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Abstract  

Finite Element Analysis software, ADINA was used to validate and compare the experimental work on the behaviour 

of Lytag-sand concrete T-beams in flexure. Three T-beams with concrete strengths of 27.5 N/mm2, 32.0 N/mm2 and 

46 N/mm2 having one shear span-effective depth ratio a/d of 5.0 with longitudinal reinforcement percentages as 0.29%, 

0.41% and 1.14% for beams were modelled with the truss model employed for the shear reinforcement. The beam has 

a web width of 102mm, flange width 306mm, flange thickness 76mm and height of the beam was 241mm. The span 
of the beam was 2.5m and having a projection of 0.25m beyond the supports. In the T-beams, shear– compression (V–

C) failure mode characterized the beams. The failures mode of the beams was ductile with crushing of the concrete 

occurring in the flexural compression region and around the load and support plates. The results showed the 

dependence of the shear resistance of the beams on both the shear span-effective depth (a/d) ratio and the longitudinal 

steel percentage. 
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Introduction 

All lightweight aggregates are not suitable for structural use, but the structurally viable lightweight aggregate used in 

concrete have solved dead load and durability problems in structures. Lightweight aggregate concrete in comparison 

with the standard (dense concrete) have its tensile strength, strains and shear strength all lower at the same cylinder 

strength with that of dense concrete The brittleness of Lytag Lightweight aggregate concrete (LWAC) is a 

characteristic that differentiates it from dense concrete with comparable compressive strength. The reason for this 

behaviour may be attributed to the reduced aggregate interlock because cracks propagate straight through the aggregate 

particles. With an elastic modulus of Lytag Lightweight concrete being lower than the equivalent dense concrete, the 

serviceability of the structure may be affected. Still, any concern on this may be counteracted by the reduced self- 

weight. The serviceability limit state criteria comprise shear and flexural failures; these are essential failures 

consideration in reinforced concrete structures. These two are always checked for as stipulated by relevant design 

codes. 

Literature Review 

Dias-da-Costa et al., (2014), undertook a study on the serviceability of lightweight aggregate concrete (LWAC) beams 

under flexural loading for a whole series of longitudinal reinforcement ratios. A validated finite element model was 

set up for simulating and predicting apart from the tension stiffening effect but also the stiffness, flexural strength and 

the crack openings. They focus on cracks occurrence, the bending moment at both the yielding and ultimate service 

loads; deflection before Failure, the curvature at Failure, and cracking openings under service loadings in their study. 

They concluded that when the durability of LWAC is concerned, longitudinal reinforcement ratio should be kept 

below 2% and also that the characteristic crack openings calculated as stipulated in EC-2 underestimated the real value 

for LWA concrete beams. Tomicic (2012), investigated the use of lightweight aggregate concrete for the construction 
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of reinforced concrete beams. He made use of rectangular beams with longitudinal reinforcement percentage between 

0.67 and 1.02%. He found that LWC beams have almost 10% higher deflection than those made of NWC. He opined 

that the ductility of beams made with LWC could be achieved through the strengthening of the compressive area by 

closed ties and compressive reinforcement Khafaga (2011) investigated the shear behaviour of reduced-weight 

reinforced concrete beams. His investigation was the premise on previous work done by researchers such as 

(Demirboğa, 2007), (Topçu and Işıkdağ, 2008) and (Liu et al., 2010) that researched into the mechanical properties, 

durability and thermal conductivity of the lightweight concrete. Byard and Schindler (2010) evaluated the effect that 

the use of lightweight aggregate (LWA) has on the cracking tendency by cracking frame testing techniques. They 

opined that concrete cracks the moment the tensile stress in the concrete is greater than the tensile strength. 

Sustainability must not be looked at as a short-term paradigm but rather with long-term perception. Construction 

material, in this case, LWA considered "green" is not sustainable if the durability and long-term performance of the 

structures are lowered. Still, when the energy used to produce the material is fast in recovering both in first and ongoing 

life cycle costs, such material can be said to be undoubtedly sustainable (Ries et al., 2010). The complexity in the 

behaviour of concrete has imposed certain limits in the implementation of FEM. This is as a result of the non-linearity 

of the stress-strain response of the concrete under multi-axial stress situations, strain softening and anisotropic stiffness 

decrease, couple with cracking. (Nazem et al., 2009) 

For nonlinear analysis, there are available much viable software like ABAQUS, DIANA and ADINA to mention few. 

This paper aims to use a model that can replicate the vital nonlinear and strength characteristics seen with experimental 

results and the analysis results from such model theoretically justifiable. ADINA R & D, Inc developed ADINA, 

which stands for Automatic Dynamic Incremental Nonlinear Analysis. The ADINA system can be suitably used to 

simulate nonlinear analysis of structures. This paper considered the suitability of ADINA to model part of the 

experimental works done by (Lambert, 1982) on the behaviour of Lytag-sand concrete T-beams in flexure 

Methodology 

Use of Finite Element Analysis software, ADINA to validate and compare the experimental work on the behaviour of 

Lytag-sand concrete T-beams in flexure. For determination of the flexural characteristics, one shear span-effective 

depth ratio a/d of 5.0 will be used with longitudinal reinforcement percentages as 0.29%, 0.41% and 1.14% for beams 

F1, F3 and F4 respectively. 

Finite Element Modelling 

The response of concrete in compression is initially linear elastic to approximately 40% of the peak stress after which 

it then changes to being nonlinear until it gets to its peak stress. When the stress reaches about 70-90% of the 

compressive strength of the concrete, there will be an occurrence of micro-cracks across the concrete member surfaces. 

Thabet and Haldene (2001) proposed an elastic-plastic model to show the relationship between stress and strain. 

Concrete behaviour in tension has shown its non-linearity, and the cracking of the concrete may be attributed to this 

nonlinear response. 

The ADINA concrete model is known to be a hypo-elastic model that is centred about uniaxial stress-strain relation, 

with consideration for the biaxial and triaxial stress conditions (Bathe et al., 1989, ADINA, 2012). The concrete model 

in ADINA describes the highly complex material behaviour represented by nonlinear stress-strain curves and failure 

surfaces. Three T-beams with concrete strengths of 27.5 N/mm2, 32.0 N/mm2 and 46 N/mm2 having one shear span- 

effective depth ratio a/d of 5.0 with longitudinal reinforcement percentages as 0.29%, 0.41% and 1.14% for beams 

were modelled with the truss model employed for the shear reinforcement. The truss model will be used with the 

material model plastic-bilinear. In the plastic-bilinear under the material model, a 4-node truss model element will be 

used for the rebars in the reinforced concrete beams because of their compatibility with the continuum with their 

internal nodes at the mid- and third-points. The beam has a web width of 102mm, flange width 306mm, flange 

thickness 76mm and height of the beam was 241mm. The span of the beam was 2.5m and having a projection of 

0.25m beyond the supports. 

Four Point Load Test 
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Loading on a simply supported beam can either be a three or four-point loading arrangement. Figure 1 shows a typical 

arrangement for a four-point loading. In this arrangement, the distribution of the shear and moment will be as such as 

to make the moment to be constant at the beam's mid-span and the shear force to be constant at the shear span. 

 

Figure 1: Four point load test 

Beams with Shear Reinforcement 

Details of the Modelling of the Experimental Test 

This model will attempt to investigate the flexural capacity of beams having web reinforcement 

Three T-beams were modelled with concrete strengths of 27.5 N/mm2, 32.0 N/mm2 and 46 N/mm2 for beams 

designated as F1, F2 and F3 respectively. 

The shear span-effective depth (a/d) ratio of 5.0 was used 

 

Table 1: Details of LYTAG-sand concrete T-beams with web reinforcement 

 

Beam No Av. 28-Day cube ῥ (%) based on a/d ratio Number & Φ of Sv (mm) 
 strength 

(N/mm2) 

 flange width  main steel (mm)  

F1 27.5  0.29 5.0 2-10 65 

F3 32  1.14 5.0 2-20 135 

F4 46  0.41 5.0 2-12 45 

P/2 P/2 

a b c 

L 
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Figure 2: Longitudinal reinforcement for beams with shear reinforcement (Lambert, 1982) 

Adina Modelling of Specimen 

The three-dimensional (3-D) solid element available in ADINA used for this work were modelled using the 8-

node isoparametric plane stress element while the rebars were modelled with 2-node truss element 

Material Model 

Concrete model 

This paper employed the uni-axial stress relationship of the concrete in ADINA for the reinforced Lytag sand 

concrete, as shown below. 
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Figure 3: Uniaxial stress-strain relation (ADINA 2012 

From the figure 3, σc is the maximum uniaxial compressive stress with ec as the uniaxial strain corresponding to 

σc, σu is the ultimate uniaxial compressive stress with eu as the ultimate uniaxial strain that corresponds to σu. 

The value of σu is taken as 80% of σc. σt represents the uniaxial cut-off tensile strength and σtp the post-cracking 

uniaxial cut-off tensile strength. et is the uniaxial strain corresponding to σt, if σtp is zero, then σtp = σt (ADINA). 

The slope of the linear part is Eo, the uniaxial initial tangent modulus at zero strain. It must be noted that this value 

must be greater than σc/ec 

Steel plate / Reinforcement model 

Bilinear stress-strain elastic-plastic model under the Von-Mises yield condition is used for the steel plates and 

the reinforcement with its constitutive law as shown in the figure below 
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Figure 4: Constitutive law for steel/reinforcement model (ADINA 2012) 

σy represents the yield stress with ῥy as the yield strain corresponding to it. Σp is the ultimate strength and ῥp as the 

strain that corresponds to it. Es denote the young modulus while the Est is the strain hardening modulus. All 

these values were determined from the material properties. The smeared crack approach in ADINA will also be 

used in the analysis. This is made possible by dividing the strain with the element mesh width to obtain an 

equivalent stress-strain relation. This approach assumes that elements that have cracked will exhibit a strain-

softening behaviour. 

Solution Strategy 

The analysis type adopted is the static where small-displacement formulation was performed. The resulting 

nonlinear equilibrium equations were solved using automatic time stepping (ATS) with a constant increase in the 

displacement by 0.1mm per load step. 

Results and Discussion 

Mesh Sensitivity Analysis 

This is one of the most aspects of finite element analysis. It involves the division of the whole volume being 

modelled into smaller elements/units in a way that will allow the uniform distribution of all applied loads on the 

structure. The results are presented in Table 2 

 

Table 2: Mesh sensitivity analysis table 

Mesh Size (mm) Mid-Span Displacement (mm) %  Difference  from  The 

Experimental 

Displacement 

125 5.961 4.58 

100 5.914 3.75 

75 5.875 3.07 

50 5.843 2.51 

25 5.818 2.07 

 

From the mesh sensitivity analysis, the displacement got using a mesh size of 25mm, 

gave a mid-span displacement of that was close to the experimental value. The mesh size 

of 25mm was 2.07% off the experimental result while that of 50mm, 75mm,100mm and 

125mm were 2.51%, 3.07%,3.75% and 4.58% respectively. This means that the smaller 

the mesh size, the closer the displacement to its actual value though the values are very 

close and may form a nearly linear graph when plotted on a large  

Beams with Shear Reinforcement 

Deflection 
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The load-displacement curves for the beams are shown in Figures 6 and 7. The load-

displacement curves exhibit the same trend although the one of ADINA did not get to 

where the experimental curves extended to because the onset of crack which may be 

invisible to the physical eyes can easily be determined by the modelling program. Also 

the point at which the beam failed and the load causing the failure are easily picked 

whereas experimental readings may be taken after the crushing of the beam. In design, it 

is the load that causes failure of the beam that is an important design parameter. 

 

 

Table: 3: Load-displacement values of beams with shear reinforcement 

 

F1    F3    F4  
 

EX  ADINA  EX  ADINA  EXPERIMENTAL ADINA 

 DISP LOAD DISP LOAD DISP LOAD DISP LOAD LOAD DISP 

(KN) (mm) (KN) (mm) (KN) (mm) (KN) (mm) (KN) DISP (mm) (KN) (mm) 

0 0 0 0 0 0 0 0 0 0 0 0 

10 3.7 2 0.2 5 4 2 0.9 5 2.5 1 0.32 

20 7 4 1.12 10 9 4 2 10 6 2 0.81 

30 10.7 6 1.67 12.1 11 6 3.6 13 8.5 3 1.43 

40 15 8 2.2 14.5 17   18 13.8 4 1.97 

50 22 10 2.81 16 23   20 18 5 2.44 

55 30 12 3.57 17.8 35   22 22.5 6 2.98 

58 43 14 4.24 17.9 58   23 32 7 3.2 

60 53 16 4.7     23 90 8 3.7 

62 70 18 5.1     23.1 100 9 4.3 
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0 
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MID-SPAN DEFLECTION (mm) 

FIGURE 6: Load-Displacement for T-beams in flexure 

 

ADINA concrete model was based on the smeared crack approach. It is possible to determine the width of the cracks 

from the basic understanding of fundamental basics. Crack width from the modelled results can be determined from 

the load-deflection or the stress-strain response. In Figure 5 above, the failure mode for the modelled beams was 

ductile with the material plastically strained under overload conditions and became thinner until the point of rupture. 
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Figure  6: Load-deflection curve for T-beams in flexure 

 

The linear aspect of the Load-Deflection curve is depicted in figure 6. The graph showed the similatity in 

the responses of the beam modelled using ADINA and experimental works done in the laboratory. 

This is an indication that the finite element method can be use to further modelled the response(s) of 

beams to varying loading conditions which will not only ultimately reduce or eliminate the 

inconsistencies in results due to varying experimental parameters but the also the stress involved 

Modes of Failure 

The failure mode in the beams with web shear. The beams below failed by crushing of the compression zone. 

 

BEAM F1: ADINA 
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BEAM F1: EXPERIMENTAL (Lambert, 1982) 

 

 

 

BEAM F3: ADINA 

 

 

BEAM F3: EXPERIMENTAL (Lambert, 1982) 

 

 

BEAM F4: ADINA 

 

 

BEAM F4: EXPERIMENTAL (Lambert, 1982) 

Figure 7: Failure modes of the beam in flexure 

The tensile strength of the Lytag lightweight concrete did play an essential role in defining the load that causes Failure. 

For shear spans with a/d ratios of 4.5, the diagonal cracks were extensions of flexural cracks, but for a/d ratio of 1.5, 

the first diagonal crack was formed without any dependency on the flexural cracks. Shear– compression (V–C) was 

the failure mode characterized the beams with web reinforcement. The forming of the diagonal tension crack was 

trailed by the tension splitting along the top of the longitudinal bars the beams with web reinforcements, the effect of 

crushing of the concrete beneath the load plates and the support plates has little impacts on their behaviours. Localized 
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effects at the load plates and support were noticed in the beams 

Conclusions 

Based on the modelling of the experimental work done by (Lambert, 1982) on T-beams in flexure using ADINA, in 

the T-beams that have shear reinforcement, the failures mode of the beams were ductile with crushing of the concrete 

occurring in the flexural compression region and around the load and support plates with the shear resistance of the 

beams depending on both the shear span-effective depth (a/d) ratio and the longitudinal steel percentage 
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