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Abstract

In this research, a nonlinear finite element model developed to investigate the behavior and ultimate load
capacity of unbonded post-tensioned one-way concrete slab panel. The numerical treatment adopted by
finite element ANSYS software has been carried out on two different one-way concrete slabs chosen from
previous available experimental study in order to evaluate their results. Mode of failure and the load-
deflection relationship are presented for two cases. A parametric study was conducted to study the effects
on the global structural behavior due to the effect of concrete compressive strength, effect of effective
prestressing stress, effect of prestressing (post-tensioning) technique, types of loading, effect of tendon
profile, effect of tendon bonding, effect of span to depth ratio of concrete slabs.
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Introduction

Post-tensioning of concrete slabs can be
constructed using unbonded or bonded tendons.
For unbonded slabs the transfer of force from the
tendons to the concrete is via the end anchors, with
strains in the tendons distributed throughout their
entire length, and also via the profile of the
tendons. Friction forces between the tendon and
concrete are very small since the tendon is
typically greased and housed within a plastic tube
(duct). In bonded slabs the transfer of the force is
via the end anchors, together with the bond
between the tendons and concrete (after grouting),
and via the curvature of the tendons. Compared to
bonded systems, unbonded post-tensioned
concrete slabs are more economic, easier to
construct and have the possibility to replace or
repair any defective tendons. However, they are
not considered to be as robust as bonded systems.

The behavior of post-tensioned concrete
structural members has previously been
investigated experimentally by (Brotchie, 1980;
Williams and Waldron, 1989;Schupack, 1991; Tan
and Ng, 1997; Chen and Wissawapaisal, 2001;
Chakrabarti, 2005). and a number of other
researchers. A detailed review of various studies
can be found in (Khan and Williams, 1995 and
Ellobody and Bailey).

Numerical and theoretical models have been
previously developed by other researchers to study
the behavior of unbondedprestressed concrete
members. (Alkairi and Naaman).developed an
analytical model to study the behavior of
unbonded tendons in simply-supported
symmetrical beams. The model was simplified
since the interaction between the tendon and
concrete, unsymmetrical loading, post-cracking
tensile capacity and time effects were all ignored
in the analysis. In (Moon and Burns,
1997).analytical method for unbondedprestressed
members, the geometrical changes in the tendon
profile during the deformation of the member were
ignored. (Wu et al,2001).presented a numerical
procedure for the analysis of prestressed concrete
structures. However, there was no experimental
investigation included within this research and the
calculation of prestress losses relied on equations
presented in current codes of practice. Based on
the review of previous research, summarized
above, it was found that an efficient 3-D finite
element model with nonlinear material models for
the tendon and concrete is needed to accurately
study the behavior of unbonded post-tensioned
concrete slabs. The proposed model must also
include the correct transfer of force between the
tendon and concrete at the anchor points and
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ensure that the tendon retains its correct geometry
during the deformation of the slab.

This research presents a finite element model,
using ANSYS software (Ver. 12.0).
(withoutcivilFEM) To validate the model two
unbonded post-tensioned concrete slabs have been
chosen from the previous available experimental
study tested by (Ellobody and Bailey). A
parametric study is also presented investigating the
effect of concrete compressive strength effective
prestressing stress, prestressing (post-tensioning)
technique, types of loading, tendon profile, tendon
bonding and span to depth on the behavior of
unbonded post-tensioned concrete slabs.

Experimental Tests:

Two unbonded post-tensioned concrete slabs
have been chosen from the available experimental
study for the numerical analyses. The slabs,
designated as (TD with
(f', = 44.4 MPa) and (T2) with
(f', = 48.2 MPa), where a simply supported

subjected to four concentrated point loads and
tested by (Ellobody and Bailey). The unbonded
post-tensioned slabs were designed according to
BS8110-1 (2002). The general layout of the
unbonded post-tensioned one-way concrete slab is
shown in Figure (1).

The overall dimensions of the slabs are with an
overall length of 4300 mm, a span of (4000mm), a
width of (1600mm), and a depth of (160mm).
Apart from the bursting reinforcement, there was
no other conventional (passive) reinforcement
included in the slabs.

The slabs was positioned in the loading frame
as shown in Figure (2). The jacking load was
applied at regular intervals of (5 kN). Initially,
both slabs (T1) and (T2) behaved linearly and the
observed deflections were small up to (42.4 kN).
Moreover, The slabs was supported on two (356 x
171 x 67mm) I-Section steel beams and loaded at
four locations using spreader plates (1600 x 350 %
40mm).
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Figure (1). General Layout of the Post-tensioned Slabs T1 & T2.
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Figure (2).Test Setup Showing Loading Frame.

Modeling of Material Properties:
Concrete exhibits a complex structural
response with various important nonlinearities

namely, the nonlinear stress-strain behavior,
tensile cracking, compression crushing, in addition
to time- dependent effects such as creep, shrinkage
and temperature change, which all contribute to
the nonlinear response. All these nonlinearities
depends strongly on the triaxial state of stress.
Concrete was modeled using the plasticity
based model implemented in the ANSYS. The
model provides a general capability for modeling
plain and reinforced concrete in all types of
structures. The plasticity theory provides a
mathematical relationship that characterizes the
elasto- plastic response of materials, in
combination  with  isotropic  tensile  and
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compressive plasticity, to represent the inelastic
behavior of concrete. The model assumes that the
uniaxial tensile and compressive response of
concrete is characterized by plasticity based
model. Under uniaxial compression the response is
linear until the value of proportional limit stress,
(f.o) is reached which is assumed to equal 0.30
times the compressive strength (f.). Under uniaxial
tension the stress-strain curve s assumed to be
linearly elastic up to the ultimate tensile strength.
After this point, the concrete cracks and the
strength decreases to zero. Figure (3) shows the
Simplified Uniaxial Stress-Strain relationship that
is used in this study.
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Figure (3). Simplified Uniaxial Stress-Strain Curve For
Concrete

ANSYS Finite Element Model:

By taking the advantage of the symmetry of
both slab’s geometry and loading, a quarter of the
entire model slab is used for the finite element
analysis. The aim of this was to reduce the
computational time.

Finite Element Model of Concrete:

In the present study, 3-D brick element with 8-
nodes was used to model the concrete (SOLID65
in ANSYS). The element has eight corner nodes,
and each node has three degrees of freedom (u, v
and winx, y and z direction respectively). The
element is capable of plastic deformation, cracking
in three orthogonal directions, and crushing. The
geometry and node locations for this element type
are shown in Figure (4).

Finite Element Model of Steel Plates:

In the finite element method, each load is
distributed over a small area as n the experimental
slab specimens. Steel plates were added at the
support locations and under the point load (applied
load) in order to avoid stress concentration
problems. This provided a more even stress
distribution over the load and support area. Solid
element (SOLID45 in ANSYS) was used for the

steel plates. The element is defined with eight
nodes having three degrees of freedom at each
node; translations in x, y and directions, Figure

4.

a) General 8-node Brick Element

b) 8-node Brick Element in Local
Coordinate System

Figure (4).Three Dimensional 8-node Brick Element.

Finite Element Model of Prestressing and Non-
Prestressing Reinforcement:

In the present study, the prestressing and non-
prestressing reinforcements (tensile, compressive,
tendon and bursting reinforcement) were
represented by  using 2-node  discrete
representation (LINKS8 in ANSYS) and included
within the properties of 8-node brick elements.
The link element is assumed to be capable of
transmitting axial forces only, and perfect bond is
assumed to exist between the concrete and the
reinforcing bars.Toprovide the perfectbond, the
link element for the steel reinforcing bar was
connected between nodes of each adjacent
concrete solid element, so the two materials share
the same nodes.

For tendon cable, since it is located inside the
concrete section (throw the hole) and the
prestressing force is transferred to concrete
through end anchorages and profile of tendon, the
cable is connected to slab only at the anchorages
(ends).

Finite Element Model of Interface:

The contact between the concrete and the
tendon was modeled by contact elements (using
the CONTACT PAIR MANEGER) available
within the ANSYS program element library. The
method requires defining two surfaces that are the
target and contact surface. The target surface
within this model (TARGE170 in ANSYS)
represents rigid surface is defined as the concrete
surface surrounding the tendon and the contact
surface (CONTA175 in ANSYS) represents
contact, slid and deformable surface is defined as
the tendon surface. The contact elements has four
corner nodes, and each node has three translation
degrees of freedom (u, v and w) in X, y and z
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directions respectively. This element is located on
the surface of 3-D solid (such as 8-node brick
element) and has the same geometric
characteristics as the solid element face with
which it is connected. The contact elements are
formed using these two surfaces and monitors the
displacement of the contact surface in relation to
the target surface. The contact details is shown in
Fig. (5).

Contact Points
(CONTAL175)

Tendon Profile
(LINKS)
Target surface
(TARGE170)

Figure (5). Contact Elements (Interface)

The finite element analysis has been carried
out in general using 8-point (2x2x2)integration
rule for the reinforced concrete brick elements and
4-point (2x2) integration rule for the steel plates
elements and for the interface elements, with a
convergence tolerance of 0.1%. The full Newton-
Raphson method has been adopted in the analysis;
all mesh details are shown in Fig.(6) and Fig.(7).
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Figure (6). Finite Element Mesh for Quarter of The
Slab.

Bursting
Reinforcement

All pl12mm
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Verification of Finite Element Model:

The results from the ANSYS (12.0) finite
element analyses were compared with the
experimental data. The following comparisons are
made: load-deflection curves at midspan; first
cracking load; load at failure. Also, discuss the
development of crack patterns for slab (T1)and
slab(T2). The experimental and numerical load-
deflection curves obtained for slab (T1) and slab
(T2) are shown in Figures (8) and (9) respectively.
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Figure (8). Load- Deflection Curve for Slab (T1).
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Figure (9). Load- Deflection Curve (for)Slab (T2).

Good agreement is in load—deflection
relation prior to cracking load after the
appearance of flexural cracks. At ultimate
state, the numerical load is slightly larger than
experimental load, and a relatively stiffener
response has been obtained in the post
cracking stage of behavior for slabs.

For slab (T1), the failure load from experimental
was (156.6 kN), at a central deflection of
(81.9mm), compared to (160.7 kN) and (65.67
mm) obtained from the model. The failure load
predicted using the model was (2.6%) higher than
that observed from the test. The mode of failure is
Concrete Crushing (CC) in the model
corresponded to the mode of failure in
experimental. The first flexural cracking initiates
at 62.5% from the ultimate load. The first crack
observed in tension zone of the slab as shown in
Figure (10) and extend towards top face of slab in
compression zone. Figure (11) also show crack
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pattern at ultimate state.

Mid. Span

e
\Cl‘ack Y

Figure (10).The First Crack at 62.5% of Ultimate Load

/Ir’d.Span I S S <—T

~~<=@ 22 §j¢ @« % =8 S 0§ @- —[= -
HE RN iR s s st 18 8 A0St

HHHEHH

L

Figure (11). Crack Pattern Near Mid-span at Load =
160.7 kN

For slab (T2), the failure load from experimental
was (178.2 kN), at a central deflection of (93.5
mm), compared to (180.4 kN) and (86 mm)
obtained from the model. The failure load
predicted using the model was (1.23%) higher than
that observed from the test. The stress contours
within the concrete elements are shown in Figure
(12). The maximum compressive strains at failure
occurred in the top concrete layer under the middle
spreader plate (off-set from the mid-span) as
observed in the test, with concrete crushing (CC)
predicted. The strain of the tendons recorded from
the finite element model was exceeding the
measured yield strain, therefore the mode of
failure is Tendon Yielding (TY).
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Figure (12). Stresses Distribution for Concrete at
Failure Load for Slab (T2).
Parametric Study:

The verified finite element model was used to

investigate the effect of several selected
parameters on the overall behavior of post-

tensioned one-way concrete slab. These
parameters include the effect of concrete
compressive  strength, effect of effective

prestressing stress, effect of prestressing (post-
tensioning) technique, types of loading, effect of
tendon profile, effect of tendon bonding, effect of
span to depth ratio of concrete slabs. It has been
found that, as the compressive strength of concrete
increases from (40 MPa) to(70 MPa) the ultimate
load increases by about (43.77%) and for higher
value of ratio (f,/ f,) (effective prestress to
ultimate stress) the ultimate load increases. The
ultimate load for post-tensioned concrete slab
increase approximately (66.8 %) more than the
same slab without prestressing (ordinary
reinforcement slab). The increase in the ultimate
load of the slab subjected to four point load is
(20.7 %) larger than that of the slab with a single
load at mid-span. It is noted that the ultimate
capacity increases when curved tendon profile is
used. Also it is noted that the slab with full bonded
more stiff than the same slab with full or partial
unbonded.

Important effect has been noted by increasing
the ratio of the span to thickness of concrete slab
(I/t) from (20) to (45) lead to an decrease in the
ultimate load by about (10.8 %).

Conclusions:

Based on the finite element method by using
ANSYS computer program (version 12.0), the
analysis with a numerical results is described in
previous section, it can be concluded that the
computational finite element models adopted in
the current study are useful and adequate for
analyzing an unbonded post-tensioned one-way
concrete slab. The finite element model used in the
present work is able to simulate the behavior of
unbondedpost-tensioned one-way concrete slabs.
The analytical tests carried out for the two cases
studied indicated that the load -deflection
response, ultimate loads behavior in concrete slab
are in good agreement with the experimental
results. This study investigates the effect of several
factors on load-deflection response throughout the
entire range of behavior using the nonlinear
analysis by ANSYS computer program. Based on
the previous factors, the following conclusions are
obtained:-
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1. From the numerical analysis carried out to
study the effect of compressive strength of
concrete on the strength behavior , it was found
that as the compressive strength of concrete is
increased from (40 N/mm?) to (70 N/mm?) the
ultimate load capacity is increased by about
(43.8 %).

2. For different values of effective prestressing
stress that are taken as (f,. / f,.) ratio, the
ultimate load is increased substantially by
about (8.1 %) when the ratio is increased from
(0.25) to (0.75). This can be attributed to
increase in prestressing force that improves the
stiffness of slab.

3. It was observed that the increase in the ultimate
load capacity for unbonded post-tensioned slab
by (66.8 %) is larger than the same slab without
post-tensioned tendon.

4. The increased in ultimate load on the slab
subjected to uniformly distributed load is
(35.1 %) greater than that in beam with a single
load at mid span.

5. It was found that the tendon profile has no
significantly effect on the ultimate load
capacity, where the results showed that
ultimate load decreased (5 %) with straight
tendon profile compared to curved tendon
profile.

6. The finite element results obtained for the same
slab assuming full and partial bond between
tendon and concrete are shown that compared
to a concrete slab with unbonded a stiffer
behavior has been noticed. It was observed that
the ultimate load capacity for slab with full
bonded increase by (4.9 %) than the same slab
with unbonded.

7. The strength of post-tensioned slabs are
decreased by increasing the ratio of the depth to
span of concrete slab (I/f), with keeping the
width and depth of slabs constant and it was
found that as the (I/f) ratio is increased from
(0.20) to (0.45) the ultimate load decreases by
about (10.8 %).
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