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Abstract

Construction joints are separations between successive concrete
pours. They are critical in the building of large concrete structures,
since these structures cannot be cast in a single pour. Self-consolidation
concrete is a relatively new kind of concrete that is considered suitable
for a wide range of construction applications, especially those needing
a high early resistance. Certain findings from earlier experimental tests
were adopted and analyzed using finite element analysis. ANSYS
program was used to analyze the impact of utilizing high strength
conctrete (f¢') and the secondary reinforcement ratio (pz) on the behavior
of reinforced self-consolidating concrete beams having a horizontal
construction joint. Nine beams analyzed in this study have the same
dimensions (150x180%1200) mm (widthX height Xlength). Between
the two supports, the clear span was 1100 mm. Two-point loads were
applied to the simply supported beams during testing. One of the
beams acts as a control beam (without a construction joint) and the
remaining beams were with horizontal construction joint in the tension
zone. The ultimate loads obtained analytically vary by between 3.1%
and 7.8 % from those found experimentally. The presence of the
horizontal construction joints made the beam less stiff. Utilizing a 70
MPa high strength concrete resulted in a 47.4 % in ultimate load over
the experimental value for regular strength concrete (28 MPa).
Increasing the ratio of secondary reinforcement (0.01229 to 0.049)
resulted in a 10.3% increase in ultimate load magnitude, while
decreasing the ratio of secondary reinforcement (0.01229 to 0.0025)
with spanning the spacing between stirrups led to a reduction in
ultimate load magnitude by 55.8%.

Keywords: Construction Joints, Self-Consolidating Concrete,
ANSYS, Finite Element.
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1. Introduction

Due to changes in temperature and moisture
content, concrete may shrink or expand, resulting in
movement. This implies that the majority of concrete
structures need a variety of joints in order to maintain
the building's normal operations and to conform to the
building's overall design. In general, joints are classified
into two types: [1]

e Functional joints allow movement between
concrete segments and are utilized for
temperature change, shrinkage during setting,
expansion, warping, and other purposes.

e  Construction joints (CJ): These joints are used to
separate concrete segments rather than to enable
movement. CJ are breaking points in the concrete
placement process since it is impractical to
replace concrete in one continuous operation in
many frameworks. The primary issue in joint
placement is the availability of sufficient shear
transition and flexural continuity across the joint.
Continuous reinforcement is utilized at the joint
to ensure flexural continuity, while dowel
reinforcement or shearing friction between new
and old concrete contact is used to assist in
transferring shearing forces.

Self-consolidation concrete (SCC) a concrete that,
in its fresh state, may exhibit amazing deformation and
uniformity. A compact, homogeneous, void-free mass
is formed by its own weight without external vibration
[2]. Due to the great flowability and operational value
of this kind of concrete, it enables the production of
concrete molds with dense reinforcement proportions
without concern of segregation since it solidified under
its own weight without the need for vibration.

The finite element method (FEM) is a numerical
analytical technique for approximating solutions to a
wide variety of engineering problems. ANSYS
software offers engineers a variety of enhanced
features and tools that enable them to do their jobs
more effectively. It is used in structures, aerospace,
electronics, and nuclear energy.

Yousifani in 2004 [3], investigated the behavior of
reinforced concrete beams with CJ using nonlinear
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three-dimensional finite elements. A parametric study
was presented, including the kind of joint (vertical or
hotizontal), the joint's position, the interface's
coefficient of friction, and the proportion of steel in
the joint. Two beams were suggested for investigation
of the aforementioned conditions. They were
evaluated by using vertical or horizontal structural
joints in various places. A study of the beams' behavior
and load-carrying capability indicated that vertical joint
effects were small (the percentage of reduction in
ultimate load capacity is in the range of 0 % - 10%).
While the horizontal construction joints have a
significant impact on the overall performance and
load-carrying capacity of the structure (the percentage
of reduction in ultimate load capacity is in the range of

6 %- 20%).

Abdul-Majeed in 2010 [4], presented a study on the
evaluation of transverse CJ] of reinforced concrete
beams. The present research evaluated available
experimental data using the nonlinear three-
dimensional finite element ANSYS computer software
(v. 9). Additionally, an interface model for the
transverse CJ was suggested. Six beams with varying
transverse CJ at mid-span are examined, as well as one
reference beam without a joint. The findings indicated
that:

e The nonlinear finite element technique of
analysis is a strong and reasonably inexpensive
tool for estimating the structural reaction and
load bearing capability of reinforced concrete
members.

e The shape of the transverse construction joint
influenced the strength, ductility, and failure
mode of jointed reinforced concrete beams.

e  Using interface elements to link concrete brick
elements simulates joint weakness and assesses
stress transmission via the joint.

e Adding one stirrup across the vertical joint
increase performance, strengthens the joint, and
stops crack propagation.

Abdul-Majeed and et al in 2010 [5], studied the
effect of the number of horizontal construction joints
(HCJ) on reinforced concrete beams. The analysis
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included three beams with one, two, and three (HCJ)
joints that split the beam into equal parts, as well as one
reference beam without a joint. The results of the finite
element analysis were in excellent agreement with
those of the prior experimental tests. For all kinds of
tested beams, the greatest variation in ultimate loads
was about (8.2-10.4) %. The existence of one, two, and
three (HCJ) in RC beams subjected to flexure resulted
in a reduction in the value of the cracking load, such
that Pcr was (97 %, 85%, and 80% respectively)
compared to the reference beam. When compared to
the reference beam, the ultimate load capacity of Pult
was (96%, 89%, and 84% respectively).

Based on the aforementioned reviews, we found a
gap in the studies that deal with finite element analysis
of SCC beams with construction joints.

2. Verification of Experimental Data

This study was analyzed according to previous
experimental test results to investigate the effect of
using high strength concrete (fc’) and the effect of the
secondary reinforcement ratio (pv) on the behavior of
reinforced SCC beams. The dimensions of all the
beams analyzed in the experimental study were the
same (150 mm width, 180 mm height, and 1200 mm
length). The clear span between the two supports was
1100 mm. The simply supported beams were subjected
to two point loads. These specifications were also used
by the analysis using the ANSYS program to model the
nine beams. One of the beams acts as a control beam
(without a construction joint) and the remaining beams
have a horizontal construction joint in the tension zone
at 55 mm from the bottom of the beam. Figures (1)
illustrate the beam geometry, whereas figures (2) show
the CB and B1 FEM.

3. ANSYS Material Modeling
3.1 Concrete Modeling

The concrete was modeled using Solid 65 (eight-
node solid element). Each node in the solid element
has three degrees of freedom: translations in the x, vy,
and z dimensions. This element's properties include
cracking in tension, crushing in compression, creep
nonlinearities, and high deflection geometric
nonlinearities. Also, the element may be used to test
unreinforced concrete members [6]. In Figure (3), the
element shape and the node locations are shown.

Figure (4) depicts a typical uniaxial stress-strain
curve generated by ANSYS. You can observe that the
concrete acts linearly up to (0.3 f), then gradually
increases in curvature up to (0.75 f'), then falls after
reaching /' until the concrete crushes at ultimate strain.

P

wd=2.6

Section A-A

Figure (1): Beam Geometry used in the Study.
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(a) Modeling of CB

(b) Modeling of B1
Figure (2): Finite element mesh used (a) modeling of
CB (b) modeling of b1
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Figure (3): SOLID 65 element geometry [6].
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Figure (4): Typical uniaxial compressive and tensile
stress-strain for concrete [8].

The tension-stiffening effect is being investigated
because cracked concrete may initially sustain certain
tensile stresses in the direction normal to the crack.
This was achieved in ANSYS-16 by assuming a gradual
release of the concrete stress component normal to the
cracked plane. The normal stress that cracked concrete
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can withstand may be estimated in this research by
referring to Figure (5). [7]

f|-—-—-

|- — - 7~
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Figure (5): Concrete post cracking model [7].

A smeared crack approach is used for crack
modeling in computer program (ANSYS-16). This
method eliminates the need for new meshes for cracks
that form and spread, which lowers computing
complexity as shown in Figure (6)

Figure (6): Smeared crack model [9].

3.2 Steel Reinforcement Modeling

Link-8 is a spar that may be used in a variety of
engineering applications. A spatr element may mimic
trusses, drooping cables, linkages, and springs. The
three-dimensional spar element allows translations in
the nodal x, y, and z dimensions. The element is
defined by two nodes, the cross-sectional area, an
initial strain, and the material properties. The element's
x-axis spans along its length, from node I to node J.
This element was used to represent steel reinforcement
[6]. The geometry of this element is shown in Figure
).

J

Figure (7): LINK-8 spar element [06].

A discrete representation was used to simulate the
longitudinal and transverse reinforcements. Because
the individual elements are generated during modeling
through nodes, there is no need for a mesh for the
reinforcement. The discrete steel method and the
reinforcement model for CB are shown in figures (8)
and (9) below.

Figure (8): Discrete method to represent
reinforcement [10].
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Figure (9): Steel reinforcement representation at CB.

In the ANSYS computer program, the behavior of
steel bar is represented as a bilinear stress-strain curve
starting in the region with positive stress and strain
values. The uniaxial stress-strain relationship of the
steel is represented as a bilinear curve, suggesting that
it is elastic-plastic with strain hardening. As a
consequence, it disregards upper yield points and strain
hardening. In the ANSYS program, the figure (10)
depicts a typical uniaxial stress-strain curve for a steel
reinforcement.

Strain hardening

Stress
4

i P s i g i

Elastic perfectly plastic

€ Strain

Figure (10): Typical stress-strain diagram. [11].

3.3 loading and support steel plates modeling

Steel plates were inserted at support and loading
locations in the finite element models to avoid stress
concentration and local failure. In three dimensions,
the solid 45 is used to depict structural elements. Eight
nodes constitute the element, each of which has three
degrees of freedom, enabling translations in the nodal
X, v, and z directions. The element's properties include
plasticity, creep swelling, stress stiffening, large
deflection, and large strain [6]. The form, node
locations, and coordinate system of this element are
shown in Figure (11). The dimension of these plates
used in this study were (50 mm width, 150 mm length,
and 40 mm thick). Figure (12) displays the boundary
and loading conditions in CB.

® M
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' 1 KL
2 ® y
|
Element coordinate M ™ Prism Option
system (shown for ® !
KEYOPT(4) = 1) b MN,OP
- 1
7 K KL
y.”
5 3
z X @ Tetrahedral Option -

6] not recommended
Surface Coordinate System

Figure (11): Solid 45 element geometry [6].
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Figure (12): CB loading and boundary conditions
plates.

3.4 Horizontal Construction Joint Modeling
(interface modeling)

An interface connects two distinct concretes. In
these conditions, the concept of concrete-to-concrete
interface load transfer is critical in assuming the
monolithic behavior of the resulting composite
reinforced concrete components. We must investigate
the transmission of three types of forces: tension force,
compression force, and sheat force [12]. According to
Randal [13], whereas external tensile forces are
transferred through reinforcement across the interface,
compression forces directly pass through the concrete.
The main goal is to ensure that shear forces are
transferred along the joint. Mechanical interlock,
adhesive bonding, friction, or dowel action may all be
used to describe the mechanism of interface shear
transfer.

In this study, the interaction at interfaces was
modeled using two combinations of interface models.
The first interface is capable of withstanding just
compression forces normal to the contact surface and
tangential shear (Coulomb friction). TAUMAX is the
highest contact friction stress that may be given
without causing sliding regardless of the amount of

normal contact pressure applied. TAUMAX = VFc'
MPa is chosen in this research as a consequence of the
findings in reference [7]. This interface model was
idealized using the CONTA172 and TARGE169 two-
dimensional surface-to-surface contact elements.
3.4.1 CONTAI172

CONTA172 specifies the contact and sliding
between two-dimensional target surfaces
(TARGE169) and a deformable surface. The element
may be utilized in studies of two-dimensional structural
and coupled-field contacts. It is appropriate for pair-
based as well as general interaction. In the case of pair-
based contact, the target surface is defined by the 2-D
target element type, TARGE169. In the case of general
contact, the target surface may be defined using either
CONTA172 elements (for deformable surfaces) or
TARGE169 elements (for rigid bodies only). When an
element surface penetrates an associated target surface
and has the same geometric characteristics as the solid
element face with which it is connected, contact
occurs. Coulomb friction, shear stress friction, user-
defined friction with the USERFRIC subroutine, and
user-defined ~ contact  interaction  with  the
USERINTER function are all available. This element
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also allows for bonded contact separation, which
simulates interface delamination [6]. Figure (13) shows
the geometry of this element and figure (14) displays
the interface layer used in Bl (beam with HCJ at
tension zone).

\/\/ Associated Target Surface

Contact normal Contact Element

Surface of Solid Element

F s

Figure (13): CONTA172 element [6].
ANSYS

R15.0
AUG 10 2021
15:24:15

ELEMENTS
TYPE NUM

Figure (14): B1 interface (HCJ]) modeling in ANSYS.

3.4.2 TARGE169

TARGE169 is used to represent various two-
dimensional "target" surfaces for the contact
components that are linked to it (CONTA171,
CONTA172, and CONTA175). The contact elements
are placed on the solid components that define the
boundary of a deformable body and may come into
touch with the TARGE169, target surface. We may
apply any translational or rotational displacement,
voltage, magnetic potential, temperature, pressures,
and moments to the target segment element [0].
Figures (15) depict the geometry of TARGE169.

Target Segment
Parabola
1 3 1 «— T
3o
]
M L M

Node-to-Surface
Contact Element
CONTA175

Surface-to-Surface
Contact Element
CONTA1710or CONTAL72

Figure (15): Geometry of TARGE169 element [6].

4. Numerical Integration and Nonlinear
Solution Procedures

The Gauss quadrature technique is utilized in this
study to calculate the integrals required to setup the
element stiffness matrix. The integration rule used in
this work is the 8 (2X2X2) points rule, Figure (16). The
locations of the sampling points and the weighting

factors for the 2X2X2 integration rule are shown in
Table (1).
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Figure (16): Brick element/integration points
location [0].

Table (1): Sampling Points Position and Weighting

Factor for 2X 2X 2 Gauss Quadrature [6] [14]
; Position of points
Sampling Weight
Point ¢ n ¢
1-8 +0.57734 | £0.57734 | £0.57734 1

The ANSYS software used incremental-iterative
solution methods with the Newton-Raphson
algorithm. As illustrated in Figure (17), the load is
applied gradually, and iterations are performed to
obtain a converged solution matching to the loading
stage under consideration.

» U

Figure (17): Incremental-iterative method [7].

5. Finite Element Results
5.1 Load and Deflection at Failure

Figure (18) depicts the finite element analysis
(ANSYS) deflection and ultimate load findings for the
control beam at failure. The FEA load at failure for the
CB and B1 were (163.25 kN, and 150 kN respectively)
whereas the failure load determined from experiment
was (170 kN, and 156 kN respectively) resulting in a
failure load difference of about (3.9 %). Figure (19) and
(20) depict the experimental and analytical load-
deflection curves for control beam and Bl (C] at
tension zone). The presence of HCJ made the beam
less stiff as seen in the figure (21).
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Figure (18): Failure load and deflection for CB.
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Figure (19): load-deflection curves for CB.
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Figure (20): load-deflection curves for B1.
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Figure (21): load-deflection curves for CB and B1.

5.2 Crack Patterns

The fractured cracking or crushing types of
fracture that occur in concrete components are
indicated by circles inserted at sampling points in the
ANSYS computer program. The following are the
classifications of crack and crush fractures:
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1. A circular outline in the fracture plane indicates the
presence of cracking.

2. An octahedron represents crushing.

3. If a fracture has been opened and then closed, an X
will be drawn over the circular outline's matching
circle.

The integration point of each brick element may
fracture into up to three different planes. A red circle
outline denotes the first crack, a green circle outline
denotes the second crack, and a blue circle outline
denotes the third crack [6]. The fracture pattern of the
control beam at the ultimate analytical load (163 kN) is
shown in Figure (22).

— ANSYS

R15.9

Figure (22): CB Cracks pattern in FEA at ultimate
load.

5.3 Stress Distribution for concrete

The distribution of concrete stress for CB at the
ultimate load is shown in Figure (23). At mid-span,
when the top fibers of the cross section are
under compression and the bottom fibers are under
tension, the higher compressive stresses are clearly
apparent. The compressive stress with the greatest
value recorded (-26.57 MPa) is directly under the
applied load.

NODAL SOLUTION ANSYS
R15.0]
JUL 23 2021
17:28:38

STEP=21

26.570L 20.337¢8 -14.1082 -7.87273 -1.8402%

-23.4533 ~17.2214 -10.985 -4.7565 1.47598

Figure (23): Stress distribution in concrete for cb at
ultimate load.

5.4 Stresses in Steel Reinforcement

Strain gauges were installed on the steel reinforcing
bars at the locations where the experimental program
required stress measurements. However, calculating
the stress distribution along steel bars is a time-
consuming process that may be replaced by virtual
strain (and stress) gauges produced via finite element
analysis. Steel stresses in four stirrups (from right) of a
control beam between the applied load and the support

area are shown in figures (24) and figure (25) below.
The yield stress of the 4 mm stirrups used in CB was
(640 MPa), indicating that none of the stirrups have
reached their yield point. The maximum stress
measured in the middle stirrups (3rd) between load and
support was about 440 MPa. Noticing that during the
experiment, the stirrups' yield point was exceeded.

P Stirups NO, 4

Stirrups NO. 3
Stirrups NO. 2
Stirrups NO. 1

i

180

i S =

e 1200 -

Figure (24): Steel stirrups used in CB to locate

1

stresses.
P=163.25 KN
70
=
=1
g 50
<
3 30
'_
=N
E 10
oE
5100 -10 fo 1go— 200/ 300 400 | 500
- .
P stl.rrup 1
B Stirrup 2
8 50 Stirrup3
-70

Stress (MPa)
Figure (25): Steel stresses for the first 4th stirrups.

6. Parametric Study for Experimental
Data

The beam designated as (B1) that studied in the
preceding article was chosen for parametric study to
determine the effect of various material and solution
variables on the behavior of reinforced SCC beams in
the presence of CJ. The impact of concrete
compressive strength and stirrup reinforcement were
considered.
6.1 Effect of Concrete Compressive Strength
()

In this study, the compressive strength of concrete
(/") for beam B1 was found to be 21, 28, 47, and 70
MPa. It is clear that as the compressive strength of
concrete tises, so does the ultimate load. Table 2 shows
the numerical ultimate loads obtained for different
concrete grades in the analyzed beam and compared to
the experimental B1.

Table (2): Effect of Grade of Concrete at the

Ultimate Load of B1
Value of I\L‘IE’I;;‘::I Pult num./ | Pult xum./
(£ZJ) MPa load (kN) Pult gem * Pult gyp. #
21 83 0.55 0.53
B1 28 150 1 0.96
47 157 1.05 1.01
70 230 1.53 1.47

*Pult FEM = 230 kN (fc'=28 MPa)
#Pult o, = 156 kN (= 28 MPa)
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6.2 Effect of Stirrup Reinforcement.

In this research, the secondary reinforcement

(stirrups) ratio for B1 was found to be 0.0025, 0.0031,
0.01229, 0.0276, and 0.049 at compressive strength 28
MPa. The ultimate load clearly increases as the
secondary reinforcement ratio of concrete increases.
Table (3) illustrates the numerical ultimate loads
computed for various secondary reinforcement ratios
for concrete in the analyzed beam to the experimental

B1.

Table (3): Effect of Secondary Reinforcement Ratio

at Ultimate Load of B1

Numerical
Value of g, | ultimate load I;)l:lttNum"{ Il)’llj;,lltt N“m';{
(kN) FEM Exp.

0.0025 69 0.46 0.44
0.0031 74 0.49 0.47

B1 |0.01229 150 1 0.96
0.0276 155 1.03 0.99
0.049 172 1.15 1.1

*Pult FEM = 230 kN (fc’=28 MPa)
**Pult p = 156 kN (o= 28 MPa)

7. Conclusion

The analytical program's ultimate loads were
lower than the experimental program's findings.
The difference was 3.1 % -7.8 %.

The presence of the HCJ made the beam more
ductile.

The crack patterns generated by numerical
analysis at the failure loading stage agree well with
the experimental failure results.

Stresses in steel secondary reinforcement for CB
did not reach its yield point. The maximum stress
reached was about 440 MPa while the yield stress
of the actual stirrups equal 640 MPa, noticing that
in the experimental results the stirrups exceeds its
yield point.

According to the parametric study of
experimental data, employing a high strength
concrete of 70 MPa resulted in a 47.4 % in
ultimate load above the experimental value with
normal strength (28 MPa).

In a parametric study of experimental data, using
8 @100 mm with v =0.049 led to a 10.3 % in
ultimate load value, whereas using 2mm @125
mm with v = 0.0025 resulted in a 55.8 %
reduction in ultimate load magnitude.
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