these columns are generally preferred due to their economic designs and lighter weights [1,
2]. In addition, as alternative to solid concrete piers, HCCs are more economical for their support as
bridge piers. Reducing the influence of the column’s masses on the seismic behavior minimizes the load-
carrying demands on the underlying subsurface structure [3]. Over the years, scholars have been
examining the efficacy of HCCs coupled with steel bars under varying load conditions [1, 2, 4-11]. With
these studies, researchers concluded not only the efficient behavior of HCCs is governed primarily on
the interior to the external diameter ratios of the HCCs but also, different ratios such as axial-loadings,
main reinforcements, and the transverse detailing also play their key role. Likewise, increasing i /o when
remaining all the other parameters are kept as constant, reinforced HCCs become less ductile. A drastic
fall in axial compressive strength occurred when the ultimate capacity is achieved. This loss in strength
was observed more pronounced in HCCs having larger i/o ratios. [5, 12]. Because of failures due to
buckling and limited steel strains in their axial direction, HCCs were not evaluated in their post-loading
stages. As a replacement, when buckling of steel bars starts, concrete gets crushed [1, 13, 14].

Corrosion, being one of the major concerns in HCCs due to the smaller cover of concrete and thinner
steel reinforcing walls when compared to those of solid concrete columns, decreases the loading
capacities of HCCs by eradicating and damaging the wrappings placed in transverse directions of steel
bars [15, 16]. Currently, the majority of HCC bridges are being strengthened again to achieve their
desired serviceability [3, 13]. Therefore, non-corroding materials are making their way by overwhelming
the axial strengths as well as strains of HCCs. Because of their frequent use, Fiber-reinforced polymers
(FRPs) are also placed as internal reinforcements and / or exterior wrappings during the manufacturing
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of recently built structures. In addition, their application to strengthen and/or retrofit the built structures
are unlimited [17-20]. In recent times, glass FRPs (glass-FRPs) are also employed as main as well as
transverse wrappings in different columns [21-31]. Studies conclude that the glass-FRP reinforced
concrete columns (RCC) under axial loads perform better when subjected to their peak compressive
strengths of concrete members. Because of their linear elastic behavior glass-FRP bars tend to have
higher strength without loss of stiffness up to failure stage by making them more efficient for their lateral
wrapping phenomenon.

During an investigation carried out by Mohamed et al. [32], researchers evaluated fourteen full-scale
FRP-RCC members subjected to axial loads. Columns failed at reduced volumetric ratios of lateral
reinforcement (0.7%), main bars buckled. However, at a moderate level of ratios, columns with lateral
reinforcements (1.5% and 2.7%), failed by rupturing the lateral wrappings ultimately leading to crushing
the concrete cores. Afifi et al. [33] suggested models for concretes with glass-FRP wrappings by
calibrating it with the regression analysis on the experimented findings to predict the axial loading
capacity (ALC) and specimens’ strains. Moreover, 800 mm reinforced glass-FRP samples with 12 in
numbers having 205 mm diameter were evaluated by Hadi et al. [24] under varying scenarios of the
loadings. They concluded that the ALC of glass-FRP-RC samples was observed smaller when compared
with those of steel-RC counterparts. Additionally, a higher level of discrepancy between the tested and
theoretical estimates of columns capacities was observed when the influence of glass-FRP bars was
neglected during compression in axial directions. Karim et al. [30] proposed another model to estimate
the load-deflection behavior of spiral-wrapped glass-FRP-RC samples. It was observed that the FRP-
wrapped specimens presented a two-peak axial loading performance: the first peak represents the
capacity of the gross cross-section of concrete material and the second represents the capacity of FRP-
wrapped concrete core. During another study, AlAjarmeh et al. [27] observed HCCs coupled with glass-
FRP bars and found significant improvement in the axial strengths, wrapping efficiencies as well as axial
strains of HCCs when amount as well as diameter of glass-FRP rebars was increased. Using more glass-
FRP rebars having lesser diameter, this efficiency enhanced up to 12%. In addition, the axial strength of
HCCs with glass-FRP were predicted with more accuracy the effect of glass-FRP bars was considered.

The main objective of the present work is to suggest novel empirical models predict the peak loadings
of HCCs with glass-FRP bars. To meet the intended goal, a complete database with 279 FRP-reinforced
members was devised using the available literature. To attain a more generic form of the model being
proposed, preliminary evaluations of already published models were carried out. Later on, two models
were proposed to predict the first as well as second peak loads (SPL) of glass-FRP-strengthened HCCs.
It is believed that this study will pose an utmost impact for analysis and designs of HCCs with glass-
FRP bars when employed as transverse and main reinforcement.

2.Materials and methods
2.1. Theoretical capacity

Though numerous researchers [21-24] revealed that glass-FRP rebars should be considered to predict
the axial strength, due to limited experimentations and literature available, ACI [34] and CSA [35] do
not keep this observation of glass-FRP contribution to compute the column’s ALC. Moreover, glass-
FRP-based HCCs showed two-peak behavior during their loadings [24, 27, 28]. The first peak is obtained
during the stage when the capacity of the gross cross-sectional area (CSA) is wrapped with glass-FRP
spirals. SPL (P,,,) is obtained because the ultimate ALC of the concrete core is restricted with glass-FRP
spirals [24]. Also, the first peak capacities are the same for both HCCs and solid [27]. Consequently,
this study aims to propose an empirical model for the first peak loads (FPL) utilizing the database
developed for FRP-RCC columns and the SPL projected by initiating the phenomenon of wrapping
developments and experimental pieces of evidence of glass-FRP-strengthened HCCs [27, 28].
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2.1.1. First peak capacity
2.1.1.1. Developed database

Utilizing the findings of two hundred and seventy-nine FRP-RCC from the published literature
including the geometric and physical characteristics of the specimens. The transverse reinforcement in
the specimens was either kept as steel/FRP spirals or hoops, but it was found that such variations do not
affect the prediction of the first peak capacities. 133 specimens in rectangular shape and 146 in the
circular formation of columns were assessed. The database contained all necessary parameters including
but not limited to CSA, compressive and tensile strengths and tensile strengths of FRPs, their elastic
modulus values, maximum tested and available tensile strains, FRP reinforcement ratios, transverse
reinforcement ratio, and first peak column capacities. This information derived from the database is
shown in Table 1.

Table 1. Database outline

Research study (n?\r?ﬁ) (l\jlflia) (I\/]ICIIéa) ( (‘flga) (ﬁ/lé) (Op/é) (mprirfﬂ) Ties | p; (%) (i’ﬁ
Afifi et al. [36] 70650 20 934 55.4 | 1.56 2.2 1567.74 | GS | 1.00 2920
Afifi et al. [36] 70650 20 934 55.4 | 1.56 11 78387 | GS | 1.00 2826
Afifi et al. [36] 70650 20 934 55.4 | 1.56 3.2 235161 | GS | 1.00 2998
Afifi et al. [36] 70650 20 934 55.4 | 1.56 2.2 1567.74 | GS | 0.45 2857
Afifi et al. [36] 70650 20 934 55.4 | 1.56 2.2 1567.74 | GS | 187 3019
Afifi et al. [36] 70650 20 934 554 | 1.56 2.2 1567.74 | GS | 2.07 2964
Afifi et al. [36] 70650 20 934 55.4 | 1.56 2.2 1567.74 | GS | 0.69 2804
Afifi et al. [36] 70650 20 934 554 | 1.56 2.2 1567.74 | GS | 1.03 2951
Afifi et al. [36] 70650 20 934 55.4 | 1.56 2.2 1567.74 | GS | 1.03 2865
Afifi et al. [37] 71121 21 934 554 | 1.56 2.2 1567.74 | GS | 1.50 2840
Afifi etal. [37] 71595 22 934 554 | 1.56 2.2 1567.74 | GS | 1.50 2871
Afifi etal. [37] 72070 23 934 554 | 1.56 2.2 1567.74 | GS | 1.50 2935
AlAjarmeh et al. [38] 49062 31.8 1237 60 2.1 2.41 117580 | GS | 1.49 1588
AlAjarmeh et al. [38] 49062 318 1237 60 21 2.47 117580 | GS | 1.56 1408
AlAjarmeh et al. [38] 49062 318 1237 60 2.1 2.59 1175.80 | GS | 1.69 1559
AlAjarmeh et al. [38] 49062 318 1237 60 21 2.78 117580 | GS | 1.92 1411
AlAjarmeh et al. [39] 49455 25 12815 | 613 | 21 1.78 75968 | GS | 157 | 10353
AlAjarmeh et al. [39] 49850 25 12374 | 605 | 2.1 2.79 117580 | GS | 157 | 1109.2
AlAjarmeh et al. [39] 50247 25 1270 605 | 21 4 170031 | GS | 157 | 1247.9
AlAjarmeh et al. [39] 50645 25 12374 | 605 | 2.1 1.86 783.87 | GS | 157 983.3
AlAjarmeh et al. [39] 51044 25 12374 | 605 | 21 3.72 1567.74 | GS | 157 | 1406.1
AlAjarmeh et al. [39] 51445 25 12815 | 613 | 2.1 2.67 113951 | GS | 157 | 1204.2
Alsayed et al. [40] 112500 39 800 40 15 1 117580 | SH | 0.15 3285
Alsayed et al. [40] 112500 39 800 40 15 1 117580 | SH | 0.15 3285
Alsayed et al. [40] 112500 39 800 40 1.5 1 1175.80 | SH | 0.15 3285
Alsayed et al. [40] 112500 385 800 40 1.5 1 1175.80 | GH | 0.8 3301
Alsayed et al. [40] 112500 385 800 40 1.5 1 117580 | GH | 0.18 3301
Alsayed et al. [40] 112500 385 800 40 1.5 1 1175.80 | GH | 0.8 3301
De Luca et al. [41] 372100 | 43.7 608 442 | 1.38 1 405160 | GH | 0.63 | 15235
De Lucaetal. [41] 372100 40.6 712 44.4 1.6 1 405160 | GH | 0.63 | 12949
De Lucaetal. [41] 372100 36.1 608 442 | 1.38 1 405160 | GH | 25 11926
De Lucaetal. [41] 372100 32.8 712 44.4 1.6 1 405160 | GH | 25 10751
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Dong et al. [42] 36286 40 930 59 1.6 0.55 21254 | GS | 0.94 1018
Dong et al. [42] 36286 40 930 59 1.6 0.73 28339 | GS | Qo4 1179
Dong et al. [42] 36286 40 930 59 1.6 0.92 35423 | GS | 0.94 1288
Dong et al. [42] 36286 40 930 59 1.6 11 42508 | GS | 094 1381
Dong et al. [42] 36286 40 930 59 1.6 0.73 28339 | GS | 2.75 1459
Dong et al. [42] 36286 40 930 59 1.6 0.73 28339 | GS | 275 1037
Dong et al. [42] 36286 40 880 59 1.6 073 28339 | GS | 275 523
Dong et al. [42] 36286 37 880 59 1.6 0.73 28339 | GS | 275 318
Dong et al. [42] 36286 37 880 59 1.6 073 35423 | GS | 1.39 1290
Dong et al. [42] 36286 37 880 59 1.6 0.73 425.08 | GS | 139 044
Dong et al. [42] 36286 37 880 59 1.6 073 49592 | GS | 1.39 527
Dong et al. [42] 36286 37 880 59 1.6 073 566.77 | GS | 1.39 206
Elchalakani and Ma [43] 41600 32.8 1200 50 2.4 1.8 75968 | GH | 05 1367
Elchalakani and Ma [43] 41600 32.8 1200 50 2.4 1.8 75968 | GH | 05 880
Elchalakani and Ma [43] 41600 32.8 1200 50 2.4 1.8 75968 | GH | 05 584
Elchalakani and Ma [43] 41600 32.8 1200 50 2.4 1.8 75968 | GH | 1.0 1449
Elchalakani and Ma [43] 41600 32.8 1200 50 2.4 1.8 759.68 | GH | 1.0 917
Elchalakani and Ma [43] 41600 32.8 1200 50 2.4 1.8 75968 | GH | 1.0 788
Elchalakani and Ma [43] 41600 32.8 1200 50 2.4 1.8 759.68 | GH | 03 1402
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 75968 | GH | 03 1402
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 75968 | GH | 05 1367
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 75968 | GH | 1.0 1449
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 75968 | GH | 05 880
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 759.68 | GH | 1.0 917
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 75968 | GH | 1.0 788
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 75968 | GH | 05 584
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 75968 | GH | 03 1041
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 75968 | GH | 05 1194
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 75968 | GH | 1.0 1357
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 75968 | GH | 05 657
Elchalakani and Ma [43] 41600 32.8 930 59 1.7 1.8 75968 | GH | 1.0 804
Elchalakani and Ma [43] 25600 32.8 930 59 1.7 1.8 75968 | GH | 05 353
Elchalakani and Ma [43] 25600 32.8 930 59 1.7 1.8 75968 | GH | 1.0 454
Elchalakani and Ma [43] 25600 32.8 930 59 1.7 1.8 75968 | GH | 05 234
Elchalakani and Ma [43] 25600 32.8 930 59 17 18 75968 | GH | 1.0 244
Guerin et al. [44] 164025 | 253 600 40 15 1 170031 | GH | 0.66 4587
Guerin et al. [44] 164025 25.3 600 40 1.5 1 1700.31 | GH | 0.66 3433
Guerin et al. [44] 164025 | 253 600 40 15 1 170031 | GH | 0.66 1591
Guerin et al. [44] 164025 25.3 600 40 1.5 1 170031 | GH | 0.66 645
Guerin et al. [44] 164025 | 253 600 40 15 1 170031 | GH | 0.66 4616
Guerin et al. [44] 164025 25.3 600 40 1.5 1 170031 | GH | 0.66 3405
Guerin et al. [44] 164025 25.3 600 40 1.5 1 1700.31 | GH | 0.66 1576
Guerin et al. [44] 164025 25.3 600 40 1.5 1 170031 | GH | 0.66 636
Guerin et al. [45] 164025 | 253 600 40 15 1.4 2267.08 | GH | 0.84 5028
Guerin et al. [45] 164025 | 253 600 40 1.5 1.4 2267.08 | GH | 0.84 3627
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Guerin et al. [45] 164025 25.3 600 40 1.5 1.4 2267.08 | GH | 0.84 2035

Guerin et al. [45] 164025 25.3 600 40 1.5 1.4 2267.08 | GH | 0.84 914

Guerin et al. [45] 164025 25.3 600 40 1.5 2.5 405160 | GH | 0.63 5294

Guerin et al. [45] 164025 25.3 600 40 1.5 2.5 405160 | GH | 0.63 3790

Guerin et al. [45] 164025 25.3 600 40 1.5 2.5 405160 | GH | 0.63 2110

Guerin et al. [45] 164025 25.3 600 40 1.5 2.5 405160 | GH | 0.63 1008
Hadhood et al. [46] 73024 35 1680 141 | 1.19 2.2 1567.74 | GH | 2.68 2564
Hadhood et al. [46] 73024 35 1680 141 | 1.19 2.2 1567.74 | GH | 2.68 2060
Hadhood et al. [46] 73024 35 1680 141 | 1.19 2.2 1567.74 | GH | 2.68 1511
Hadhood et al. [46] 73024 35 1680 141 | 119 2.2 1567.74 | GH | 2.68 776
Hadhood et al. [46] 73024 35 1680 141 | 1.19 2.2 1567.74 | GH | 2.68 366
Hadhood et al. [46] 73024 35 1680 141 | 119 2.2 1567.74 | GS | 1.0 2608
Hadhood et al. [46] 73024 35 1680 141 | 1.19 2.2 1567.74 | GS | 1.0 2134
Hadhood et al. [46] 73024 35 1680 141 | 1.9 2.2 1567.74 | GS | 1.0 1513
Hadhood et al. [46] 73024 35 1680 141 | 1.19 2.2 1567.74 | GS | 1.0 745
Hadhood et al. [46] 73024 35 1680 141 | 1.19 2.2 1567.74 | GS | 1.0 654
Hadhood et al. [46] 73024 35 1680 141 | 119 3.3 235161 | GS | 1.0 2670
Hadhood et al. [46] 73024 35 1680 141 | 1.9 3.3 235161 | GS | 1.0 2123
Hadhood et al. [46] 73024 35 1680 141 | 119 3.3 235161 | GS | 1.0 1527
Hadhood et al. [46] 73024 35 1680 141 | 1.19 3.3 235161 | GS | 1.0 852
Hadhood et al. [46] 73024 35 1680 141 | 1.19 3.3 235161 | GS | 1.0 378
Hadhood et al. [47] 73024 35 1680 141 | 1.19 2.2 1567.74 | GS | 18 2652
Hadhood et al. [47] 73024 35 1680 141 | 1.9 2.2 1567.74 | GS | 1.8 2086
Hadhood et al. [47] 73024 35 1680 141 | 119 2.2 1567.74 | GS | 1.8 1483
Hadhood et al. [47] 73024 35 1680 141 | 1.9 2.2 1567.74 | GS | 1.8 747
Hadhood et al. [47] 73024 35 1680 141 | 1.19 2.2 1567.74 | GS | 1.8 655
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 4709
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 3309
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 2380
Hadhood et al. [47] 73024 70.2 1289 549 | 23 2.2 1567.74 | GS | 1.1 1112
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 797
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GH | 1.1 4689
Hadhood et al. [47] 73024 70.2 1289 549 | 23 2.2 1567.74 | GH | 1.1 3299
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GH | 1.1 2435
Hadhood et al. [47] 73024 70.2 1289 549 | 23 2.2 1567.74 | GH | 1.1 1054
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GH | 1.1 838
Hadhood et al. [47] 73024 70.2 1289 549 | 23 3.2 235161 | GS | 1.1 4716
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 3.2 235161 | GS | 1.1 3380
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 3.2 235161 | GS | 1.1 2339
Hadhood et al. [47] 73024 70.2 1289 549 | 23 3.2 235161 | GS | 1.1 1135
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 3.2 235161 | GS | 1.1 713
Hadhood et al. [47] 73024 70.2 1289 549 | 23 2.2 1567.74 | GS | 1.1 5120
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 3671
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 2538
Hadhood et al. [47] 73024 70.2 1289 549 | 23 2.2 1567.74 | GS | 1.1 1392
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Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 611
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 1.7 4680
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 17 3341
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 1.7 2460
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 1.7 1061
Hadhood et al. [47] 73024 70.2 1289 | 549 | 23 2.2 1567.74 | GS | 1.7 682
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 2608
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 2134
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 1512
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 745
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 354
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 3090
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 2342
Hadhood et al. [47] 73024 35 1289 549 | 23 2.2 1567.74 | GS | 1.1 1746
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 11 995
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 529
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 2652
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 11 2086
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 1.1 1483
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 11 747
Hadhood et al. [47] 73024 35 1289 | 549 | 23 2.2 1567.74 | GS | 11 355
Hadi et al. [24] 73024 37 1200 50 2.4 1.6 75968 | GS | 21 1220
Hadi et al. [24] 73024 37 1200 50 2.4 1.6 75968 | GS | 21 781
Hadi et al. [24] 73024 37 1200 50 2.4 1.6 75968 | GS | 2.1 494
Hadi et al. [24] 73024 37 1200 50 2.4 1.6 75968 | GS | 4.2 1309
Hadi et al. [24] 73024 37 1200 50 2.4 1.6 75968 | GS | 4.2 767
Hadi et al. [24] 73024 37 1200 50 2.4 1.6 75968 | GS | 4.2 479
Hadi and Youssef [48] 44100 29.3 1641 | 67.9 | 241 1 506.45 | GH | 2.74 1285
Hadi and Youssef [48] 44100 29.3 1641 679 | 2.41 1 506.45 | GH | 2.74 803
Hadi and Youssef [48] 44100 29.3 1641 679 | 241 1 506.45 | GH | 2.74 615
Hassan et al. [49] 17662 40 800 30 0.97 2.1 42508 | SS | 1.7 | 42659
Hassan et al. [49] 17662 40 800 30 1.35 2.1 42508 | SS | 1.7 | 411.88
Hassan et al. [49] 17662 40 800 30 1.57 2.1 42508 | SS | 1.7 | 387.36
Hassan et al. [49] 17662 40 800 30 1.4 2.1 425.08 | SS | 34 | 52956
Hassan et al. [49] 17662 40 800 30 1.7 2.1 425.08 | SS | 34 | 490.33
Hassan et al. [49] 17662 40 800 30 1.9 2.1 425.08 | SS | 34 | 460.91
Hassan et al. [49] 17662 40 800 30 1.28 2.1 42508 | GH | 1.7 490.33
Hassan et al. [49] 17662 40 800 30 15 2.1 42508 | GH | 1.7 | 46091
Hassan et al. [49] 17662 40 800 30 1.7 2.1 42508 | GH | 1.7 430.4
Karim et al. [50] 32989 37 1600 66 2.42 4.72 75968 | GS | 1.1 1425
Karim et al. [50] 32989 37 1600 66 2.42 4.72 75968 | GS | 3.82 2041
Karim et al. [51] 33312 37 1600 66 2.42 4.72 75968 | GS | 1.1 1425
Karim et al. [51] 33636 37 1600 66 2.42 4.72 759.68 | GS | 1.91 781
Karim et al. [51] 33962 37 1600 66 2.42 4.72 759.68 | GS | 1.91 494
Karim et al. [51] 34289 37 1600 66 2.42 4.72 75968 | GS | 3.82 2041
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Karim et al. [51] 34618 37 1600 66 2.42 4.72 759.68 | GS | 3.82 767
Karim et al. [51] 34948 37 1600 66 2.42 4.72 759.68 | GS | 3.82 479
Karim et al. [51] 35281 37 1600 66 2.42 4.72 759.68 | GS | 1.91 3068
Karim et al. [51] 35614 37 1600 66 2.42 4.72 759.68 | GS | 1.91 1450
Karim et al. [51] 35949 37 1600 66 2.42 4.72 759.68 | GS | 1.91 805
Khan et al. [52] 33312 37 1395 56 1.5 3.57 1175.80 | GH - 2812
Khan et al. [52] 33312 37 1395 56 15 3.57 1175.80 | GH - 1487
Khan et al. [52] 33312 37 1395 56 15 3.57 1175.80 | GH - 910
KhO"amiaFS% Sadeghian | o500 | 37 620 | 387 | 162 | 53 | 117580 | N | - 775
Kho"amia[‘s‘g‘] Sadeghian 22500 37 620 | 387 | 162 5.3 117580 | N - 775
KhO"amia[‘S% Sadeghian | o500 | 37 620 | 387 | 162 | 53 | 117580 | N | - 693
KhO"amiaFS% Sadeghian | o500 | 37 620 | 387 | 162 | 53 | 117580 | N | - 693
Kho”""mia[‘s‘; Sadeghian 22500 37 629 | 387 | 162 5.3 117580 | N - 693
Kho"amia[‘sgi Sadeghian | o500 | 37 620 | 387 | 162 | 53 | 117580 | N | - 578
Kho"amia[‘sgi Sadeghian | o500 | 37 620 | 387 | 162 | 53 | 117580 | N | - 578
Kho”""mia[‘s‘; Sadeghian | 55500 | a7 629 | 387 | 162 | 53 | 117580 | N | - 354
Kho"amia[‘sgi Sadeghian | o500 | 37 620 | 387 | 162 | 53 | 117580 | N | - 354
Maranan et al. [54] 49062 | 3442 | 1184 | 626 | 1.89 2.43 117580 | N - 1772
Maranan et al. [54] 49062 | 3442 | 1184 | 626 | 1.89 2.43 117580 | GH | 3.13 1791
Maranan et al. [54] 49062 | 3442 | 1184 | 626 | 1.89 2.43 117580 | GH | 157 1981
Maranan et al. [54] 49062 | 3442 | 1184 | 626 | 1.89 2.43 117580 | GH | 0.78 1988
Maranan et al. [54] 49062 | 3442 | 1184 | 626 | 1.89 2.43 1175.80 | GS | 3.13 1838
Maranan et al. [54] 49062 3442 | 1184 626 | 1.89 2.43 117580 | GS | 157 2063
Maranan et al. [54] 49062 3442 | 1184 626 | 1.89 2.43 117580 | GH | 157 1624
Maranan et al. [54] 49062 | 3442 | 1184 | 626 | 1.89 2.43 117580 | GS | 1.57 1208
Mohamed et al. [55] 70650 42.9 934 554 | 1.56 2.2 1567.74 | GH | 2.23 2840
Mohamed et al. [55] 70650 42.9 934 55.4 | 1.56 2.2 1567.74 | GH | 2.68 2871
Mohamed et al. [55] 70650 429 934 554 | 1.56 2.2 1567.74 | GH | 3.14 2935
Pantelides et al. [56] 50645.06 | 36 740 433 | 171 16 78387 | GS | 0.75 1975
Pantelides et al. [56] 50645.06 | 36 740 433 | 171 16 78387 | GS | 0.75 1788
Prachasaree et al. [57] 22500 20.8 735 50 15 1.4 28339 | SS | 0.01 370
Prachasaree et al. [57] 22500 20.8 735 50 1.5 1.4 28339 | SS | 0.01 370
Prachasaree et al. [57] 22500 20.8 735 50 1.5 1.4 28339 | SS | 0.01 370
Prachasaree et al. [57] 22500 20.8 735 50 1.5 1.4 28339 | SS | 0.02 365
Prachasaree et al. [57] 22500 20.8 735 50 1.5 1.4 28339 | SS | 0.02 365
Prachasaree et al. [57] 22500 20.8 735 50 1.5 1.4 28339 | SS | 0.02 365
Prachasaree et al. [57] 17662 20.8 735 50 1.5 1.9 28339 | SS | 0.01 345
Prachasaree et al. [57] 17662 20.8 735 50 15 1.9 28339 | SS | 0.01 345
Prachasaree et al. [57] 17662 20.8 735 50 1.5 1.9 28339 | SS | 0.01 345
Prachasaree et al. [57] 17662 20.8 735 50 15 1.9 28339 | SS | 0.02 315
Prachasaree et al. [57] 17662 20.8 735 50 1.5 1.9 28339 | SS | 0.02 315
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Prachasaree et al. [57] 17662 20.8 735 50 15 1.9 28339 | SS | 0.02 315
Prachasaree et al. [57] 22500 20.8 735 50 1.5 1.4 28339 | SH | 0.01 365
Prachasaree et al. [57] 22500 20.8 735 50 1.5 1.4 28339 | SH | 0.01 365
Prachasaree et al. [57] 22500 20.8 735 50 1.5 1.4 28339 | SH | 0.01 365
Prachasaree et al. [57] 22500 20.8 735 50 1.5 1.4 28339 | SH | 0.02 370
Prachasaree et al. [57] 22500 20.8 735 50 1.5 1.4 28339 | SH | 0.02 370
Prachasaree et al. [57] 22500 20.8 735 50 1.5 1.4 28339 | SH | 0.02 370
Sankholkar et al. [58] 32349. 50 800 462 | 157 2.5 78387 | GS | 3.2 1353
Sankholkar et al. [58] 32349. 50 800 462 | 157 2.5 78387 | GS | 32 1285
Sankholkar et al. [58] 32349. 50 800 462 | 157 3.7 117580 | GS | 3.2 1623
Sankholkar et al. [58] 32349. 50 800 462 | 157 3.7 117580 | GS | 32 1570
Sun et al. [59] 22500 | 2351 | 1103 | 541 | 15 1.04 42508 | SH | 063 201
Sun et al. [59] 22500 | 2351 | 1103 | 541 | 15 1.04 42508 | SH | 063 174
Sunetal. [59] 22500 | 2351 | 1103 | 541 | 15 1.04 42508 | SH | 063 181
Sunetal. [59] 22500 | 2351 | 1103 | 541 | 15 1.04 42508 | SH | 063 291
Sunetal. [59] 22500 | 2351 | 1103 | 541 | 15 1.04 42508 | SH | 063 290
Sun et al. [59] 22500 | 2351 | 1103 | 541 | 15 1.04 42508 | SH | 063 347
Sun et al. [59] 22500 | 2351 | 1103 | 541 | 15 1.04 42508 | SH | 063 632
Sun et al. [59] 22500 | 2351 | 1103 | 541 | 15 1.04 42508 | SH | (63 677
Sunetal. [59] 22500 | 2351 | 1103 | 541 | 15 1.04 42508 | SH | 063 602
Tikka et al. [60] 22500 25.7 630 40 15 2.3 506.45 | CS | 0.33 401
Tikka et al. [60] 22500 25.7 630 40 15 2.3 506.45 | CS | 0.33 120
Tikka et al. [60] 22500 25.7 630 40 15 3.4 75968 | CS | 0.33 215
Tikka et al. [60] 22500 25.7 630 40 15 3.4 75968 | CS | 0.33 114
Tikka et al. [60] 22500 25.7 630 40 15 2.3 506.45 | CS | 0.33 382
Tikka et al. [60] 22500 25.7 630 40 1.5 2.3 50645 | CS | (33 129
Tikka et al. [60] 22500 25.7 630 40 1.5 3.4 759.68 | CS | 0.33 220
Tikka et al. [60] 22500 25.7 630 40 1.5 3.4 75968 | CS | 033 116
Tobbi et al. [61] 122500 | 326 728 476 | 1.53 1.9 2267.08 | GH 2 3929
Tobbi et al. [61] 122500 | 326 728 476 | 1.53 1.9 2267.08 | GH 2 3991
Tobbi et al. [61] 122500 32.6 728 476 | 153 1.9 255047 | GH | 1.7 4006
Tobbi et al. [61] 122500 | 326 752 482 | 156 1.9 235161 | GH | 32 3938
Tobbi et al. [61] 122500 | 326 751 482 | 1.6 1.9 235161 | GH | 48 4067
Tobbi et al. [61] 122500 | 36.4 750 482 | 1.56 1.9 2267.08 | GH | 255 4297
Tobbi et al. [61] 122500 36.4 749 48.2 | 156 1.9 235161 | GH | 3.41 4615
Tobbi et al. [61] 122500 | 36.4 748 482 | 1.56 1 129032 | GH | 255 4212
Tobbi et al. [61] 122500 36.4 747 482 | 156 0.8 1012.90 | GH | 255 3900
Tuetal. [62] 40000 32.1 660 | 44.25 | 1.52 11 50645 | GH | 53 970.9
Tuetal. [62] 40000 32.1 660 | 44.25 | 1.52 11 506.45 | GH | 3.1 951.6
Tuetal. [62] 40000 32.1 660 | 44.25 | 1.52 11 506.45 | GH 2 937.7
Tuetal. [62] 40000 32.1 735 46 1.6 0.8 28339 | GH | 31 936.8
Tuetal. [62] 40000 32.1 660 | 44.25 | 1.52 1.5 50645 | GH | 3.1 981.7
Tuetal. [62] 40000 32.1 660 | 44.25 | 1.52 11 506.45 | GH | 5.2 954
Tuetal. [62] 40000 32.1 660 | 44.25 | 1.52 11 506.45 | GH 3 943.2
Tuetal. [62] 40000 321 660 | 44.25 | 152 1.1 506.45 | GH | 1.9 927.7
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Xue et al. [63] 90000 39 654 39 2.1 1.3 1175.80 | SH | 37 3091
Xue et al. [63] 90000 39 654 39 21 1.3 117580 | SH | 0.37 2855
Xue et al. [63] 90000 39 654 39 21 1.3 117580 | SH | .37 2411
Xue et al. [63] 90000 39 654 39 21 1.3 117580 | SH | 0.37 1900
Xue et al. [63] 90000 39 654 39 21 1.3 117580 | SH | .37 647
Xue et al. [63] 90000 39 654 39 21 1.3 117580 | SH | 0.37 806
Xue etal. [63] 90000 39 654 39 2.1 1.3 1175.80 | SH | 37 1702
Xue etal. [63] 90000 40.3 654 39 21 1.3 1175.80 | SH | 0.37 1678
Xue etal. [63] 90000 403 654 39 2.1 1.3 1175.80 | SH | 037 1632
Xue etal. [63] 90000 40.3 654 39 21 1.3 1175.80 | SH | 0.37 1500
Xue etal. [63] 90000 403 654 39 2.1 1.3 117580 | SH | 037 1300
Xue et al. [63] 90000 40.3 654 39 21 0.9 783.87 | SH | 0.37 1564
Xue etal. [63] 90000 403 729 44 2.1 2.6 2267.08 | SH | 37 1823
Xue et al. [63] 90000 29.1 654 39 21 13 117580 | SH | 0.37 1025
Xue et al. [63] 90000 55.2 654 39 2.1 1.3 117580 | SH | 0.37 2191
Youssef and Hadi [64] 44100 293 | 4059 | 234 | 1.8 1.15 50645 | GH | 2.24 1285
Youssef and Hadi [64] 44100 293 | 4059 | 234 | 18 1.15 506.45 | GH | 204 803
Youssef and Hadi [64] 44100 29.3 4059 | 234 1.8 1.15 506.45 | GH | 2.24 615
Zhang and Deng [65] 122500 | 425 840 45 1.87 1.39 1567.74 | GH | 1.8 5670
Zhang and Deng [65] 122500 | 425 840 45 1.87 1.39 1567.74 | GH | 18 4585
Zhang and Deng [65] 122500 | 425 840 45 1.87 1.39 1567.74 | GH | 1.8 5361
Zhang and Deng [65] 122500 | 425 840 45 1.87 1.39 1567.74 | GH | 27 5205
Zhang and Deng [65] 122500 | 425 840 45 1.87 1.39 1567.74 | GH | 2.7 5357
Zhang and Deng [65] 122500 | 425 840 45 1.87 1.39 1567.74 | GH | 27 4852
Zhang and Deng [65] 122500 425 840 45 1.87 2.09 235161 | GH | 2.49 4500
Zhang and Deng [65] 122500 | 425 840 45 1.87 2.64 235161 | GH | 249 4972

2.1.2. Assessment of previous models and new model

To predict ALC for FRP-RCS, twelve models (Table 2) were evaluated. This assessment was carried
out with the help of different statistical measures e.g., the sum of squared error (SSE), the root mean
squared error (RMSE), the coefficient of determination (R?), while R? being the most significant indicator
for the best fit analysis. These statistical indices are presented below:

B = ( (X ye) — (B x)(Z, ve) )2
\.’r[“ 2?:1 x;? — (2?:1 x;:)*] [RZ?:l yit — {Z?:l}'f]z]
) &
1
SSE = Hle:- — v
¥
1 T
awse = 13—
3)

Table 2. The ALC models utilized for assessment purpose
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Research/standard

Equation/model

ACI 318-11 [34]

P, = 0.85f:(A, — As)

CSA S806-02 [35]

P, = 0.85f:(Ay; — Apgp)

CSA S806-12 [66]

P, = a1f:(Ay — Apgp); @y = 0.85 — 0.0015f; > 0.67

AS-3600 [67]

P, = 0.85f:(Ay — Aprp) + 0.0025EppApgp

Afifi etal. [21]

P11 = 0'85fC'(Ag - AFRP) + angRPAFRP ) ag =0.35

Hadi et al. [24]

P, = 0.90f:(Ay — Arrp) + &rgErrpArrp ; &g = 0.003

Tobbi et al. [22]

P11 = 0'85fC'(Ag - AFRP) + gCDEFRPAFRP; Eco = 0.003

Samani and Attard [68]

Pn = 0.85]‘;;(Ag - AFRP) + O'OOZSEFRPAFRP

Hadhood et al. [69]

Py = a:1f(Ay — Apgp) + 0.0035ErgpArgp; @ = 0.85 — 0.0015f;
Khan et al. [70]

P, = 0.85f:.(Ay — Agrrp) + afgrrpAgrre; @ = 0.61
Mohamed et al. [32] P, = 0.85f(Ay — Apgp) + €yErrpArrp; €, = 0.002
Pantelides et al. [16] P, = 0.85f . prpAc + ArrpEcrrpErrp; €crrp = 0.003

Here, x being the testing parameter for FPL, y is considered as the prediction factor, whereas n is the
total number of data sets. It is obvious that prediction accuracy gets increased when R? gets closer to 1.
The statistical details of the predictions of various models are presented in Figure 1a-e. Figure 1a shows
the minimum values of the ALC of HCCs predicted from different previous models. It can be observed
that the proposed model presented the highest accuracy for predicting the lowest value of the ALC of
columns with a value of 289.8 kN. Similarly, Figure 1b describes the maximum values of the ALC of
HCCs predicted from different previous models. It can be observed that the model proposed by Khan et
al. [70] presented the highest accuracy for predicting the highest value of the ALC of columns with a
value of 15173.82 kN.

Figure 1c represents the average values of the ALC of HCCs predicted from different previous
models. It can be observed that the proposed model presented the highest accuracy for predicting the
average value of the ALC of columns with a value of 1783.77 kN presenting only a discrepancy of
1.73%. Figure 1d elaborates the standard deviation of the values of the ALC of HCCs predicted from
different previous models. It can be observed that the proposed model presented the lowest standard
deviation for predicting the lowest value of the ALC of columns with a value of 1495.6 kN. Finally,
Figure le describes the coefficient of variation for the values of the ALC of HCCs predicted from
different previous models. It can be observed that the proposed model presented the coefficient of
variation of 0.84 but the model proposed by Khan et al. [70] presented the highest accuracy with the

lowest value for this coefficient. Nevertheless, this model mostly overestimated the predictions for the
ALC of columns.
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Figure 1. Statistical details of the ALC predictions of the previous
models (a) minimum predicted values (b) maximum predicted values
(c) average predicted values (d) standard deviations of predicted values

(e) coefficient of variation for predicted values

Based on the previous models, the R? assessment is shown in Figure 2. The model proposed by Tobbi
et al. [22] had an R? of 0.721. So, in general, this form of the model proposed by this study was also
retained like that proposed by Tobbi et al. [22]. This model suggested the impact of FRP main rebars to
be kept at that level of a maximum strain having 0.003 having reduction factor up to 35 percent. The full
form of this model is given by equation (4).

Py = 0‘1(Ag - AFRP)fcI + a3 ErgrpArrp

(4)
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Figure 2. The pattern of ALC of FRP-RCC members

where a; and a, being the concrete reduction factors and FRP rebars contribution parameters, while A,
represents column’s total CSA, frgp being the FRP strength in tension and Aygp to be the gross CSA
for main FRP bars. Numerical coefficients obtained by curve fittings via MATLAB helped reduce the
error function for the test of the best fits. Ultimately, the recommended association for the FPL for HCCs
was relying on the experimental observations collected with the database are presented by equation (5).

PTLl = (0-85 - 0-0028]%’)(14.9 - AFRP)]CCI + 0'0028EFRPAFRP

where, a; = 0.85 — 0.0028f, > 0.645. With this proposed model it was found that the accuracy was

more than those of all the published models, having an R? of 0.73 as reported in Figure 3.
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Figure 3. Proposed model behavior for the first peak loadings

With the help of experimentations and proposed models, various normal distribution plots for tested
versus predicted dataset is shown in Figure 4. Based on, ratios of the mean normalized dataset of test the
very FPL loading to those estimated first peaks, it is evident that the suggested model performed quite
well yielding only 5 percent from unity. Whereas, this deviation was observed to be a maximum of 40%

by Khan et al. [70].
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Figure 4. Normal distribution pattern of tested to estimated ALC of FRP-RCC
acquired from several models

Figure 5 depicts the FPL estimates of suggested and previously proposed models for six different
HCCs strengthened glass-FRP specimens [27]. Mean percent errors for the ALC models of Pantelides
et al. [16], Mohamed et al. [32], Khan et al. [70], Hadhood et al. [69], Samani & Attard [68], Tobbi et
al. [22], Hadi et al. [24], Afifi et al. [21], AS-3600 [67], CSA S806-12 [66], CSA S806-02 [35], and ACI
318-11 [34], were governed by the ultimate loading strength of six HCCs with 4.4, 6.4, 62.7, 3.5, 4.0,
3.5, 6.5, 27.7, 4.0, 22.93, 19.3, and 19.3%, respectively. However, Afifi et al. [21] and Khan et al. [70]
miscalculated the FPL. The reason behind this deviation is keeping the influence of main glass-FRP
rebars in consideration while computing the ALC of HCCs for their ultimate tensile strength estimates.
On the other hand, the models in studies [34] undervalued the ALC by taking into account the influence
of glass-FRP bars in the form of their strains. Likewise, it was also perceived that whenever these models
utilized the strains glass-FRP rebars in the main direction, predictions were relatively more accurate.
The best accurate model was found for that suggested by Tobbi et al. [22] having an average 5 error of
3.5 percent. However, the presently suggested model offered an error value up to 3.3 percent.
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Figure 5. Estimates of six HCCs’ the first peaks with suggested and previous capacity models

Mater. Plast., 59 (3), 2022, 31-51 44 https://doi.org/10.37358/MP.22.3.5604


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro A

https://doi.org/10.37358/Mat.Plast.1964

It is obvious with the present proposed capacity model that it yielded a closer agreement of the FPL
capacity of HCCs with experimental data. This shows the reliability of the ALC estimates for HCCs by
utilizing the effectiveness of glass-FRP’s reinforcements with strain compatibility value up to 0.0028
with the concrete. Therefore, for estimations of FPL of glass-FRP-strengthened HCCs, the currently
proposed model was found more accurate.

Second peak capacity

Approaching the FPL, the lateral glass-FRP spirals wrapping is activated during the post-loading
stage. This phenomenon averts the concrete core failure and offers more bracing to the glass-FRP rebars.
This process causes to experience relatively higher axial loads because of the higher strain efficacy of
glass-FRP rebars in the main direction. During the process, the ALC of glass-FRP rebars increased
significantly in the main direction, resulting in significant axial loadings. Whereas, during the SPL (P,;,)
of HCCs, the main glass-FRP rebars as well as the remainder of core gets effective [27]. Similarly, the
lateral confining stresses (f;) can be computed with the help mechanical-wrapping theory [71]. Figure 6
depicts mechanical-wrapping concepts based on glass-FRP spirals.
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Figure 6. Mechanical wrapping effects
resulting from glass-FRP spirals
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Here, A, being the CSA of the glass-FRP lateral wrappings, S to be the c/c distance of glass-FRP
spirals, D be the c/c glass-FRP spirals diameter, D; to be the diameter of the internal hollow region of
HCCs, K, showing the mean damaging stains to be 0.533 [27], and f;en: Showing the maximum tensile
strength of bent glass-FRP computed with equation (7) as per ACI-440.1R [72]. This lateral wrapping
effect resulting from glass-FRP spirals confining the concrete material partially by separating most of
the concrete being unwrapped between spirals and those of main glass-FRP rebars. This partial wrapping
pattern because of glass-FRP spirals has been presented in Figure 7a. Whereas, taking into account the
partial transverse wrappings, an effective wrapping factor (k) was presented as given by equation (8)
[73].

foent = (005 -+ 0.3) f, < f, (7)

where, d,;, being the diameter of glass-FRP spirals, while r to be the radius of the glass-FRP spiral.

N

s 2
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(8)
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In this equation, A.. being the concrete core’s CSA which retained concrete crushed between the
distance of the spirals, s’ to be the clear distance between the glass-FRP spirals, whereas A, is the CSA
of core after apart from the effective glass-FRP bars (p.). Because k, the factor does not precisely
represent the wrapping of glass-FRP spirals, consequently, to elaborate this process of the opening of
glass-FRP spirals another factor with enhanced accuracy is introduced called (k,). This factor (as shown
by equation (9)) is considered more favorable for its use in the partial glass-FRP spirals [27]. This
opening behavior of glass-FRP spirals is highlighted in Figure 7b.
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Figure 7. Wrapping mechanics (a) Wrapping pattern resulting from a vertical
distance of glass-FRP spirals (b) Opening effect of glass-FRP spirals
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where, A, is the CSA of the concrete core once the crushed concrete gets removed because of the
opening mechanisms of glass-FRP spiral reinforcements. While 8 is the included angle between the two
main but consecutive glass-FRP rebars. However, the 2" peak capacity of HCCs also relies on the CSA
of glass-FRP rebars. The HCCs strengthened with the bars of larger diameters are shown with even
greater losses in the compressive strengths of the concrete core after the SPL is met [28]. In addition to
this, another factor for rebar diameter (k) is shown by equation (10) that reflects the reduction of
concrete strength and the ratio of the second moment of area of glass-FRP main rebars (Ierp) to that of
core (lconcrete) at the SPL stage [27].

I
2400x—FRP

kg =1.215x e - " Tconcrete (10)

Resulting in, the lateral wrapping (f;) gets converted to effective lateral wrapping (f;.) being equal
to the f; times k4, and the larger of either k, or k, subjected to factor controlling the partial damaging
patterns. Accordingly, the SPL capacity of HCCs may be thought of as a relationship of experimented
core strength (f.) of concrete presented with equation (11) by Alajarmeh et al. [27]. Lastly, the SPL
capacity of HCCs (P,,) computed via eq. (12) by taking into account the impact of glass-FRP
reinforcements in the form of axial strains at SPL up to 0.011 [27] and the elastic modulus (Ergp).

foo = 3.69{max(k,, k,) X kg X f;} + 1.03 (11)
Ppy = feeAce + 0.011EpgpApgp (12)
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Figure 8 presents the comparison of the experimental SPL values for six HCCs with their predicted
values. It also shows that the proposed model accurately anticipated the P,, of HCCs. The average
difference (%) between the tested outcomes and the modeled theoretical estimates was 6.5 percent. Thus,
the proposed model may be utilized to accurately forecast the SPL capacity of HCCs with glass-FRP.
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Figure 8. Estimates of second peaks of six HCCs with the
presently proposed model

4.Conclusions

HCCs are efficient structural members that are light in weight with greater stiffness and stability.
The present work has endeavored to assess the theoretical capacity of glass-FRP-reinforced HCCs. Two
different models were suggested to capture the two-peak behaviors of HCCs established with a detailed
database developed with the help of published literature. The comparison of the predictions of proposed
models portrayed that they could capture the FPL and SPL pattern of glass-FRP-strengthened HCCs
with higher accuracy. This research could help structural engineers simulate, analyze, and design HCCs
with glass-FRP reinforcement in severely corrosive conditions. The following are the core points of the
research:

-for forecasting axial ALC of glass-FRP-RCC hollow columns, the influence of glass-FRP rebars
with concrete is essential. The axial contributions of glass-FRP bars in the form of their peak tensile
strength overestimated the results. Whereas, the impact of glass-FRP rebars in the form of their peak
strain underestimated the predictions. However, such impact in the form of strains presented a better
performance to estimate the ALC of HCCs;

-the newly developed model to estimate the FPL capacity of glass-FRP-strengthened HCCs
established with the database of two hundred and seventy-nine FRP-RCCs specimens performed well
with R? of 0.73 that is portraying more accuracy than the models available in the literature. The suggested
model for the FPL of HCCs denoted by discrepancy (%) of 3.3 founded on the experimental outcomes
of 6 HCCs by utilizing the axial strains of 0.002 in glass-FRP rebars;

-while predicting the first peak load, the reduction factor for the ALC due to concrete should be a; =
0.85 — 0.0028f, > 0.645.

-likewise, the SPL capacity of glass-FRP-RCC hollow columns can be precisely anticipated by taking
into account the compressive strain of 0.011. Similarly, for the SPL, the mean discrepancy of theoretical
outcomes from the tested outcomes was found to be 6.54% only. The provided theoretical models for
the two peaks are realistic enough to predict the peak loadings of glass-FRP-reinforced HCCs,
notwithstanding these slight deviations.
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