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Abstract: The aim of this article is to investigate the effect
of using reactive powder concrete (RPC) for reinforcement
concrete deep beams (CDBs) to study the shear effect by the
numerical analysis. The method of finite element analysis
model simulations using a program was used. The charac-
teristics of RPC and the deep beam of reinforced concrete
were obtained from previous scientific research. Non-
linear analysis for two models of deep beams, one with
RPC and the other without using it, was conducted to com-
pare with experimental results from recent tests of deep
concrete beams with RPC and loaded until failure. The data
obtained from the specimens have many factors related to
the effect of the strength and action of reinforcement CDBs
such as shear load deflection, crack pattern, mode failure,
and concrete strength. On the other hand, the mesh chan-
ging was investigated in terms of the maximum concrete
strength and the running time by changing the mesh size to
50, 25, and 15. Models were simulated with a two-point load
using a shear span-to-depth with an av/d ratio of 0.77. The
difference in percentage deflection between the numerical
and experimental models’ data was observed at 2.60 and 5.9%
for concrete deep beam and RPC deep beam, respectively,
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and the maximum shear load was 2.27 and 5.40%. The impor-
tance of the outputs of this article lies in bridging the research
gap of this new topic and identifying the shear behavior of
deep beams reinforced with RPC due to the lack of research
related to this topic. It was noted that the obtained data for
finite element analysis are very consistent with the previous
laboratory scientific research, while the error rate did not
exceed 10%.

Keywords: deflection responses, RPC, ultimate shear load,
radial crack load, and crushing patterns

1 Introduction

Shear is one of the most dangerous types of failure that
occurs in reinforced concrete members, especially in deep
beams, because it occurs suddenly and without warning
[1]. Therefore, it has become necessary to research and
investigate materials and techniques for strengthening
and repairing reinforced concrete parts. In recent years,
new high-performance composite materials have been
used, including reactive powder concrete (RPC), which
meets the increasing requirements for high strength and
durability, and provides superior ductility and workability.
Because of the lack of research related to studying the
effect of using RPC with deep beams, the importance of
this research article is based on numerical analysis and
comparing these results with the results of previous experi-
mental work. Modeling simulation is adopted to verify
laboratory results and perform a numerical study using
nonlinear finite element analysis. To build strong, sustain-
able, and durable buildings, RPC is used, and it can be
defined as modern cementitious composite materials with
good toughness and high-performance properties [2]. As a
result, RPC shows high compressive strength and flexural
strength, high rigidity, and low porosity transmittance com-
pared with high-performance concrete (HPC); it can be
said that this is the fundamental and consistent difference
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between RPC and HPC [3]. The inventors of RPC did an
important thing which is to avoid including coarse gravel
in the mix which has to do with microstructure and RPC
function which will reduce the heterogeneity in the mortar
and aggregate mixture [4]. Sample modeling was per-
formed using a computer program (ABAQUS 20.0). Non-
linear numerical analysis was performed on deep beams
to compare with experimental results. New cementitious
material RPC high content container is made of short steel
fibers with high strength and has an improved matrix
density of packing and disposal of coarse aggregate [5].
The conclusions of this research show that the RPC mixture
containing steel fibers added has no significant effect on
the initial radial crushing load, but on the other hand, the
maximum load capacity will be affected significantly.
The ratio of maximum shear strength to radial crushing
strength (Vu = Vcr) has an average ratio of about 2.5 and
where was related to all examined beams of fibrous RPC
[6]. The effect of the orientation of steel fibers on the
bending ability in terms of load—deflection response has
been demonstrated by a numerical study. The conclusions
of this research indicate that the position of the steel fibers
represents an important factor in the behavior of the
models, and therefore it is typical. It was observed that
the position of the fibers perpendicular to the longitudinal
direction of the ultra-high-performance concrete (UHPC)
beam will be in equal proportions [7]. A laboratory study
was conducted and concluded that the addition of 2.5%
mineral fibers in the RPC mixture gives a high compressive
strength of 143.5 MPa at 60 days [8]. RPC is known as UHPC
due to its superior mixture composition.

The RPC mixture is characterized by the absence of coarse
aggregate as well as the presence of a large amount of cement
(800-1,000 kg/m), silica fume, sand finer than 600 pm particle
size or crushed quartz, fibers, and superplasticizers, usually
with a water to cement ratio (w/c) less than 0.2 [9].

It has been shown that the failure mode of UHPC speci-
mens changes from complete or sudden crushing to a
somewhat elongated failure pattern by adding steel fibers
so that the samples will remain intact without crushing or
fragmentation [10].

Through the study and research, it was observed that
the behavior of the linear elastic fracture, which reaches
80-90% of the maximum stress value, is related to the
typical stress—strain curve of UHPC [11,12].

In addition, it was observed that adding 2% of steel
fibers would increase and strengthen the crushing strength
of radial shear by 95% [13].

Through a numerical study, it has been observed that
the absolute shear strength and beam ductility can be
improved more effectively by using the composite beam
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type UHPC-NC. On the other hand, the UHPC-NC composite
beam will be weak at the end of the interfacial region and
the mechanical properties of the composite beam will be
adversely affected due to its fracture in that region, which
must be considered in the structural design [14]. An experi-
mental study was conducted on deep RPC, and it showed
that the addition of 15-20 and 25% silica fume will increase
the shear force by 11.5 and 18.3%, respectively. The reason
for this may be that increasing steel fiber in the RPC mix will
enhance particle packing, which will improve the RPC micro-
structure matrix and increases the strength of RPC [15].

2 Numerical analysis

In this scientific article, a numerical study was conducted
using model simulations to study the behavior of RPC for
reinforced deep beams. The results supporting this research
work were adopted from previous new work. Figure 1 shows
the deep beam as detailed and described which was used as
a reference model as well as a model using RPC. Two speci-
mens of profound beams were used for the same dimensions
of 500 mm x 150 mm x 1200 mm and the shear span to effec-
tive depth ratio is 0.774. The control beams with stirrups and
a diameter g 12 mm by 200 mm spacing from the face of the
beam. Other deep beam with RPC type. All RC deep beams
have been validated by a new recent experiment and labora-
tory results have demonstrated that the use of RPC provides
an improvement in shear strength within 68% compared to
the deep reference beam. Finally, this research will study the
behavior of RPC in shear for deep beams by the load—dis-
placement response, crack pattern, mode failure, and the
ultimate strength of concrete. Moreover, the numerical inves-
tigation of the mesh changing of the models by 50, 25, and 15
was carried out in terms of the running time, the ultimate
concrete strength, crack pattern, and mode of failure.

2.1 Material modeling

In any numerical study, the simulation of any model under
applied loads depends on the behavior and mechanical
properties taken from the structural material used in con-
struction. Different materials from which reinforced con-
crete members can be built (normal or reactive powder)
concrete and steel will take collective behavior as a uniting
rule. The stress—strain relationship will be similar in ten-
sion and compression when steel will be considered a
homogeneous material.

On the contrary, the stress and tension behavior of
concrete is different, as it is a heterogeneous semi-brittle
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Figure 1: Reference CDB and RPCDB.

material because its internal mixture is mainly dependent
on the properties of all its mixtures. The RPC is cement
mortar, steel fiber, silica fume, and air voids. The efficiency
and accuracy of a computer model depend mainly on the
appropriate modeling of material properties [15].

2.2 Numerical simulation of deep beams
using ABAQUS

Considering the outlay of money and time involved, RC
deep beam reactive concrete behaviors include many para-
meters: load-displacement response, crack pattern, mode
of fraction, and the ultimate strength of concrete. Moreover,
the numerical investigation of the lattice variability of the
models by 50, 25, and 15 in terms of the running time, the
maximum concrete strength, crack pattern, and mode of
failure cannot be completely understood, and obtained by
laboratory validation. Moreover, the numerical study can
add information about RPC deep beams of shearing beha-
vior. But the limitations of numerical analysis cannot fully
solve the desired problem. Therefore, numerical analysis
along with empirical validations is necessary for further study
of the behavior of reinforced deep beams with RPC type.
The simulation of RPC-type reinforced deep beams was
studied by ABAQUS software V20.0 using an advanced
numerical model [16]. This research will study the behavior
of non-linear concrete under compression and tension. The
concrete damaged plasticity model from ABAQUS software
was used to define the materials and extract data on stress
and inelastic strain, which will be used as main inputs in the

program to calculate other parameters such as the max-
imum shear strength and displacement in the compression
and tensile regions of the concrete. Simulation data acquisi-
tion was evaluated using laboratory data that included two
deep beam samples with the same dimensions (500 mm x
150 mm x 1200 mm) and the shear extent to effective depth
ratio of 0.774 with the use of a four-point loading system for
the reference and RPC deep beam.

2.3 Material properties

Accurate data on the mechanical properties of any mate-
rial is an important key factor in any numerical analysis.
The data obtained through the model’s simulation were
compared with the data obtained with the previous experi-
mental new research and the maximum error was kept
less than or equal to 6%. The mechanical properties of
normal concrete, RPC, and steel used to simulate the
models in this research article are explained in Table 1.

Moreover, in the present simulation, the actual modulus
of elasticity was computed based on ASTM C42/C42M-18a (drill
core test) [17] The proposed stress-strain curve calculation
was performed to select the uniaxial stress—strain values in
the studies of Desayi and Krishnan and Gere and Timoshenko
[18,19]. Using relationships and some equations, the damage
coefficients for compression and tension behavior are calcu-
lated by Lubliner et al. and Lee and Fenves [20,21]. Plasticity
will be the flow parameter as shown in Table 2.

For compression damage, in ABAQUS, the user pro-
vides the d.—e™ data.
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Table 1: Concrete, steel bar material properties

Material Parameter Properties (MPa)
Normal concrete Compressive strength 25

Young’s modulus 23,500

Poisson’s ratio 0.2
RPC Compressive strength 85

Young’s modulus 42,500

Poisson’s ratio 0.2
Steel bar 16 mm Young’s modulus 200,000

Yield stress 483
Steel bar 12 mm Young’s modulus 200,000

Yield stress 338
Table 2: Parameters related to plasticity [21,22]
Parameters Value
Dilation angle 30-40
Eccentricity 0.1
Y0 (e, 0,%00) 1.6
K 2/3
Viscosity parameter 0.0

Depending on ABAQUS user manual will internally
compute the plastic strain [21,22] as follows:

d. o

pl — gin _ __7C ~C
TR TSR

where ! is the plastic strain in the compression damage;
gl is the inelastic strain in compression damage, which
can be computed by e = e.— ¢ e is the compressive
strain, which can be computed by the cylinder test (com-
pressive test); 5. is the elastic strain in compression
damage, which can be computed by &8l = g—;; and d. is the
damage parameter in compression damage, which can be
deduced from the mechanical properties of the material
with sloping loading/unloading cycles as follows:

do=1- 2,

Ocu
where o; is the compressive stress at any point in the
stress—strain curve; g, is the maximum compressive stress
(i.e., crushing point), which can be deduced from the
stress—strain curve; and Ej is the initial modulus of elasti-
city for the material which the slope over the stress—strain
curve.

Finally, it will obtain the value of plastic stress in com-
pressive damage (e?') from the earlier equation and check
that the value is positive and that it always increases with
inelastic stress.
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For tension damage, in ABAQUS, the user provides the
d—&/™ data and, with the same earlier steps that calculated
the plastic strain for compression damage, the plastic
strain for tension damage will be calculated.

d; Ot

pl _ ek _ —t
' (1_ dt) EO)

Et

where ¢ is the plastic strain in the tension damage; e* is
the cracking strain in the tension damage, which can be
computed as follows:

& is the tensile strain, which can be computed by the
splitting tensile test (based on ASTM C496); &¢. is the elastic
strain in compression damage, which can be computed by
el = %;; d, is the damage parameter in the tension damage,
which can be deduced from the mechanical properties of the
material with sloping loading/unloading cycles as follows:

d=1-2,
Otu
o; is the tensile stress at any point in the stress—strain curve;
and gy, is the maximum tensile stress (i.e., crushing point),
which can be deduced from the stress—strain curve.
Finally, we deduce the plastic strain in the tension

damage (etpl) from the earlier equation and check that it
is all positive and that it is always increasing with the
cracking strain. During the simulation, any increase will
result in a new damage variable. It is extracted based on
the maximum difference between the value of the previous
increase in the end and the current data of the stage in
contrast. For concrete, the tensile behavior of failure is
linear and beyond; the formation of microcracks is described
microscopically using the results of the stress-strain dia-
gram. Concrete damage plasticity (CDP) values in compres-
sion and tension damage are shown in Tables 3-6. The final

Table 3: CDP values in compression damage for normal concrete

£c (%) oc(MPa)  d. £l (%) e (%) £ (%)
0.00113 20 0 0.000851 0 0.00028
0.00206 22 0 0.000946  0.00111  0.00112
0.00326 24 0 0.00104  0.0022  0.00222
0.00386 25 0 0.001048  0.0028  0.00281
0.00446 22 0.09025  0.000953  0.0035  0.00341
0.00532 20 018773  0.000851  0.0044  .00427

0.00585 18 027798  0.000757  0.0050  0.00481
0.00652 16 036823  0.000662 0.0058  0.00547
0.00712 14 0.44043  0.000586  0.00653  0.00607
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Table 4: CDP values in tension damage for normal concrete

& (%) o: (MPa) d; “—'octk (%) ka (%) Etpl (%)

0 0 0 0 0 0
0.00058 2.5 0 0.000054 4.54x10 4.5x107
0.00083 2 0.24  0.00041 0.00042 0.00029
0.0013 115 0.51  0.00026 0.00104 0.00076
0.0021 0.46 0.76  0.00013 0.00197 0.00156
Table 5: CDP values in compression damage for RPC

&c (%) o.(MPa) d. Ea!cl (%) .‘:‘ci“ (%) scpl (%)
0.0008 3 0 0.000732 0 0.00014
0.001 36 0 0.000837  0.000161 0.00018
0.0012 40 0 0.000941 0.000256  0.00028
0.00153 45 0 0.001046  0.00484 0.00112
0.002 49 0 0.001151 0.000845  0.00222
0.00273 53 0 0.001255  0.001473  0.00281
0.00319 55 0 0.00128 0.001913 0.00341
0.00353 51 0.060 0.001203  0.002323  .00427
0.00399 47 0.142 0.001098  0.002894  0.00481
0.00452 42 0.223 0.000994  0.003531 0.00547
0.00519 38 0.3055  0.000839  0.004301  0.00607
Table 6: CDP values in tension damage for RPC

& (%) o; (MPa) d; ggtk (%) e tCk (%) stpl (%)

0 0 0 0 0 0
0.00075 275 0 0.000054 454 x10  4.5x107
0.00088 2 0.24  0.00041 0.00042 0.00029
0.0017 1.34 0.51  0.00026 0.00104 0.00076
0.0025 0.65 0.76  0.00013 0.00197 0.00156

summary of data for both RC deep beams with and without
RPC are yield stress and inelastic strain are used in ABAQUS.
These data are computed by using analytical equations sug-
gested in the ABAQUS analysis user manual [16].

2.4 Constitutive models
2.4.1 Concrete model

The library of materials adopted in the ABAQUS software
for concrete response modeling, such as the damaged plas-
ticity model of concrete, has been shown to work in similar
applications very perfectly [22].
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2.4.2 Elements

An integrated engineering modeling capability is available
in the ABAQUS Options Library. That’s why any collection
of elements can be used to design the model. Item proper-
ties can be described as an important part of behaviors, or
each item cross-section can be combined by numerical
simulation so that the nonlinear response can be carefully
followed when necessary [23].

2.4.3 Solid element

For linear and complex nonlinear analyses in the ABAQUS
program, solid elements can be used, including contact, plas-
ticity, and large distortions. For the numerical simulation pre-
sented in this article, the C3D8 — Bricks is used to model deep
beam concrete and loading plates and endurance. The abbre-
viation represented by the term is shown in Figure 2 [23].

2.4.4 Truss element

Other essential elements of this research are reinforcement
rods for longitudinal reinforcement. Reinforcing bars are
important for transmitting natural forces. For this, reinfor-
cing bars in the form of three-dimensional gear elements
are sufficient. The T3D2 — Truss is used to model the reinfor-
cing rods in the numerical simulation of deep beam speci-
mens. The abbreviation represented by the term is shown in
Figure 3 [23].

C 3D 8

8-node brick (linear order)

3-dimensional element

continuum stress/displacement]

Figure 2: Abbreviation of the term C3D8.

3D 2

‘— 2-node truss

3-dimensional

truss clement |

Figure 3: Abbreviation of the term T3D2.
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2.4.5 Meshing

To get accurate data from the finite element (FE) model, the
model containing all the elements will intentionally allo-
cate the same mesh size to ensure that in the same node two
different materials will share it. For the modeling of con-
crete, loading, and support plates, the mesh element will be
an eight-node brick element with three degrees of freedom
of translation at each node (C3D8). In this article, three sizes
of meshing were used (50, 25, 15), and the results were ver-
ified in terms of running time and maximum applied load.
Figure 4 shows the typical mesh of a deep beam sampling
numerical simulation model. Mesh and modeling generation
were optimized using the same techniques for all specimens.

2.4.6 Loads and boundary conditions

For constraining the model and for a unique solution, the
displacement boundary conditions will be needed. Constraints
are put on a single line of nodes on the board in the UY and UX
directions. The support case is shown in Figure 3. The force, P,
is applied to the steel plate across the entire center line of the
plate. Figure 5 shows the plate and the applied load.

3 Numerical analysis: verification
of FE model
3.1 Load-deflection responses

For ABAQUS, displacements were computed at the same
position. As for the numerical models, the mid-distance

Steel loading
plate

z X

Figure 4: 3-D meshing of deep beam concrete model in ABAQUS.
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deviations were measured in the middle of the bottom

face of the specimens and the experimental data were

investigated and the following notes were made.

1. The numerical data for displacement were in good
agreement with the laboratory data when the error
rate did not exceed 10%.

2. We notice that the curve of the concrete deep beam (CDB)
reference beam and the RPC deep beam (RPCDB) in the
experimental work drops sharply from the top of the
highest applied load while the decline in the finite ele-
ment analysis is diagonal and less severe.

3. The deflection rate increased more at the maximum
loads while the models showed an increase in the dis-
placement rate close to the final load.

4. In terms of stiffness, the load-displacement numerical
curves were always relatively higher and slightly higher
compared to the corresponding experimental curves.
The numerical and experimental load-mid span deflec-
tion curves are shown in Figures 6 and 7.

3.2 Numerical ultimate shear load

The results of the finite element analysis (FEA) of the max-

imum loads which the given element to the pilot loads

corresponding deduced in Table 7 for deep beams and
the following notes are inserted and implemented.

1. Through numerical simulation, we note that the max-
imum expected load obtained from ABAQUS software
showed good agreement with the experimental data
when the error rate did not exceed 10%.

2. For most of the beams, the maximum shear load in the
numerical simulation was emphasized concentrically on
the experimental data by 2% for the normal CDB and 5%
for the RPCDB.

\ Steel bearing

plate

Concrete
deep beam
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Figure 5: Boundary conditions at support and applied load on the model.
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Figure 6: Load-displacement curve for reference deep beam (normal
concrete) between experimental and FEA.

250
200

150

= RPCDB-FEA

Shear (kN)

100
@ RPCDB-EXP

50

0 2 4 6 8

Mid - Span deflection (mm)

Figure 7: Load-displacement curve for deep beam (RPC) between
experimental and FEA.

3. The numerical simulation reduced the strength of the
deep beams by 2-3%. One reason for this difference was

Nonlinear analysis of RC deep beams

Support condition

that the crack faces have reinforcement mechanisms
which may also very slightly increase the failure of
the lab beams before the complete collapse. The numer-
ical simulation of the models had no such options.

. To compare the beam carrying capacity, the finite ele-
ment models had the same sequence as the actual
beams. Comparison of the numerical results for CDB
resulted in a 2% maximum load enhancement, with
respect to reference deep beam CDB.

. Comparison of the numerical results of RPCDB resulted
in a maximum load enhancement of 5% with respect to
the experimental RPCDB beam.

3.3 Radial crack load and crushing patterns

Through the data obtained from the numerical simulation
using the ABAQUS program, we notice an increase in the
radial crushing load when the load was gradually increased,
where the crack seemed clear going from the support to
the load point. The radial crushing load obtained from the
laboratory results was lower than that taken out from the
ABAQUS data by 2% for the normal CDB and 5% for
the RPCDB. The difference between the ABAQUS data and
the laboratory data was because of the comparison of the
relative fit of the numerical simulation models with the
relative covariance of the real beams. Using ABAQUS soft-
ware, the crack patterns in each applied loading step have
been recorded as shown in Figures 6 and 7, and these charts
show the evolution of the crack patterns for each specimen.
When the applied load became high, the appearance of ten-
sile cracks was observed, and when the applied loads began
to gradually increase, there were many radial cracks and
additional bending; then compression cracks appeared when
the applied load reached the final stages of failure [24].
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Table 7: Experimental and numerical maximum shear load and displacement of beams CDB and RPCDB

Vu
(laboratory) (kN)

Specimens Vu

(theoretical) (kN) (laboratory)

Vu (theoretical)/Vu

Displacement
(theoretical) (mm)

Displacement
(laboratory) (mm)

CDB
RPCDB

225
390

220
370

1.02
1.05

10.27
11.85

8.88
9.30

For the two deep beams tested, the failure mode was as
predicted. The laboratory deep beams that failed are docu-
mented by taking out pictures and the crack patterns are
accurately determined to be then compared with numer-
ical simulation models during the incremental loading
phases. As for the CDB reference beam, by using ABAQUS
software, the crack patterns for numerical simulation
models and experimental beams have been well examined
and studied. Through the experiment and examination in
this research article, it has been observed that the radial
shear cracks extend from the support toward the load
point. The high shear stress region has been observed to
have many cracks. The crack pattern at failure mode from
the experimental work and simulation by the ABAQUS
program of the deep beam of CBD can be observed in
Figure 6. The comparison shows the same behavior where
vertical cracks (flexural cracks) are observed at mid-span
followed by the development of diagonal cracks within the
critical shear region at the left and right side of the shear
span of the beam.

Moreover, the shear cracks started close to the center
of support as in laboratory work and gave a good valida-
tion for FEA that can help to use this software to make the
new designation in the future for other variables such as
shear span to effective depth ratio. Finally, the failure
mode and crack pattern of the deep beam for a four-point
load shows homogeneity depending on the crack distribu-
tion for both sides of the deep beam as experimental work.

A radial concrete tensile failure or splitting failure
occurred in a reference beam and was a radial crack
that formed at each shear interval from the inner edge
of the support toward the inner edge of the point load. A
diagonal crack extended above the diagonal line between
the center lines of the point loads and the supports, and it
is mentioned in Figure 8.

It has been observed that the deep beam (RPCDB) has a
very common failure mode, which is the shear compres-
sion failure. Shear compression failure has been described
in the flexural compressive zone by cracking concrete at
the tip of the main radial notch. The flexural compression
zone was characterized by the extension of the main radial
crack from the inner face of the support towards the inner
face of the loading point. In this article, we note that the

failure in the deep beams occurred suddenly without
warning, and the movement would fail and extend along
the oblique fissure. Figure 9 mentions a typical shear-com-
pression failure.

3.4 Mesh changing effect

In this article, the mesh of the models was changed to three
sizes (50, 25, 15) and this change was studied in terms of the
maximum applied load and the time required to complete
the simulation of the models. It has been observed that
when the network size is reduced, the maximum applied
load will also be reduced. The reference specimen CDB was
taken as a model to observe the change of the mesh. The
effect of the mesh changing is shown in Figures 10 and 11.
It was noted that with the changing of mesh size of the
reference model to 50, 25, and 15, it will require a running
time of 16, 100, and 438 min, respectively. As for the max-
imum numerical shear load at a mesh size of 50, it was
noticed that it increased by 2.27% compared to the shear
load for experimental work. On the other hand, the numer-
ical shear load decreased at sizes 25 and 15 by 16 and 30.4%,
respectively, compared to the shear load for the previous
experimental work. It is important to note that the finite
element analysis study is approximate in nature due to
several factors, the most important of which are [25] the
following:
1. An approximation in material simulation related to con-
crete and steel plate.
2. An approximation was inherent in the simulation of the
numerical model’s technique.
3. An approximation is used in the integral function in
numerical simulation.
4. The approximation was presented due to the type of
implementation option used to solve the nonlinear
system of equations.

3.5 Dimension changing effect

In this article, the dimensions of the model were changed
to an overall length of 1,700 mm, a depth of 400 mm, and a
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CDBC20

Flexural cracks

Figure 8: (a) Experimental crack pattern, (b) FEM-crack pattern, and (c) FEM-mode failure for deep beam (CDB).

thickness of 150 mm, and this change was studied in terms
of the maximum applied load, crack pattern, and mode of
failure to complete the model simulation. The CDB and
RPCDB models were taken as models to monitor the effect
of dimensional change. The effect of changing dimensions
is shown in Figure 12 and Table 8.

It was observed that the maximum shear load increased
by 15% for the reference model CDB when increasing the

dimensions of the model, while there was an increase in the
maximum displacement by 29%.

As for the RPC model (RPCDB), there was a decrease in
the value of the maximum shear load by 11%. On the con-
trary, there was an increase in the maximum displacement
by 12%.

For the reference model (CDB) with new dimensions,
where the shear crack pattern was densely spread and
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Figure 9: (a) Experimental specimen, (b) FEM-Crack pattern, and (c) FEM-mode failure for deep beam (RPCDB).

extended from the support to the point load, and the mode
of failure was a shear-compression failure, while the model
with the old dimensions, the shear cracks were limited and
extended from the support to the supporting load and mode
of failure was a shear failure. The RPC (RPCDB) model with
new dimensions was also similar to CDB in terms of the
crack pattern and mode failure.

4 Conclusion

Through this scientific research, numerical simulation was
carried out using the ABAQUS software to study the beha-
vior of the deep beam with RPC in shear and to see the
difference in the results with the deep control beam with
ordinary concrete. ABAQUS software was used to simulate
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Figure 10: Changing mesh for control deep beam CDB.
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Figure 11: Comparison between the different meshing for control deep beam CDB.

and study data from the recent laboratory research data.
By comparing the results between laboratory data and
simulation data, it was noted that the error rate did not
exceed 6% of the maximum applied load. Some observa-
tions can be summarized as follows:

1. The data from numerical model simulations agree well
with the laboratory results, especially regarding the
load-deflection response, crack patterns, and failure
modes. The error percentage was 2-5% for the max-
imum shear load and 2-6% for the displacement.
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Table 8: Effect of changing the dimensions on the additive numerical models of the maximum shear load and displacement of beams CDB and

RPCDB

Specimens Vu (N.D)* (kN) Vu (OD) Vu (ND)/ Max. disp.*** Max. disp.*** Disp. (ND)/
** (kN) Vu (0OD) (ND) (mm) (OD) (mm) disp. (OD)

CDB 259 225 1.15 13.8 10.27 1.29

RPCDB 348 390 0.89 13.3 11.85 1.12

*(0D) = Original dimensions. **(ND) = New dimensions. ***(disp.) = Maximum displacement.

2. Based on the current article, the difference in percen- References

tage displacement between numerical model simula-
tions and laboratory data was observed at 2.60% for
the control RC deep beam (CDB) and 5.9% for the RC
deep beam (RPCDB) with RPC.

3. Based on the present scientific article, the difference in
the percentage of maximum shear load between numer-
ical model simulation data and laboratory results was
observed at 2.27% for the control deep beam (CDB) and
5.40% for RC deep beam with RPC.

4. ABAQUS can control, catch, and photograph the model
from cracks during loading until crushing for concrete.
Predictive failure patterns for all beams of the compo-
nent agree well with the experimental results.

5. Based on the present scientific article, the increase in
the percentage of maximum shear load between the
numerical models for the new and original dimensions
for CDB was observed at 15% and it was an 11% decrease
in the amount of maximum shear load for the model of
RPC (RPCDB).

6. Based on the present scientific article, the increase in
the percentage of maximum displacement between the
numerical models for the new and original dimensions
for CDB was observed at 29% and it was 12% in the
amount of maximum displacement for the model of
RPC (RPCDB).
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