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Abstract: Nowadays, in our country design of modern an architectural building structures requires the use of slender and
free from numerous supports slabs. The most suitable solution for above requirements is the post-tensioned slabs with bonded
tendons. Slabs prestressed by bonded tendons are successfully used worldwide for several decades. During that time many
recommendations dealing with the forming of geometry and prestressing, dimensioning and erection technology were issued.
During the recent years Post-Tensioned (PT) method is a widely used technique to prevent cracking and to minimize the
deflection which is resulted by loads. In this method, stress is applied after concrete placing and reach adequate hardening and
strength.

In spite of designed the slabs significantly larger and slenderer than the recommended maximum value of span and span to
depth ratio, the deflection of the slabs is definitely far from the limit value.

This thesis investigates the detailed flexural behavior analytical investigation of specific long span post tension two-way
concrete slab under flexural loading. ANSY'S non-linear finite element analysis software is used to develop full scale 3D two
way post tensioned concrete slab model to investigate the flexural behavior of long span PT slab with specific number of
tendons and the applied load on the concrete two-way slab. Further, a parametric study will conduct to investigate the effect of

tendons layout and span length on the overall behavior of post -tensioned two-way concrete slab.

Keywords: Post Tension ,Tendons, Unbonded, Microplane, Tendons layout, Long span
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1. Introduction

Design of modern an architectural building structures
requires the use of slender and free from numerous supports
slabs which is longer span concrete slab. The most suitable
solution for above requirements is the post-tensioned
concrete slabs with unbonded tendons. Slabs prestressed by
unbonded tendons are successfully used worldwide for
several decades. During that time many recommendations
dealing with the forming of geometry and prestressing,
dimensioning and erection technology were issued.[1]

Post-Tensioned (PT) method is a widely used technique.
Pre-stressing the concrete by using post-tensioned
reinforcement provides less cracking and smaller crack
widths, causing better durability of concrete structures and
preventing corrosion problems. Furthermore, pre-stressing
leads to smaller deflections and allows for more slender
structures and smaller overall construction heights. The
concrete is prestressed by inserting post-tensioning
reinforcement, which applies compressive stresses to the
concrete. The compressive stresses are applied with a
beneficial size and distribution in order to balance the effects
of the external loads. Post-tensioned flat slabs are commonly
used in industrial buildings, parking garages and other
structures where large open areas are required. In comparison
to normal reinforced concrete, post-tensioning allows for
reduced slab thickness and larger spans. In this method,
stress is applied after concrete placing and reach adequate

hardening and strength.

The behaviors of post-tensioned concrete elements were
studied experimentally by Williams and Waldron [2], Yang,
K. H et al.[3], Ranzi, G et al., [4], Bailey and Ellobody, [5]
and others. A collection of studies by several researchers
explains the FE analysis of the behavior of reinforced
concrete structures such as shear failure of slabs, cyclic
loading of columns, and the behavior of structure to seismic
and bond models between concrete and steel.

Thomas H.-K.
many applications today in order to fully use concrete

et al., [6] Prestressed concrete is essential in

compressive strength, and through proper design, to control
cracking and deflection. Generally, Prestressed concrete can
be constructed in one of three ways: pretensioned prestressed
concrete, Unbonded post-tensioned (PT) prestressed concrete,
and bonded PT prestressed concrete. Although design
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methods have been developed for prestressed concrete over
many decades, the understanding of structural mechanism in
PT concrete members still needs to be greatly enhanced in
many aspects such as shear-flexure interaction in PT
two-way slab systems. Furthermore, studies of discrepancy
between bonded and unbonded two-way slab systems were
Rarely reported. Only a few studies have compared the
behaviors of PT concrete one-way members with different
tendon systems or tendon bonding conditions.

Abbas et al., [7] investigates the structural behavior of PT
two-way concrete slabs which involves flexural behavior
analytical investigation of PT concrete two-way slab with the
different bonded tendon layout. To study their structural
behavior, they used non-linear Finite Element (FE) analysis
programs method, to choose the most effective and optimum
position of tendon layout with different number of tendons
and applied load on the concrete two-way slab.

Nethravathi S.M, et al., [8] this paper includes result on a
study of un-bonded post tensioned cast-in-place parking floor
subjected to various arrangements of tendon layout based on
FEM analysis. The Modelling and analysis of post-tensioned
flat plate is done by using SAFE software. Equivalent loads
based on cable profiles are applied to the flat plate according
to the tendon layout. Design moments, service moments,
hyper-static moments, ' short term deflection, long term
deflection, and punching shear are compared for the various
tendon layouts at service and ultimate limit state.

S. W. Han et al., [9] this research investigates the cyclic
behavior of interior post-tensioned flat plate connections.
Cyclic tests of four interior PT slab—column connections
were conducted. Primary test variables were the level of
gravity shear at the slab—column connection and the slab
tendon arrangement. Test results indicate that both the test
variables strongly influence the cyclic behavior of the PT
connections, and that the use of slab bottom reinforcement at
the slab—column connection was effective in resisting
positive moment developed under lateral loading as well as
improving the hysteretic energy dissipation capacity.
Experimental studies of four isolated, post-tensioned interior
slab—column connections subjected to both gravity and cyclic
lateral loading were conducted. Based on the test results, the
following conclusions are reached.

Mark Sarkisian et al., [10] Post-tensioned (PT) flat-plate
gravity framing systems are highly efficient and reduce
embodied carbon when compared to conventional reinforced
concrete framing systems. Efficiency is especially apparent
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in multi-span applications with regular orthogonal support
arrangements. Even though PT flat-plate gravity framing
systems are less efficient in single-span or irregular support
applications, they are being still useful in reducing slab
thickness, improving construction efficiency, and reducing
seismic mass.

Matthew J. Davey, [11] investigates the performance of
exterior post-tensioned wide band beams and column joints
under seismic loading. This investigation involved the testing
of two specimens, designed and detailed for gravity loading
to Australian standards and construction practices without
any specific seismic detailing. One of these specimens was
repaired using carbon fiber reinforced polymer and re-tested.
The second specimen had the tendons in the beam
concentrated closer to the column joint. Both the original
specimens and the repaired specimen were able to achieve
drift capacities greater than would be expected to be imposed
on them in low to moderate seismicity regions, and greater
than drift limits imposed by many design codes, without
significant loss of capacity. The use of post-tensioned
tendons resulted in larger achievable displacements, ductility
and energy dissipation compared to similar ordinarily
reinforced wide beam tests. Both test specimens performed
very similarly to each other, indicating that the tendon
spacing was not significant. Finite element modelling was
conducted for both specimens, with good comparison to
experimental results being obtained. These models were then
used as the basis for a parametric analysis, which identified
edge beam size and ligature spacing, as well as level of
prestressing and reinforcement positioning, as the key
performance points and areas for future research.
[12] this paper

experimental study on the seismic performance of two

U. Prawatwong, et al., presents an
three-fifth scale post-tensioned (PT) interior slab-column
connection models, one without drop panel and another one
with drop panel. The model without drop panel was designed
and constructed to represent a typical connection between
interior column and post-tensioned flat plate with bonded
tendons usually found in Thailand.

The other model was intended to represent an improved
design of typical post-tensioned slab-column connections by
using drop panel. Both models were tested under a constant
gravity load. A conventional displacement-controlled cyclic
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loading routine with monotonically increasing drift levels

until failure was adopted to investigate the seismic
performance.

Shriraj S. Malvade et al., [13] this paper gives a review on
the response and behavioral properties of Post-tensioned flat
slab during earthquake and compare with normal flat slab.
The behavior and response of flat slab and Post tensioned flat
slab during earthquake is an important aspect which needs to
be explored. The use of post-tensioned flat slab is increasing
widely, due to its advantages over traditional concrete. These
slabs have been proved to be the most economical when
compared to the RCC slabs. As these slabs are very easy to
construct, Post-tensioned slabs are preferred for industrial,
commercial and residential floor slab construction. Majorly
because of the relatively thin slab depths, lighter in weight
and smaller floor to floor heights, Post-tensioned slabs have

been used for such construction.

2. Finite element modeling

For the present research ANSYS Mechanical APDL 19.3 is
being used. It is very accurate in predicting the cracks and
crushing. behavior of the reinforced concrete. Modeling is
one of the most important aspects for the FE analysis.
Accuracy in the modeling of element type and size, geometry,
material properties, boundary conditions and loads are
absolutely necessary for close numerical idealization of the
actual member. Modeling the complex behavior of reinforced
concrete, which is anisotropic and nonhomogeneous, is a
difficult challenge in the FE analysis Of Civil engineering
structures. So, it should be done with very care and patience.
Few of the basic theory must be followed before going for
the modelling in ANSYS19.3 specially of the concrete
modelling. One major problem which has been encountered
by the engineer/scientists working in the FEM of concrete is
the convergence problem associated with it. Due to cracks,
concrete is generally not able to converge so some of the
convergence criteria has to be dropped to get the accurate
results.

2.1. Element Types

The following were the element types used in the simulation
(ANSYS Mechanical
APDL 19.3)
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e CPT215 for concrete

o REINF264 for discrete reinforcing
¢ SOLID185

e MESH200

¢ INSTATE

2.1.1 CPT215 Element

The ANSYS R19.3 Parametric Design Language (APDL)
was used to analyze all modeled slabs. CPT215 element type
(or 3-D reinforced concrete solid) and microplane coupled
damaged plasticity (CDP) material model in ANSYS was
used to model the concrete. CPT215 is a 3-D eight-node
coupled physics solid element capable of modeling coupled
physics
structural-pore-fluid-diffusion-thermal analysis and structural

phenomena such as
implicit gradient regularization using a nonlocal field. The
element is defined by eight nodes and can have the following
degrees of freedom at each node: Translations in the nodal x,
y, and z directions Pore-pressure, Pore-pressure (PRES),
Temperature (TEMP), Nonlocal field values (GFV1, GFV2).

M o.p

I K.L

]
Prism Option

MN.O.P
I
K.L
K

)

Tetrahedral Option -
not recommended

Figure 2.1 CPT215 Structural Solid Geometry

2.1.2. REINF264 Element

REIF264 element type is used for rebar steel spare element
with standard 3-D link, beam, shell and solid elements
(referred to here as the base elements) to provide extra
reinforcing to those elements. REIF264 allows tension-only
or compression-only reinforcing fibers. The
REIF264 element does not accept element loading the
reinforcing element is firmly attached to its base element. No
relative movement between the reinforcing element and the
base is allowed.

2.1.3. SOLID185 Element

SOLID185 is used for 3-D modelling of solid structures. It is
defined by eight nodes having three degrees of freedom at

each node: translations in the nodal x, y, and z directions.
The element has plasticity, hyper elasticity, stress stiffening,
creep, large deflection, and large strain capabilities. It also
has mixed formulation capability for simulating deformations
of nearly incompressible elastoplastic materials, and fully
incompressible hyper elastic materials.

w

Figure 2.2 Solid185 geometry

2.1.4. MESH200 Element

MESH200 is a "mesh-only" element, contributing nothing to
the solution. This element can be used for Temporary
representation of discrete reinforcing fibres and smeared
reinforcing layers, including their geometry, material, and
orientation. In this research the Mesh200 element options are
used for madelling of reinforcing 3-D Lines with two or three
nodes for discrete reinforcing in 3-D model. MESH200 may
be used in conjunction with any other ANSY'S element types.
After it is no longer needed, it can be deleted (cleared), or
can be left in place. Its presence will not affect solution
results.

KEYOPT (1)= 10
brick with 8 nodes

KEYOPT (1)= 11
brick with 20 nodes

Figure 2.3: Mesh200 geometry

In the current study, for the compression of concrete, the
is adopted. The
considered stress-strain relation depends on the study

bilinear relationship of stress-strain
conducted by (Desayi and Krishnan, 1964); as shown by the
Figure 2.4 (a) The Stress-strain curve of the isotropic bilinear
model for tendons and for modeling the reinforcing steel bars
of the current study, the bilinear relationship of stress-strain
showed in Figure 2.4 (b). Is taken into consideration. Steel
bars were assumed to transmit only axial force because they
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are slender, while in the current study, the strands are
assumed bilinear isotropic.

8IG  jon9

1.8 i 2.4
EP-S
(a) Stress-strain curve of the isotropic bilinear model
for tendons

E;S :
(B) Stress-strain curve of the isotropic bilinear model for
steel rebar
Figure 2.4. Stress- strain curve for bilinear model for rebar ,
tendons and concrete

3. Finite Element Validation Analysis of PT slab

The numerical results were verified by comparison with the
experimental results. In order to validate the developed
nonlinear models, one of the onsite erected building post
tensioned concrete two-way slab onsite tested by Rafal
Szydlowski and Barbara Labuzek [2] was chosen. One of
the Artistic and Cultural Center in Kozienice P1-2 tested
under static load up to failure. P1-2 had tendons one
directions with seven wire steel strands with a 5 mm diameter
non-prestressed bars which was used in one direction at top
of slab for each 250 mm spacing, with overall slab geometry
dimensions equal to 4000 mm, 3000 mm and 250 mm length,
width and thickness respectively
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as shown in Figure 3.1 The non-prestressed reinforcement
was made of high tensile steel deformed bars with a 400 MPa
yield stress and 200 GPa modulus of elasticity. The tendon
nominal ultimate tensile strength was 1860 MPa. The

tendon layout applied similarly to the bending moment
induced from the concentrated loads. The tendons were
unbonded with 220 MPa prestressing force. Figure 3.1
demonstrates the dimensions and section details of the
prestressed slab specimen. Figure 3.2 shows the concrete and
tendons mesh.

aaaaaaaaaaaaa

"T: ..... ’ ) 253

000000000 00000
00004000000 000004030

Figure 3.1 Detailing of onsite specimen P1-2 by (Rafal

Szydlowski and Barbara Labuzek, 2017)
ANSYS

Figure 3.2 Finite element mesh of the tendons anchore
plate ,loading plate, and supporting plate of the concrete
two-way slab P1-2
After modeling and analyzing the experimental model slab
P1-2 by ANSYS program, the results for load displacement
curves were validated and showed good Agreement with
results as

experimental shown
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Figure 3.3 Load vs. deflection curves for the numerical finite
element slab P1-2
3.1 Parametric Study of post tension slab
3.1.1Tendons Layout for different span length

Prestressing is a way of counteracting the effect of external
loads on structures by imposing stresses conflicting to the
load effect. The best way to achieve this is by using tendons,
which stressed prior to the final loading of structures.
Tendons are typically located near the bottom which positive
moments occur and near the top which negative moments
occur with the intent to install the cable with the maximum
total drape. In this study different tendon layout with
different long span length are considered which are PT
tendons in one direction with different span length and PT
tendons in two directions with different span length as shown
in Figures 3.6 For all cases tendon profiles are straight at the
bottom, and spacing between tendons equal to 400 mm and
span length of 8m, 10m, 12m, 15, and 18m.

The dimensions, loading, and boundary conditions
considered for the modeling slab are shown in Figures 3.4
and 3.5 The slab was subjected to concentrated point load at
center and simply supported at all ends. In the current study,
using 3D solid elements, the unbonded PT concrete slab was
modeled. Only 1/4 of the slab was modeled because of
symmetry. The concrete material properties, reinforcements,
and strands for bonded PT two-way slabs considered in this
study are shown in Table 3.1
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Figure 3.4 Concrete two-way slab dimension and cross
section for one of the parametric study
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Figure 3.5. Boundary condition (simply supported)

Table 3. 1 material properties
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4500

a) PT1-1, span length 8m
2500

ISSN 2320-9186 1645
7
Material Properties 3000 3000
Elastic Modulus 2.0629E+05Mpa
Pre stressed Linear Isotropic Poisson’s Ratio 03
Steel tendons Yield Stress 1741 Mpa
Bilinear Isotropic
Tang Mod 1000 Mpa
= =
= =
Elastic Modulus 2E+05 Mpa o« ol
Linear Isotropic _ _
Poisson’s Ratio 03
Mild steel rebar
Yield Stress 400 Mpa
Bilinear Isotropic
Tang Mod 1000 Mpa
Density dens 23 e) PT3-1, span length 12m f) PT3-2 span length 12m
Elastic Modulus 34E+3 Mpa a7s0 3730
Linear Isotopic Poisson’s Ratio 02
C1 Uniaxial compressive 45 Mpa
strength
c2 Biaxial compressive 51.75 Mpa
strength
Microplan] Cc3 Uniaxial tensile strength | 3.82 Mpa = 2
Concrete model C4 tension cap hardening 1 - -
constant
Cs Hardening material 4000
constant
Cé Intersection point 315
abscissa Between
ComIpression
cap and Drucker-Prager ’
yield function
. g) PT4-1, span length 15m h) PT4-2 span length 15m
2000 2000 o 50
=] =
=] =
= =
o~ o~

4500

b) PT1-2 span length 8m

i) PT5-1, span length 18m

2500

2600

-

¢) PT2-1, span length 10m

d) PT2-2 span

j) PT5-2 span length 18m

‘Figure 3.6 ¥4 Model of different span length PT slab and

Tendon Layouts

4 Results and Discussion

4]1 Effect of Tendons layout on load-displacement
eﬁsponses results

In this study the effect of tendons layout conducted through

length 10m

ANSYS19.3 nonlinear analysis of PT slab models of twelve

different slab specimen with tendons area of 150mm? for

span length 8m,10m,12m, and 15m tendons runs in one

direction and two direction considered in current study. The
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analysis results are discussed in the following subsection
based on load displacement response, stress intensity, and
plastic strain results of ANSYS mechanical APDL19.3.

Figure 4.2 shows for tendons layout run in one direction
effects on load - displacement responses resulted a failure
load of 1930.82KN ,1929.65KN , 1608.04KN, 1286.43KN
and 1072.03KN for span length 8m,10m,12m, 15m ,and 18m
respectively it shows failure load decrement of 0.06% |,
16.67% , 20% , and 16.67% with respect to increment of the
span length of the specimen and corresponding displacement
of 9.03mm, 11.04mm,13.25mm,16.56mm, and 19.87mm,
at failure load.

For tendons layout run in two direction effect on load -
displacement responses resulted in failure load of
2088.86KN ,2000.79KN , 1667.33KN, 1333.86KN, and
1111.56KN for span length 8m,10m,12m, 15Mm, and 18m
respectively it shows failure load decrement of
0.05% ,16.7% ,20.1% , and 16.2% with respect to increment
of the span length of the specimen and corresponding
displacement of 8.82mm, 8.98mm,10.77mm, 13.46mm ,and
16.16mm, at failure load.

Figure 4.1 shows load - displacement responses result on
failure load for span length of 8m effects of tendons layout
which runs in one direction and two direction with failure
load of 1930.82KN and 2088.86KN respectively it shows
tendons which runs in two direction has failure load
increment of 7.56% and their corresponding displacement of
9.03mm, and 8.82mm, at failure load.

Tendons layout effects on Sm span length

2500

2000

-~
g
_‘; 1500
S
- Tendons in one
E 1000 direction
& Tendons in two
- .

200 direction

0 2 4 6 3 10
Midd span Displacment (mm)

Figure 4.1 Load- displacement curves at the center of slabs
for tendons in one & two direction

Tendons layouts in one direcion

2500
2000
5 Span length Sm
..‘E Span length 10m
3 = Span length 12m
~ —#—Span length 15m
%. —— Span length 18m
B
-

0 H 10 15 20 15
Midd span Displacment (mm)

Figure 4.2 Load- displacement curves at the center of slabs
for one-direction tendons

Tendons layout in two direction
2500

2000

=

%, 1500

- Span length §m

b

=2 Span length 10m

-

.8 1000 Span length 12m

-t& Span length 15m
500 ——Span length 18m

0 5 10 15 20
Midd span Displacment (mm)

Figure 4.3 Load- displacement curves at the center of slabs
for two-direction tendons
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Table 4. 1 Failure load and maximum deflection of specimen with different tendons layout
Span Tendon Tendons Max. Failure
Specimen (1D) support length  Spacing area deflection  load (KN)
(m) (mm) (mm?) (mm)

Tendons in one direction
PT1-1 8 400 -9.03 1930.82

Gl Tendons in two direction
PT1-2 8 400 150 -8.82 2088.86

Tendons in one direction

PT1-1 8 400 -9.03 1930.82
G2 PT2-1 Simply 10 400 -11.04 1929.65
PT3-1 supported 12 400 150 -13.25 1608.04
PT4-1 15 400 -16.56 1286.43
PT5-1 18 400 -19.87 1072.03

Tendons in two direction
PT1-2 8 400 -8.82 2088.86
PT2-2 Simply 10 400 -8.98 2000.79
G3 PT3-2 supported 12 400 150 -10.77 1667.33
PT4-2 15 400 -13.46 1333.86
PT5-2 18 400 -16.16 1111.56

The most important factor affected long span PT concrete two-way slab behavior was tendon layout and its area. The nonlinear
FE analysis was achieved to find the optimum layout of the tendon for long span PT slab. - From the FE analysis, it can be
noted that the ultimate load capacity; The PT slabs with 8m span length with 400mm tendons spacing in two direction showed
stiffer response and highest ultimate load capacity compared to the slabs with highest span length. Using tendon in both
directions has the eccentricities specified values. Eccentricity is defined as the distance between the neutral axis and tendons,
which creates an internal moment act in the opposite direction of moments caused by the external and prestressing load. The
Increase in eccentricities will cause an increment in tendon stresses and decrease the tensile stress in concretes. The use of
tendons in two directions creates a transverse effect to increase capacity against counteract external load, with the effect of
axial, bending and shear. In addition, straight bottom tendons in two directions of the slab give maximum failure load; it is
stronger as compared to other slabs.
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4.2 Effect of Concrete Grade on
load-displacement responses results

To study the effect of concrete strength the parametric
investigation conducted on fifteen models of the PT slab with
tendons layout in one direction and spacing of the tendons
400mm with concrete strength C40/50, C35/45, and C30/37
for varies span length the analysis results are discussed in the
following subsection based on load deflection, stress intensity,
maximum deflection and plastic strain results of
ANSYS19.3.The concert grade effect on load - displacement
responses ANSYS result of nonlinear analysis of the PT slab
with load displacement response resulted in failure load for
concrete grade C40/50 with span length of 8m, 10m, 12m,
15m and 18m has 2853.49KN ,2495.32KN ,2079.43KN ,
1663.55KN and 1386.29KN respectively it shows failure
load increment of 12.55% ,14.57% , 19.99%, and 16.67%
with respect to increment of the span length of specimen and
corresponding displacement of 8.922mm,
8.965mm ,10.16mm ,12.69mm, and 15.24mm at failure load.
The failure load decreased for the concrete grade of C30/37
with increasing of the span length.

The failure load for concrete grade C35/45with span length
of 8m, 10m, 12m, 15m  and 18m = has
2677.63KN ,2568.KN ,2140KN ", 1712KN and 1426.67KN
respectively it shows failure load increment of
2.86% ,16.7% , 20%, and 16.69% with respect to increment
of the span length of specimen and corresponding
displacement of 9.02mm, 10.733mm ,12.88mm ,16.1mm,
and 19.32mm at failure load. increment of the failure load are
observed with increment of the concrete grade from C30/37,
C35/45 and C40/50.

The failure load for concrete grade C30/37 with span length
of  8m, 10m, 12m, 15m and  18m  has
2301.69KN ,2233.47KN ,1861.23KN , 1488.98KN and
1240.82KN respectively it shows failure load increment of
2.96% ,16.7% , 20%, and 16.69% with respect to increment
of the span length of specimen and corresponding
displacement of 9.08mm, 10.89mm ,13.06mm ,16.33mm,
and 19.59mm at failure load.

1648

Concrete grade C30/37

E 1500 Span length 8m
.': Span length 10m
2 1000 Span length 12m
z Span length 15m
= —+#—Span length 18m
=1

-

o
=1
=

0 5 10 15 20 25
Mid span displacment (mm)

Figure 4.4 Load-displacement curve for C30/37 concrete
grade

Concerte grade C35/45
3000

2500

2000

Span length 8m
Span length 10m
Span length 12m

—
T

=
=]

Span length 15m
—#—S5pan length 18m

Applied load (KN)

g

=

1] 5 10 15 20 15
Mid span displacment (mm)

Figure 4.5 Load-displacement curve for C35/45 concrete

grade
Concerte Grade C40/50
3000
2500
@ 2000
Span length 8m
=
g 1500 Span length 10m
; Span length 12m
@
i 1000 Span length 15m
_% —#—Span length 18m

n
=
=]

=

0 s 10 15 20
Midd span Displacment (mm)

Figure 4.6 Load-displacement curve for C40/50 concrete
grade
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Figure 4.7 Load-displacement curve for 8m span of diffrnet concrete grade Figure 4.8 a- stress in concrete (x-direction)

Table 4. 2 Failure load and maximum deflection of specimen with different concrete grade

Concrete Span Tendons Slab Tendons Max. Failure
Specimen strength length(m) area thickness  position deflection load (KN)
(ID) (Mpa) (mm?) (mm) (mm)

PT1-6 8 -9.08 2301.69
G4 PTi-7 C30/37 10 150 250 Bottom 1088 223347
PT1-8 12 -13.062 1861.23
PT1-9 15 -16.33 1488.98
PT1-10 18 -19.59 1240.82
PT1-11 8 -9.022 2677.63

PT1-12 10 -10.733 2568

G5 PT1-13 C35/45 12 150 250 Bottom -12.88 2140

- PTL14 15 -16.09 1712
 PTLIS 1 -19.32 1426.67
PT1-16 8 -8.92 2853.49
OPTL17 10 -8.96 2495.32
G6  PT1-18  C4050 12 150 250 Bottom -10.16 2079.43
PT1-19 15 -12.69 1663.55
PT1-20 18 -15.24 1386.29
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4.3 Effect of Tendons area on load-displacement
responses results

To study the effect of tendons area the parametric
investigation conducted on fifteen models of the PT slab with
tendons layout in one direction and spacing of the tendons
250mm with tendons area 150mm? 175mm? and 200mm?
for span length 8m,10m,12m, 15m and 20m. the analysis
results are discussed in the following subsection based on
load deflection, stress intensity, and plastic strain results of
ANSYS19.3.for
displacement responses resulted in failure load of
17365.2KN ,18072.8KN , 18441KN, 19093KN and
20186.12KN for span length 8m,10m,12m, 15m and 20m
respectively it shows failure load increment of
3.9% ,2.0% ,3.4% and 5.4% with respect to increment of the
span length of the specimen and corresponding displacement
of 0.801mm, 1.297mm,1.766mm,3.043mm, and 4.24mm,
at failure load.

tendons area 150 mm? effect on load -

for tendons area 175 mm?’ effect on load - displacement
responses resulted in failure load of 17966.5KN ,18507.2KN,
18766.6KN, 18623.9KN and 19247.11KN for span length
8m,10m,12m, 15m and 20m respectively it shows failure
load increment of 2.92% ,1.4% ,0.76% and 3.24% with
respect to increment of the span length of the specimen and
corresponding displacement of 0.922mm,
1.489mm,2.148mm,3.486mm, and 4.935mm, at failure load.

Tendons area 200 mm?® effect on load - displacement
responses resulted in failure load of 18182.9KN ,18453KN ,
18252.4KN, 17377.6KN and 17150.7KN for span length
8m,10m,12m, 15m and 20m respectively it shows failure
load increment of 2.92% ,1.4% ,0.76% and 3.24% with
respect to increment of the span length of the specimen and
corresponding displacement of 1.043mm,
1.677mm,2.415mm,3.921mm, and 5.545mm, at failure load.
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Figure 4.12 load-displacement curve for tendons area 200mm?

Table 4. 3 Effect of tendons area on failure load of different span length of PT slab

Figure 4.13 stress in concrete (x-direction)

Tendons Span Concrete Slab Tendons Max. Failure
Specimen area(mm?)  length(m) strength.  thickness position deflection  load (KN)
)y | (Mpa)  (mm) (mm)

PT1-21 § Qud F ¢ -9.03 1930.82

PT122 0 s - 1104 1929.65

G7 PT1-23 150 1 C30/37 200  Bottom '_13_25 1608.04
PT1-24 15 -16.56 1286.43

PT1-25 18 -19.87 1072.03

PT1-26 8 -9.08 1949.41

PT1-27 10 -9.79 1933.78

G8  pTi28 175 12 C3037 Bottom  -11.75  1611.48
PT1-29 15 200 -14.69 1289.19

PT1-30 18 -17.63 1074.32

PT1-31 8 -9.13 1975.75

PT1-32 10 -10.294 1968.05

G9  PT133 200 12 C30/37 200 Bottom  -1235  1640.04
PT1-34 15 -15.441 1312.03

PT1-35 18 -18.53 1093.36
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5. Conclusion

The main objective of this study involves a detailed
analytical investigation of the flexural behavior of long span
PT concrete two-way slab with various unbonded tendon
layout. Finite element package ANSYS program was used to
model the long span PT concrete two-way slab. The accuracy
of the numerical finite element analysis was verified by the
comparisons with the onsite test load deflection results. The
results obtained by using FE analysis were close to the onsite
test results at time of the support were removed. To
investigate the effect of tendons layout and span length on
the overall behavior of longer span post-tensioned two-way
concrete slab, various parametric study was conducted. sixty
models were studied with different tendons layout, thickness
of slab, tendons area, tendons position, concrete strength was
studied under the parametric study. Failure loads, deflections,
stress intensity, and plastic strain for all models and load
versus deflection relationships were studied. The prestressing
force was constant for all models, that was greatly affected
the failure loads and deflections.

This
performance of post tensioned tow way concrete slab under

research work numerically investigated flexural
flexural load Observed insights results From FEA are
presented below.

e Finite element analysis results showed that the ultimate
load capacity was highly affected by tendon layouts
and area of the tendons. More specifically, the
ultimate load capacity was increased due to using
tendons in both directions of the slabs.

o The slab models with tendons in both directions showed
a stiffer response and a higher ultimate load capacity
compared to the slabs with tendons in one direction
for all span length of PT slab specimen.

e The FEA Showed that the failure load in long span PT
slab tendons layout in both directions increased about
75 % as compared with slab tendons in one
direction.

e The parametric results showed that the ultimate load
capacity was highly affected not only by tendon
layouts but also the position of the tendons on the
slab thickness. The ultimate load capacity was
increased when tendons positioned at the bottom of
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the slabs. The failure load increased about 3.2 % as
compared with tendons positioned at the middle and
0.6% when tendons positioned at the top of the slab
thickness for constant tendons spacing of 400mm in
one direction.

e FEA results shows slabs with one-direction tendons
layout with C40/50 concrete grade for span length
8m showed 19.34% and 6.16% increase in the load
caring capacity in comparison with the slabs with
concrete grade of C30/37 and C35/45 respectively in
one-direction tendons layouts. From this, it can be
noted that using different concrete grade has effects
in its ultimate load caring capacity of various long
span PT slabs with tendons in both directions and one
direction.

e The FEA analysis result shows tendons area has a
strong effect on failure load of the PT slab as
compare to other parameters, a various tendons area
has used in one direction, 0.95% and 2.27% increase
in the ultimate load capacity for span length 8m is
observed for slabs with tendons area of 175mm?and
200mm? respectively in comparison with control
specimen tendon area layouts.
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