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Abstract

This study investigates the structural performance of semi-precast concrete slabs (SPCSs), an innovative hybrid
construction system that integrates factory-produced precast concrete units with a cast-in-place (CIP) concrete topping to
create a composite structural element. This system offers notable advantages in terms of construction acceleration,
improved quality control, and reduced labor requirements, as the precast unit serves as both a load-bearing component and
a permanent formwork. To evaluate the structural behavior of the SPCSs, an experimental program was conducted on
seven full-scale, one-way slab specimens with varying span lengths (4.75 m and 6.0 m), precast unit thicknesses (80 mm
and 100 mm), and shear connector geometries (rectangular and triangular). A control slab without shear connectors was
also tested to establish a baseline for comparison. The results demonstrated that the inclusion of shear connectors
significantly enhanced structural performance. Specifically, the ultimate load capacity increased by 186.4%, and the
cracking load increased by 220% compared to the control specimen. Rectangular connectors proved more effective than
triangular ones in minimizing interface slip and enhancing ductility. The initial stiffness increased by 163.95%, while the
energy dissipation capacity improved by 411.35%. Although variations in span length and topping thickness had relatively
minor effects, the presence and geometry of shear connectors played a decisive role in ensuring effective composite action.
All reinforced slabs exhibited flexural failure modes, indicating strong bonding and interaction between the precast and
cast-in-place (CIP) concrete layers, whereas the control slab experienced premature failure due to interlayer debonding.
Theoretical equations based on ACI 318-19 were used to estimate the nominal flexural capacities of the hybrid SPCS slabs,
showing reliable agreement with the experimental results. These findings demonstrated the importance of shear connector
design in maximizing the load-bearing capacity, ductility, and structural stiffness of SPCS systems under both service and
extreme loading conditions.

Keywords: Full Scale; Semi-Precast Concrete Slabs; Composite Action; Shear Connectors; One-Way Slabs; Cast-In-Place Concrete;
Shear Connector Shapes; Energy; Dissipation Interface Slip.

1. Introduction

Semi-precast concrete slabs (SPCS) represent a hybrid construction system that integrates precast concrete elements
with a cast-in-place concrete (CIP) layer to form a composite structural unit. In this system, precast concrete slabs are
manufactured off-site to serve as a base, upon which cast-in-place concrete is poured to complete the composite action.
This approach combines the precision, construction speed, and quality assurance associated with precast elements with
the adaptability and economic advantages of traditional cast-in-place concrete. One of the most significant advantages
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of SPCS is reducing the reliance on temporary formwork, as precast units often serve as permanent formwork. This
feature significantly streamlines the construction process, reducing labor requirements, lowering costs, and shortening
project duration. Moreover, the off-site manufacture of precast components under controlled conditions ensures superior
quality control and adherence to engineering specifications. The minimized use of timber formwork not only lowers
material costs but also contributes to environmentally friendly construction practices. This synergy between efficiency,
quality, and sustainability has led to the widespread adoption of precast concrete systems in various structural
engineering applications [1-11].

A primary advantage of SPCS systems lies in their cost-efficiency and reduced construction time, largely
attributable to the minimized requirements for on-site formwork. Previous research indicates that SPCS systems
can reduce formwork costs by up to 40% [12-16] and enhance construction productivity by a factor of up to 1.7
compared to conventional cast-in-situ systems [17]. These efficiencies, coupled with environmental benefits such
as reduced timber consumption and site waste, have led to their widespread use in many countries [18-23]. From a
structural perspective, the performance of SPCS systems depends primarily on the composite interaction between
the precast and cast-in-situ layers. This interaction directly influences key mechanical behaviors, including flexural
strength, shear strength, deflection, and cracking behavior [24-28]. Maintaining strain compatibility under various
loading conditions is largely dependent on adequate interfacial surface shear capacity, as highlighted by ACI
Committee 318 (2019) [29]. Surface treatments, such as roughening, moisture control, and curing [30, 31], as well
as the use of shear keys, significantly improve shear transfer [32]. Additionally, appropriate reinforcements,
including dowels and truss girders, are vital for achieving full composite action [24-28]. Material compatibility,
practically regarding differential shrinkage, must also be carefully managed to prevent residual stresses that could
compromise long-term durability [32].

The flexural performance of semi-precast concrete slab systems is influenced by the material properties of both the
precast and cast-in-place concrete layers, as well as the embedded reinforcement. These factors affect both instantaneous
and long-term deflection behavior [31] and govern the stiffness of the composite section [33, 34]. Although composite
slabs may achieve similar static performance to monolithic slabs, their dynamic behavior may require specific design
considerations. In seismic applications, interface detailing and shear connector configuration are crucial for ensuring
adequate stiffness, strength, and ductility [35-37].

Numerous studies have investigated the structural behavior of SPCS. For instance, Supriyadi et al. (2017) [35]
conducted a comparative analysis of the static and dynamic responses between semi-precast and monolithic slabs.
Their results indicated that while semi-precast slabs exhibited a slight decrease in stiffness and natural frequency,
their load-bearing capacity remained comparable to those of monolithic slabs. The observed correlation between
flexural behavior and crack patterns suggests the potential for developing effective analytical models for design
optimization. Similarly, Mohammed et al. (2020) [30] performed full-scale experimental and numerical analyses
on SPCS systems incorporating various surface treatments and topping concrete. Their research revealed that
achieving an interface shear strength exceeding 1.0 MPa was sufficient for the slab to behave monolithically. They
identified transverse roughening as the most cost-effective method for achieving the required shear strength.
Furthermore, their validated finite element models indicated that temporary propping during construction might be
necessary for longer spans.

Furthermore, Murtado (2017) [37] studied the flexural performance of curved semi-precast slabs using both finite
element analysis (FEA) and the strip method. While the strip method slightly overestimated the strength, both
methodologies demonstrated consistent stiffness. Furthermore, the appearance of flexural cracks in regions of high
moment confirmed flexural failure as the governing mechanism. In a separate study, Hillebrand & Heeger (2023) [36]
examined the shear behavior of semi-precast slabs incorporating truss girders under monotonic loading. Their results
indicated that slabs with roughened interfaces and enhanced internal detailing outperformed current code predictions.
Notably, even slabs with smooth interfaces exceeded expectations, thereby confirming the conservative nature of
existing design guidelines. Saheed et al. (2020) [38] explored lightweight precast slabs incorporating expanded
polystyrene (EPS) and quarry dust. Among 256 trail mixes, up to a 20% weight reduction was achieved with satisfactory
strength levels. While the shear strength was marginally lower, results surpassed theoretical expectations, supporting
their sustainable application.

Yun et al. (2022) [39] investigated truss-girder slab connections through seven full-span specimens, revealing that
relocating lap splices away from the mid-span and employing keyed or helical joints significantly enhanced flexural
strength. In particular, keyed joints achieved 110% of the performance of monolithic slabs, making them advantageous
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for long-span applications. Zajac et al. (2021) [40] examined the structural behavior of various precast slab
configurations. While slabs with concrete-only joints offered limited redistribution, those with cast-in-place topping
demonstrated enhanced lateral stiffness. Beam models were found to overestimate deflection, whereas joint-hinged finite
element models (FEMs) provided more accurate predictions, highlighting the need for refined analytical modeling
approaches. Recently, Cao et al. (2023) [41] developed a three-layer composite slab consisting of ultra-high-
performance concrete (UHPC), expanded polystyrene (EPS), and normal concrete. Large-scale tests confirmed strong
composite action, with UHPC significantly improving crack control and ductility. A modified stress model based on
ACI 544.4R predicted flexural behavior with only 3.4% error, while UHPC increased the flexural strength of the EPS
layer by 11.5%.

Construction efficiency was emphasized by Cho et al. (2017) [17], who found that half-precast concrete slab
systems (HPCSS) achieved 1.7 times higher productivity than conventional systems, with formwork and
reinforcement identified as critical labor inputs. Kim (2015) [42] investigated spiral joints in half-depth precast
bridge decks, demonstrating that reducing reinforcement spacing increased ultimate strength by 1.52 times and
improved crack control, validating their use for flexural continuity. Irawan et al. (2017) [34] proposed a two -way
SPCS system with a rigid triangular joint. Despite slightly higher deflection than monolithic slabs, the system
effectively transmitted biaxial moments without additional formwork, supporting its use in long-span applications.
Szydlowski & Szreniawa (2017) [43] introduced a semi-precast slab system using prestressed slabs as permanent
formwork and reinforcement. Their theoretical study showed promising flexural performance for 8-meter spans with
a 200 mm thickness, though full-scale validation was recommended. Bozzo & Torres (2004) [44] developed a semi-
prestressed composite slab system combining flat beams, precast prestressed slabs, and an in-situ layer. It allowed
for composite action over 12 x 12 meter spans at only 300 mm depth, with minimal long-term deflection. Hassan et
al. (2021) [45] presented interlocking steel-concrete connections that improved load capacity by 40% compared to
non-composite systems, matching the behavior of continuous slabs.

Lee et al. (2016) [16] designed a semi-prestressed slab system combining pre- and post-tensioning. Their parametric
analysis enhanced safety and constructability in accordance with ACI 318. Zajac et al. (2020) [32] evaluated Teriva
panels with shear keys, observing minimal displacement (<1.0 mm) and no cracks, indicating strong inter-component
interaction. Ha et al. (2014) [46] tested U-shaped column-beam connections under cyclic loads, showing that transverse
reinforcement significantly enhanced seismic performance per ACI T1.1.01. Mokhtar et al. (2020) [47] studied hidden
corbel connections and found that the BHC2 type offered high ductility, improved confinement, and qualified as semi-
rigid under Zone Il conditions.

Collectively, these studies confirm the structural viability and efficiency of semi-precast concrete systems,
highlighting the critical role of connection details, prestressing techniques, and interface behavior in optimizing design
and promoting broader adoption in modern construction.

2. Significance of the Study

Despite the growing body of research on semi-precast concrete slab systems, a critical research gap persists in the
systematic understanding of their full-scale structural behavior under varying geometric and connection conditions. Most
previous studies have been confined to small-scale experimental models or numerical simulations, often isolating
individual parameters such as surface treatment or connector type. There is a clear deficiency in integrated experimental
investigations that examine the combined effects of slab span, precast unit thickness, and shear connector geometry
within realistic, full-scale one-way slab configurations. This gap is particularly significant given the increasing demand
for structural systems that are both constructible and high-performing in terms of stiffness, ductility, and energy
dissipation.

Addressing this gap is vital to advancing design practices and ensuring the reliable performance of SPCSs in actual
construction settings. A deeper understanding of how connector details and slab dimensions interact to influence flexural
behavior and composite materials will allow for better optimization of structural systems, especially in applications
requiring long spans and rapid construction. Furthermore, enhanced experimental data will support the calibration of
analytical models and future refinement of structural design codes. Accordingly, the present study aims to
experimentally investigate the flexural behavior of full-scale one-way semi-precast concrete slabs with varying spans,
precast concrete thicknesses, and shear connector shapes. The study focuses on evaluating load-bearing capacity,
interface performance, post-cracking stiffness, and dominant failure modes, with the ultimate goal of providing practical
insights to support safer and more efficient design of hybrid concrete slab systems. Figure 1 illustrates a schematic
flowchart of the research methodology.
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Figure 1. Methodological flowchart for the study on SPCSs' behavior

3. Experimental Program
3.1. Specimen Description

The experimental study involved seven full-scale specimens of one-way semi-precast concrete slabs. Each specimen
had a cross-section of dimensions of 2000 mm x 200 mm. The total slab thickness consisted of a lower precast concrete
section and a cast-in-place concrete topping layer (hereafter referred to as the "topping concrete layer"). These two
components were designed to act together as a fully composite section. To ensure effective composite action and prevent
slip at the interface, shear connectors were used as rigid connections. Various shapes and configurations of these
connectors were employed to assess their effectiveness.

The slabs were designed in accordance with the provisions of the American Concrete Institute (ACI Committee
318, 2019) [29]. The pre-cast bottom layer was reinforced with 10 mm diameter reinforcing bars spaced at 150 mm
intervals, while the cast-in-place top layer was reinforced with 8 mm diameter reinforcing bars spaced at 200 mm
intervals.

The detailed dimensions of the specimens and the configuration of the reinforcing bars are presented in Table 1 and
further illustrated schematically in Figures 2 and 3.

Table 1. Details of the test specimens

Thickness of Precast . . Size mm? . Stirrups (Shear
cesgration O LAVEr o e Dimensons S Commectors | COMELOr) Spacig
SPCS1 100 100 6000x2000%200 Triangular 600
SPCS 2 100 100 6000x2000%200 Rectangular 600
SPCS 3 80 120 6000x2000%200 Rectangular 600
SPCS 4 100 100 4750%2000%200 Triangular 600
SPCS5 100 100 4750%2000%200 Rectangular 600
SPCS 6 80 120 4750%2000%200 Rectangular 600
SPCSC 100 100 4750%2000%200 Without connection 600
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Figure 2. Reinforcement details and specimen dimensions
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Figure 3. Detailed the production sequence of semi-precast concrete elements
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3.2. Test Variables Specimen
The main variables investigated in the test specimens included:
o Connectors Shapes: Rectangular Connectors (RC) and Triangular Connectors (TC).
o Thicknesses of Precast Unit: 100 mm and 80 mm.
e Span Lengths: 4.75 meters and 6 meters.

For comparative analysis, a control specimen was prepared in the form of a two-layer concrete slab, consisting of a
100 mm-thick precast layer and a 100 mm-thick cast-in-place layer, constructed without the inclusion of shear
connectors. This configuration was intended to evaluate the structural response of the composite system in the absence
of mechanical interfacial reinforcement.

3.3. Casting Process
The casting process was carried out in two stages:
e Stage 1: The precast concrete portion of the slab was cast and properly cured for 28 days.

o Stage 2: After 28 days, once the precast unit had gained sufficient strength and approached the target compressive
strength, cast-in-place topping concrete was poured over it. The topping concrete was then cured for an additional
28 days to ensure adequate bonding and strength development.

3.4. Material Properties

The concrete mixes were designed in accordance with the specifications outlined in ACI 211.1 [48]. In this study, a
single mix design was used for both the precast and cast-in-place layers to achieve normal compressive strength. The
mix consisted of 390 kg/m? of cement, 1150 kg/m? of coarse aggregate, and 760 kg/m3 of fine aggregate, with a water-
to-cement ratio maintained at 0.42.

Following the completion of the mixing process, the workability of fresh concrete was assessed using the slump test,
conducted in accordance with ASTM C143/C143M-20 [49]. To determine the compressive strength of the concrete mix,
three cube specimens measuring 150 x 150 x 150 mm were cast and tested in accordance with BS EN 12390-3:2019
[50]. Each half-slab component (precast and cast-in-place) was constructed using the same normal concrete mix. For
each half-slab, three cubic specimens were cast and cured under identical conditions during the production process. The
average recorded compressive strength (fc,) for both the precast and cast-in-place concrete was 35.8 MPa, and the
measured slump value was 86 mm.

3.5. Materials Used in the Study
3.5.1. Cement

Ordinary Portland cement (Type 1), locally manufactured in Basra, Irag, was used in this study. The properties of
this cement complied with the requirements of ASTM C150-19 [51]. Its chemical composition is presented in Table 2,
while its physical properties are summarized in Table 3.

Table 2. Chemical properties of cement

Chemical Components Potential compounds
Comp. Ca0  Si0, ALO; Fe0; MgO  SO3  LOJ  NaO KO ”r‘zgl';:e'e C3S C2S C3A  C4AF
Test result
Contents (%) 63.11 205 511 41 2.46 2.26 2.19 029 0.62 0.51 519 17.8 2.52 13.2
Limits of ASTM 6.0 3.0 3.0 25.0
C150-19 [51] - - - T oma) T (ma) ©0Ilma) -y (ma)
Table 3. Physical properties of cement
I . . Compressive strength
Specific surface area Setting time (Vicat method) (min) P (MPa) Y . .
- Specific gravity
(Blaine method) — - - - Jom? Color
(m?kg) Initial setting Final setting 3 davs 7 davs (g/em’)
time time Y 4
Test result .
Contents (%) 310 140 295 17.2 238 3.15 Light grey
Limits of ASTM More than More than
C150-19 [51] Not less than 280 More than 45 Less than 375 12 19
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3.5.2. Aggregates

The fine and coarse natural aggregates used in this study were obtained locally from the Safwan region in Basra
Governorate. The fine aggregate exhibited a maximum particle size of 5 mm, while the coarse aggregate had a maximum
size of 25 mm. Both aggregates were tested in accordance with the ASTM C33-23 [52] standard. The results confirmed
that the gradation of both fine and coarse aggregates falls within the permissible limits defined by the specification. The
physical properties of the fine and coarse aggregates are presented in Table 4, while their gradation curves are illustrated
in Figure 4.

Table 4. Physical properties of coarse and fine aggregates

Specific Sulfate content  Water Absorption  Bulk density  Maximum particle size
gravity (SO3) % % (kg/m?) (mm)
Coarse Aggregate 2.61 0.7 1518 19
Fine Aggregate 2.56 0.31 11 1678 5

100 100 4 - S TN T N T

80

80 4

60

60

e S R

404

204

Percentage Passing (%)
Percentage Passing (%)

—&— Fine aggregate|
—w— Lower limits
—&— Upper limits

—m— Caorse aggregate
—w— Lower limits
—A— Upper limits

0.1 1 10 1 10 100
Sieve Size (mm) Sieve Size (mm)
@) (b)

Figure 4. Aggregate classification curves: (a) fine aggregate; (b) coarse aggregate

3.5.3. Steel Reinforcement

In this study, two sizes of conventional Grade 60 steel reinforcing bars were utilized: 10 mm and 8 mm nominal
diameter. Their mechanical properties were experimentally evaluated. The 10 mm bars exhibited a yield strength of 417
MPa, an ultimate tensile strength of 573 MPa, and an elongation of 12.2%. Meanwhile, the 8 mm bars demonstrated a
yield strength of 446 MPa, an ultimate tensile strength of 603 MPa, and an elongation of 11.8%. All measured properties
conformed to the specifications outlined in ASTM A615-24 [53].

4. Experimental Program

4.1. Specimen Preparation and Curing

After twenty-eight days from casting the in-place concrete topping and upon completion of the curing process, the
testing procedure was carried out. The semi-precast concrete slabs were placed on pre-prepared support structures.

4.2. Support Conditions

The pre-precast slabs were simply supported at both ends using pre-fabricated reinforced concrete beams, simulating
simple support conditions. Each support beam had a width of 30 cm and was cast and prepared prior to the on-site
casting of the slab. Special attention was given to ensuring proper alignment and secure position before the
commencement of loading.

4.3. Loading Procedures

The load was applied using uniformly distributed cement bags, each weighing 50 kg, and was introduced gradually
in stages with consistent increments of 250 kg per stage. At each loading stage, the load was held constant for 30 minutes
prior to proceeding to the next increment, allowing sufficient time for deformation stabilization and crack development.
Following each stabilization period, measurements of vertical deflection at the mid-span of the slab and separation at
the external joints were recorded, as illustrated in Figure 5.
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m,’ﬂﬂ"‘"’"“’”

Figure 5. Loading arrangement for structural testing of semi-precast slabs

4.4. Instrumentation and Measurement

To monitor the vertical deflection of the slabs, a dial gauge with an accuracy of 0.02 mm was installed at the mid-
span of each slab. Additionally, a horizontal dial gauge was mounted at the interface between the precast and cast-in-
place concrete layers to measure the interface slip behavior. Figure 6 illustrates the layout and exact position of the dial
gauges on the slab.

Vertical Dial gauge at
mid span

rUmfomly distributed loads

. D Gl Gilb Gl Gl Gl Gl Gl Gl Gl Gl ¢ .
Dial )1 X )( XX )(_ De Dial
Gauge Gauge

Span Length/2 Span Length/2

Figure 6. lllustrates the layout and exact positions of the dial gauges on the semi-precast slabs

5. Results and Discussion
5.1. Ultimate Load Capacity of Semi-Precast Slabs

Table 5 presents the experimental results for the semi-precast concrete slabs. The data indicate a significant
improvement in the ultimate load capacity (Pu) of the slabs incorporating shear connectors, compared to the control
specimen (SPCS C), which lacked such connectors and recorded the lowest ultimate load of 5.5 tons. Slabs reinforced
with shear connectors exhibited considerable enhancements, with increases in ultimate load of 150.0%, 163.6%, and
186.4% for SPCS 4, SPCS 5, and SPCS 6, respectively, relative to the control slab (SPCS C). This improvement in load
capacity performance is primarily attributed to the mechanical interlock developed at the interface between the precast
and cast-in-place concrete layers, which enabled monolithic structural behavior. Among all specimens, SPCS 6-featuring
rectangular shear connectors and a total thickness of 200 mm (80 mm precast and 120 mm cast-in-place), achieved the
highest ultimate load of 15.75 tons. These findings highlight the essential role of shear connector design in enhancing
the structural capacity of semi-precast concrete slab systems.
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Table 5. Ultimate load capacity and mid-span deflection of tested slab specimens

Slab First Cracking Change '11 Ultimate Load Cha’;gii’jﬂ Deflection at first  Deflection at ultimate
Load Pcr (tons)  Pcr (%) % Pu (tons) Pu (%) ——% Cracking (mm) load (mm)
SPCS 1 2 - 10.75 - 149 32.1
SPCS 2 2.25 - 11.25 - 14 30.8
SPCS 3 3 - 12.0 - 1.69 29.7
SPCS 4 25 100 13.75 150 141 245
SPCS5 3.25 160 145 163.6 1.75 23.2
SPCS 6 4 220 15.75 186.4 1.76 21.8
SPCSC 1.25 - 55 - 145 144

The results clearly demonstrate that incorporating shear connectors at the interface substantially enhances both the
loading capacity and flexural behavior of semi-precast slabs. The effectiveness of both rectangular connectors, as used
in SPCS 2, SPCS 3, SPCS 5, and SPCS 6, and triangular connectors, as used in SPCS 1 and SPCS 4, confirms their
potential application in structural systems that demand high performance and durability.

On the other hand, the influence of connector shape appears to be marginal. For instance, a slight increase of 4.65%
in load capacity was recorded between SPCS 1 and SPCS 2, with utilized triangular and rectangular connectors,
respectively. A similar trend was observed between SPCS 4 and SPCS 5, with a difference of only 5.45%, as shown in
Table 5. This highlights the importance of selecting an appropriate shear connector, whether triangular or rectangular,
to ensure the effectiveness of composite action.

Regarding slab thickness variations, a comparison between slabs with an 80 mm precast unit and a 120 mm cast-in-
place layer showed only modest gains in ultimate load. SPCS 2 and SPCS 3 recorded a 6.67% increase, while SPCS 5
and SPCS 6 showed an 8.62% improvement. This result was also identified by Liu et al. [54]. Although the structural
gains were limited, the reduction in precast slab thickness results in a lighter unit, facilitates transportation, increases
the number of units transported per trip, and simplifies on-site handling. Finally, the effect of span length was found to
be more significant. Reducing the span from 6.0 m to 4.75 m led to increases in ultimate load of 27.91%, 28.89%, and
31.25% for SPCS 1 versus SPCS 4, SPCS 2 versus SPCS 5, and SPCS 3 versus SPCS 6, respectively. These findings
are consistent with those reported in a previous study [21]. These findings emphasize the combined influence of shear
connector configuration, thickness, and span length on the performance of semi-precast concrete slabs. Furthermore, as
shown in Table 5, the cracking load (Pcr) significantly increased in slabs SPCS 4, SPCS 5, and SPCS 6 by 100%, 160%,
and 220%, respectively, when compared to SPCS C. This improvement is attributed to the enhancement of the concrete
matrix due to the addition of shear connectors, which effectively delayed the initiation of cracking. In contrast, the
control slab, which lacked connectors, exhibited a significantly lower cracking load, underscoring the importance of
shear connectors in promoting composite action and structural cohesion. In addition, the use of rectangular shear
connectors led to a significant increase in load-carrying capacity compared to triangular connectors, with improvements
of 12.5% between SPCS 2 and SPCS 1, and 30.0% between SPCS 5 and SPCS 4. Furthermore, increasing the thickness
of the cast-in-place concrete layer from 100 mm to 120 mm resulted in further improvements of 33.33% and 23.08%
when comparing SPCS 3 to SPCS 2 and SPCS 6 to SPCS 5, respectively.

Three primary factors were identified as contributing to the increased load-carrying capacity of the hybrid (SPCS)
concrete slabs. The first was the incorporation of shear connectors, which facilitated full composite action between the
precast and cast-in-place concrete layers, enabling the slab to function as an integrated structural unit. The second factor
involved the reduction of span length, which decreased flexural demands, thereby improving overall structural efficiency
and allowing for more effective utilization of the composite section. The third was the increased thickness of the cast-
in-place concrete layer, which enhanced flexural capacity by increasing the internal arm and the overall sectional
strength. While the geometry of the shear connectors, such as rectangular or triangular shapes, plays a secondary role,
the presence of shear connectors is essential to achieve structural integration and performance. Collectively, these factors
result in improved strength, ductility, and crack strength, confirming the structural advantages of hybrid slab systems in
both performance and constructability.

5.2. Load-Deflection Response

Figure 7 presents the load-deflection curves for the seven tested slab specimens. It can be observed that all
specimens exhibited nearly identical behavior up to the initial cracking point, where the load-deflection relationship
remained linear. The load-deflection response of the semi-precast slabs is generally characterized by a nonlinear
pattern that can be divided into two distinct stages. The first stage is linear and elastic, corresponding to the
uncracked state of the concrete, during which the contribution of the steel reinforcement is minimal. The second
stage begins with the formation of the first visible crack, marking the transition to nonlinear behavior. At this point,
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tensile stresses are transferred from the cracked concrete to the reinforcement, leading to stress redistribution and
the progressive development of multiple cracks. This outcome is consistent with the conclusions drawn by previous
researchers [39, 41].
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Figure 7. Load deflection curves of tested slabs

Notably, the mid-span deflection at ultimate load (Au) increased significantly in specimens SPCS 1, SPCS 2, and
SPCS 3 compared to the control slab (SPCS C). This increase indicates an improvement in the deformation capacity and
a notable enhancement in the post-cracking stiffness of these specimens, thereby improving their ability to withstand
additional loads and accommodate larger deformations. Consequently, reductions in the maximum deflection at ultimate
load were recorded in SPCS 1, SPCS 2, and SPCS 3 by 70.1%, 61.1%, and 51.4%, respectively, compared to the control
slab SPCS C. The effect of the connector geometry and changes in the thickness of the cast-in-place concrete layer on
the deflection was relatively minor, with improvements of 4.05% and 5.31% observed between SPCS 1 and SPCS 2,
and SPCS 4 and SPCS 5, respectively. Similarly, increasing the cast-in-place concrete thickness from 100 mm to 120
mm resulted in modest improvements of 3.57% between SPCS 2 and SPCS 3, and 6.03% between SPCS 5 and SPCS 6.
Moreover, significantly lower deflection values were observed in these specimens at the same load level. This reduction
in deflection is attributed to the increased post-cracking stiffness resulting from improved bonding and prevention of
slip at the interface between the precast slab and the cast-in-place concrete. This enhancement was achieved through the
presence of shear connectors, regardless of their geometry, which played a crucial role in enhancing both the stiffness
and ductility of the composite slab system.

One of the primary factors contributing to the enhanced load-bearing capacity and deflection behavior of hybrid
concrete slabs is the incorporation of shear connectors, which facilitate a combination of structural and material
interactions that improve stiffness, ductility, and overall performance under flexural loads. The placement of shear
connectors at the interface between the pre-cast and cast-in-place layers played a crucial role in significantly increasing
post-cracking stiffness, thereby reducing deflection under equivalent load levels. Furthermore, these connectors
effectively limited relative slip at the interface, promoting efficient stress transfer and allowing the slab to function as
an integrated structural element. As a result, the slabs exhibited improved deformation capacity and smoother load
transfer after the cracking stage. This more controlled and ductile response was further evidenced by the development
of multiple, distributed cracks, rather than a localized failure. Additionally, the transition from elastic to the nonlinear
cracked phase is managed more efficiently in specimens with connectors, which helps maintain load-bearing capacity
even at advanced deformation stages. While variations in conductor geometry and cast-in-place thickness have minor
effects on deflection values, their combined contribution still supports enhanced bonding conditions and interface
integrity, resulting in an overall stiffer and more resilient flexible response.

5.3. Interface Slip

Figure 8 and Table 6 present the interface slip recorded between the precast concrete unit and the cast-in-place
concrete layer at the ultimate load for all tested slab specimens. The results show a significant reduction in interface slip
for specimens SPCS 4, SPCS 5, and SPCS 6, with improvements of 57.55%, 67.97%, and 69.27%, respectively,
compared to the control specimen (SPCS C), which was constructed without shear connectors. These results are
consistent with those previously documented by other researchers [30, 36, 41, 44]. This notable improvement is
attributed to the enhanced mechanical interlock and bond strength at the interface provided by the inclusion of shear
connectors, which facilitated more effective composite action.
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Additionally, a comparison of connectors geometry showed that rectangular connectors were more effective at
reducing interface slip compared to triangular connectors. Specifically, a 25.7% slip reduction was observed between
SPCS 1 and SPCS 2, and a 24.5% reduction between SPCS 5 and SPCS 4, demonstrating that rectangular conductors
are more effective than triangular conductors in improving separation. It was also observed that increasing the thickness
of the cast-in-place concrete layer from 100 mm to 120 mm had minimal effect on reducing interface slip, indicating
that thickness alone has a limited influence on interfacial bonding.
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Figure 8. Interface slip responses of all tested specimens

Table 6. Interface slip and ductility index of the tested slab specimens

Slab Interface slip Change in Ultimate Deflection  Yield deflection DuctilityAilr:dex
designation (mm) slip (%) Au (mm) Ay (mm) p= Ay
SPCS 1 1.83 321 11.6 2.77
SPCS 2 1.36 30.8 104 2.96
SPCS 3 131 29.7 8.9 3.34
SPCS 4 1.63 -57.55* 245 8.6 2.85
SPCS 5 1.23 -68.49 23.2 7.7 3.01
SPCS 6 1.18 -69.27 21.8 6.4 341
SPCSC 3.84 144 8.3 1.73

Note: * Minus sign refers to the decreasing percentage.

As previously discussed, one of the primary factors contributing to the improved load-bearing capacity and
enhanced load-deflection behavior of hybrid concrete slabs is the incorporation of shear connectors. These
connectors play a crucial role in limiting the relative slip between the precast and cast-in-situ concrete layers,
thereby prompting the composite action. The geometry of the shear connectors significantly impacted slip
performance, with rectangular connectors demonstrating superior effectiveness compared to triangular ones. This
is attributed to their larger contact surface area and stronger mechanical bonding with the surrounding concrete.
Conversely, increasing the thickness of the cast-in-place concrete layer exhibited only a minor effect on mitigating
interface slip. Thus, the reduction in interface slip is primarily governed by improved bonding, optimized stress
distribution, and effective shear transfer at the interface—factors that are essential for achieving reliable and
efficient performance in composite slab systems.

5.4. Ductility Behavior of Semi-precast Concrete Slabs

Ductility refers to a structural element's ability to undergo significant inelastic deformation and dissipate energy after
reaching its elastic limit, without experiencing abrupt failure. It is typically quantified as the ratio of the deflection at
the ultimate load (Au) to the deflection at the yield point (Ay) or the onset of cracking. In semi-precast concrete slabs,
ductility serves as a critical measure of structural robustness, particularly in evaluating the composite action between
the precast concrete unit and the cast-in-place (CIP) concrete topping. A higher ductility ratio reflects improved post-
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cracking performance and greater deformation capacity, both of which are essential for ensuring safety and structural
integrity. In this study, the yield deflection (Ay) was defined as the mid-span deflection corresponding to 75% of the
ultimate load, following established methodologies in the literature [55-58]. The experimental results, as presented in
Figure 9 and Table 6, reveal substantial improvement in the ductility for slabs incorporating shear connectors when
compared to the control specimen (SPCS C), which did not include these connectors. Specifically, ductility ratios
increased by 64.74%, 73.99%, and 97.11% for SPCS 4, SPCS 5, and SPCS 6, respectively, compared to the control
specimen (SPCS C). Similar results have been reported in previous studies [35, 39]. Furthermore, rectangular shear
connectors outperformed triangular ones, yielding ductility improvements of 6.86% and 5.61% between SPCS 1 and
SPCS 2, and SPCS 4 and SPCS 5, respectively. Increasing the thickness of the cast-in-place concrete from 100 mm to
120 mm also led to ductility enhancement of 12.84% (SPCS 2 vs. SPCS 3) and 13.29% (SPCS 5 vs. SPCS 6). These
results highlight the important role that shear connector design and cast-in-place layer thickness play improving the
ductility and overall structural performance of SPCS systems.
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Figure 9. Ductility factor of all tested specimens

One of the main factors contributing to the observed enhanced in the ductility behavior of the hybrid concrete slabs
is the incorporation of shear connectors. These connectors facilitate efficient stress transfer and ensure continuity across
the interface, thereby enabling the slab to accommodate additional deformations beyond the cracking stage without
experiencing sudden failure. The reduced in interface slip contributed to a more uniform stress distribution, resulting in
a smoother post-cracking response and increased energy dissipation. The geometry of the shear connectors significantly
impacted ductility performance, with rectangular connectors demonstrating superior effectiveness compared to
triangular ones, owing to their larger surface area and improved mechanical interlock. Furthermore, the increased
thickness of the cast-in-place concrete layer significantly contributed to the improved ductility. These factors led to
significantly improved the deformation capacity and overall ductility of the hybrid slab system.

5.5. Structural Stiffness and Energy Absorption Properties

Initial stiffness refers to the slope of the load-deflection curve during the uncracked elastic phase of a structural
element. In this study, initial stiffness was calculated following the methodology outlined in references [59-62]. For
semi-precast concrete slabs, a higher initial stiffness indicates increased strength to deformation under service loads,
thereby enhancing overall serviceability and minimizing deflections prior to the onset of cracking.

Table 7 displays the initial stiffness values for the tested specimens. Substantial improvements in initial stiffness
were observed in specimens SPCS 4, SPCS 5, and SPCS 6, which exhibited increases of 105.81%, 116.28%, and
163.95%, respectively, compared to the control specimen (SPCS C). The influence of shear connector type, comparing
rectangular and triangular shapes, was relatively minor. It resulted in a 20.15% increase in stiffness between SPCS 1
and SPCS 2, and only 5.08% between SPCS 4 and SPCS 5. Conversely, increasing the thickness of the cast-in-place
concrete layer led to more noticeable improvements in initial stiffness: 10.56% between SPCS 2 and SPCS 3, and
22.04% between SPCS 5 and SPCS 6. These findings affirm that in semi-precast concrete slabs, higher initial stiffness
contributes to greater strength against early-stage deformation under service loads, thereby enhancing serviceability and
effectively limiting deflections prior to the onset of cracking.
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Table 7. Experimental results: stiffness and energy absorption of the slabs

Slab Pcr Crack Deflection at Initial stiffness Change in Energy Dissipation Change in Energy
designation (tons) first crack (mm) (tons /mm) Initial stiffness (%)  Capacity (tons.mm)  Dissipation Capacity (%6)
SPCS1 2 1.49 1.34 - 262.21
SPCS 2 2.25 1.4 1.61 - 267.6
SPCS 3 3 1.69 1.78 - 282.23
SPCS 4 25 1.41 1.77 105.81 253.6 388.07
SPCS5 3.25 1.75 1.8.6 116.28 258.96 398.38
SPCS 6 4 1.76 2.27 163.95 265.7 411.35
SPCSC 1.25 1.45 0.86 - 51.96

On the other hand, energy dissipation capacity is a critical parameter that reflects a structural slab's ability to absorb
and dissipate energy, particularly under cyclic or dynamic loading conditions. In this study, energy dissipation was
evaluated based on the methodology described in previous studies [62, 63].

This attribute is of parameter importance in seismic applications, where structures are subjected to repeated stress
reversals. In semi-precast concrete slabs, improved energy dissipation, primarily achieved through the incorporation of
shear connectors and improved interfacial bonding, contributes significantly to structural resilience by delaying the onset
of failure and reducing cumulative damage. These energy dissipation mechanisms complement other structural
properties, such as initial stiffness and ductility, ensuring that the slabs maintain performance under both service and
extreme load conditions.

Experimental results, as shown in Table 7, demonstrate significant improvements in energy dissipation for specimens
SPCS 4, SPCS 5, and SPCS 6, with increases of 388.07%, 398.38%, and 411.35%, respectively, compared to the control
slab (SPCS C), which lacked shear connectors. These improvements underscore the dominant role of shear connectors
in facilitating effective composite action. Conversely, the effect of connector geometry was relatively modest, with
rectangular connectors resulting in only marginal gains, with a 2.06% increase between SPCS 1 and SPCS 2, and 2.11%
between SPCS 4 and SPCS 5. Similarly, increasing the thickness of the cast-in-place concrete layer from 100 mm to
120 mm produced slight improvements in energy dissipation: 5.47% for SPCS 2 versus SPCS 3, and 2.6% for SPCS 5
versus SPCS 6. The findings suggested that although variations in connector geometry and cast-in-place concrete
thickness may contribute marginally, the predominant factor governing energy dissipation is the effectiveness of the
shear transfer mechanism. Therefore, optimizing shear connectivity emerges as the principal strategy for improving
energy dissipation capacity and enhancing the overall seismic performance of semi-precast slab systems.

The observed enhancements in both initial stiffness and energy dissipation of the semi-precast concrete slabs are
primarily attributed to the incorporation of shear connectors, which significantly improve structural continuity and
interfacial bonding between the precast and cast-in-place concrete layers. These connectors effectively mitigate interface
slip and facilitate efficient shear transfer, thereby increasing strength to early-stage deformations and enhancing pre-
cracking stiffness. Although the influence of connector geometry was relatively modest, rectangular connectors
demonstrated slightly superior performance, attributed to their mechanical interlocking and greater contact service with
the surrounding concrete. Moreover, increasing the thickness of the cast-in-place concrete contributed to improved
section depth and flexural rigidity, further enhancing stiffness.

Regarding energy dissipation, shear connectors significantly increase the slab's ability to absorb and release
energy under cyclic or dynamic loading, delaying failure and reducing damage accumulation. This improvement is
particularly important in seismic applications, where ductile behavior and repeated energy absorption are vital.
Although connector shape and concrete thickness had minor effects, the dominant factor influencing both stiffness
and energy dissipation was the existence of a well-detailed shear connection system that enabled efficient composite
action.

5.6. Failure Modes

The experimental study investigation revealed that the failure modes across all tested semi-precast slab
specimens were generally consistent, with flexural failure being the predominant mode. This result is consistent
with previous researchers [21, 30, 39, 41]. This flexural behavior was characterized by the formation and
propagation of multiple cracks along the span, particularly near the mid-span region, followed by reinforcement
yielding and increased crack development, as shown in Figure 10-a. Notably, the only exception was the control
specimen (SPCS C), which failed through interface debonding between the precast concrete unit and the cast-in-
place layer due to the absence of shear connectors, as shown in Figure 10-b. This type of failure occurred
prematurely and limited the specimen's load-carrying capacity, emphasizing the critical role of mechanical interlock
in achieving effective composite behavior.
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Figure 10. Typical failure mode of semi-precast slabs

As shown in Figure 10-a, specimens equipped with shear connects demonstrated enhanced structural integrity,
effectively delaying the onset of cracking and distributing stress more uniformly across the interface. These connectors
not only contributed to a significant increase in ultimate load capacity but also improved the post-cracking stiffness of
the slabs, allowing for additional deformation capacity before failure. The enhanced ductility enabled the slabs to sustain
more extensive crack development without compromising overall structural performance. Furthermore, while different
connector geometries, such as triangular and rectangular, and variations in the thickness of the cast-in-place concrete
layer were evaluated, their influence on the overall failure mode was minimal.

The incorporation of shear connectors played a pivotal role in improving the failure behavior of the hybrid concrete
slabs by enhancing the bond between the precast and cast-in-place concrete layers. These connectors facilitate
mechanical interlocking at the interface, thereby preventing delamination and enabling the slab to behave as a unified
structural system. Consequently, early separation—which typically occurs in the absence of shear connectors, as
observed in the control specimen—was avoided, and the failure mode shifted to a more favorable ductile flexural failure.
This transition was characterized by progressive crack propagation, reinforcing yielding, and enhanced structural
performance beyond the cracking stage. Although variations in connector geometry and cast-in-place layer thickness
had some influence on stiffness and ductility, they did not significantly alter the overall failure mechanism. Therefore,
the primary reason for the improved failure pattern lies in the reliable shear transfer across the interface, which preserves
structural continuity and allows the slab to reach its full flexural capacity before failure.

6. Theoretical Load Capacity and Comparison with Experimental Results

In the design of single-reinforced concrete sections, the nominal flexural strength (Mn) is a critical parameter
determined based on the internal forces balance and strain compatibility. American Concrete Institute (ACI Committee
318, 2019) [29], particularly Section 22.2.2, provides the basis for calculating flexural strength using the rectangular
stress block approach.

The nominal moment capacity (Mn) is given by the following equation:
a
Mn = As * f,(d =) @)

whereas is area of tensile reinforcement (mm?), f, is yield strength of steel reinforcement (MPa), d is effective depth of
section (mm), and a is depth of equivalent rectangular stress block (mm), calculated by the following equation:

_ _As*fy
o 0.85+f.*b

2
f. is compressive strength of concrete (MPa), and b is width of section (mm).

Assuming full composite action and uniform material properties across all specimens, the calculated nominal flexural
moment capacity was determined to be 74.41 kN.m. This value reflects the ideal behavior of a composite section where
no slip occurs at the interface between the precast and cast-in-place concrete layers. In this context, the flexural capacity
was also used to represent the behavior of a homogeneously cast slab, which is generally considered to exhibit superior
structural performance due to its continuous material interface and fully bonded cross-section.

Although a monolithic slab was cast nor tested in this study, its theoretical performance was approximated by
assuming ideal composite action within semi-precast slab systems. This approach was considered appropriate for
comparison purposes, as the mechanical behavior of a monolithic slabs under flexural loads is well documented in the
available literature. Furthermore, the decision to omit a monolithically cast specimen was driven by economic
considerations. This allowed the experimental program to focus on evaluating the performance of semi-precast
configurations incorporating various types and geometries of shear connectors.
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Accordingly, the theoretical flexural capacity—calculated based on the assumption of full composite behavior—was
used as a control for an equivalent a monolithic slab. This theoretical assumption provided a benchmark for assessing
the effectiveness of shear connectors and the degree of composite interaction achieved in the tested hybrid slab
specimens. The theoretical evaluation of the flexural strength capacity of semi-precast concrete slabs (SPCS) was
performed using classical elastic beam theory for simply supported members subjected to uniform distributed loads, in
accordance with ACI 318-19 [29]. Since all tested slabs were simply supported along their shorter edges and subjected
to full-span loading, the maximum mid-span bending moment was determined using the standard elastic bending
equation for uniform distributed loads:

Wnxl? Mn+8
= s Wn = 1z (3)

Mn

where Wn is the corresponding uniformly distributed load, and | is the span length.

In this study, only the compressive strength of the cubes was measured. To obtain the equivalent cylinder
compressive strength, a conversion relationship reported in the literature [64, 65] was used, ensuring consistency with
previously applied formulas. This relationship is expressed in the following equation:

fcylider =08+ fcube (4)

Two slab configurations were analyzed: the first with a total thickness of 200 mm, a width of 2000 mm, and a span
of 6000 mm; and the second with the same cross-sectional dimensions and a shorter span of 4750 mm. A nominal
moment capacity of 74.41 kN.m was adopted in both cases. Based on this value, the corresponding distributed loads
were calculated as 16.53 kN/m for the 6.0 m span and 26.38 kN/m for the 4.75 m span.

To enable direct comparison with the experimental results—which were recorded in terms of the total applied load—
these distributed loads were converted to total loads by multiplying by the respective slab spans. The resulting theoretical
nominal load capacities were 99.21 kN for the longer-span slab and 125.32 kN for the shorter one. These values served
as reference points for assessing the structural efficiency and composite behavior of the tested slabs. For consistency in
comparison, the theoretical values were converted from kilonewtons to tons, as shown in Table 8.

Table 8. Theoretical and experimental nominal load of slabs

Slabs Size Dimensions Theoretical Nominal ~ Experimental Nominal Change
designation (I*b*t) - mm? Loads (tons) Loads (tons) (%)
SPCS 1 6000x2000%200 10.75 8.36
SPCS 2 6000x2000%200 9.92 11.25 13.4
SPCS 3 6000x2000%200 12.0 20.96
SPCS 4 4750%2000%200 13.75 9.72
SPCS 5 4750%2000%200 14.5 15.7

12.53

SPCS 6 4750%2000%200 15.75 25.68

SPCS C 4750%2000%200 55 -56.11

The experimental outcomes presented in Table 8 and Figure 11 demonstrate a consistent and significant enhancement
in the load-carrying capacity of the semi-precast concrete slabs (SPCSs) compared to theoretical predictions based on
ACI 318-19 [29]. This improvement is primarily attributed to the inclusion of shear connectors, which played a pivotal
role in establishing effective composite action between the precast and cast-in-place (CIP) concrete layers. For the
specimens with a 6-meter span (SPCS 1, SPCS 2, and SPCS 3), the experimental ultimate loads exceeded theoretical
values by 8.36%, 13.4%, and 20.96%, respectively, as illustrated in Figure 11-a. These results highlight the importance
of well-designed shear connectors in fully mabilizing the composite cross-section, reducing interface slip, and enabling
the slab system to act as a unified structural element. The performance gains were even more pronounced in the shorter-
span specimens (SPCS 4, SPCS 5, and SPCS 6), where the reduced span length of 4.75 meters led to notably higher
structural efficiency.

As shown in Figure 11-a, these slabs exceeded theoretical predictions by 9.72%, 15.7%, and 25.68%, respectively.
This trend reflects the inherent reduction in flexural demands associated with shorter spans, which in turn lowers
interfacial shear stresses and facilitates more effective stress transfer across the precast and cast-in-place concrete
interface. The inclusion of shear connectors—particularly when combined with the more favorable moment distribution
in the shorter spans—enhances strain compatibility and promotes improved energy dissipation. This interaction
ultimately contributes to the increased load-carrying capacity and superior overall performance of the composite slab
system. A particularly noteworthy observation was the performance of the control specimen (SPCS C), which was
constructed without any shear connectors. This specimen exhibited a 56.11% reduction in ultimate load capacity
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compared to the theoretical prediction- an outcome that not only indicates a loss in strength but also reflects a complete
shift in the failure mechanism. The absence of the composite action caused the precast and cast-in-place (CIP) concrete
layers to act independently, resulting in premature debonding and a flexural shear failure localized at the interface. This
finding underscores the critical importance of effective mechanical shear transfer in achieving the intended structural
integrity and load-bearing performance of composite slab systems.
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Figure 11. Comparison between the theoretical and experimental load capacity

These findings collectively confirm the conservative nature of ACI 318-19 [29] in predicting the flexural
performance of hybrid slab systems. While this code offers a reliable and safe design baseline, the experimental results
demonstrate that actual load-carrying capacities can significantly exceed theoretical values when shear connectors are
properly designed and implemented. This highlights the crucial role of refined interface details in realizing the full
structural potential of composite systems. Moreover, the outcomes suggest that existing code provisions could be further
enhanced or supplemented with composite efficiency factors to more accurately represent the performance of well-
detailed semi-precast slabs. Although the observed improvements in ultimate capacity ranged from approximately 7%
to 25%, these gains are structurally meaningful, particularly in the broader context of construction efficiency and design
optimization. Even modest enhancements in structural capacity can yield considerable benefits in load distribution,
serviceability, and material utilization. Beyond strength improvements, semi-prefabricated composite systems offer
several inherent advantages that make them highly viable for modern construction practices. These include accelerated
construction timelines due to reduced on-site formwork and curing requirements, improved quality control through
factory-based fabrication, and decreased labor demands and construction costs-especially in large-scale or repetitive
projects. Additionally, the utilization of lightweight precast components facilitates transportation and on-site handling
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while maintaining structural efficiency. Enhanced composite action, achieved through effective shear transfer
mechanisms, ensures efficient load distribution and improved crack control. Furthermore, the system offers
consideration design flexibility, enabling accommodation of varying span lengths, section depths, and architectural
specifications.

Therefore, when the system-level advantages are considered in conjunction with the observed enhancements in
structural performance, even modest increases in load-carrying capacity become highly significant. The semi-precast
construction approach promotes efficient utilization of material and optimal resource allocation, while also delivering
durable and structurally robust slab systems. The findings of this study not only affirm the conservative nature of ACI
318-19 [29] as a dependable design guideline but also illustrate that, with appropriate interface detailing, actual slab
performance can exceed code-based predictions. Collectively, these advantages highlight the strong potential of semi-
precast concrete systems for applications where construction efficiency, quality assurance, and structural reliability are
of critical importance.

7. Conclusion

This experimental study evaluated the structural performance of semi-precast concrete slabs (SPCSs) incorporating
various shear connector configurations, cast-in-place (CIP) concrete thicknesses, and span lengths. The findings revealed
that integrating shear connectors into SPCSs markedly enhanced their behavior across multiple structural parameters in
comparison to the non-composite control specimen (SPCS C). Rectangular connectors, in particular, established a strong
mechanical interlock at the interface between precast and CIP layers, promoting effective composite action and structural
continuity. This resulted in substantial improvements in the ultimate load capacity, which increased by 150.0%, 163.6%,
and 186.4% for SPCS 4, SPCS 5, and SPCS 6, respectively. Cracking loads similarly increased by 100%, 160%, and
220% in these specimens. The presence of shear connectors also contributed to improved serviceability, as demonstrated
by notable reductions in mid-span deflection at ultimate load, ranging from 51.4 to 70.1% for SPCS 1 through SPCS 3.

Additionally, interface slip was significantly reduced in the connector-reinforced slabs, and ductility ratios showed
substantial gains, indicating improved deformation capacity and post-cracking behavior. Initial stiffness was notably
enhanced, particularly in SPCS 6, which recorded a 163.95% increase compared to the control slab. Energy dissipation
capacity also improved dramatically, reaching a maximum increase of 411.35%. While the presence of shear connectors
was the dominant factor in performance enhancement, rectangular connectors generally produced better results than
triangular ones, particularly in minimizing interface slip and improving ductility. Variation in CIP thickness and span
length had measurable but secondary effects on overall behavior. Importantly, all specimens with connectors exhibited
ductile flexural failure, in contrast to the brittle interface debonding observed in the control slab. These results confirm
that well-detailed shear connectors are essential for achieving monolithic behavior in hybrid slab systems. Furthermore,
the close agreement between the experimental outcomes and theoretical predictions based on ACI 318-19 and elastic
beam theory validated the applicability of such models for designing efficient and reliable semi-precast slab structures
in modern construction practices.

It is suggested that future studies explore the long-term behavior, fatigue performance, and cyclic loading response
of various connector configurations. Additionally, full-scale testing under real-world conditions would further validate
these findings and contribute to the development of standardized design codes for semi-precast slabs.
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