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CASE STUDIES

APPLICATION OF TWO-WAY POST-TENSIONED
SLABS IN PRECAST CONSTRUCTION

BY DANIEL CHANG AND CAROL HAYEK

In an industry like construction, innovation or uncon-
ventional solutions are often needed to meet challenging
projects requirements and situations. Investors, designers,
and contractors are always in search of creative ways to opti-
mize construction, improve execution times, reduce mate-
rial usage, and create more sustainable approaches. With
these goals in mind, the combination of two well-established
systems was studied and implemented on two projects in
basement slabs where two-way bonded post-tensioned slabs
with drop panels were cast on top of non-prestressed precast
preslabs to act as composite slabs. The solution eliminated
the drop beams that would have been typically required with
preslab system, reduced the overall basement slab thickness,
thereby reducing the excavation height, simplifying the
geotechnical system and reducing associated geotechnical
costs, and provided a faster construction schedule. This
synergistic combination provided an innovative, efficient,
safe, and economical alternative to traditional solutions,
maintaining the core strengths expected from both the post-
tensioning and precast preslabs.
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INTRODUCTION

Innovation and creativity play a crucial role in execu-
ting challenging projects and advancing the construction
industry. Established technologies like post-tensioned
concrete and precast concrete preslabs each have their
own strengths and advantages.

However, the market often views these systems as
mutually exclusive construction systems built separately,
even though their benefits do not necessarily overlap or
negate each other. In some instances, combining the two

systems can be complementary and bring additional bene-
fits by compounding their advantages.

Merging both systems directly in slab applications is
not feasible due to the technical and practical challenges
involved. Overcoming these challenges requires the
commitment and collaboration of design and construc-
tion teams for successful implementation. However, once
those challenges are overcome, the use of post-tensioning
in combination with precast preslabs offers all the bene-
fits of preslab construction along with the advantages
of post-tensioning. These include reduced overall slab
height, reduced quantity of concrete, and, in the case of
basement slabs, reduced excavation height and associated
costs. This article discusses the use of post-tensioning
with precast preslab in two-way basement slabs across
two projects completed in Peru. It includes the design
and construction guidelines, challenges faced, and the
expected benefits.

BUILDING MARKET

As part of introducing new solutions, CCL began
operations in Peru around 2010 and has been a key player
inestablishingelevated post-tensioningslabsasastandard
construction practice in the country. The effort required
extensive collaboration with engineers and contractors to
promote post-tensioned slabs without beams and uncover
seismic design and detailing that suits the high seismicity
of Peru, especially in the capital, Lima. Today, CCL has
designed and executed over 10 million ft? (1 million m?)
of post-tensioned slabs in Peru, including high-rise build-
ings, making post-tensioning a preferred system.

With market growth however, new challenges—or as
one might say, opportunities—often arise, necessitating
changes to standard practices. One of these challenges is
the construction of basement slabs. The Peruvian building
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code requires all residential buildings to have a relatively
large number of parking garages based on the number of
apartments. Parking garages are typically provided in base-
ments, requiring several underground floors, and conse-
quently extensive excavation. Reducing slab thickness
means reducing excavation height, which in turn means
lower costs, shorter construction times, less soil disrup-
tion, and simpler geotechnical systems.

SYSTEM COMPOSITION AND PHILOSOPHY

The presented mixed system focuses onleveraging the
benefits of both cast-in-place post-tensioning and precast
construction with the aim of expanding concrete appli-
cations. Post-tensioning allows for a robust structural
configuration consisting of flat slabs with monolithic
slab-column connections at supports without beams,
with the potential inclusion of drop panels if needed for
increased capacity. The monolithic slab-column connec-
tion provides moment continuity and better punching
shear performance, which is highly recommended in
high-seismic zones.

Precast preslabs, also known as solid flat slab ele-
ments, are thin concrete elements used as permanent
formwork, providing a near-final ceiling finish. They
are used with a cast-in-place concrete topping, so that
both the preslab and the concrete topping form a struc-
turally composite slab. The preslabs typically contain
embedded longitudinal bottom reinforcement in one
or both directions. Continuity, where required, can be
provided by protruding longitudinal reinforcing bar or
lapping reinforcing bars at preslab joints on top of the
preslabs. Often, as in the two projects showcased in this
article, the preslabs have steel lattice girders to increase
the sectional capacity mainly during construction for
lifting and supporting the weight of the fresh concrete
topping. Additionally, at critical sections, stirrups or ties
protruding from the preslab into the concrete topping
might be required to resist horizontal shear due to
composite action.

With the use of preslabs, the slab bottom reinforcing
bar, any additional reinforcing bar detailing, and even
the post-tensioning chairs can be prepared and placed
in advance at the precast plant, further expediting the
construction process. Unlike regular construction with
precast preslabs and prestressed voided preslabs, which
conventionally require deep beams at support lines, the
inclusion of post-tensioned tendons enables the use of
two-way flat slab configurations, allowing for lower total
floor heights.
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COMPLETED PT SLABS WITH PRESLAB
PROJECTS

Two elevated post-tensioned basement slab projects
were recently executed, successfully implementing the
concept of two-way post-tensioned slabs cast on top of
non-prestressed precast preslabs. The post-tensioning
design and execution were carried out by CCL in Peru
along with thorough involvement and coordination
among the various parties.

The slabs consisted of precast 2 in. (5 cm) preslabs to
replace the bottom concrete layer and formwork, with a
4.5in. (11 cm) concrete overlay poured onsite to complete
the 6.5 in. (16 cm) total slab thickness. This provided a
structurally composite system except at the joints of the
preslabs. Cast-in-place drop panels around the columns
were included to increase punching shear capacity. The
slab thickness was equivalent to conventional cast-in-
place post-tensioned slabs. The total combined slab area
of both projects using the new solution was approxi-
mately 123,300 ft? (11,450 m?).

Given that the post-tensioning with preslab solution
was being used for the first time, a learning curve was
anticipated. Some construction issues arose on the first
two slabs of the first project, but these were rectified for the
remaining slabs and construction progressed smoothly.

CHOSEN SOLUTION

The project basement slabs were designed as post-
tensioned two-way flat slabs with the goal of eliminating
all internal deep beams and allowing for a reduced total
basement depth while maintaining the same clearance for
vehicles. Internal deep beams would have been required
if a conventional precast system had been used. However,
the project team proposed incorporating preslabs to
further reduce the construction schedule while keeping
all the benefits of the post-tensioned slabs.

After thorough consideration, the decision was finally
made to combine the post-tensioned slab solution with the
preslabs. Non-prestressed precast preslabs were therefore
used almost everywhere with a post-tensioned overlay,
except in high-stress areas near main supports where cast-
in-place concrete was used over the full sectional depth
to be able to resist the high flexural stresses and punching
shear stresses (Fig. 1).

ELEVATED PARKING SLAB PROJECT IN LIMA,
PERU: PAINO TOWER

The post-tensioning on the first project, Paino Tower,
comprised six basement parking slabs with a maximum
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Fig. 1—Paino Tower basement level six showing installed preslabs
and areas to be cast-in-place.
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Fig. 2—Paino Tower typical basement general plan.
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span size of 23 ft (7 m), covering a total post-tensioned
slab area of 63,700 ft*> (5,920 m?) and a slab footprint
of 115 by 110 ft (35 by 33.5 m) (Fig. 2). The slabs had
a thickness of 6.5 in. (16 cm) with 11 in. (28 cm) total
depth drop panels, and a precompression level of 164 psi
(1.13 MPa). The selected post-tensioning type wasbonded
system, using the CCL XF system with flat ducts, which
allows for more efficient profile eccentricities compared
to conventional circular multistrand ducts (Fig. 3). The
XF system can hold two to five T1S strands (two to five
0.6 in. [1.5 cm] strands) per duct.
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Fig. 3—CCL XF flat duct multistrand post-tensioning system.

Fig. 4—Paino Tower basement excavation.

The total area required for parking spaces in this
project was substantial, resulting in six levels of base-
ments and a final excavation depth of 59 ft (18 m)
(Fig. 4). In addition to the costs of temporary contain-
ment walls required for these depths, the compacted
dense gravel soil in the area made earthworks and exca-
vation a significant portion of the total investment. The
use of post-tensioning slabs allowed for a reduction of up
to 6 ft (1.8 m) in excavation and retainment wall depths,
positively impacting the project’s overall efficiency, even
with its relatively short spans.
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ELEVATED PARKING SLAB PROJECT IN LIMA,
PERU: CASTILLA TOWER

Following the successful completion of the first
project, a second project with a similar footprint was
executed, Castilla Tower. With a similar parking base-
ment configuration as Paino Tower and being in the
same city with similar soil conditions, this project also
used post-tensioned flat slabs and preslabs with no
deep beams to reduce the total excavation depth. Span
lengths, slab thickness, and general configuration were
also kept similar.

The post-tensioned slabs consisted of six basement
parking floors with a maximum span size of 23 ft (7 m),
covering a total post-tensioned slab area of 59,600 ft*
(5,540 m?), and a slab footprint of 131 by 98 ft (40 by
30 m) (Fig. S). The slabs were similar to those in the
other project, with a thickness of 6.5 in. (16 cm) and
11 in. (28 cm) total depth drop panels. The precom-
pression level was 179 psi (1.23 MPa), and the selected
post-tensioning type was also bonded, using the CCL XF
system with flat ducts.

DESIGN GUIDELINES AND CHALLENGES

The selected design approach is based on the same
principles as a two-way post-tensioned slab, with the main
difference being that a nonprestressed precast preslab
is designed and detailed to work in composite behavior

Z
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Fig. 5—Castilla Tower Basement Level Three.
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with the post-tensioned cast-in-place concrete overlay.
The composite slab is fully designed for transfer, service,
and strength limit states. It is controlled by the stress
limits set for uncracked sections under transfer and
service loads, and then verified for strength under ulti-
mate loads.

To ensure the integrity of the design solution in
terms of proper composite action and full slab behavior,
however, the following additional criteria were applied
during analysis and design:

e The effective element depth considers only the cast-
in-place overlay thickness at the joint of two preslabs.

o Drop panels and high-stress areas around supports
are cast in place. This provides for better punching
shear and horizontal shear performance where
monolithic behavior is preferred.

o Horizontal shear stresses are checked for the entire
slab area, and additional vertical reinforcement is
provided as necessary at critical sections. This rein-
forcement can include ties or stirrups, in addition to
the already existing steel lattice girders protruding
from the preslabs.

e Joints between preslabs are located away from critical
sections, such as mid-spans and near supports, where
the moments are highest. Critical sections could still
be found at the joints between preslabs due to their
reduced effective depth.

e Layout of the preslabs is chosen in conjunction
with the post-tensioning tendon distribution in a
banded-uniform configuration: priority for preslabs
connecting supports, banded tendons as a primary
direction, and uniform tendons as a secondary direc-
tion.

e Tendon profiles and preslabs are adapted to avoid
clashing: low points can be located above the preslab,
or alternatively, grooves in the preslabs can be used
to accommodate the tendon low points (Fig. 6).

o Concretestresses due to the preslabactingasatempo-
rary formwork for the fresh cast-in-place concrete
overlay are considered additive to the stresses of
subsequent stages and remain in the preslab once
the concrete hardens. These stresses are usually not
critical for design if the preslab is propped during
construction at mid-spans or at sections of maximum
positive moments.

o Special care is given to any integrity reinforcement
located in cast-in-place areas. Splicing of the integrity
reinforcement through supports with reinforcing bar
embedded in preslabs is detailed to ensure continuity.
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Fig. 6—Post-tensioning tendons with low points held inside preslab
grooves.

e At the post-tensioning anchorages, transfer of pre-
stressing forces at local and general zones is checked,
and bursting reinforcement is added accordingly
behind the anchors.

e For slabs conforming to a seismic diaphragm, proper
detailing of the collectors, chords, and any other ad-
ditional reinforcement is necessary.

e Adequate detailing at preslab joints is used to ensure
that correct concrete covers are provided to rein-
forcing bars and post-tensioning ducts.

e DPrecompression levels are expected to be similar to
those of conventional post-tensioned slabs. For the
two presented projects herein, the precompression
levels ranged from 164 to 179 psi (1.13 to 1.23 MPa).

CONSTRUCTION GUIDELINES AND
CHALLENGES

To facilitate placement on site, embedded anchor
reinforcement, bottom reinforcing bars, profile chairs,
and grooves for tendon low points were incorporated into
the preslabs. This required thorough coordination, which
is crucial in avoiding issues on site.

As the tendons followed a banded-distributed config-
uration as per ACI 318-19,"' most preslabs needed to in-
clude profile chairs for the distributed direction. These had

Fig. 7—Finisi1ed parking baéement with reduced height for same
clearance, showing the preslab ceiling finishing.

to be accurately placed in coordination with the preslab
supplier to avoid profiling problems. At the time of the
project execution, only the banded-distributed tendon
layout was permitted. With the newly approved banded-
banded tendon layout introduced in ACI/PTI 320-25,%
this task will become much easier. Because the banded-
banded tendons are concentrated along the column lines
in both directions, profile chairs would involve only a few
preslabs, and most preslabs would not require chairs.

Another aspect of early planning involved careful
logistics and timely delivery of preslabs where adequate
concrete maturity strength was fundamental to the
successful installation of the system. Crane use times,
site access times, and resource availability had to be thor-
oughly coordinated to avoid cascading delays.

Due to the slabs being in basements with walls all
around, blockouts for tendon stressing were required and
had to be coordinated with the preslabs (Fig. 8).

Thickness tolerance for preslabs needed to be particu-
larly strict to ensure conformity with the post-tensioning
chair heights. For these projects, the preslabs also featured
embedded and protruding steel lattice girders, which, in
addition to their conventional role as reinforcement for
transient construction demands, also served as reference
levels during tendon installation (Fig. 9).
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Fig. 8—Preslab fabrication with stressing blockout, bursting and
force transfer unit embedded.

SE N o

ENVIRONMENTAL IMPACT

The addition of post-tensioning to precast preslabs
allowed for improved sustainability and reduced envi-
ronmental impacts. The system offered the benefits of a
conventional post-tensioned slab, including a significant
reduction in concrete and steel quantities, both directly
in the slabs and indirectly in foundations, containment
walls, and other parts of the project. Because post-
tensioned slabs are thinner, they require less concrete,
and therefore less overall structure weight and height. As
a result, the structure required smaller vertical elements
and foundation system, leading to savings in concrete
quantities throughout the building.

Moreover, for the two presented basement projects,
the required earthworks were also reduced due to the
decreased total basement depth, resulting in less excava-
tions and a reduced volume of disturbed soil which saved
6 ft (1.8 m) of excavations.

By having a portion of the reinforcing bar installa-
tion process done at the precast plant, the fast pace of a
post-tensioned slab was further enhanced. This allowed
for quicker project completion. In addition, the inclusion
of preslabs as a composite section means that the preslabs
were integral to the slab’s structural performance rather
than simply serving as formwork. This approach mini-
mized further construction material waste.

CONCLUSIONS AND RECOMMENDATIONS

Two projects have been successfully completed
in Peru by merging two construction systems: post-
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tensioning and precast preslabs in a two-way slab configu-
ration. The slabs have demonstrated good behavior with
no unexpected cracking or deformations to date. Although
this combination requires proper design, detailing, coor-
dination, and understanding of the various requirements,
such solutions can provide additional benefits.

The recent inclusion of the banded-banded post-
tensioning tendon layout in the newly released ACI/PTI
CODE-320-25* will simplify tendon placement, making
the coordination of the preslabs with the post-tensioning
tendons beneficial. According to the ACI/PTI CODE-
320-25, a minimum amount of bottom reinforcing bar is
required within the panel when a banded-banded config-
uration is used, which should not be an issue because all
the preslabs have bottom reinforcement. Additionally,
lap reinforcing bars across the joints on top of preslabs
can be provided to ensure continuity.

The economic viability of this solution is heavily
dependent on the market. Material and labor costs play
a key role in determining if the solution is economically
feasible. Using post-tensioned flat slabs in basement
garages as a substitute for beams in the presence of precast
preslabs can help reduce the overall slab depth, leading to
reduced excavations heights, related cost, and construc-
tion time. This is particularly relevant in regions where
short spans and precast floors are common, and where
the industry either perceives precast and post-tensioning
as mutually exclusive.

In summary, the merging of both technologies can
be successfully achieved, both technically and logisti-
cally. When conditions are suitable, the resulting system
retains the full benefits of post-tensioning while also
providing the advantages of precast construction.
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