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Abstract:

Many experimental works available in the literature explore the structural behavior of flexural
members, but a limited number of studies examined the structural behavior of flexural members
using nonlinear finite element modeling (FEM). The purpose of the present study is to
investigate the effect of reinforcement ratio as well as shear span on the flexural and shear
behavior of reinforced concrete beams using three-dimensional FEM in ANSYS. Experimental
data and results of fifty-five reinforced concrete beams were compared. Concrete was modeled
using a three-dimensional SOLIDG65 solid element, capable of representing the actual behavior
of nonlinear brittle materials such as concrete. Discrete reinforcement was modeled using a
three-dimensional LINK180 spar element. The outcomes of the finite element model for loading
and cracking of flexural members with a discrete modeling approach were in good agreement
with theoretical and experimentally obtained results at all stages of loading. Furthermore, it
was observed that at the early stage, the finite element model shows a nearly close result to
experimental data compared to the result obtained at the ultimate stage. The outcomes of this
study are of utmost importance for structural engineers in designing reinforced flexural
members.

1. Introduction

especially for larger and complex civil engineering

A structure is a combination of different components used to
support loads. The prediction of the performance of these
structural components under a variety of loadings is essential
for a capable and economic structure. Although
experimental testing approaches for the response of these
structural components can provide significant results, they
can be time-consuming, costly, and sometimes impossible,
especially for larger and complex civil engineering
structures.
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structures. An approach to predicting the performance of
these structural components is the finite element modeling
(FEM) technique. FEM is one of the numerical approaches
established on using the nonlinear behavior of materials to
accurately predict their complex damaging response [1-9].
The performance of reinforced cement concrete (RCC) and
prestressed concrete members can be accurately predicted
using FEM [10-13]. Nowadays, the use of FEM software
such as ANSYS, Abaqus, Strand7, and Siesmostruct has
been increasing because of the advancements in the
computational fields [14-19]. The advancement of finite
element (FE) computer software does not mean there is no
need for experimental data at all, but to thoroughly
understand the efficiency of FE computer software, we must
study the experimental data. Also, the experimental-based
tests provide a base to understand the working of FEM code
clearly. Over the last few decades, more comprehensive
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studies have been carried out on both numerical and
experimental examinations of the response of RC beams. A
few of them are summarized below:

Wolanski [20] investigated the flexure response of beams
made of reinforced and prestressed concrete using ANSYS.
An RC beam was analyzed under a four-point bending test.
The cracking pattern in the RC beam was identified at
different stages. The results obtained from nonlinear 3D
FEM of the RC beam were compared with experimental
results on a control beam presented by Buckhouse [21]. The
FEM results were in close agreement with the experimental
results as well as with the theoretically calculated results.
Dahmani et al. [22] studied the scope of the ANSYS
software for investigating fracture patterns in the light RC
beams. Cracks were identified at stages of initial cracking,
beyond initial cracking, yielding of steel, beyond steel
yielding, and strength limit state under one-point loading. In
the end, a comparison was made between the results of FEM
of RC beams and results obtained from the theoretical
evaluation. A good agreement between the testing results
and FEM predictions was obtained.

Khan et al. [23] examined the shear behavior of RC beams
using ANSYS software. The results acquired from the 3D
FEM model were evaluated with results from experimental
testing on an RC beam carried by Tahenni et al. [24]. The
FEM results matched the experimental results with high
accuracy. Some researchers, such as Carpinteri et al. [25]
and Badiger et al. [26], evaluated the effect of different
percentages of steel reinforcement on the crack propagation,
the shape of the fissures, and the relation to the mode of
failure of the beam using ANSYS.

Numerous researches have been conducted to evaluate the
impact of variation in shear span to depth ratio (a/d ratio)
on shear and flexural behavior of RC and ultra-high-
performance concrete beams using the FEM approach [27-
31]. The results obtained from FEM models were also
validated with experimental work with satisfactory results.
Though much research on FE modeling has already been
published, there is still a need to investigate the RC beams
for their cracking and failure mechanism under flexural
loads while considering the maximum parameters of FEM
and RC beams in a single research.

In this study, a total of fifty-five RC beams were modeled to
investigate the impact of reinforcement and shear span to
depth ratio on the flexural strength, shear strength, and
cracking patterns of RC beams using the ANSYS software.
Also, the results obtained from the ANSYS software were
compared with experimentally tested RC beams which were
not addressed yet in the literature, becoming the novelty of
the present work, including the parametric study.

The primary objectives of the present study are the
following:
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1. To propose an accurate FEM model for predicting the
structural behavior of RC beams using state-of-the-art
FEM techniques.

2. To evaluate the effects of shear span and steel ratio on
the shear and flexural strength of RC beams.

3. To investigate the impact of reinforcement and shear
span to depth ratio on the flexural strength, shear
strength, and cracking patterns of RC beams.

4. To examine and compare the cracking behavior and
failure model of RC beams.

5. To compare the results obtained from the proposed
FEM model with experimental results of RC beams;

6. To compare the relative flexural capacity of each FEM
model with the relative flexural capacity obtained from
the experimental testing of RC beams.

2. Experimental Work

The reference selected to make RC beams for this
investigation was the research carried out by Elahi [32]. This
investigation tested a total of fifty-five R.C beams without
web reinforcement. All beams had the same cross-section of
6”"x12". The RC beams, made of high-performance
concrete, were studied in five groups with varying steel
ratios. Each group contained eleven beams with shear span
to effective depth ratio (a/d) varied from 1-6 with an
increment of 0.5, as shown in Table 1.

All beams were subjected to single point loads at their
middle points. The geometric specifications of the test
specimen are shown in Figure 1.

3. Finite Element Modeling

The reinforced concrete beams are taken and analyzed by
FEM using the commercially available software ANSYS
14.5.

3.1 Element Types

Concrete is modeled by a 3-D solid element named
SOLIDG5. It is described with eight nodes, each possessing
three degrees of freedom (DOF) of translations in X, y, and
z nodal directions. This solid element can describe crushing,
cracking in each orthogonal direction, and plastic
deformation. The fracture process of concrete was defined
using the constitutive model proposed by William and
Warnke [33].

A 3D spar element LINK180, consisting of two nodes with
three DOFs at each node (translations in x, y, and z-direction
nodal), is used to model the steel reinforcement. It can
undergo plastic deformation. The steel reinforcement for the
FEM has been assumed to be an elastic-perfectly plastic
material and equal under tensile and compressive loads.
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Table 1: General Group Data

Group #01 Group #02 Group #03 Group #04 Group #05
p=0.349 % p=0.635 % p=0.984 % p=1397% p=1.937%
Beam Type ald BeamType a/d BeamType a/d BeamType a/d ?.;%r: a/d
BF1 1 BG1 1 BH1 1 BI1 1 BJ1 1
BF2 15 BG2 15 BH2 1.5 BI2 15 BJ2 1.5
BF3 2 BG3 2 BH3 2 BI3 2 BJ3 2
BF4 25 BG4 25 BH4 2.5 Bl4 2.5 BJ4 2.5
BF5 3 BG5 3 BH5 3 BI5 3 BJ5 3
BF6 35 BG6 35 BH6 3.5 BI6 3.5 BJ6 3.5
BF7 4 BG7 4 BH7 4 BI7 4 BJ7 4
BF8 45 BG8 45 BHS8 45 BI8 45 BJ8 4.5
BF9 5 BG9 5 BH9 5 BI9 5 BJ9 5
BF10 55 BG10 5.5 BH10 5.5 BI10 5.5 BJ10 5.5
BF11 6 BG11 6 BH11 6 BI11 6 BJ11 6

10.5"

Span Length

l; e o
T I N

10.5" 10.5"
L L LA «‘; [ ] .\
15" s A 2#4 ; 157 . o285
6" 6"

Fig. 1: Geometrical details of the test specimen

3.2 Real Constants

Some properties, such as the cross-sectional properties of
RC beam elements, are real constants that depend on the
type of material, noting that real constants are different for
individual elements. For these working models, real
constants are presented in Tables 2-3.

Real Constant Set 1 is defined for the SOLID65 element.
The stiffness and orientation of reinforcement are defined by
the user. In the present study, discrete reinforcement is used
to model the connection. As suggested by previous studies,

a zero value was entered to turn off the smeared capacity of
steel reinforcement for the SOLID65 element [34-36].

For the analysis of the LINK180 element, a real Constant Set
2 is assigned. Values for the cross-sectional area and initial
strains were entered. There are five groups concerning
reinforcement ratio; therefore, the cross-sectional area in Set
2 refers to the steel bars of #3, #4, #5, #6, and #7 diameter,
respectively. A zero value was entered in the table for the
initial strain because there was no initial stress present in the
reinforcement.
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Table 2: Real Constant Set 01 for the Working Models
Group No. Set of Real Type of
Constant Element Constant
Parameter Real constant  Real constant  Real constant
for rebar 01 for rebar 02 for rebar 03
Material No. 0.0 0.0 0.0
All Groups 1 SOLID65
Ratio of Volume 0.0 0.0 0.0
Orientation Angle 0.0 0.0 0.0
Orientation Angle 0.0 0.0 0.0
Table 3: Real Constant Set 02 for Calibration Model
Set of Real Type of .
Group No. Constant Element Area and strain Constants
Area of Cross section (in?) 0.11
1 2 LINK180
Initial Strain (in./in.) 0
Area of Cross section (in?) 0.2
2 2 LINK180
Initial Strain (in./in.) 0
Area of Cross section (in?) 0.31
3 2 LINK180
Initial Strain (in./in.) 0
Area of Cross section (in?) 0.44
4 2 LINK180
Initial Strain (in./in.) 0
Area of Cross section (in?) 0.61
5 2 LINK180 . S
Initial Strain (inch/inch) 0.0

3.3 Material Properties

Parameters needed for defining the models of material to be
used in control specimens are given below in Table 4.
SOLID65 element is represented by Material Model
Number 1. For the proper modeling of the concrete, linear
and multilinear isotropic properties of the material are
required by the SOLID65 element. ANSYS needs some
material properties data, which is given in Table 4.

For material properties of concrete: Modulus of elasticity
(Ec); Ultimate uniaxial compressive strength (f'c); Modulus
of rupture or ultimate uniaxial compressive strength (f);
Poisson’s ratio (v); Coefficient of shear transfer (ft);
Uniaxial Compressive stress-strain relationship for the
concrete; Elastic modulus (Ec) for concrete is EX, and that
PRXY is the Poisson’s ratio (V).

A bilinear isotropic LINK180 element is referred to by
material model No 2. Inthe FE model of the beam, LINK180
elements are used for the entire steel reinforcement.
According to the research carried out by Shaifullah et al.
[37], the von Mises failure criteria is the base of bilinear
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isotropic material. The bilinear model needs the tensile yield
strength (f,) and modulus of hardening for steel to be
assigned. In our models, the elastic limit or yield strength
was defined as 60000 lb/in?, and the modulus of hardening
was 2900 Ib/in%. When the crushing ability was turned on,
convergence problems were repeatedly observed.

3.4 Interaction and Modeling

The specifications of the full-sized beams were 6.00x12.00
in. The span between the two supports varied from 1 ft 9 in
to 10 ft 6 in with an increment of 10.5 in each.

The full scale of RC beams was modeled in the form of small
finite elements. First of all, an appropriate number of nodes
were generated, meeting the present condition. Then, these
nodes were joined to form finite elements according to the
requirements, as shown in Figure 2. The interaction between
the reinforcement and concrete was defined by assuming a
perfect bonding between their elements. LINK180 elements
of reinforcement were perfectly connected to SOLID65
elements to transfer all required degrees of freedom.
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Table 4: Properties of concrete and steel required for FE model

Type of Element Material Properties
Linear Isotropic properties
EX (Ec) 5135380.512 psi
PRXY (vc) 0.2
Multilinear Isotropic properties
Strain Stress
Point No.1 0.000474 2435.1
Point No.2 0.0007 3426.742
Point No. 3 0.00095 4474513
Point No. 4 0.0025 7898.527
Point No. 5 0.003161 8117
Concrete
ShrCf-Open 0.3
ShrCf-Clos 1
UnTenslSt 668.64 psi
UnCrushSt -1
BiCrushSt 0
HydroPres 0
BiCrushSt 0
UncrushSt 0
Linear and Bilinear Isotropic properties
EX (Es) 29000000 Ib/in?
PRXY(vs) 0.30
Yield Stress fy 60000 Ib/in?
Tang. Mod 2900 Ib/in?
oo ANSYS| [ ANSYS)
A
(a) (b)

Fig.2: (a) RC Beam created for FE model (b) Reinforcement developed in FE model

Nodes at a distance of 6 inches from the left end of the RC the beam because, in the experimental testing of specimens,

beams were restrained in X and Y directions, and those from no stirrups were provided in the beams for the shear
the right end were restrained in the vertical direction. reinforcement. Two bars are present in each beam model.
LINK2180 elements were used to form the flexural or Reinforcement details in the discrete model developed by

bending reinforcement. No shear stirrups were considered in ANSYS are shown in Figure 2.
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3.5 Meshing

Meshing is essential to achieve good FEM results. The
rectangular mesh is suggested to obtain a better response
from the SOLIDG65 element. No separate mesh for reinforced
bars was needed because nodes of reinforced elements were
connected to those of adjacent concrete solid elements to

Numerical Methods in Civil Engineering, 7-1 (2022) 37-56

satisfy the perfect bond assumption. The size of meshing
along the length and depth of models was taken as 1.5 in, as
shown in Figure 3. This mesh size was obtained using a
mesh sensitivity analysis portraying the highest accuracy at
this element size, and hence, it was selected for further
analysis of the RC beams.

ANSYS

ELEMENTS

A

ELEMENTS

Fig. 3: Meshing size along the length and depth of the FE model

3.6 Boundary Conditions and Loads

In the present study, hinge support was created at the left end
of models at a distance of 6 in. Nodes at a 6 in distance from
the left end of models were allotted constraintin UX and UY
directions with a zero-constant value for producing the hinge
support. Roller support was created at the same distance
from the right end of the models by assigning constraints in
the UY direction with a zero-constant value to the nodes
located at that position. A concentrated load was applied at
the center of each model. The load applied at each node at
the loading position was one-fifth of the actual load.
Supporting details and loading conditions are shown in
Figure 4.

ELEMENTS

ANSYS

ApplieiLoading

Boundary Conditions
(Hinge Support)

Boundary Conditions
(Roller Support)

Fig. 4: Support and Loading conditions of FE model
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3.7 Analysis Type

To identify fissures in a full-sized RC beam sample, we
performed a 3D nonlinear structural analysis on a full-sized
beam specimen. ANSYS software solves nonlinear
problems by using Newton—Raphson method. In nonlinear
analysis, the ultimate load subjected to a FE model is sub-
divided into different load increments known as load steps.
These load steps are further subdivided into sub-steps. The
matrix of stiffness of the specimen was calibrated at the end
of the solution of each load step to show nonlinear changes
in stiffness of the structure before heading to the next load
increment. The load increments for a single model are shown
in Table 5.

In this research, the criteria for convergence were based on
displacement and force. As Vasudevan and Kothandaraman
[38] stated, low convergence limits used for analysis require
additional trials, subsequently increasing computational
time and disk space. The convergence limits do not change
model behavior up to the yielding of the steel stage. In the
current research, default convergence criteria were used up
to the development of the first crack, and after the first crack,
the tolerance limit of 0.25 was used for displacement
convergence criteria, and force convergence criteria were
dropped. Model failure was observed where the solutions
failed to converge even with a tiny load increment.
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Table 5: Load increments for nonlinear analysis for BF-5

Starting of time T;\r/neer;\tl_t:: degt(:;)f No.s(gpl_soad No. of Sub steps Increment of Load (Ibs)

0 7250 1 1 7250
7250 7500 2 250 250
7500 9500 3 250 2000
9500 11500 4 250 2000
11500 13500 5 250 2000
13500 15500 6 250 2000
15500 17500 7 500 2000
17500 19500 8 500 2000
19500 21500 9 500 2000
21500 22000 10 250 500

4. Results and Discussion
4.1 Behavior at First Cracking

Initial cracking starts nearly at the mid-span of each model.
These first cracks, which occurred in the mid-span of
models, are flexural. The maximum value of deflection and
stress occurred in the mid-span of models during the
application of load as expected. Theoretical calculations are
carried out to compute the load at which first cracking takes
place and corresponding stresses and deflection. These
theoretical calculations are shown in Appendix A. The
crack/crushing plot option in ANSYS was used to obtain a
cracking pattern in beams. To visualize the cracks in the
model, the vector mode option is turned on. The first
cracking of a single model for each group is shown in Figure
5. Table 6 shows the experimental results of the examined
55 beams.

Comparison of results at initial cracking obtained from the
finite element model is made with experimental as well as
theoretical calculation results as shown in Figures 6-10.

4.2 Behavior after First Cracking

Crack patterns produced while carrying out the experimental
testing were strongly detected and marked on the RC beams,
compared with cracking areas produced by FEM models,
and are shown in Figures 11-14, which gives a clear picture
of the four-point bending behavior of RC beams.
Significantly, the crack patterns created by ANSYS are not
the actual cracks but conceivable cracking areas.

If we studied in the nonlinear region of response, succeeding
cracking occurred as the applied load was increased.
Cracking also increased in the constant moment region.
With a gradual increase of loads cracking started growing
towards the supports. Also, when the load increased beyond
the initial cracking load, diagonal tension cracks started to
form in the beam model. The cracking behavior after the
initial cracking load can be seen in Figures 11-14. When the
flexural loading was increased, the cracks in the damaged
RC beams increased moving towards the end supports,
revealing the cracks were shifting from flexural to shear
cracks.
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CRACKS AND CRUSHING

ANSYS

pis.5| [ CRACKS AND CRUSHING

ANSYS

R13.5

STEP=S STEP=2

SUB =253 SUB =104
TIME=10762 TIME=11104
FARN 4 7K

ANSYS ANSYS
CRACKS AND CRUSHING m1s4| | CRACKS AND CRUSHING M55
STEP=2 STEP=2
SUB =95 SUB =60
TIME=11495 TIME=12060
RN . ik '
ANSYS
CRACKS AND CRUSHING 145
STEP=2
SUB =33
TIME=12833
K
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Fig. 5: First cracking of single FE model for each Beam Series
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Table 6: The experimental results of the examined beams

Sr. No. Beam ID A;s (in) Per (Kips) Deflection (in) Pu (Kips) Ms (Kip-in) Vu (Kips)
1 BF1 0.22 28.11 0.001 43.29 227.28 0.404
2 BF2 0.22 17.31 0.052 25.97 204.48 0.242
3 BF3 0.22 10.82 0.047 15.20 159.60 0.142
4 BF4 0.22 3.90 0.024 8.66 113.64 0.081
5 BF5 0.22 7.36 0.053 9.96 156.84 0.093
6 BF6 0.22 6.49 0.101 9.09 167.04 0.085
7 BF7 0.22 3.90 0.109 6.92 145.32 0.065
8 BF8 0.22 2.16 0.113 6.06 143.16 0.057
9 BF9 0.22 3.90 0.231 5.19 136.20 0.048
10 BF10 0.22 2.60 0.232 4.76 137.40 0.044
11 BF11 0.22 2.16 0.265 3.03 95.40 0.028
12 BG1 0.40 25.96 0.003 43.25 227.04 0.404
13 BG2 0.40 15.14 0.055 36.33 286.08 0.339
14 BG3 0.40 8.66 0.063 34.17 358.80 0.319
15 BG4 0.40 10.82 0.078 25.96 340.68 0.242
16 BG5 0.40 8.66 0.084 21.20 333.96 0.198
17 BG6 0.40 6.49 0.098 15.18 278.88 0.142
18 BG7 0.40 5.63 0.114 13.85 290.88 0.129
19 BG8 0.40 4.33 0.133 16.01 378.24 0.149
20 BG9 0.40 4.33 0.246 11.25 295.32 0.105
21 BG10 0.40 3.03 0.258 10.22 295.08 0.093
22 BG11 0.40 3.46 0.317 8.66 272.76 0.081
23 BH1 0.62 38.98 0.002 86.45 453.84 0.807
24 BH2 0.62 12.98 0.041 38.49 303.12 0.359
25 BH3 0.62 12.98 0.071 41.95 440.52 0.392
26 BH4 0.62 7.79 0.066 22.50 295.32 0.210
27 BH5 0.62 8.66 0.063 17.31 272.64 0.162
28 BH6 0.62 8.66 0.119 19.74 362.76 0.184
29 BH7 0.62 8.66 0.116 21.20 445.20 0.198
30 BHS8 0.62 6.49 0.202 18.17 429.24 0.170
31 BH9 0.62 5.63 0.258 16.01 420.24 0.149
32 BH10 0.62 4.33 0.278 16.01 462.24 0.149
33 BH11 0.62 4.33 0.367 13.41 422.4 0.150
34 BI1 0.88 32.46 0.006 84.40 443.10 0.788
35 BI2 0.88 21.64 0.082 78.77 620.28 0.785
36 BI3 0.88 12.98 0.100 63.72 669.04 0.586
37 Bl4 0.88 12.98 0.073 51.07 670.32 0.477
38 BI5 0.88 10.39 0.095 24.24 381.84 0.226
39 BI6 0.88 8.22 0.131 20.77 381.6 0.194
40 BI7 0.88 7.79 0.131 20.77 436.20 0.194
41 BI8 0.88 4.33 0.271 20.77 490.68 0.194
42 BI9 0.88 5.63 0.301 21.64 567.96 0.202
43 BI10 0.88 5.63 0.314 23.37 674.76 0.218
44 BI11 0.88 5.63 0.302 22.07 695.16 0.206
45 BJ1 1.22 34.62 0.008 87.86 461.24 0.820
46 BJ2 1.22 238 0.083 86.57 681.72 0.808
47 BJ3 1.22 10.82 0.075 60.59 636.24 0.566
48 BJ4 1.22 12.98 0.089 45.01 590.76 0.420
49 BJ5 1.22 11.25 0.097 25.97 409.08 0.242
50 BJ6 1.22 12.98 0.143 23.37 429.48 0.218
51 BJ7 1.22 8.66 0.171 21.27 572.64 0.255
52 BJ8 1.22 8.66 0.280 27.70 654.36 0.259
53 BJ9 1.22 8.66 0.333 25.10 658.92 0.234
54 BJ10 1.22 6.49 0.337 22,51 649.98 0.210
55 BJ11 1.22 6.49 0.415 23.37 736.20 0.218
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Fig. 6: Comparison of 1%t Cracking Load between FEM, experimental and theoretical results for Group No. 01
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Fig.7: Comparison of 1% Cracking Load between FEM, experimental and theoretical results for Group No. 02
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Fig. 8: Comparison of 1%t Cracking Load between FEM, experimental and theoretical results for Group No. 03
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Fig. 9: Comparison of 1% Cracking Load between FEM, experimental and theoretical results for Group No. 04
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Fig. 13: Increased cracking of FE model
beyond yielding of steel
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Fig. 12: Further cracking of FE at 11500 Ib Load Fig. 14: Cracking just before failure
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4.3 Behavior at Strength Limit State

At failure load, the beam cannot support further load, as
pointed out by a non-convergence failure. Several cracking
all over the entire beam occurs. It is observed that the
spreading of cracking increases with the increase of the
reinforcement ratio. As in the present study, the
reinforcement ratio increases from Group 01 to Group 05,

ANSYS

CRACKS AND CRUSHING 185
STEP=4
SUB =231

TIME=10443

AL ARET
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and therefore spreading of cracks increases accordingly, as
shown in Figure 15, which shows the failure of the same
span beam with varying reinforcement. Severe cracking
through the whole constant moment area happens.
Remarkable is that just before the failure, a few splitting
(compressive) cracks seem at the upper part of the RC beam
because of the crushing failure of the concrete.
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Fig. 15: Cracking of FE model at failure for each Group (from Group 01 -05)
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Comparison of results at Strength Limit State obtained from
FEM model is made with experimental as well as theoretical
calculation results as shown in Figures 16-20. The
theoretical calculations for the ultimate capacity of RC
beams are presented in Appendix A. Yielding of steel
reinforcement occurs when a force greater than its yield
strength is applied. At this point, the displacements of the
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beam start to ameliorate at a more significant rate as more
loads are applied. The yielding steel, a cracked moment of
inertia, and nonlinear concrete now express the flexural
rigidity of the RC beams. The capability of the RC beam to
dispense load through the cross-section has lessened
momentously. Consequently, larger deflections occur at the
beam centerline.
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Fig. 16: Comparison of ultimate Load between FEM, experimental and theoretical results for Group No. 01
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Fig. 17: Comparison of ultimate Load between FEM, experimental and theoretical results for Group No. 02
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4.4 Effect of shear span to effective depth ratio (a/d)
4.4.1 Effect of (a/d) ratio on the shear capacity of the beam

Beam specimens with five steel reinforcement ratios have
been modeled to examine the shear response of RC beams.
It was observed that the FEM results recorded a similar
response of the beams tested experimentally; the shear
capacity decreased exponentially when the shear span to
effective depth (a/d) ratio was increased, as shown in Figure
21.
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4.4.2 Effect of (a/d) ratio on relative moment capacity of
the beam

For the constant level of steel reinforcement ratio, it was
observed that the relative flexural capacity Mexp/ Mineo OF
Mansys /Mineo Normally decreases from a/d =1 to 3, and
from 3 to 6, it increases for the constant value of steel ratio,
as shown in Figure 22.
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Fig. 21: Comparison of Shear stress at initial cracking between FEM and Experimental results
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5. Conclusions

Based on the comparative study of FEM and experimental
works on RC simply supported beams with different steel
reinforcement and shear to depth (a/d) ratios under center-
point loading, the following conclusions have been drawn:

1. The FEM results show good agreement with
experimental results attained from a reinforced
concrete beam with only minor deviations of 5%.

2. At an early stage, the FEM model shows closer
results to experimental data than the result obtained
at the ultimate loading stage. This may be ascribed to
the higher ultimate load of the FEM model, which
might be due to the perfect bonding assumption
between concrete and reinforcement.

3. By using a constant steel ratio, the parameters P, Py,
Ver, and vy are decreased with increasing a/d ratio of
the RC beams.

4. Using the constant a/d ratio, the parameters P, Py,
Ver, and v, are ameliorated with increasing steel ratio.

5. The relative flexural capacity Mexpy/ Mineo OF Mansys
IMineo Normally decreases from a/d = 1 to 3and from
a/d = 3 to 6, it ameliorates for the constant value of
the steel ratio. This may be ascribed to a valley of
diagonal shear failure formed in the vicinity of a/d
=3

6. The proposed FEM model precisely captured the
cracking patterns and failure modes of the RC beams.
Therefore, this model can be employed for the further
parametric study, analysis, and design of RC beams.
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Appendix A

A. 1. Theoretical Calculations

Inspection of RC beam for flexural behavior at an applied
load of 3,426 Ib (see Figure A.1).
P

} e

il ..:'_~__.a*=.ﬂ
“, T 126" TG:
-

Fig. A.1: RC beam for flexural behavior at an applied load

The moment that develops from the existing forces is the
maximum moment.

PL 3,426.126
M=—==—
4 4

= 107.919 Ib.in (A1)

Properties of Material. The gross moment of inertia (1)
_bh* _6.12° (A2)

= = = [ 4
o == 3 864 in

Stresses in Concrete and Steel.
The transformed moment of inertia of the concrete and
steel was used to compute the stresses at the extreme
tension fiber (see Figure A.2).
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Fig. A.2: Cross-section details of beam
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Transformed Area of Steel.

(Ay), = 6.0.22 = 1.32 in? (A4

0.66 in? distributed at each side of the concrete cross-
section.

Distance from the Top Fibre to the Neutral Axis of the
Transformed Moment of Inertia:

_ Ayt Ay,
=" - =6.01371
y A, + 4, 6.0137 in

(A5)

Distance between the bottom Fibre to the Elastic Neutral
AXis:

yp = 5.986292 in (A-6)
Transformed Moment of Inertia (It
Ly = g + Bd%]eone. + [Ad?],epare= 890.58003in¢ (A7)
The stress at the extreme tension fiber is:
M.y, 107.919.5.986 ) (A.8)
fer = I~ 89058093 725.40812 psi
The steel stress at this location is:
_ M.y, 1079195986 . (A9)
for = L n= 890.58093 .6 =3261.8449 psi
Loads at First Cracking. The load at first cracking:
_ M.y, (A.10)
foe = i
tr
_PL.yy (A.11)
foe =77
tr
126.5.986 (A.12)
72540812 = For 4550 58003
(A.13)

P., = 4,192 lbs
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