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Obstruct
This paper investigates the modeling of the Reactive Powder Concrete (RPC) beams
reinforced with the different types of the reinforcement (steel and Sand-coated CFRP). The
ANSYS 11 program was used. The experimental works included casting of eight RPC concrete
beams. Four of them reinforced with steel bars, while the others were casted using sand-coated
CFRP bars. The mechanical properties of the RPC were experimentally obtained. The
manufacturing data were used for CFRP bars. The RPC was modeled by Solid 65 element. The
steel plate for loading and support was modeled by. The steel and CFRP Bars were modeled by
discrete bar element. The study includes the effect of the distribution of the steel fibers on the
flexural behavior in term of load-deflection relation. The uniformly distributed of the steel
fiber longitudinally and vertically gave the best behavior than the corresponding experimental
results for both types of reinforcements.
Keywords: Reactive Powder Concrete (RPC); FRP bars; Flexural Strength; Finite
Element
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1. Introduction

In now days, an alternative to steel reinforcement for concrete structures is the composite
materials that made of fibers embedded in a polymeric resin, known as FRPs. FRP materials
have better properties than steel reinforcement such are nonmagnetic and noncorrosive due to
polymer material, therefore the concerning problems can be avoided with FRP reinforcement.
In the harsh environmental problem, two solution are available. The first one should be carried
out by protection the concrete itself while the second solution is summarized by using stainless
steel, epoxy-coated or providing cathodic protection of the reinforcement [1] . So, FRP material
can be considered an excellent alternative these problems. There is three types of them which
are Carbon (CFRP), Armid (AFRP) and Glass (GFRP). They have a wide range of applications
either in new construction of the structure or strengthening purposes. The most common

available types are shown in the Figure (1).
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Figure (1). Types of FRP Reinforcement

On the other hand, an improvements in concrete technology had been occurred. The
development in superplasticizing admixtures lead to increasing of the properties and durable
of concrete. This aim can be achieved by using silica fume material and high range water
reducing "HRWR" liquid to produce a packing volume concrete. In the recent years, the
developed concrete named as Ultra High Strength Concrete (UHSC) is classified as Reactive
Powder Concrete (RPC) [2, 3,4,5,6,7,8,9,10,11].

Richard [12] presented the following issues to develop RPC:
1. Utilized the fine sand , without gravel material, to improve the concrete's
consistency.
2. Utilized the silica fume to increasing the pozzolanic reaction.

3. Getting the optimized granular mixture ,packing volume.
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4. Increasing the compaction state by used pre-setting pressure.
5. Heat treatment to improvement the microstructure .

6. Existing of steel fibers to enhance the ductility.

Now days, a numerical solution of FEM are widely utilized in solving of the structural
problems. The large systems of algebraic equations were firstly assembled and then solved
using computer abilities[13].

Many of commercial finite element programs like ANSYS, NASTRAN, SAP, and etc. were
used. The selection of the ANSY'S software was due to many advantage such as modeling the
concrete material , steel reinforcement element, stress-strain curve for concrete and reinforced
bars, concrete crack/crush, failure criterion because absence of yield point of CFRP bar,
modeling of steel fibers, simple way of output date and capturing the pictures at any time.

2. Literature Review

Kaiss [14] used a three-dimensional 20-node brick element to represent the reactive powder
concrete beam failing in shear. The reinforced bar was modelled by the axial member built into
concrete elements and was assumed to transmit the axial force only. An empirical equations to

represent the uniaxial compressive strength and peak tensile stress were used as

fe=3.35%(f) > ()% 1)
ft=3.37*(f)** ()" )

Mahesh [15] investigated the possibility of representation of RPC material by ANSYA
software as well as the restrictions. A sequare plate with one opening and 60cm thickness. A 4-
noded brick element to represent the RPC materials. Due to symmetry of loading, geometry and
condition, one part of "L" shape was selected to model the overall plate.

Maleka [16] used a nonlinear computer program to study the behavior of RPC beam by using
the quadrilateral parametric degenerated layer thick shell elements. Each node have three
degree of freedom and each element has eight node. He found that the tensile strength used in
FEA is 80% of the 28" day of RPC beam casting by indirect tension test result.

Ouday [17] studied the high strength concrete of 60 MPa reinforced with CFRP bars. The
concrete was modeled by ANSY'S of solid 65 element. The CFRP bar was modeled by discrete

bar element with spring to evaluate the bar’s slip.
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3. Experimental Works

The flexural beams included two groups. The first group consists of four beams reinforced
with steel bars. One of them was designed to fail by bar rupture failure while the others were
designed to fail by concrete crushing (over-reinforced), as per principles of ACI 440.1R-2006
[18]. The same beams were designed with same principle but with sand-coated CFRP bars. All
beams have the same flexural strength. The long of the flexural beams was 3400 mm with 250
mm and 150 mm for depth and width, respectively. The length of the specimen was based on
the minimum thickness to control the deflection as mentioned in ACI 440.1R-2006 [18], Figure
(4) and Figure (5) . The characteristics of all beams are shown in Table (1). All mechanical
properties of RPC are obtained in the Civil Engineering's Laboratory-Collage of Engineering
of Missan University as shown in

Table (2) , Table (3) and Figure (6).

Figure (4). Concrete Casting for Figure (5).Testing for specimens
specimens

All beam were design to have enough flexural strength (under and over-reinforces cases) to
ensure failure’s mode. The calculation were done using EXCEL Program. The technique used
to form the sand-coated FRP is summarized as follows:-
1- Applying sand blasting for the smooth CFRP bar.
2- Applying the especial epoxy called (Sikadur ® 330) that brought from Sika Office in
Baghdad-Al Mansour.
3- The fine sand was coated for curing period, 24 hours.
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Table (1). Main Features of the Tested Flexural Beams

2017

Beam Reinforce- Load Flexural Flexural Main Bottom Type of Effective  Steel
Sym. mentstate (kN)  Strength  Strength Reinf. rebar depth  Stirrup
(kN.m) Ratio (4, mm?) d (mm) for
(Steel/ Shear
CFRP) span
2012 mm
+
g
F-1 11672 4319 1010mm el 1855 £
Under- 30 6mm é
Reifocred 0.985 (389.56) 9
206 mm S-C
F-S-1 118.42 43.81 (56.55) CFRP* 201
2012 mm
+
F-2 146.13  54.07 2010mm - greel 1855 £
Over- 106 mm §
Reifocred (411.55) S
Case 1 206 SC s
-S- 1.005 mm -
F-S-2 145.34 53.78 (84.823) CFRP 201
2016 mm
+
- £
F-3 Over- 158.85 58.77 36 6 mm Steel 1835 E
Reifocred 0.982  (486.95) S
Case 2 ®
= 46 mm  S-C S
F-S-3 161.74 59.84 (113.09) CFRP 201
2016 mm
+
1010 mm £
F-4 Over- 1776 65.71 + Steel 1835 E
Reifocred 406 mm §
Case 3 1.01 ®
(593.76) s
506 mm S-C
F-S-4 175.67 65 (141.37) CFRP 201
*S-C

CFRP denoted to Sand-coated CFRP Reinforcement.
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Table (2). Experimental Compressive Strength

Cube & Cylinder Test Specimens’ values
f kN 1100.84 1030.51 1079.11
cu
6.8 kN/sec MPa 110.1 103.1 107.91
Average 107.04
£ kN 850.63 877.42 820.82 859.23
c
2 4 KN/sec MPa 108.31 111.74 10451 109.4
Average 108.5
flfeu 0.986

Table (3). Experimental values for the tensile strength

Cylinder & Prisms Test Specimens’ values
£ kN 237.1 222.45 225.23
sp
0.94 kN/sec MPa 7.55 7.08 7.169
Average 7.27
f kN 30.165 29.337 32.624
0.2 kN/sec MPa 20.361 19.824 22.021
Average 20.74
fanl £ 0.35
3
2
a
g |
&
2
' a
! ] 1)
0.004 0.003 0.002 0.001 0 §'
Strain (mm/mm) '
o Averaged = Cylinder-1
. : I : Cylinder-2 == Cylinder-3 : _”
strain gauges for teste b) Experimental Stress-Strain curve

cylinder

Figure (6). Compressive stress-strain curve
4. Finite Element Models by ANSYS
To model the concrete, the Solid65 element was used which have eight nodes. Each node has
three degrees of freedom in x, y, and z directions as translational. It also has cracking option in
three orthogonal directions , crushing and three embedded bars with any entity angle. The
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element types for this model are shown in Table (4).
Table (4). Types of Element in the Present Study

Material Type ANSYS Element
Concrete SOLID 65

Steel Plates and Supports SOLID 185

Steel Reinforcement LINK 180

CFRP Reinforcement LINK 180

Crack Plane

a) Element’'s Geometry b) Stress Output

Figure (7). Configuration of SOLID 65 Element

The steel plates of supports and steel plate of the applied load were modeled by a Solid185
element. This element has eight nodes. Each node has three translational degrees of freedom X,
y, and z directions. The geometry of this element are shown in

Figure (8).

J

a) Element's Geometry b) Stress Output
Figure (8). Configuration of SOL1D185
All reinforcement rebars (Sand-coated CFRP, main longitudinal flexural rebars and stirrups )
were modeled by the Link180 element .1t is a 3Dspar element with two nodes and each node

has three degrees of freedom in orthogonal directions as shown in Figure (9).
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a) Element's Geometry b) Link180 Stress Output

Figure (9). LINK180 (CFRP and Steel Rebar)

4.1 Real Constants

Another entity for proper modeling is the real constants. It is worth to mentioned that many
real constants may be inputted for an individual element. ANSYS neglected any entity of real

constant for this element. All used real constants are tabulated below in Table (5).

Table (5). Real constants for ANSYS Models

AL Element
constan type Constants

t set
1 LINK180 Cross-sectional area (mm?)- @ 6 mm 28.27
2 LINK180 Cross-sectional area (mm?) - @ 10 mm 78.54
3 LINK180 Cross-sectional area (mm?) - @ 12 mm 113.1
4 LINK180 Cross-sectional area (mm?) - @ 16 mm 201
5 LINK180 Cross-sectional area (mm?) - @ 25 mm 409.87

Cross-sectional area (mm?) - @ 6 mm-
6 LINK180 CFRE’ ) 28.27
. Real constants
Properties

rebarl rebar2 rebar3

Under Under  Under
study study study

7 SOLID65 Volume ratio Under  Under  Under
study study study

Orientation angle THETA(horizontal ~Under  Under  Under

angle) study study study

Under  Under  Under
study study study

Material number

Orientation angle PHI (Vertical angle)
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4.2 Steel Fiber Model

Generally, it is easy to model all components of the beam, flexural and shear, even the CFRP
bars. The one thing that have a doubt about its modeling is the steel fiber. The main issue in
this modeling is its actual distribution in space of the specimen. In order to overcome on this
issue, the variety of the models for steel fiber are included in this study and the comparsion with
experimental results either the model convergence or divergence. As mentioned before , the
Concrete Element of Solid 65 provides three smeared bar with different angle of rotation. In
this study the model was created for plain element of Solid 65,lumped steel fiber as individual
horizontally, vertically, inclined manner with 45° of one-way distribution. The two-way
distribution was included as horizontal and vertical as equally distribution. Finally, the three -
way equal distribution in horizontal, vertical and inclined of 45° distribution is proposed. The
input data and modeling are shown in the Figure (10) to Figure (13).The comparsion study

among these models will illustrated hereafter

M Fesl Constant Set Mumber 7. for SIOLIDSS I

Cori=rvtaticn amgle =

Crusfied stiffness factor CST L =

o [ mooer || cencw | [T |

Figure (9). Input data of steel fiber modeling,
One- way , Horizontal distribution

MM Rcal Constart Sot Muamber 7. for SOUDES I

ol :g”g”n &

2|

"ol o] o] ][ o]

Figure (10). Input data of steel fiber modeling
, One-way ,Vertical distribution
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MM Amal Constant Set Mumbes 7 for SOLIDSS K

Element Type Reference Mo, 3
sl Comstant Set M. [

Real constarts for rebsr 1

Mabesial rumber BAATL [=
Valuwme ratic Rl :r|-|='
Oirientation anghe THETAL -4.9
Oirberbaticn anghe FHIL =

Real constants for rebar 2

Matenial nurnber pASTZ [a
Walurrie ratic wR3 [
Cieritation anghe THETAZ a
Ciriervtaticn anghs P [a
Real conatants far rebar 3

Fiaterial murmber PAATE [o
Valume ratic A3 [
Oirieritaticn anghe THETA3 a
Oirrytasicon arghe Fi-al3 [o
Crushed stilfess Tactor  CSTIF a

oK J Apphy Cancel Help

A Real Constant Set Mumber 7. for SOLDSS I I

Eberment Tywe Reference Mo, 3
Real Condtant Set Mo, E

Real constants for rebar 1

FAsterial urmber PAATL 5
Weolurme ratio WAL 0oL
Crierdaticn angle THETAL [
Owisrtaticn angls PHIL o

Real constants for relbar 2

Faterial rurnber PAATZ 5
Waslurre ratio wvR2 .01
Owimrtaticn argle THETAZ

Oeimration angle PHILE o

Real constants for rebar 3

Fmerial murnber BAATI o
o lueree ratio A3 o
Owimrtaticn amgle THETAS [
Oeiartation argle Pz o
Crushed stffness tector CSTIF o

oK Aphy Cancel | Hein

Figure (11). Input data of steel fiber
one- way , Inclined distribution

Figure (12). Input data of steel fiber,two-
way distribution

M\ Real Constant Set Mumber 7, for SOLID6GS

Element Type Reference No. 3
Real Constant Set Mo.

Real constants for rebar 1

Material number MATL
Veolume ratio VR1
Orientation angle THETAL
Orientation angle PHIL

0.0066666

Real constants for rebar 2

Material number MATZ
Volume ratic VRZ
Orientaticn angle THETAZ
Orientaticn angle PHIZ

0.0066666

Real constants for rebar 3
MATZ

VR2
THETAZ

PHI3

0.0066666
45
45

Crushed stiffness factor CSTIF

oK |

Apply

TR TA L

| Cancel | Heip |

Figure (13). Input data of steel fiber
modeling, Three- way distribution

4.3 Loads and Boundary Conditions

In order to get a unique solution, the constrain should be carried out. The applied of boundary

conditions was done in ANSYS 11 as applied specific displacement with zero value. To keep

the model behaves like the experimental beam, the boundary conditions need to be applied

along the axis of symmetry. The boundary conditions state of the beam is shown in Figure (14).

All nodes of the vertical plane of symmetry must be constrained in the perpendicular directions

(UZ =0 and UX = 0) and allow the vertical movement. The roller support was modeled by

constrained, in the Y direction, the nodes that lie in mid-line of plate. The rotational movement

was allowed to complete the modeling of the roller. The support condition is shown in Figure
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(14). The applied forces was modeled as a lumped at the steel plate. The force applied at each

internal node of the actual force and have a magnitude a twice that applied at each of the two
external nodes on the plate.

D crete F.smfo

Concrete Element
Solid 6.

5
Steel Plate Element
\OLIDJ 85
-‘kpulv.d Load
Const
ions

Stesl Plate Support
E

CERP Longitudinal
Bars Elsment Link130

Figure (14). Typical details of FE mesh used for the
analysis of concrete beam

4.4 Analysis Type

Actually, the static analysis was used for analyzed the models of all beams utilized in this

study. The Sol’n Controls commands used in this analysis was illustrated in Figure (15) to
Figure (18).

A Solution Controls el A = L -y
iz Suln Options | Manliness | Adbanced NL Bk | Safn Optiens | Maninesr | Advenced b |
Aralysn Opticen. Write lierns 1o Results File Equation Sohen Fatast Contral
mmiall Displucamsent Stab = 7 fl solution ibems ™ Pragiam dasen selver Humber .-nulmnu-:,_—
™ Calcuists prestrass ffucts  Basic quantitias (# Sparms disct o write
Wy selected ™ Fre-Condtion C1 Frequency:
Tine Contral = m—
Time st v of loadsiep |5 1 O b
Aartzenatic tima dwpping [3n | -| 1 —
T Mumiber of substeps Frequency: ! rra
- ™ Frostsl direct
% Tirne inc e mend Wirke svery jubiten
Tirma stap sice 1 e
Minimum i sip E
Marimm Gme ttap 1
0OF. | Cancel | Heg | L3 | = J Help |
- Al H [
Figure (15). Commands of Analysis's Figure(16). Commands Solver's Type
Control

The analysis was taken as small displacement and static which Performs a linear static
analysis ,i.e , a static analysis in which large deformation effects are ignored. The time at the
end of the load step refers to the ending load per load step and the total times refers to total

applied load. The time step refers to the time increment with maximum and minimum size.
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Figure (15) shows the commands of control the ANSY'S 's solver; while the commands of the
nonlinear algorithm and convergence criteria are shown in Figure (17). The defaults values are

set to all values for the nonlinear algorithm as shown in Figure (18).

M Solution Ceetrels | i\ Sokition Corkeok i
Basic | |5‘:‘.r| Options  Monlinear ]MN"M WL Batic | ]!ﬁlnl:pl.wl Hordirmar  Sdbisncid ML
Honlimesr Options Cuthack Contral e Ce s
Line seaich [Cin =| Liits oo phyysical valies o peorm :w"":::f;::':' Lol ™ ctsiate arc-langih maihod
hisection: .
DOF sohation | Prog Chosan =] 3 [T ——
e b, Flastic strain 1 arrinate buk Do Mok |
VT Speedup |07 j Explicit Crasp ratic [ i l"": on plysicl vabem fo siop
inalyin
Tmplicit Creap ratic F
Hisiad DHOF s i I ']
Equilirium Eeraticna Incramani tal chaplecernant £ D000 l_
';_ Cumulste fier i
Peints {! H
Maximum ramber of [ T p el Flaried tirne ki
iberatinns s Cutback sccording to predicted numbar of
Haration: CRIMima u

Crasp Optian " Abwaya iberats ba 25 equilibrium iterations Sub fizaiin

™ Inluds strain rats effect

Sel convergence criteia ..

I:K|I'.ln:i|l1q| l:ILII:mJHq|

Figure (17). Commands Used for nonlinear  Figure (18). Advanced Nonlinear Control

5. Discussion
5.1 Load-Midspan Deflection of Flextural Beams

The Y-direction displacements of a specific node in the model mesh that lie in the bottom
fiber's location of the axis of symmetry was taken. The data was converted to Excel sheet that
represented the deflection with minus sign versus Time steps.

As mention before in this study, the effect of steel fibers effect as smeared reinforcement was
taken into consideration. So, the mid-deflections versus loads of plain concrete element,
horizontal total lumped steel fiber, vertical total lumped steel fiber, inclined total lumped steel
fiber, equally two-way distribution as vertical , horizontal distribution and three-way
distribution of vertical, horizontal and inclined distribution were illustrated in Figures (19) to
Figure (26). It is obvious that , regardless the uncrack stage ,the plots of load-deflection that
predicated by the finite element analysis for equally two-way distribution of steel fibers had a
well behavior with the experimental data especially in the over-reinforced cases for control
beams and sand-coated CFRP beams .
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Figure (19). ANSYS Results, mid-
deflection versus loads,F-1 Beam

Figure (20). ANSYS Results, mid-deflection

versus loads, F-2 Beam
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Figure (21). ANSYS Results, mid-
deflections versus loads,F-3 Beam

Figure (22). ANSYS Results, mid-
deflections versus loads,F-4 Beam
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Figure (23). ANSYS Results, mid-deflections Figure (24). ANSYS Results, mid-deflections
versus loads, F-S-1 Beam
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Figure (25). ANSYS Results, mid-deflections Figure (26). ANSYS Results, mid-deflections
versus loads, F-S-3 Beam versus loads, F-S-4 Beam

6. Conclusions

1. Generally, the using of nonlinear software programming ANSYS 11 can be used for
analysis the linear behavior of RPC.

2. The using of Concrete Solid 65 element alone is not preferable in the representation of
the reactive powder concrete.

3. The representation of steel fibers as embedded reinforcement equally distribution

vertically and horizontally make the results nearest to the experimental data.
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