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Abstract

:

This article provides data of axial load-bending moment capacities of plain and fiber-reinforced geopolymer concrete (GPC, FRGPC) columns. The columns were reinforced by double layers of longitudinal and transverse reinforcement using steel and/or glass-fiber-reinforced polymer (GFRP) bars. The concrete fiber-reinforcing materials included steel and synthetic fibers. The columns data included different parameters like the longitudinal reinforcement ratio, the applied load eccentricity, and the columns’ slenderness ratio. The data was collected from different analysis output files then sorted and tabulated in usable formatted tables. The data can support the development of design axial load-bending moment interactions. In addition, further processing of the data can yield analytical strength curves which are useful in determining the columns stability under different structural loading configurations. Researchers and educators can make use of these data for illustrations and prospective new research suggestions.
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1. Summary


The provided dataset represents a group of axial load-bending moment tables for slender columns with double-layer reinforcement. The data included a variation in different design parameters like longitudinal reinforcement ratio, longitudinal and transverse reinforcement type, fiber reinforcement type, and the columns’ slenderness ratios. The data were collected from numerous analysis output files. Afterwards, the data were sorted and listed in nine files in an appropriate representation form. The axial load and bending moment capacities can provide a better understanding of the behavior of slender columns with various design configurations under different loading conditions. Researchers and educators in the field of structural columns analysis and design can make use of these datasets for illustrations, research, and design recommendations. The dataset can be used to develop interaction diagrams and analytical strength curves as introduced by [1,2,3,4]. In addition, it can provide recommendations for further analytical and experimental investigations. The provided dataset is an outcome of the research project (EFRG18-MSE-CEN-25) granted by the American University of Sharjah (AUS) through the enhanced faculty research grant program.




2. Data Description


Normalized interaction diagrams were developed for slender columns with different reinforcement configurations. All the columns had double-layers of longitudinal and transverse reinforcement as shown in Figure 1. Different fiber reinforcement and longitudinal reinforcement types were incorporated. The fiber reinforcing index (  R I  ) for the FRPGPC was set at 1.7, which is considered as the product of the volumetric content ratio of the fibers and their aspect ratio. The    R I   value was selected as an average of the values found in the literature [2,5,6,7]. The confinement effects were considered in the modeling process, as a total transverse reinforcement ratio of 3.5% was provided by both inner and outer layers. Moreover, the second-order effects induced by the columns’ buckling are implicitly presented within the results. The analyzed columns were divided into nine groups with distinct attributes as given in Table 1. Within each group different strength levels were investigated. The ultimate/yield strength and elastic modulus values assigned to each strength level are given in Table 2. All the analyzed columns had a circular cross-section with a 900 mm diameter and concrete with a 60 MPa compressive strength. Later on, to broaden the results usability, the dataset values are presented in a normalized form. Furthermore, the results for different values of the longitudinal reinforcement ratio (   ρ l   ) and the slenderness ratio (  K L / r  ) are provided.



Nine data files were created to list the results of each group, as given in Table 1. Within each data file there are three tabs representing the three strength levels, as given in Table 2. The strength and elastic modulus values were selected based on the typical range provided by manufacturers and found in the literature [8,9,10]. Each tab provides tables for axial load-bending moment interactions at different slenderness and longitudinal reinforcement ratios. Headers were assigned to each table to specify its properties. For example, a table with the header “Rho1_KLr020” has the results for a column with longitudinal reinforcement ratio    ρ l  = 1 %   and a slenderness ratio   K L / r = 20  . The data per each table were listed in three columns with each row representing a point on the interaction diagram curve. The first column provides the eccentricity ratio (   e o   /   D  s e c    ), where    e o    is the initial eccentricity applied on the columns ends and    D  s e c     is the diameter of the column’s cross-section. Lastly, the values of the normalized bending moment (   M o  /  f  c o    A g   D  s e c    ) and the normalized axial load (   P n  /  f  c o    A g   ) are given in the second and third columns, respectively, where    M o    and    P n    are the bending moment and the axial load capacities at the columns’ ends, respectively.    A g    is the gross area of the column’s cross-section and    f  c o     is the plain concrete compressive strength. It should be noted that all the data values are unitless, as the first column represents a length ratio, while the other two columns provide normalized values.




3. Methods


Figure 2 provides a typical representation of the effectively confined cores within the columns and the resulting stresses, as well as the second-order effects. The confined core geometrical representation was based on the analytical model provided by Mander et al. [11], which was later modified and adopted by Hales [12] for analyzing columns with double-layer reinforcement. Moreover, slenderness effects including the column’s curvature and lateral deformation were incorporated through a second-order iterative analysis proposed by Hasan et al. [13]. These assumptions have been proven to be practical in developing an analytical model with good matching results to the experimental ones [3,13]. The effects of steel and synthetic fibers on concrete properties, including enhancing compressive and tensile strengths, were adopted according to Farhan et al. [2] and Noushini et al. [5]. The modeling of the concrete stress-strain curves was based on the formulas provided by Sarker [14] and Maranan et al. [15].



The development of a typical axial load-bending moment interaction for a steel reinforced concrete column can be illustrated using Figure 3. Usually plotted with the axial load vertically and the bending moment horizontally, it can be stated that the shape of the interactions curve can be controlled by five points [16]. Point A can be defined as the pure axial load point in which the applied moment is set at zero. This load is considered as the maximum axial load that can be sustained by the column. At that point, the axial load can be determined based on the compressive strength of the concrete cross-section as well as the longitudinal reinforcement. The absence of the bending moment implies a uniform strain among the cross-section. By adopting a full bond assumption between the longitudinal reinforcement and the concrete, the stresses among the cross section can be calculated using the constitutive stress-strain relationships of the concrete and the reinforcing rebars.



Point B, like point A, has a compressive stress among the whole cross-section. However, the stress distribution is not uniform as it varies between an edge with the maximum compressive stress and the other with approximately zero stress. This means that the cross-section is at the onset of developing tensile stresses as the eccentricity increases. Throughout the curve ABC, the failure of the column is initiated by compression failure. Upon reaching point C, a balanced state is recognized, in which the cross-section reaches the maximum compressive stress on the compression edge and also reaches the yield tensile stress of the extreme longitudinal rebars on the tension side. Moving on curve CD, known as the transition zone, the failure mode switches to a more ductile behavior as the tensile strains surpasses the steel elastic limit, thus allowing for more deformations before reaching the failure compressive stress. Columns with axial load and bending moment capacities that fall on the curve DE are characterized by tension-controlled failures in which the cross-section undergoes high plastic tensile strains before reaching the concrete crushing stress. Finally, on reaching point E, the structural loading resembles a beam with a pure applied moment and zero axial force.



Figure 4 depicts a sample group of axial load-bending moment interactions that could be developed using the provided data. All the curves are from group G6 with hybrid reinforcement configuration and strength level 2. It can be seen how the slenderness effects could excessively reduce the column’s capacity for both the axial load and bending moment under different    e o   /   D  s e c     values. As the value of   K L / r   increases, the interaction diagram behavior deviates from the typical one provided, as it gradually shifts from a material failure mode to an elastic buckling one. Likewise, the provided dataset could be used for generating charts and holding comparisons between different reinforcement configurations including material type, strength, and reinforcement ratio    ρ l   .
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Figure 1. Concrete column’s cross-section with double-layer reinforcement. 
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Figure 2. Modeling considerations: (a) confinement pressure change through cross-section layers, (b) stress-strain distribution along the cross-section, (c) the effectively confined cores of the inner and outer reinforcing layers, and (d) a buckled column with additional moment at its mid-height cross-section. 
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Figure 3. A typical axial load-bending moment interaction diagram with its significant control points. 
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Figure 4. A sample axial load-bending moment interaction diagram that could be derived using provided data (group G6, strength level 2,    ρ l  = 4 %  ). 
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Table 1. Material assignment for interaction diagram groups.
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	Group
	Concrete Type
	Longitudinal and Transverse Reinforcement Inner Layer
	Longitudinal and Transverse Reinforcement Outer Layer
	Data File





	G1
	Steel-FRGPC
	GFRP
	GFRP
	G1.xlsx



	G2
	Steel-FRGPC
	Steel
	Steel
	G2.xlsx



	G3
	Steel-FRGPC
	GFRP
	Steel
	G3.xlsx



	G4
	Synthetic-FRGPC
	GFRP
	GFRP
	G4.xlsx



	G5
	Synthetic-FRGPC
	Steel
	Steel
	G5.xlsx



	G6
	Synthetic-FRGPC
	GFRP
	Steel
	G6.xlsx



	G7
	Plain-GPC
	GFRP
	GFRP
	G7.xlsx



	G8
	Plain-GPC
	Steel
	Steel
	G8.xlsx



	G9
	Plain-GPC
	GFRP
	Steel
	G9.xlsx
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Table 2. Strength level assignment for interaction diagrams.
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Strength Level

	
GFRP Reinforcement

	
Steel Reinforcement




	
    f  f u     [MPa]

	
    E f    [GPa]

	
    f y    [MPa]

	
    E s    [GPa]






	
1

	
900

	
40

	
420

	
200




	
2

	
1000

	
50

	
550

	
200




	
3

	
1100

	
60

	
690

	
200
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