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Abstract: In this research analytical and numerical models of already experimented compressively tested Plain and wheat straw
reinforced concrete (WSRC) cylinders have been developed for pavement application. The experimental data consist of plain
concrete (PC) and wheat straw reinforced concrete with 1%, 2%, and 3% wheat straw fiber by weight of wet concrete. Analytical
expression based on experimental results developed by taking Carreira and Chu, 1985 [1] as a reference and parameters of it has
been developed by curve fitting technique in Matlab. The result of an analytical expression is then modeled in ABAQUS which is
finite element software and checks the behavior of concrete cylinder by concrete damage plasticity model (CDPM). Developed
analytical expression results in resonance with that of experimental results of plain concrete and that of WSRC. Similarly, the
stress-strain curve resulted from CDPM perfectly matches with the analytical stress-strain curve.
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L. INTRODUCTION
Fiber-reinforced is composite material on macroscopic level consist Reinforcement (this phase is discontinuous, stronger and stiffer)
and Matrix (This phase is continuous, weaker, and less stiff) phase [2]. Mechanical property and its performance of these two phases
superimpose when they act together in comparison if these act independently. Rigid pavement material generally consists of
concrete either plain or reinforced with steel or any artificial fiber. Failure of the rigid pavement due to early-age cracking is a
normal trend. From research, it has been proved that use of natural fiber as reinforcement in concrete control plastic and drying
shrinkage, reduce bleeding by reducing the permeability of concrete and enhance the ductility of concrete by increasing tensile
strength because excess energy is dissipated by the addition of fiber [3]. Different fibers are used to decrease early-age cracking.
Sinha, (2014) [4] added discretized steel fibers at the rate of 0.5%, 0.75%, 1.0%, 1.25%, 1.50%, 1.75%, and 2.0% by volume
fraction to plain concrete to reduce plastic and drying shrink cracking are reduced by using discretized steel fibers as reinforcement
in plain concrete. With the addition of steel fibers up to 1% increase the compressive strength and other parameter but with onward
proportion compressive strength decrease, hence from an economic point of view 1%, SFRC is better. Similarly, Kiachehr
Behfarnia and Niloofar Salemi, 2013 [5] added Nano alumina and Nano silica to plain concrete mix @ 5% and 3% by weight of
concrete respectively along with admixture for frost resistance and mechanical properties for rigid pavement. Frost resistance and
compressive strength of NSRC improved by 83% and 30% respectively and that of NARC 81% and 8%. Strength property of
concrete reinforced with wheat straw (natural fiber) @ 1%, 2%, and 3% by volume fraction was experimentally analyzed for rigid
pavement application which results in an increase in compressive energy and toughness index by 162% and 91% respectively in
comparison to PC [6] also decrease the formation of early-age cracking due to its mechanical property.
Wheat straw reinforced concrete is new material in transportation engineering and it is not as much studied which is to be. Hence
experimental compression test was conducted by [6] but there is no such analytical expression and no numerical model through
which to simulate the result. Numerical modeling is similar to that of the experimental test as it provides the same environment as
that of the lab. The positive aspect of numerical modeling is that you can analyze each point of the model specimen.
Concrete is a complex material and the property can’t be studied at the micro-level through lab tests hence to examine it must be
simulated through FEA simulation software. In this research, an effort has been made to develop an analytical model for the
experimentally tested cylinder for plain concrete and wheat straw reinforced concrete (for different weight fiber ratio). Then it is
validated by a numerical model based on the concrete damage plasticity model (CDPM) in 3D simulated software ABAQUS.

Il.  ANALYTICAL MODELLING OF FIBER REINFORCED CONCRETE
Different researchers experimentally studied behavior fiber reinforced concrete for different purposes and present stress-strain data
either in form of tables or graphs. One step further from this presentation is analytically in which all parameters are combined in
general mathematical form in such a way that its result is similar to that of the experimental result. Many researchers develop such
expression for stress-strain data of plain and that of fiber reinforced concrete some of which follow as
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Carreira and Chu, 1985 [1] developed an expression for concrete bases on the experimental compressive test that represents a
complete stress-strain relationship in compression

£
% = L(E)—E where B = lf_
[ B—1 _,_(EE) 1——5[

C
B is a material property that depends on the shape of the stress-strain diagram. The parameter f;, e, B and E;; can be determined
from displacement rate controlled compression test. The above expression results in a curve from developed expression well fitted
with the experimental stress-strain curve hence accurately defined the compressive behavior of concrete.
A similar effort was made by M.C. Nataraja, (1999) [7] to use a similar approach to that of [1] for steel fiber reinforced concrete but
define a parameter of expression in terms of steel fiber reinforcing index. The parameter based on RI is given as

fis =f +21604(RI); £,; = £, + 0.0006RI; E; =1930RI-07408); g = 0.5811 + L.O3R[(-O740E)

From fig.1 it is cleared that the stress-strain curve generated from analytical expression in parallel with an experimental curve, hence
the developed expression accurately defined the compressive behavior of SFRC.
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Figure 1: Normalized Stress Strain Graph of M30 Concrete of Various Fiber Volume Ratio [6]

Mansur, 1996 [8] developed an analytical expression for defining the compressive stress-strain relationship of high strength based
on experimental tested of 163 cylindrical specimens (100 X 200 mm) with compressive strength ranging from 50 MPa to 120MPa.
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Figure Error! No text of specified style in document.: Comparison Stress Strain Graph of Experimental and Predicted Equation

[7]
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Seong Cheol Lee, Joung Hwan Oh, and Jae Yeol Cho, 2015 [9] experimentally investigate compressive behavior of SFRC by
uniaxial testing 48 cylinder and developed the analytical expression by taking Carrira and Chu [1] equation taken as a reference and
define it for both pre and post-peak compression behavior. Analytical expression parameter was defined in terms of fiber volumetric
and aspect ratio.

The modified analytical expression is as follow,

fo_ ”*(EE;)
fam1s (X))

Whereas equation for parameter developed through regression analysis is
0.0003V; I
f

E. = (—36?1{,— r% + 5520) [
Where parameters A and B reflect different effects for post and pre-peak behavior.

For pre-peak compressive behavior
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Similar to the above stress-strain data of plain concrete and reinforced concrete with wheat straw fiber from 1 to 3% by mass of wet
concrete were collected from experimental results [6] as shown in fig. 1 with the help of plot digitizer. Carrira and chu [1] equation
was taken as reference and the parameter was validated with the experimental data with the help of curve fitting technique in
Matlab.
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Figure 3: Experimental Compressive Stress Strain Curve of PC and WSRC
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Where

f. = Compressive Stress in (Mpa)

f,; = Compressive strength in (Mpa)

g, — Compressive Strain

£qf — Compre ssive Strain at Peak Stress
g = Material Parameter
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Stress-Strain graphs obtained from analytical expression were compared with experimental as shown in Fig.7. The graphical
comparison shows that both ascending and descending branches of both curves well overlap with each other except that of 1%. As
the strain at maximum stress computed through analytical equation follow the ascending linear relationship while in that of
experimental strain at maximum stress first decrease in 1% WSRC and then it increases. As strain at maximum stress increase with
the addition of fiber but in case of WSRC 1% it decreases and this is due to experimental inaccuracy and due to this, the two curve
deviate from each other. Also, the peak strength of PC is greater than that of WSRC. Ascending portion of plain concrete is steep
than that of WSRC, the drop-down of the descending portion of PC in comparison with WSRC is abrupt while WSRC is expended
because due to the presence of fiber it doesn’t break in brittle nature but show some ductility.

In WSRC 1% the descending branch shows more energy absorption than that of 2 & 3%.
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Figure 7: Comparison of Experimental Result with Analytical Model of PC and WSRC

1. NUMERICAL MODELING
Materials models and simulation tools are necessary to eliminate trial-and-error loops during the development of materials,
components, and manufacturing processes, to illustrate complex load scenarios, and to make reliable predictions of the behavior of
existing materials and components as well as for those in the process of development. A material model is an equation that relates
the applied force (or stress) to the resulting deformation (or strain).
A variety of methods have been used to predict the properties of composite materials (concrete) [2]. Elasticity model, the discrete
crack, the smeared crack model, the fictitious crack (FC) model, the Plasticity model, the Damage model, CDPM.
The effect of the addition of fiber on concrete can’t be fully analyzed by an experimental procedure, as its deep behavior can be
checked by stress analysis of each element of a structure. FEM is a numerical technique used for solving a problem related to
engineering and mathematical model. Actually, in this method, the whole model or domain is subdivided or discretized into a
smaller part called an element through the meshing technique. The behavior of each element is predicted by Mathematical equations.
Similar to this approach Zuzana Marcalikova (2020) [10] simulated compressive strength, splitting tensile strength, and bending
tensile strength from the three-point test data of fiber (Dramix OL 13/20 and Dramix 3D 65/60 BG) reinforced concrete in ATENA
software for numerical modeling.
Following table show experimental results of both FRC

Table Error! No text of specified style in document.: Mechanical Property of FRC [10]
Type fibers

Mechanical properties
Dramix® 3D 65/60 BG ~ Dramix® OL13/20

Compressive strength — cubic f; cun [MPa] 28.17 40.19
Sphmlng tensile strength — perpendicularly to the filling 364 3.08
direction f; s, + [MPa]

Three-point bend test f; 1 [MPa] 502 498

By using the mechanical property of concrete and fiber reinforced concrete resulted in an experimental test of a 3D model
developed in ATENA, load-displacement (LD) curve was obtained as a resultant similar to the experimental LD curve.

©IJRASET: All Rights are Reserved

569



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue IV Apr 2021- Available at www.ijraset.com

Figure 8: Computer Model with Crack. Fiber Dramix [10]
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Figure 9: Load Displacement Diagram for (a) Dramix 3D (b) Dramix OL [10]

Numserical model

Abaqus is FEA-based software used for the simulation of material used for material modeling.

Reza Nassir Zadeh Goorchi, 2015 [11] developed a concrete damaged plasticity model is for reinforced concrete beams in
ABAQUS. There are certain parameter required for CDPM to describe the actual behavior of concrete are

Yield surface of concrete and flow potential

Degradation of elastic stiffness and the stress-strain relationship of concrete.

For the first parameter, the default value has been used shown in table 3, while for 2™ data taken from series of uniaxial
compression and tension test.

Table 3: Typical range values for concrete damage plasticity parameters

Parameter Parameter value
c
—= 1.10<X <1.16
0:0
o 0.08 <X <0.1212
p 7.7<X <81
K, 0.5<X<038
e(6.f,) 0.1

The implicit procedure used for numerical modeling of RB in Abaqus. After analysis beam crack pattern appeared as shown in fig.8.
Red lines show reinforcement bars that are embedded in finite element mesh. The crack pattern show similarity in its intensity and
location to that in a lab test.
DAMAGET
(Avg: 75%)

+9.500e-01
+8 708e-01

+7.917e-02
+0.000e+00

Figure 10: Reinforce Concrete Beam Crack Pattern [11]
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Similar to [11] for material modeling of plain and wheat straw reinforced concrete cylinder CDPM was developed in, Abaqus/CAE
or “Complete Abaqus Environment” [12]. Total four models were generated one that of PC and three of WSRC i.e. 1 to 3% of
wheat straw fiber. The depth is defined as 200mm and diameter as 100mm while modeling space as 3D. As concrete exhibits
nonlinear mechanical behavior due to the Plasticity and Damage Mechanism hence damage and plasticity model is defined for it
[13], [14]. Tensile cracking and compressive crushing are the two main failure mechanisms of CDPM. The compressive behavior of
concrete cylinder fig.2 was defined after peak stress and strain correspondingly in term of inelastic strain and compression damage

was also defined in term of compressive stress “: and strength “co.
)
d,=1-—
Cep
In uniaxial compression up to initial yield o the response is linear. Beyond the ultimate stress, o, stress hardening is followed by
strain-softening in the plastic concrete region. Stress-strain data concrete cylinder to be defined after the elastic range (cc0) and as a

function of inelastic strain (ec.in) which is total strain minus the elastic strain corresponding to the undamaged material

in — el
& =& € oc
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Figure 11: Graphical Comparison of Analytical Compressive Stress. Strain Curve PC and WSRC

Similar to compressive behavior tensile behavior was defined from fig. 12 in terms of cracking strain and tension damage. Under

uniaxial tension, the stress-strain up to failure stress follows a linear elastic relationship. At ot0 micro-crack appears on the surface

while beyond ot0 these micro-cracks are growing up and form a shape of macroscopic cracks with a softening stress-strain response.
gt.ck :ﬁt_ﬁeIOt

Tension Damage describes post cracking damage properties for the CDPM also to specify compressive stiffness degradation

damage. The model behaves plastically if uniaxial tensile damage is not specified.
Oy

d=1-—
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Figure 12: Typical Tensile stress strain graph of PC and WSRC
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CDPM parameters include Dilation angle (v), Flow potential eccentricity (€), fb0/fc0, Kc, Viscosity parameter (i). The above
parameter value based on the literature review has been put in a plasticity window as shown in fig 13.

-
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= b e )

[rr—— ey ® Viscusdey

Figure 13: CDP Parameter of Plain Concrete

For load application reference point was created at top surface and constraint was defined as kinematic coupling constraint which
restricts concentrated force (CF) and not coupled with other surfaces or nodes.

The load application procedure has been selected as static because the experimental setup was also static and step time has been
defined as 1.0 sec, and load type was specified as displacement control as in this type mandatory load is measured and the rate of
travel (displacement) is kept constant during the test. Displacement of u3 = -2 has been applied which is opposite of z-direction as
cylinder lied in y-z axis as shown in fig. 14, hence along u3 = -2 has been specified for reference point. The boundary condition at
the bottom surface was defined as fixed-point hence ul, u2, and u3 are specified as zero (0), while Top surface ul and u2 are
specified as zero (0) because there is no movement along with these two directions while u3 is already specified as -2 for a reference
point which lied on the top surface. The concrete cylinder was divided into smaller elements called meshing by specifying
approximate global size as 8.

Figure 14: Meshed Concrete Cylinder

After running each model for analysis result in the following stress contour and stress-strain curve as shown in fig. 15 and 16
respectively. It shows that PC has high compressive strength in comparison to WSRC, as in experimental result also the
compressive strength drop due to addition of fiber but increase in ductility as after peak point compressive strength of PC
immediately drops vertically while that of WSRC line of graph extends from peak point show the absorption of energy by the fiber
in conjunction with concrete. From fig. 12 and 13 stress-strain curve of experimental and analytical runs in parallel with that FEM
result. Hence except WSRC-1% little bit deviate in an elastic portion which is explained in the analytical section and remaining
superimpose each other. Hence FEM model expresses the analytical and experimental result in a very good manner.

() ()

Figure 15: S33 Stress Contour at 2mm displacement and end step time (a) PC (b) WSRC-1% (c) WSRC-2% (c) WSRC-3%
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Abaqus vs Analytical Compressive Stress Strain Curve
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Figure 16: Comparison of Abaqus Result with Analytical Model of PC and WSRC

IV.  CONCLUSION

The main theme of this research is to develop an analytical and numerical model for experimentally tested wheat straw reinforced
concrete. An approach to model concrete reinforced with wheat straw fibers has been assessed by various parameter studies and
comparisons to analytical results. Analytical expression was generated from modification of Carrirea and Chu equation [1] and its
parameter equation was developed through Curve fitting technique in Matlab. The CDPM was generated through Abaqus/ CEA
based on analytical computed data.

An analytical expression generated based on experimental result clearly express the experimental compressive stress-strain data as
clear from the graph comparison of both curves. Also, the parameter of analytical expression well defines that in the experimental
result. Both finite element and analytical stress-strain curves ascending and descending part overlap each other as shown in fig. 16.
It means that CDPM accurately represents the experimental result. CDPM result based on 8 mesh size and variable viscosity
parameter. By changing, mesh size results remain the same while changing viscosity parameter effect the output result.
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