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The Microplane and Menetrey-Willam concrete models are formulated on the 

research work of Bazant and Gambarova and Menetrey-Willam in the nineties 

respectively. They are used in this thesis to predict how reinforced Ultra-High-

Performance Concrete (UHPC) beams will behave when subjected to flexural and 

shear dominant loadings. The numerical models are available in ANSYS, and they 

can simulate UHPC's extraordinary mechanical properties, such as high 

compression and tension strength, strain hardening, and softening behavior in 

compression and tension.  In this research, four UHPC beams with dimensions of 

180 wide by 270 deep by 4000 mm long with tensile reinforcements were studied 

using the two cementitious composite models mentioned above with the ANSYS 

software. The beams were investigated under flexural four-point loading and shear 

three-point loading with the ANSYS program. A quarter-geometric section model 

of the full beam was considered for the four-point loading to take advantage of 

symmetry in the longitudinal and transverse directions of the beam. For the three-

point loading, the full geometry model of the beam was considered only because of 

the lack of symmetry. The results from the ANSYS finite element software were 

validated with an experimental study conducted by different researchers to show its 

capacity to predict the bending and shear behavior of reinforced UHPC beams. The 

comparisons of the results of both material models show that they can simulate the 

behavior of UHPC beams by using experimental load-deflection plots of the beam 

specimens and force strain plots of the longitudinal tensile reinforcements in the 

sample beams. 
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1. Introduction 

The advent of digital computers and advancements in structural analysis over the past few decades have 

greatly influenced engineering. Argyris [3] highlights that the strong connection between structural theories 

and computers led to the development of large-scale finite element software, widely used across engineering 

disciplines. Among these, ANSYS stands out due to its extensive library of free online courses and its 

accessibility to students with minimal restrictions. 
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 Ultrahigh-Performance Concrete (UHPC) has been utilized in the construction industry for the past 3–4 

decades, particularly in developed countries like the USA, China, and France. Its use in developing and 

underdeveloped countries is limited due to a lack of technical knowledge and high production costs. UHPC 

is primarily employed in bridge construction, including decks, girders, piers, and foundations. The invention 

of UHPC stems from significant advancements in conventional concrete's material properties, achieved 

through precise material selection and the incorporation of fiber materials. 

 UHPC's high compressive strength (200–250 MPa) allows structures to be built with less material and 

weight, though its differing compression and tension behaviors from traditional concrete necessitate changes 

in structural design. El-Helou & Graybeal [10] investigated the flexural behavior of UHPC through extensive 

testing, including an 18.9 m span girder and a 4-point load setup. Their research led to the development of a 

flexural design framework. Reinforced UHPC beams typically exhibit localized crack failure due to their 

high compressive strength, post-cracking tensile strength, and short bond length of discrete fibers, which 

help bridge cracks before the rupture of tensile reinforcement. The fibers used were straight steel with 

dimensions of 13 mm in length, 0.2 mm in diameter, and a minimum tensile strength of 2,600 MPa. 

 Yoo et al. [25] investigated the bending of reinforced UHPC beams that failed due to compression 

crushing rather than typical crack localization, aiming to develop a design approach that fully leverages 

UHPC's high compressive strength. El-Helou & Graybeal [10] cautioned that ignoring UHPC's tensile 

strength can lead to oversimplified and unsafe predictions of failure modes and ductility in UHPC beams. 

To address this, structural finite element software that incorporates constitutive models like the Microplane 

and Menetrey-Willam models can be used. 

 Due to the high cost of UHPC, researchers have explored partially replacing the top section of traditional 

reinforced concrete beams with UHPC layers. This approach is believed to enhance flexural capacity and 

ductility in the compression zone of the beam. Dahish & Bakri [9] investigated this concept through 

experiments and finite element analysis using ABAQUS, concluding that the optimal UHPC layer thickness 

is approximately one-fifth of the beam's total height for a tensile reinforcement ratio of up to 3%. 

 Ahmad et al. [1] explored the strengthening of normal reinforced concrete beams with varying levels of 

damage by applying 30 mm thick UHPC layers to the tension region. The UHPC layers were placed on one, 

two, or three faces of the beams—bottom, side faces, and a combination of both. They compared the cracking 

load capacities of these strengthened beams to a control beam without UHPC. The study found that beams 

with UHPC on all three faces exhibited the highest cracking load capacity across all levels of pre-damage. 

 ANSYS structural finite element program provides different variations of 3D solid elements such as 

SOLID185, SOLID65, and SOLID186. SOLID185 is a three-dimensional brick element primarily used to 

model isotropic solid problems in finite element analysis. It consists of eight nodes, with each node 

possessing three translational degrees of freedom, corresponding to movements in the nodal x-, y-, and z-

direction. SOLID186 is a three-dimensional, 20-node structural element used in finite element analysis. Each 

of its nodes has three translational degrees of freedom, corresponding to movements in the x-, y-, and z-

directions. SOLID186 is the higher-order version of the SOLID185 element, providing enhanced accuracy 

for modeling complex geometries and material behaviors. SOLID65 is a specialized finite element used for 

modeling reinforced concrete structures or composite materials, such as fiberglass. This element is 

characterized by eight nodes, with each node featuring three translational degrees of freedom in the x-, y-, 

and z-directions. SOLID65 is particularly useful in analyzing both cracking under tensile stress and crushing 

under compressive stress [17]. 

 During the loading of UHPC beams, microcracks form, leading to the degradation of the material's elastic 

stiffness and resulting in strain softening in both compression and tension properties. Bazant & Gambarova 

[5] explained that this degradation and the formation of microcracks violate Drucker’s stability postulate, a 
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fundamental hypothesis of the theory of plasticity. They also noted that these microcracks complicate 

analysis as they cause the elastic stiffness to become anisotropic. 

 The Microplane model describes material behavior through stress-strain laws on multiple planes, 

effectively capturing damage orientations such as tensile cracking, friction, slip, compression splitting, and 

fiber reinforcement alignment. The model, available in ANSYS, is based on the research of Bazant & Byung 

[4] and Bazant & Gambarova [5]. It is particularly well-suited for engineering materials with diverse 

aggregate compositions, like concrete, where fine and coarse aggregates are embedded in a weak cement 

matrix. While the microplane model has been widely used to simulate concrete materials with finite element 

techniques, its application to UHPC materials remains limited. 

 The Menetrey-Willam model is a constitutive material model used to simulate the behavior of bonded 

aggregates like concrete, particularly under triaxial conditions. It is based on the Willam-Warnke yield 

surface and is employed for analyzing concrete failure in three-dimensional structures [16,23]. This research 

aims to develop a step-by-step procedure for capturing the flexural and shear behavior of UHPC beams at 

various stages: first cracking, reinforcement yielding, localized crack development, and compression failure, 

using the ANSYS finite element program. The procedure utilizes a combination of the concrete plasticity-

damage microplane model and the Menetrey-Willam model to capture the elastic, plastic, and damage 

behavior of UHPC beams reinforced with conventional steel bars. ANSYS is used to define the 3D geometry 

of the beam models, characterize material properties, and perform finite element analysis based on 3D stress 

and strain concepts. The program replicates experimental results for load-deflection, compression stress-

strain, and tension stress-strain curves, and generates color plots to visualize damage in the test beams. 

 

2. Analytical research program 

This section details the construction of numerical models in ANSYS to track the structural behavior of 

reinforced UHPC beams under shear and flexural loads. Structural analysis was conducted using a 

displacement control technique, incrementally increasing the beam's load until failure. The following 

subsections provide an in-depth description of the numerical techniques, including geometric modeling, 

discretization, and material modeling. 

2.1. Geometries and schedule of test specimens 

For the numerical analysis in this research, four reinforced rectangular UHPC beams were tested under 

displacement-controlled loading to failure in flexure and shear. The cross-sectional dimensions and 

reinforcement details of the beams are illustrated in Fig. 1. Beam sections U-B3 and U-B4 contain three 13 

mm diameter straight steel bars in the bottom layer, while U-B5 and U-B6 have four 13 mm diameter bars. 

The 13 mm diameter reinforcement is grade 700 MPa, with a cross-sectional area of 132.73 mm² and a 

maximum ultimate strength of 700 MPa. The beams have a gross cross-sectional area of 4.86×10⁴ mm² and 

a moment of inertia about the centroid (x-axis) of 2.95×10⁸ mm⁴. 

2.2. Test setup 

Beams U-B3 and U-B5 were tested under 2-point loads applied on the top face of the beams at 432 mm on 

either side of the mid-span as shown in Fig. 2. The effective shear depth ratio of U-B3 and U-B5 is 5.95. 

This test setup is designed to simulate pure bending between points of load application. Beams U-B4 and U-

B6 were subjected to a single point load applied on the top face of the beams at the distance of 610 mm from 

support (shear span) to examine the shear capacity as compared to the bending moment of the beams (see 

Fig. 3) [20]. The effective shear depth ratio of U-B4 and U-B6 is 2.6. 
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Fig. 1. Cross-sectional dimensions and reinforcement details of the tested beams, mm 

2.3. Material characterization 

The primary objective of this study is to predict the flexural and shear response of the experimentally tested 

beams using material models in ANSYS software. The mechanical properties were determined from uniaxial 

compression and tension tests, which provided data on UHPC properties such as density, Poisson's ratio, 

compression parameters, tension properties, and biaxial compression parameters at the time of testing. The 

average results from these tests are presented in Table 1. 

 

 

Fig. 2. Flexural loading (Beams U-B3 & U-B5), Units in mm 

 

 

Fig. 3. Shear loading (beams U-B4 & U-B6), Units in mm 

 

Table 1. Average density and uniaxial compressive and tensile parameters of the flexural and shear test 

Material 

Density, 

𝑤̅𝑐   

(kg/m3) 

Poison 

ratio 

Compression Tension 
Biaxial 

compression, 

𝑓𝑏̅
′ (MPa) 

𝐸𝑐×103 

(MPa) 
𝑓𝑐̅
′ (MPa) 𝜀𝑝×10-3 𝜀𝑢𝑐 𝑓𝑡 (MPa) 𝜀𝑐𝑟×10-4 𝜀𝑢𝑡×10-2 

UHPC 2565 0.2 43.97 193 4.4 0.008 7.11 1.6 1.81 223.88 
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(a) Compressive loading 

 
(b) Tensile loading 

Fig. 4. Uniaxial stress-strain response for UHPC [20] 

 

 

Fig. 5. Stress-strain response of steel reinforcement [20] 
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 The experimental uniaxial compressive and tensile stress-strain curves for UHPC are shown in Figs. 4a 

and 4b and are compared with the microplane model results. The tensile longitudinal stress-strain curves for 

the steel reinforcements were also determined experimentally and are presented in Fig. 5, where a bilinear 

model was used to represent the behavior of the reinforcing steel. 

 The yield strength of the steel reinforcement was assessed at 0.21% strain. The steel test specimen had a 

density of 7850 kg/m³, a Poisson's ratio of 0.3, an average yield strength 𝑓𝑦 of 435 MPa, an average ultimate 

tensile strength 𝑓𝑢 of 700 MPa, and an average rupture strain 𝜀𝑢 of 0.12. The rebar's modulus of elasticity 𝐸𝑝 

was found to be 207 GPa. Strain data were recorded up to a uniaxial strain of approximately 0.12. 

2.4. Material representation of UHPC in ANSYS 

Two different material models are used to represent UHPC in the ANSYS software for this research. These 

include the following: 

2.4.1. Coupled damage-plasticity microplane model 

Using Mechanical APDL codes in ANSYS software, the following parameters were defined after performing 

uniaxial cyclic compression and tension tests. These parameters are illustrated in Fig. 6. Two 1×1×1 mm 

cubes were modeled in ANSYS and restrained in three orthogonal directions using the symmetry tool. As 

shown in Fig. 4a, a compressive displacement load of 0.008 mm, corresponding to the maximum 

compression strain, was applied to one cube, while a tensile displacement load of 0.0181 mm, corresponding 

to the maximum tensile strain, was applied to the other. The two cubes modeled in ANSYS are depicted in 

Fig. 7. 

2.4.2. Menetrey-Willam model 

In the ANSYS engineering data section, the following Menetrey-Willam parameters are defined with the 

following values (shown in Table 2) to represent the structural UHPC material used in this research. 

 

 
Fig. 6. Coupled damage-plasticity micro-plane parameters 
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Fig. 6. Continued 

 

 

Fig. 7. Uniaxial cyclic compression and tension test cubes on ANSYS 

 

Table 2. Menetrey-Willam UHPC parameters on ANSYS 

UHPC 

Structural 

Isotropic Elasticity 

Young's Modulus 43970 MPa 

Poisson's Ratio 0.2 

Bulk Modulus 24428 Mpa 

Shear Modulus 18321 MPa 

Menetrey-William  

Menetrey-William Base  

Uniaxial compressive Strength 193 MPa 

Uniaxial Tensile Strength 7.11MPa 

Biaxial Compressive Strength 223.88 MPa 

Dilatancy Angle 30 degrees 

Softening  
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Table 2. Continued 

Active Table Linear 

Plastic Strain at Uniaxial Compressive Strength 0.0044 

Ultimate Effective Plastic Strain in Compression 0.008 

Relative Stress at the Start of Nonlinear Hardening 0.95 

Residual Compressive Relative Stress 0.08 

Plastic Strain Limit in Tension 0.02 

Residual Tensile Relative Stress 0.2 

2.4.3. Geometry model of some of the reinforced UHPC beams on ANSYS 

U-B3 contains three tensile reinforcements at the bottom and is subjected to a 4-point load system. Due to 

the beam's symmetric geometry and loading in two directions, a quarter model of the full geometry was used 

for numerical analysis, as shown in Fig. 8. Additionally, the full geometry model of U-B3 was also used for 

numerical analysis, as depicted in Fig. 9. 

 

  

(a) 3D quarter geometry model of U-B3 (b) Quarter geometry model of U-B3 in mm 

Fig. 8. U-B3 quarter geometric model with Ansys 

  

(a) 3D full geometry model of U-B3 (b) Full geometry model of U-B3 in mm 

Fig. 9. U-B3 full geometric model with Ansys 

 

  

(a) 3D full geometry model of U-B6 (b) Full geometry model of U-B6 in mm 

Fig. 10. U-B6 full geometric model with Ansys 
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 As shown in Figs. 1 and 3, U-B4 and U-B6 contain three tensile reinforcements at the bottom and are 

subjected to a 3-point load system. Since U-B6 is not symmetric in its loading and geometry, the full 

geometry was used for numerical analysis, as illustrated in Fig. 10. 

2.5. ANSYS finite element procedure for the analysis problem 

Two finite element methods, each based on different material model types, are used for the structural analysis 

of the four reinforced UHPC beams discussed in this research. 

 These methods include: 

1. Menetrey Willam method  

2. Coupled Damage-Plasticity Microplane method. 

 The step-by-step procedure for the finite element methods is listed below:  

1. The engineering material models are defined in the engineering data tab of the static structural solver 

in ANSYS. These definitions include models for tensile reinforcement steel, support plates, loading 

plates, and UHPC. If the coupled damage-plasticity Microplane method is used, a dummy material 

is initially defined for UHPC with arbitrary values for Young's modulus E and Poisson's ratio 𝜐. 

The UHPC material is then accurately defined using the Mechanical APDL code.  

2. The geometry model for the reinforced UHPC beams is defined under the geometry tab of the static 

structural solver in ANSYS. This tab opens a 3D modeling environment (SpaceClaim) where the 

geometry of the beams is created.  

3. Material assignments, boundary condition assignments, and finite element discretization are 

specified in the model tab of the static structural solver in ANSYS. This tab opens the "Mechanical" 

window interface, where these assignments and discretizations are configured.  

4. If the coupled damage-plasticity Microplane method is used, ANSYS Mechanical APDL 

parameters are employed to redefine the UHPC dummy material created in Step 1.  

5. The solution is analyzed to display the results, including deformation, stress, strain, various chart 

plots, and damage color plot representations of the beams.  

 

3. Results and discussion 

In this section, the numerical results for all reinforced UHPC beams using ANSYS software are presented in 

the form of color plots, charts, or tables. The results for the numerical methods discussed in the previous 

section are reported for all test beams. For validation, the ANSYS findings are compared to experimental 

data. Key numerical results for the reinforced UHPC beams are summarized in Table 3. Data images from 

the reference paper were digitized to combine the experimental and finite element solutions for the sample 

beams. 

3.1. Presentation of beam U-B5 ANSYS results with experimental data 

The midspan deflection at the bottom of the U-B5 beam is plotted against the total applied load (kN) on the 

two steel plates at the top of the beam in Fig. 11a. The U-B5 reinforced UHPC beam, with dimensions of 

180×270×4000 mm, consists of four tensile reinforcements at the bottom section, as shown in Fig. 11(a). 

The beam was analyzed using ANSYS by three methods:  

1. The full geometry section of U-B5 was analyzed using the Microplane material model.  

2. A quarter geometry section was analyzed using the Microplane material model.  

3. The quarter geometry section was analyzed using the Menetrey-Willam model. 

 Additionally, mesh sensitivity analysis was conducted for U-B5 using 45 mm and 30 mm mesh sizes with 

the Microplane material model. Due to high computational costs, only these two mesh sizes were considered. 

The beam was discretized using a 45 mm and 30 mm hexagonal finite element mesh in ANSYS. For both 
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the full and quarter geometry models, the beam was tested using a 4-point load test to capture its flexural 

behavior. An equal displacement loading of 105 mm was applied to the two steel plates at the top of the U-

B5 beam. To simulate pinned support, a displacement constraint of 0 mm in the x, y, and z directions was 

applied under one of the support steel plates. For the other support plate, a displacement constraint of "free, 

0 mm, and free" in the x, y, and z directions, respectively, was applied to simulate roller support. 

 Fig. 11b presents three comparison plots. One of the plots is from the research by Solhmirzaei & Kodur 

[20], which recorded a maximum applied load of 126.6 kN and a midspan deflection of 120 mm. The other 

two plots show the results from the full geometry structural analysis in ANSYS using the microplane model 

with 45 mm and 30 mm linear 3D finite element meshes. Under a 105 mm displacement loading at the top 

of the beam, the 45 mm mesh analysis estimated a maximum applied load of 138.24 kN and a midspan 

deflection of 119.62 mm, while the 30 mm mesh analysis estimated 135.07 kN and 120.39 mm, respectively.  

 The load-deflection curves from ANSYS closely resemble the experimental plot, although the microplane 

model in ANSYS overestimates the load capacity of U-B5 by about 6.7%, and the model's response is more 

rigid than observed in the experiment. This discrepancy can be attributed to the presence of microcracks and 

imperfections in the beam specimen, which are not accounted for in the model. Nonetheless, the results 

indicate that the Microplane model in ANSYS is a viable tool for predicting the flexural behavior of 

reinforced UHPC beams. 

 

 
(a) Full geometric U-B5 

 

 
(b) Combined plot of Microplane modal and experimental data 

 

Fig. 11. Total applied load vs midspan deflection of U-B5 

 
 

 



Journal of Structural Engineering & Applied Mechanics 158 

 

 

Table 3. Tabular presentation of key thesis results [20] 

 

Experimental results 

ANSYS FE results 

 Microplane Material model Menetrey-William model 

 Full Geometry Model Quarter Geometry Model 

Beam 

label 

Load 

capacity 

(kN) 

Max 

midspan 

deflection 

(mm) 

Total strain in 

longitudinal 

reinforcement 

(mm/mm) 

Load 

capacity 

(kN) 

Ratio 

Max 

deflection 

(mm) 

Ratio 

Total strain in 

longitudinal 

reinforcement 

(mm/mm) 

Max 

rebar 

tensile 

Stress 

(MPa) 

Load 

capacity 

(kN) 

Max 

deflection 

(mm) 

Max 

rebar 

tensile 

Stress 

(MPa) 

Load 

capacity 

(kN) 

Max 

deflection 

(mm) 

Max 

rebar 

tensile 

Stress 

(MPa) 

 (1) (2)  (3) (1)/(3) (4) (2)/(4)         

U-B3 97.1 a 0.025 116.27 0.835 121.72 a 0.035311 509.57 120.33 122.24 511.14 98.512 132.19 635.33 

U-B4 142.1 a a 151.64 0.937 89.999 a 0.050354 543.47 b b b b b b 

U-B5 126.6 122 0.025 135.07 0.937 120.39 1.01 0.033968 506.64 140.15 121.15 508.32 115.82 121.73 606.36 

U-B6 177.1 83 a 176.4 1 88.71 0.936 0.049332 541.17 b b b b b b 

aData not reported 

bANSYS results are not available because the loading is not symmetric on U-B4 and U-B6 
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Fig. 12. Load strain response at mid-span of rebars of U-B5, combined experimental plot and ANSYS microplane 

model plot 

 

 
(a) Full geometry microplane model plot 

 

  
(b) Quarter geometry microplane model plot 

 
(c) Quarter geometry Menetrey Willam model plot 

 
Fig. 13. U-B5 deflection color plot at failure load 

 

 Fig. 12 presents a combined experimental and microplane model plot of the total applied load (kN) on 

the two steel plates at the top of the U-B5 beam versus the total strain in the tensile reinforcement at the 

bottom section of the beam. The results for both 45 mm and 30 mm finite element meshes are also shown in 
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Fig. 12. Under a 105 mm displacement loading at the top of the beam, the microplane model with a 45 mm 

mesh estimated a total strain of 0.028848, while the 30 mm mesh calculated a total strain of 0.036671. The 

results in Fig. 12 indicate that the response of the rebars in this material model is stiffer than the experimental 

outcome. This discrepancy is due to the use of a bilinear tensile stress-strain model to approximate the 

hardening behavior of the steel rebars, which differs slightly from the actual mechanical properties of the 

reinforcement steel. Overall, the ANSYS plot in Fig. 12 closely matches the experimental plot. 

 Fig. 13 presents three color plots of U-B5 results obtained from full and quarter geometry structural 

analysis in ANSYS. Fig. 13a shows the color plot using the full geometry model with the Microplane material 

model, estimating a maximum midspan deflection of 119.62 mm. Fig. 13b depicts a quarter geometry model 

analysis using the Microplane material model, predicting a maximum midspan deflection of 121.71 mm. Fig. 

13c, another quarter geometry model analysis using the Menetrey-Willam model, predicts a maximum 

midspan deflection of 121.73 mm. The experimental midspan deflection is 122 mm. The close agreement 

between the deflection results from these color plots and the experimental data indicates that both the 

Microplane and Menetrey-Willam material models are effective in predicting the flexural behavior of 

reinforced UHPC beams. 

 

 
(a) U-B5, Units in mm 

 

 
(b) Combined plot of Microplane model and experimental data 

 
Fig. 14. Total applied load vs. midspan deflection of U-B5, quarter geometric ANSYS Microplane and Menetrey-

Willam model plot 
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 Fig. 14 presents combined plots of the applied load (kN) at the top of the U-B5 beam vs. the midspan 

deflection at the bottom using a quarter geometry model. The plots compare the Microplane and Menetrey-

Willam models against experimental data, with a focus on the 45 mm mesh size. Under a 105 mm 

displacement loading at the top of the beam, the Microplane model estimates a maximum applied load and 

midspan deflection of 35.038 kN and 121.51 mm, respectively. For the Menetrey-Willam model, the total 

applied load on the quarter geometry beam model is calculated as 35.038×4 = 140.152 kN. Additionally, 

under the same 105 mm displacement, the Menetrey-Willam model estimates a maximum applied load and 

midspan deflection of 28.954 kN and 121.77 mm, with the total applied load on the beam calculated as 

28.954×4 = 115.816 kN. The load-deflection curve from ANSYS for the Microplane model closely 

resembles the experimental plot, although the Microplane model overestimates the load capacity of U-B5, 

while the Menetrey-Willam model underestimates it. A correction factor could be applied to adjust for 

microcracks and imperfections in the actual beam. Overall, these plots demonstrate that both the Microplane 

and Menetrey-Willam material models in ANSYS can effectively predict the flexural behavior of reinforced 

UHPC beams. The difference in post-yield behavior between the two models may be due to the assumptions 

made in the Menetrey-Willam and Microplane models during the calibration of the stress-strain curves for 

the tension and compression behavior of UHPC. 

 Fig. 15 presents the total strain color plots for the tensile reinforcements in the beam section, using the 

three methods mentioned earlier. The results discussed are for the 45 mm mesh. The maximum total strain 

predicted is 0.033968 mm/mm for the full geometry (Microplane), 0.034716 mm/mm for the quarter 

geometry (Microplane), and 0.075498 mm/mm for the quarter geometry (Menetrey-Willam) models. The 

Microplane material model plots, shown in Figs. 15(a) and (b), indicate that at least 30% of the length of the 

tensile reinforcements at the bottom section yielded. In contrast, only 10% of the reinforcement length 

yielded in Fig. 15(c) when using the Menetrey-Willam model. 

 

 
(a) Full geometry microplane model plot 

 

  
(b) Quarter geometry microplane model plot 

 
(c) Quarter geometry Menetrey Willam model plot 

 
Fig. 15. Total strain color plot for tensile reinforcements at failure load in mm/mm for U-B5 
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(a) Full geometric ANSYS microplane model 

 

  
(b) Quarter geometric ANSYS microplane model 

 
(c) Quarter geometric ANSYS Menetrey Willam 

model 

Fig. 16. Equivalent von Mises stress color plot for tensile reinforcements at failure load in MPa 

 

 Fig. 16 presents the equivalent von Mises stress color plots for the tensile reinforcements in the beam 

section, using the three methods mentioned earlier. The plots predict a maximum total stress of 506.64 MPa 

for the full geometry (Microplane), 508.32 MPa for the quarter geometry (Microplane), and 606.36 MPa for 

the Menetrey-Willam model. 

3.2. Presentation of beam U-B3 ANSYS results with experimental data 

Fig. 17 presents a combined plot of the total applied load (kN) on the two steel plates at the top of the U-B3 

beam versus the midspan deflection at the bottom, using 45 mm and 30 mm finite element mesh sizes. The 

reinforced UHPC beam U-B3, with dimensions of 180×270×4000 mm, contains three tensile reinforcements 

at the bottom section, as shown in Fig. 17. The beam was analyzed in ANSYS using three methods: 

1. The full geometry section of U-B3 was analyzed using the Microplane material model.  

2. A quarter geometry section was analyzed using the Microplane material model.  

3. The quarter geometry section was analyzed using the Menetrey-Willam model. 

The plots in Fig. 17 display the results of the full geometry structural analysis using the Microplane model. 

Under a 105 mm displacement loading at the top of the beam, the 45 mm finite element mesh size results 

estimate a maximum applied load and midspan deflection of 119.02 kN and 120.59 mm, respectively. For 

the 30 mm finite element mesh size, the estimates are 116.27 kN and 121.72 mm, respectively. 
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Fig. 17. Total applied load vs midspan deflection of U-B3 

 

 

Fig. 18. Load strain response at mid-span of rebars of U-B3 combined experimental and ANSYS microplane model  

 

 Fig. 18 presents a combined plot of the total applied load (kN) on the two plates at the top of the U-B3 

beam versus the total strain in the tensile reinforcement at the bottom section of the beam. The plot includes 

results from the research by Solhmirzaei & Kodur [20] and the finite element solution using the Microplane 

material model. The Microplane model was analyzed with 45 mm and 30 mm mesh sizes, recording a 

maximum total strain of 0.035273 and 0.038842, respectively. In comparison, the experimental data plot 

estimates a total strain of 0.025 under a 105 mm displacement loading at the top of the beam. As discussed 

in previous sections, the difference in results may be attributed to the presence of microcracks and 

imperfections in the beam specimen and the assumptions made during the calibration of the Microplane 

material model parameters. Despite these differences, the shape of the finite element plot from the 

Microplane model is compatible with the experimental data. 

 Fig. 19 presents three color plots of U-B3 results obtained using full and quarter geometry structural 

analysis in ANSYS with a 45 mm finite element mesh size.  

• Fig. 19(a) shows the color plot using the full geometry model with the Microplane material model, 

estimating a maximum midspan deflection of 120.59 mm. 
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• Fig. 19(b) depicts a quarter geometry model analysis using the Microplane material model, 

predicting a maximum midspan deflection of 122.24 mm. 

• Fig. 19(c) is a quarter geometry model analysis using the Menetrey-Willam model, predicting a 

maximum midspan deflection of 132.19 mm. 

The experimental midspan deflection is 122 mm. The deflection estimates from the two material models vary 

by about 15%. 

 Fig. 20 presents plots of the applied load (kN) at the top of the U-B3 beam versus the midspan deflection 

at the bottom, comparing the Microplane and Menetrey-Willam material models using a quarter geometry 

model. The results discussed are for the 45 mm finite element mesh size. Under a 105 mm displacement 

loading at the top of the beam, the Microplane model estimates a maximum applied load and midspan 

deflection of 30.083 kN and 122.24 mm, respectively, with the total applied load on the beam estimated as 

30.083×4 = 120.332 kN. For the Menetrey-Willam model, the maximum applied load and midspan deflection 

are estimated as 24.628 kN and 132.19 mm, respectively, with the total applied load on the beam calculated 

as 24.628×4 = 98.512 kN. The load-deflection curves from ANSYS in Fig. 20(b) closely resemble the 

experimental results, though the Menetrey-Willam model shows irregularities after the yielding point of the 

beam, whereas the Microplane model provides a smoother curve. This suggests that the Microplane model 

performs better than the Menetrey-Willam model in this context. Overall, both models in ANSYS can be 

used to predict the flexural behavior of reinforced UHPC beams. 

 

 
(a) Full geometry microplane model plot 

 

  
(b) Quarter geometry microplane model plot 

 
(c) Quarter geometry Menetrey Willam model plot 

 
Fig. 19. U-B3 deflection color plot at failure load 
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(a) Quarter geometry on ANSYS, mm 

 

 
(b) ANSYS Microplane and Menetrey Willam model plot 

 

Fig. 20. Total applied load vs midspan deflection of U-B3 

 

 
(a) Full geometry microplane model plot 

 

  
(b) Quarter geometry microplane model plot 

 
(c) Quarter geometry Menetrey Willam model plot 

 
Fig. 21. Total strain color plot for tensile reinforcements at failure load in mm/mm for U-B3 
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(a) Full geometry microplane model plot 

 

  
(b) Quarter geometry microplane model plot 

 
(c) Quarter geometry Menetrey Willam model plot 

 
Fig. 22. Normal stress color plot for U-B3 at failure load in MPa 

 

 Fig. 21 presents the total strain color plots for the tensile reinforcements in the beam section, using the 

45 mm finite element results for the three methods mentioned earlier. The plots predict a maximum total 

strain of 0.035311 mm/mm for the full geometry (Microplane), 0.03597 mm/mm for the quarter geometry 

(Microplane), and 0.091214 mm/mm for the quarter geometry (Menetrey-Willam) models. The Microplane 

material model plots in Figs. 21(a) and (b) show that at least 35% of the length of the tensile reinforcements 

at the bottom section yielded, while only 12% of the reinforcement length yielded in Fig. 21(c) using the 

Menetrey-Willam model. 

 Fig. 22 presents the normal stress color plots for the beam section at failure load, using the 45 mm finite 

element results for the three methods mentioned earlier. Figs. 22(a) and 22(b) show identical results, with a 

maximum tensile stress of 8.9 MPa and a maximum compressive stress of 78.8 MPa. In contrast, the 

Menetrey-Willam material model, shown in Fig. 22(c), estimates a maximum tensile stress of 9.4924 MPa 

and a maximum compressive stress of 77.304 MPa. 

3.3. Presentation of beam U-B6 ANSYS results with experimental data 

Fig. 23 presents a combined plot of the total applied load (kN) on the two steel plates at the top of the U-B6 

beam versus the midspan deflection at the bottom of the beam. The plot includes results from the Microplane 

material model and experimental data. The U-B6 beam, with dimensions of 180×270×4000 mm, consists of 

four tensile reinforcements at the bottom section. The Microplane material model was used to analyze the 

full geometry of U-B6, which was tested in ANSYS using 30 mm and 45 mm hexagonal finite element 

meshes. The beam was subjected to a 3-point load test to evaluate its shear behavior, with a 72 mm 

displacement loading applied at the top of the beam. For the support conditions, a displacement of 0 mm in 

the x, y, and z directions was applied to one of the steel plates to simulate pinned support, while the other 
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plate had a displacement support of "Free, 0 mm, and Free" in the x, y, and z directions, simulating roller 

support. The experimental plot in Fig. 23 recorded a maximum applied load and midspan deflection of 177 

kN and 83 mm, respectively. In comparison, the Microplane material model estimated a maximum applied 

load and deflection of 181 kN and 88.81 mm for the 45 mm mesh, and 176.4 kN and 88.71 mm for the 30 

mm mesh. The load capacity of the beam decreased slightly from 181 kN to 176 kN when moving from the 

45 mm to the 30 mm mesh size. Overall, the load-deflection curves from ANSYS closely resemble the 

experimental plot, indicating that the Microplane model in ANSYS is effective in predicting the shear 

behavior of reinforced UHPC beams. 

 Fig. 24 presents combined plots of the total applied load (kN) on the two plates at the top of the U-B6 

beam versus the total strain in the tensile reinforcement at the bottom section of the beam, using 30 mm and 

45 mm finite element meshes. These plots are the results of the full geometry structural analysis in ANSYS 

using the Microplane model. Under a 72 mm displacement loading at the top of the beam, the estimated total 

strain is 0.049332 for the 45 mm mesh and 0.0527 for the 30 mm mesh at the end of loading. However, this 

result could not be validated due to the absence of corresponding experimental data. 

 

 

Fig. 23. Total applied load vs midspan deflection of U-B6 (Full geometry) 

 

 

Fig. 24. Load strain response at mid-span of rebars of U-B5, ANSYS microplane model plot 
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 Fig. 25 shows a load-deflection color plot of the U-B6 beam, obtained from a full geometry structural 

analysis in ANSYS using the Microplane material model. The result, based on a 45 mm finite element mesh, 

estimates a maximum midspan deflection of 88.81 mm. 

 Fig. 26 presents the total strain color plot from a full geometry structural analysis in ANSYS for the 

tensile reinforcements in the beam section. The analysis predicts a maximum total strain of 0.049332 

mm/mm. The Microplane material model plot indicates that at least 20% of the length of the tensile 

reinforcements at the bottom section yielded. 

 Fig. 27 presents the normal stress color plot for the full geometry Microplane ANSYS analysis of the 

beam section at failure load. The analysis estimates a maximum tensile stress of 10.029 MPa and a maximum 

compressive stress of 98.785 MPa. 

 

 

Fig. 25. U-B6 deflection color plot at failure load, full geometric microplane model plot 

 

 

 

Fig. 26. Total strain color plot for tensile reinforcements at failure load in mm/mm, full geometric ANSYS microplane 

model 
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Fig. 27. Normal stress color plot for U-B6 at failure load in MPa, full geometric ANSYS microplane model 

 

4. Conclusions 

In conclusion, this study effectively employed the Microplane and Menetrey Willam concrete models within 

the ANSYS software to simulate the behavior of reinforced Ultra-High Performance Concrete (UHPC) 

beams under flexural and shear loading conditions. 

 The general conclusions obtainable from this research are highlighted below: 

1. ANSYS finite element software can be used to analyze and design reinforced UHPC beams 

accurately when the concrete damage plasticity Microplane material model is used with the 

software. 

2. It is possible to capture the behavior of reinforced UHPC beams under flexural and shear load when 

the concrete damage plasticity Microplane material model is applied. 

3. It is possible to determine the extent of yielding in tension reinforcements provided in UHPC beams 

utilizing the finite element analysis. 

4. Since the load midspan deflection curve and load strain response of tension rebars from the 

experiment were accurately predicted, it is assumed that the other results such as deformation, 

normal stress, von Mises stress, elastic strain, plastic strain, total strain, etc. are also valid. 

5. The Menetrey-Willam model was able to predict the flexural behavior of reinforced UHPC beams 

by either using the full or quarter geometry model. 

6. The Microplane model can predict the shear behavior of reinforced UHPC beams under a 3-point 

load experimental test.  

7. Overall, when U-B3 and U-B5 are considered as control samples for flexure and shear respectively, 

U-B4 and U-B6 show increased load capacities, as indicated in Table 3. This increase is due to the 

higher bottom reinforcements provided in U-B4 and U-B6, making these beams significantly stiffer 

than the control samples U-B3 and U-B5. 
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