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Abstract. In this study, quasi-static cyclic loading tests were conducted to evaluate the in-plane structural performance of half-
precast concrete slab-wall joints. Nine full-scale specimens were fabricated, with key test variables that include the system type,
anchorage type, number of anchorage reinforcements, and slab type. The structural performance was assessed in terms of the
lateral load-displacement behavior, maximum load capacity, stiffness retention ability, and energy dissipation capacity. The
results showed that the monolithic reinforced concrete specimens exhibited superior performance compared to the half-precast
concrete specimens. However, the half-precast concrete specimens exceeded the nominal shear strength requirements specified
in ACI 318-19. Among the half-precast concrete specimens, the anchorage type and slab type had negligible effects on the
overall performance, whereas an increase in the number of anchorage reinforcements unexpectedly resulted in degraded
performance. Analysis of the local shear strength of the anchorage reinforcements revealed that those in the half-precast concrete
specimens failed to achieve the intended shear capacity, primarily because of insufficient development length. Based on these
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findings, a modified nominal shear strength model incorporating the anchorage development length was proposed.
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1. Introduction

Recently, the construction industry has shown growing
interest in precast concrete (PC) systems, which involve the
systematic, factory-based production of structural members.
This shift from conventional reinforced concrete (RC)
systems has been mainly driven by the increasing costs of
labor and materials (Kurama et al. 2018). In PC systems,
structural members are fabricated in a factory, transported
to a construction site, and assembled on-site, thereby
minimizing on-site work and enhancing the overall quality
of the structural members. Depending on the fabrication and
assembly methods of the precast members, PC systems can
be categorized into full- and half-PC systems. A full-PC
system is a dry construction method in which all the
structural members are prefabricated and subsequently
assembled on-site. This system offers advantages such as
rapid construction, improved quality control, and reduced
on-site labor, each of which is maximized. However, it also
entails high initial manufacturing costs, the need for large-
scale equipment during transportation and erection, and
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technical challenges in ensuring structural integrity between
members owing to difficulties in joint design and
construction (Arditi et al. 2000). By contrast, a half-PC
system is a hybrid construction method in which factory-
fabricated PC members are placed on-site and integrated
with cast-in-place concrete to complete the structure. This
process has the advantage of ensuring both structural
integrity and economic efficiency with the precision of
factory manufacturing and flexibility of on-site construction
(Lee et al. 2016). Nonetheless, the effective implementation
of the half-PC system requires further empirical verification
of its structural performance with respect to joint detailing
and substantial effort to ensure its applicability across
diverse construction environments.

Half-PC systems have been widely adopted in industrial
buildings and modular housing, where construction follows
a systematic and repetitive process (Kim et al. 2023). These
systems have also been applied to residential buildings in
the form of wall systems, which allow for a reduced story
height compared to moment-resisting frame systems,
offering both economic and construction-related
advantages. However, similar to other PC systems, the
structural integrity of the half-PC wall system must be
rigorously verified with respect to joint detailing, and
serviceability issues such as excessive cracking and water
leakage must also be evaluated (Zhang et al. 2020, Kim et
al. 2021).

As shown in Fig. 1, joints in wall systems are subjected
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Fig. 1 In-plane diaphragm action and force transfer in a PC wall system

to both out-of-plane behavior due to gravity loads and in-
plane behavior (i.e., diaphragm action) due to seismic loads
(Fleishman et al. 2005, Fleishman et al. 2013). Unlike out-
of-plane behavior, the in-plane behavior involves significant
shear forces under lateral loading, and its characteristics are
highly sensitive to the joint reinforcement details.
Therefore, many studies have focused on evaluating the in-
plane behavior of PC wall systems (Zhang et al. 2011,
2019, Zhang and Fleischman 2016, Ren and Naito 2013,
Brunesi et al. 2018, Pang et al. 2020, Zhou et al. 2021).
Fleischman et al. (2005, 2013) conducted extensive
experimental and analytical studies on the behavior of slab-
slab joints to ensure adequate diaphragm behavior in
prestressed PC floor systems located in high-seismicity
regions. Zhang et al. (2011, 2019) and Zhang and
Fleischman (2016) examined the key parameters affecting
diaphragm response and proposed an improved seismic
design methodology for prestressed PC floor systems. Ren
and Naito (2013) evaluated various PC slab-slab joint
details through comparative testing to identify appropriate
configurations for different performance levels. Brunesi et
al. (2018) performed cyclic tests on full-scale two-story PC
specimens comprising PC slabs and walls connected by
dowel bars and steel angles to assess their structural
performance. Pang et al. (2020) developed a new PC slab-
slab joint system incorporating hairpin connectors and
cover plates, and validated its structural performance
through experiments, subsequently proposing an equivalent
beam model. Zhou et al. (2021) conducted experimental
and analytical studies on the PC wall system using box
connectors and post-tensioning. In addition, various studies
have been conducted to evaluate and enhance the structural
and seismic performance of joints in PC wall systems
(Zheng and Oliva 2005, Lim et al. 2016, Tsampras et al.
2017, Zhi et al. 2017, Yun et al. 2025).

Nevertheless, most previous studies have primarily
focused on slab-slab joints in full-PC or half-PC systems,
which limits the experimental data available for slab-wall
joint. This research trend is assumed to be because PC slab-
slab joints occur repeatedly in almost all PC systems,
making them a more common focus of investigation. By
contrast, PC slab-wall joints are primarily found in the PC
wall system, and their structural role has often been
implicitly assumed based on the findings from PC slab-slab

joint studies rather than being directly investigated.
Moreover, PC slab-wall joints involve greater challenges in
fabricating test specimens and conducting experiments
under realistic boundary conditions. Therefore, in this study,
full-scale test specimens were fabricated based on the joint
details of a five-story modular house in South Korea, and
quasi-static cyclic loading tests were performed to
investigate the in-plane structural performance of slab-wall
joints in half-PC systems.

2. Experimental program
2.1 Details of test specimens

Nine slab-wall joint specimens were fabricated in this
study, with the system type, anchorage type, number of
anchorage reinforcements, and slab type as key variables.
The details of the test specimens are summarized in Table 1.
As shown in Fig. 2, 90° standard hook, headed bar, U-
shaped bar and combined types were considered as
anchorage types. Notably, the slab-wall joint is a highly
congested region where the longitudinal, auxiliary, and
anchorage reinforcements intersect. Owing to the
complexity of reinforcement detailing, ensuring both
constructability and sufficient anchorage performance is
challenging. To address this issue, a U-shaped bar detail
was introduced as a test variable. In this detail, two
auxiliary U-shaped bars were connected orthogonally to the
end of a single straight bar, allowing for easier field
installation (refer to Fig. 2(c)). The auxiliary bars and the
straight bar were tied together using tie wires, which are
widely employed in practice as the common method of bar
fastening, thereby enhancing the constructability of the
U-shaped bar. Regarding the number of anchorage
reinforcements (n,), three cases were considered based
on the slab width (=1,200 mm) of the test specimens: (1)
the number of anchorage reinforcements equal to that of the
PC prototype (i.e., ng=4), (2) the number of
anchorage reinforcements equal to that of the RC
prototype (i.e., n,=8), and (3) the average of the two (i.e.,
n,=6). As previously mentioned, full-scale test specimens
were fabricated based on the structural details of an actual
five-story modular house, and the slab span length and wall
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Table 1 Summary of test specimens

Specimen Name RC Ho0.5T He0.5T
System Type RC Half-PC Half-PC
Anchorage Type 90° Standard Hook 90 Sta?ggd Hook Hea(c};:g)Bar
Anchorage The Number of Reinforcements (n,)*
Reinforcement . 4 4
(Normalized by the Number of Those 8 0.5) (0.5)
in the RC Specimen) ) )
Slab Type Monolithic Casting Truss PC Slab Truss PC Slab
M (M
Specimen Name U0.5T U0.75T U1.0T
System Type Half-PC Half-PC Half-PC
Anchorage Type U-Shaped Bar U-Shaped Bar U-Shaped Bar
V) V) (%)
Anchorage . %
. The Number of Reinforcements (n,)
Reinforcement . 4 6 8
(Normalized by the Number of Those 0.5) (0.75) (1.0)
in the RC Specimen) ) ) )
Slab Type Truss PC Slab Truss PC Slab Truss PC Slab
(M (M (M
Specimen Name HoUO0.5T HeUO0.5T U0.5H
System Type Half-PC Half-PC Half-PC
90° Standard Hook Headed Bar U-Shaned Bar
Anchorage Type +U-Shaped Bar +U-Shaped Bar (ij)
Anchorage (HoU) (HeU)
Reinforcement The Number of Reinforcements (n,)* 4 4 4
(Normalized by the Number of Those
in the RC Specimen) 0.5) 0.5) 0.5)
Slab Type Truss PC Slab Truss PC Slab Hollow-Core Slab
(M (M (H)

Nomenclature of Half~-PC specimen series

Anchorage type el'-_ia (_]._S:T_ }

Ho: 90° standard hook - -
He: Headed bar
U: U-shaped bar

The number of anchorage reinforcements normalized

by the number of those in the RC specimen Slab type
0.5: 4 anchorage reinforcements in total T: Truss PC slab

H: Hollow-core slab

*The number of reinforcements anchored into the slab-wall joint within a slab width of 1,200 mm

(b) Headed bar (He)

andard hook+U-shaped bar (HoU)

(e) Headed bar+U-shaped bar (HeU)

Fig. 2 Various anchorage reinforcement details (unit: mm)

.
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(c) U0.5H specimen

Fig. 3 Dimension details of test specimens (unit: mm)

height were adjusted considering the spatial limitations of
the laboratory.

As shown in Fig. 3, the width and length of the slab
were 1,200 mm and 2,000 mm (excluding the seating length
of the slab), respectively. The slab cross section varied with
the slab type. For the specimen with a hollow-core PC slab,
the cross-sectional dimensions—including the topping
concrete (cast-in-place concrete)}—were 1,200 mmx280
mm, whereas for the other specimens, the dimensions were
1,200 mmx210 mm.

In the specimen nomenclature summarized in Table 1,
the first letter indicates the anchorage type, as shown in Fig.
2, and the following number represents the ratio of the

number of anchorage reinforcements in the specimen to that
in the RC specimen. The last letter denotes the slab type.
For example, the specimen labeled U0.5T refers to a
specimen with four anchorage reinforcements detailed with
U-shaped bars and a truss PC slab.

As shown in Fig. 3(a), four D10 longitudinal
reinforcements were placed at a spacing of 300 mm along
the top and bottom of the RC specimen slab, and seven D10
reinforcements were placed at a spacing of 300 mm as
transverse reinforcements. Ten closed stirrups were placed
with a spacing of 300 mm. In addition, the D10 longitudinal
reinforcements were fully anchored to the wall using 90°
standard hooks formed at their ends. The straight extension
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Fig. 4 Fabrication process of test specimens

Table 2 Material properties of the test specimens

Precast Concrete (Wall) 43.0/35.0
i i i Truss PC Slab 35.3/35.0
Compressive Strength of Concr,ete/De51gned Compressive Precast Concrete (Slab) russ
Strength, f." [MPa] Hollow-Core PC Slab 58.7/49.0
Topping Concrete, RC Specimen 20.4/24.0
Compressive Strength of Grout/Designed Compressive Strength [MPa] 45.1/40.0
) ) ) D10 455.7(568.9)
Yield (tensile) Strength of Reinforcement, MPa
¢ ) g Jy(fu) MP2] D19 516.9(664.1)
of the hook was 150 mm, which satisfied the requirements truss PC slab, the slab had a thickness of 70 mm, and truss
specified in Table 25.3.1 of ACI 318-19. bars consisting of ¢6 and ¢12 rebars were placed at a

As shown in Fig. 3(b), in the T specimen series using a spacing of 300 mm within the cross section. These truss
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bars extended 80 mm beyond the PC slab to ensure
composite action with the topping concrete. In the T
specimen series, the topping concrete with a thickness of
140 mm contained four D10 longitudinal reinforcements
and seven D10 transverse reinforcements that were spaced
identically to the reinforcements in the RC specimen.

Fig. 3(c) shows the details of the U0.5H specimen,
which incorporates a hollow-core PC slab with a thickness
of 200 mm. Within the slab, circular voids with a diameter
of 155 mm were formed with a spacing of 189 mm along
the slab width. To ensure full composite action between the
hollow-core PC slab and the topping concrete, surface
roughening was applied to the upper surface of the slab.
The thickness of the topping concrete was 80 mm, and the
reinforcement details inside the topping concrete were
identical to those in the T specimen series.

The headed bar details used in the He0.5T specimen
were fabricated to satisfy the requirements specified in
Clause 25.4.4 of ACI 318-19. In addition, for the half-PC
specimens, both the 90° standard hooks and U-shaped bars
were fabricated with a 150 mm straight extension. In
contrast, in the HoUO0.5T specimen, which combined the
90° standard hook and U-shaped bar details, the straight
extension of the hook was intentionally reduced to 100 mm
to evaluate the mutual reinforcement effect between the
90° standard hook and U-shaped bar details. The headed bar
details of the HeUO.5T specimen were the same as those of
the He0.5T specimen.

The widths and lengths of the walls of the test
specimens were 1,200 mm and 1,900 mm, respectively, and
the cross-sectional dimensions of the walls were 1,200
mmx*200 mm. In the walls of the RC specimen, sixteen D10
longitudinal reinforcements were placed, and D10 closed
stirrups were placed at a spacing of 280 mm. The same
number of D10 longitudinal reinforcements were used in
the walls of the half-PC specimens, and three D19 dowel
bars protruding from the lower PC wall were grouted into
the upper PC wall to enhance the structural integrity. In
addition, the half-PC specimens had wall protrusions of
trapezoidal shape, having a bottom width of 80 mm and a
top width of 70 mm, slightly tapering upward. These
protrusions were designed to facilitate the seating of the
upper PC wall onto the lower PC wall during assembly
process. For the transverse reinforcement in the half-PC
specimens, D10 closed stirrups were also placed at a
spacing of 280 mm, identical to those in the RC specimen.

The development Ilength of the anchorage
reinforcements in the joint region was limited because of
the wall detailing, which was 160 mm in the RC specimen
and 120 mm (70 mm when accounting for the seating length
of the PC slab) in the half-PC specimens. According to
Clauses 25.4.3 and 25.4.4 of ACI 318-19, the required
development length of the anchorage reinforcement is 150
mm. Therefore, the half-PC specimens did not satisfy this
requirement (a more detailed discussion is provided in
Section 4). In the slab direction, where the straight part of
the anchorage reinforcements was placed, the development
length was set to 600 mm in the half-PC specimens to
prevent damage and ensure sufficient anchorage
performance. This length was determined considering that

the required development length of the D10 straight
reinforcement, calculated in accordance with ACI 318-19,
was 461.9 mm.

2.2 Fabrication of test specimens

Fig. 4 shows the fabrication process for the test
specimens. For the half-PC specimens, the upper and lower
PC walls, and PC slab were fabricated individually. First,
the lower PC wall was positioned, followed by the
placement of PC slabs with a seating length of 50 mm on
both sides. Subsequently, the top and anchorage
reinforcements were placed, and the topping concrete was
cast. After curing, the upper PC wall was assembled, and
grouting was performed on the sheath tube of the D19
dowel bars to integrate the upper and lower PC walls.
Supplementary steel frames were installed to prevent
damage during transportation and setup, as shown in Fig.
4(g). The walls and slabs of the RC specimens were cast
monolithically.

2.3 Material properties

Five standard cylindrical concrete specimens (@150
mmx300 mm) were fabricated during each instance of
concrete casting and grouting, and their compressive
strengths were measured on the day of testing in accordance
with the ASTM C39/C39M-21 guidelines. In addition, three
reinforcement specimens were prepared for each of the two
reinforcement types (D10 and D19), and material tests were
conducted in accordance with the ASTM A370 guidelines.
The material test results summarized in Table 2 represent
the average values obtained for the tested specimens. The
compressive strengths of the PC slab, PC wall concrete, and
grout exceeded the designed compressive strength.
However, the compressive strength of the topping concrete
in the half-PC specimens and the concrete used in the RC
specimen was approximately 85% of the designed
compressive strength. The measured yield strengths of the
D10 and D19 reinforcements were 455.7 and 516.9 MPa,
respectively.

2.4 Test setup

Fig. 5 shows the setup of the quasi-static cyclic loading
test. The upper wall of each test specimen was bolted to the
supplementary frames connected to the vertical actuator,
whereas the lower wall was fixed to the reaction frame. In
actual wall systems, the out-of-plane deformation of the
wall is minimal within the internal span owing to the
constraining effect of the adjacent slabs. Therefore, in this
study, the vertical displacement of the test specimen was
maintained at zero throughout the experiment using a
vertical actuator, as shown in Fig. 5. A horizontal
maintenance device was installed to prevent tilting of the
supplementary frames connected to the vertical actuator.
The test involved the application of repeated lateral loads
via a horizontal actuator in the transverse direction. Linear
variable differential transformers (LVDTs) were installed to
measure the displacement accurately. LVDT 1 was installed
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to measure the lateral displacement, and LVDTs 2 and 3
were installed to measure the relative slip between the
reaction frame and test specimens. In addition, LVDT 4 was
installed to measure the relative horizontal slip between the
slab and the wall at the slab-wall interface. For the half-PC
specimens, the same LVDT was used to measure the
relative horizontal slip between the topping concrete and the
wall.

Fig. 6 shows the loading protocol for the test specimens.
Based on the ACI 374-2 report, the loading protocol was
divided into 11 loading steps, and each step was applied
twice. However, for some test specimens, loading continued
up to the 12th step (lateral displacement; §gy,=+64 mm).
The displacement for each loading step was set based on the
initial cracking point (§..=4 mm) of the pushover specimen,
as reported in a previous study (Yun et al. 2025). It is noted
that the details of the specimen used by Yun ef al. (2025)
are the same as those of the Ho0.5T specimen used in this
study.

3. Test results
3.1 Hysteresis response

Fig. 7 presents the lateral load-displacement curves of
the test specimens, and Fig. 8 shows the crack patterns in
the test specimens at the main loading steps (i.e., the
loading step 3; §.yp,=+t4 mm, maximum lateral loading
step, and experiment endpoint). The lateral displacement
( Gexp ) of the test specimens were calculated by

compensating for the slip between the reaction frame and
test specimens as follows,

Sexp = 5LVDT1 - 5LVDT2 - 6LVDT3 (1)

where 8;ypr1, Orvpr2, and Oy yprs represent the measured
values of LVDTs 1, 2, and 3, respectively.

In the loading step 1 (8y,=+1 mm) of the RC specimen,
initial cracks occurred at the upper and lower right ends of
the specimen, and cracks were observed at the left end
before loading step 3 (8¢xp=+4 mm). All cracks at the ends
were located at the slab-wall interface, and the crack widths
increased continuously with increasing lateral displacement.
No cracks were observed at any other location except for
the slab-wall interface during loading. The maximum lateral
load in the positive direction of the RC specimen was 489.3
kN when the lateral displacement was 41.2 mm. In addition,
the maximum lateral load in the negative direction was -
514.9 kN when the lateral displacement was -37.6 mm. In
the loading step 10 (§gy,=+48 mm), concrete spalling
occurred at the right ends of the upper and lower parts of
the specimen, and serious local damage was observed at the
end of the experiment (refer to Fig. 8(b)).

In the case of the Ho0.5T specimen with the 90°
standard hook detail, initial cracks were observed at the end
of the loading step 1 (§¢yp=+1 mm) (refer to Fig. 8(c)). The
initial cracks occurred at the slab-wall interface (@), and
additional cracks occurred at the interface of the toping
concrete-wall interface (@). As the lateral displacement
increased, the cracks at the two interfaces continued to
expand until the loading step 4 (8,,,=+8 mm). However,
from the subsequent loading steps, the cracks at the slab-
wall interface () propagated more rapidly. Cracks were
observed at the topping concrete-PC slab interface (@) in
the loading step 8 (§exp=+32 mm). The maximum lateral
load in the positive direction of the Ho0.5T specimen was
397.6 kN when the lateral displacement was 55.2 mm. In
addition, the maximum lateral load in the negative direction
was -438.9 kN when the lateral displacement was -47.0
mm. After the loading step 11 (§¢x,=+56 mm), the surface
of the concrete continued to peel off at the end, and
simultaneously, the slab-wall interface () widened
significantly, leading to the failure of the specimen.

The crack patterns and failure modes of the He0.5T
specimen with the headed bar detail and the UO0.5T
specimen with the U-shaped bar detail were almost the
same as those of the HoO0.5T specimen (see Figs. 8(d) and
8(e)). The maximum lateral loads of the He0.5T specimen
were 378.4 kN and -400.1 kN, respectively, in both
directions, when the lateral displacement values were 56.1
mm and -38.1 mm, respectively. In addition, the maximum
lateral loads of the U0.5T specimen were 382.6 kN and -
456.8 kN in both directions, and the lateral displacement
values were 55.6 mm and -52.0 mm, respectively.

For the U0.75T and U1.0T specimens, which had 1.5
and 2.0 times the number of anchorage reinforcements
compared to the U0.5T specimen, the initial crack patterns
were similar to that of the U0.5T specimen (see Figs. 8(f)
and 8(g)). However, in the Ul.0T specimen, additional
cracks were observed near the interface, extending beyond
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Fig. 7 Lateral load-displacement curves
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Fig. 8 Crack patterns of test specimens

the initial cracks at the topping concrete-PC slab interface
(®) after the loading step 7 (8exp=%24 mm). In the UL.0T
specimen, shear cracks occurred in front of the slab unit at
the endpoint of the specimen. The maximum lateral loads of

the UO0.75T specimen in both directions were 428.1 kN
(6exp=54.8 mm) and -438.9 kN (8.,,=-38.7 mm), and the
maximum lateral loads of the U1.0T specimen were 382.9
KN (8exp=53.6 mm) and -472.7 kN (8.4,=-46.6 mm),
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respectively.

The initial crack patterns and failure modes of the
HoUO.5T (combining the 90° standard hook detail with the
U-shaped bar detail) and HeUO.5T specimens (combining
the headed bar detail with the U-shaped detail) were similar
to those of the U1.0T specimen (see Figs. 8(h) and 8(i)).
However, in the HeUO0.5T specimen, cracks at the topping
concrete-PC slab interface (®) were minimal compared to
those observed in the U1.0T and HoUO.5T specimens. The
maximum lateral loads recorded for the HoU(.5T specimen
were 407.1 kN at 58.4 mm and -450.9 kN at -29.5 mm, in
both directions, respectively. For the HeU0.5T specimen,
the maximum lateral loads were 415.0 kN at 51.4 mm and -
462.5 kN at -52.8 mm.

As shown in Fig. 8(j), the crack pattern and failure mode
of the U0.5H specimen with a hollow-core PC slab were
similar to those of the U0.5T specimen. In the UO0.5H
specimen, despite the fact that the topping concrete and PC
slab were integrated only through rough surface treatment
without the additional reinforcements due to the
characteristics of the hollow-core PC slab, the difference in
cracks occurring at the topping concrete-PC slab interface
(®) was insignificant compared to the U0.5T specimen
wherein the topping concrete and PC slab were integrated
using truss bars. However, shear cracks were observed at
the front of the slab unit even in the U0.5H specimen. The
maximum lateral loads in both directions were 434.2 kN
Oexp=56.0 mm) and -467.4 kN (84p=-31.3 mm).
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Table 3 Maximum lateral load of test specimens

Maximum Lateral Load; Q45 [kN]

Nominal Strength; Eq. (2) [kN]

Nominal Strength; Eq. (3) [kN]

Slﬁzlig::en (Ratio of Maximum Lateral Load (Ratio of Maximum Lateral Load (Ratio of Maximum Lateral Load
to that of RC Specimen) to Nominal Strength) to Nominal Strength)
RC 502.1 (1) 449.6 (1.12) -
Ho0.5T 418.3 (0.83) 319.7 (1.31) 130.0 (3.22)
He0.5T 389.3 (0.78) 319.7 (1.22) 130.0 (3.00)
U0.5T 419.7 (0.84) 319.7 (1.31) 130.0 (3.23)
U0.75T 433.5 (0.86) 384.6 (1.13) 194.9 (2.22)
UL.0T 427.8 (0.85) 449.6 (0.95) 259.9 (1.65)
HoUO0.5T 429.0 (0.85) 319.7 (1.34) 130.0 (3.30)
HeUO0.5T 438.7 (0.87) 319.7 (1.37) 130.0 (3.38)
U0.5H 450.8 (0.90) 382.9 (1.18) 130.0 (3.47)
The crack patterns at the slab-wall interface (©) and Vo = Ay fy 3)

topping concrete-wall interface (@) in the half-PC
specimens were mostly similar, while cracks at the topping
concrete-PC slab interface (3) exhibited some variations
depending on the test specimens. Importantly, across all
half-PC specimen series, the point at which the load ceased
to increase or began to decrease, was closely associated
with the propagation or widening of cracks at the slab-wall
interface (@®). However, the other cracks (@ and ®) did
not correspond to any noticeable change in their overall
performance. In addition, in the U0.5H specimen with a
hollow-core PC slab, multiple diagonal cracks occurred
within the slab. This is attributed to the thickness of the
topping concrete (=80 mm), which was smaller than those
of the other specimen (=140 mm). In other words, as the
thickness of the topping concrete located at the slab-wall
interface decreases, its contribution to the shear resistance
decreases, resulting in an increased shear demand on the
hollow-core PC slab, which in turn leads to internal damage
within the slab.

3.2 Maximum lateral load

The maximum lateral loads of the test specimens—
defined as the average of the absolute values of the
maximum lateral loads in the positive and negative
directions—were compared with the nominal shear strength
of the diaphragm specified in ACI 318-19. Clause 18.12.9
of ACI 318-19 presents the nominal shear strength (1;,) as
follows,

V= Ae(WI /6 + pofy) @

where A., is the sectional area of the diaphragm, A is the
modification factor reflecting the reduced mechanical
properties of the lightweight concrete, and p; is the ratio of
the area of the distributed slab reinforcements in the
diaphragm to the gross concrete area perpendicular to the
reinforcements. For the joints between PC members in non-
composite and composite topping slab diaphragms, the
nominal shear strength is given based solely on the shear
friction mechanism of the anchorage reinforcements, as
follows,

where A,r is the total area of the shear friction
reinforcements within the topping slab and u is the friction
coefficient taken as 1.04. According to Clause 18.12.9 of
ACI 318-19, the maximum lateral loads of the RC and half-
PC specimens should be compared with Egs. (2) and (3),
respectively. However, to evaluate whether the concrete at
the slab-wall interface in the half-PC specimens contributed
significantly to the shear resistance, the maximum lateral
load was also compared with Eq. (2), which considers the
combined contributions of the concrete and reinforcement.
In this case, A, was calculated based on the total
thickness of the topping concrete and PC slab, and f.' was
determined as the lesser of f. for the topping concrete and
f.' for the PC slab.

Table 3 summarizes the maximum lateral loads of the
test specimens. The maximum lateral load of the RC
specimen was 502.1 kN, which was approximately 17.9%
higher than the average maximum lateral load of the half-
PC specimens. The nominal shear strength of the RC
specimen calculated using Eq. (2) was 449.6 kN, indicating
that the maximum lateral load exceeded the nominal shear
strength by approximately 11.7%. The maximum lateral
load of the He0.5T specimen (which used the headed bar
details) was 389.3 kN. Although this value was the lowest
among the half-PC specimens, it did not differ significantly
from those of the Ho0.5T specimen with the 90° standard
hook detail, U0.5T specimen with the U-shaped bar detail,
and HoUO.5T and HeUO.5T specimens with combined
details. The maximum lateral load of the U0.5H specimen
with the hollow-core PC slab was 450.8 kN, which was the
highest among the half-PC specimens and was
approximately 7.4% higher than the maximum lateral load
of the UO0.5T specimen. For the U0.75T and U1.0T
specimens, which included a relatively large amount of
anchorage reinforcement for strength enhancement, almost
no improvement in the maximum lateral loads was
observed. However, all the half-PC specimens exhibited
maximum lateral loads that significantly exceeded the
nominal shear strength calculated using Eq. (3) (the average
maximum lateral load was approximately 293.2% of the
nominal shear strength calculated using Eq. (3)).
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Fig. 9 Stiffness retention ability of test specimens

Furthermore, the maximum lateral loads of all the half-PC
specimens, except the UL.0T specimen, were higher than
the nominal shear strength calculated using Eq. (2). These
findings suggest that in the half-PC system, not only the
shear friction mechanism by the anchorage reinforcements
but also the shear resistance developed at the concrete
interface within the joint play crucial roles in resisting in-
plane shear forces. However, it should be noted that this
contribution of concrete to the in-plane shear resistance was
observed in the test specimens where the anchorage
reinforcements did not achieve sufficient development
length.

3.3 Stiffness retention ability

Fig. 9 presents a comparison of the secant stiffness up to
loading step 11 (§¢x,=+56 mm) based on the experimental
variables to evaluate the stiffness retention ability of the test
specimens. The secant stiffness was calculated as the slope
of the line connecting the origin to the peak lateral load at
each loading step. The graph shows the average secant
stiffnesses in both directions. As shown in Fig. 9(a), the RC
specimen exhibited a higher secant stiffness than that of the
Ho0.5T specimen. Specifically, the secant stiffness of the
RC specimen at the Ist cycle of loading step 1 (8gxp=+1
mm) was 90.1 kN/mm, while that of the Ho0.5T specimen
was 30.0 kN/mm, approximately one-third that of the RC
specimen. This difference is attributed to the fact that the
slab and wall were cast monolithically in the RC specimen.

In the half-PC specimens, the secant stiffness at the 1st
cycle of loading step 1 (8¢xp=+1 mm) varied depending on
the anchorage type, ranging from 29.0 kN/mm to 42.0
kN/mm, as shown in Fig. 9(b). The secant stiffness of the
HoUO.5T specimen was the highest at 42.0 kN/mm, while
that of the HeUO0.5T specimen was 30.7 kN/mm, indicating
that combining the headed bar and U-shaped bar details did
not lead to improved stiffness. No significant difference was
observed in the secant stiffness among the Ho0.5T, He0.5T,
and U0.5T specimens. As shown in Fig. 9(c), the number of
anchorage reinforcements affected the secant stiffness, and
the secant stiffness in the initial stage decreased with an
increasing number of anchorage reinforcements. The secant
stiffness of the U0.5T, U0.75T, and U1.0T specimens at the
Ist cycle of loading step 1 (8¢xp=+1 mm) were 35.6
kN/mm, 30.8 kN/mm, and 19.0 kN/mm, respectively. The
secant stiffness of the U1.0T specimen was approximately
half that of the U0.5T specimen. Generally, the initial secant
stiffness is largely affected by the sectional resistance of
concrete. Therefore, the decrease in the initial secant
stiffness observed in the U0.75T and U1.0T specimens is
attributed to the reduced effective concrete sectional area
within the joint resulting from excessive anchorage
reinforcements in the half-PC slab-wall joint. In addition,
the U0.5H specimen with the hollow-core PC slab exhibited
higher secant stiffness (45.9 kN/mm at the Ist cycle of
loading step 1; (8gxp=+1 mm) than the other half-PC
specimens, as shown in Fig. 9(d). This is because the
thickness of the slab (280 mm) is higher than that of the
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Fig. 10 Energy dissipation capacity of test specimens

other specimens, which had a thickness of 210 mm.
3.4 Energy dissipation capacity

The energy dissipation capacity is a critical indicator for
evaluating the seismic performance of structures subjected
to cyclic loading (Choi et al. 2018). Fig. 10 presents a
comparison of the cumulative energy dissipation capacity
based on the experimental variables to evaluate the energy
dissipation capacity of the test specimens. The cumulative
energy dissipation was calculated as the sum of the internal
areas of the lateral force-displacement curves for all cycles,
up to the ultimate point in each test specimen. As shown in
Fig. 10(a), the RC specimen exhibited superior energy
dissipation capacity compared with the Ho0.5T specimen.
At the loading step 11 (8gxp=%56 mm), the cumulative
energy dissipation capacities of the RC and Ho0.5T
specimens were 103.4 kN'-m and 59.4 kN-m, respectively.
The cumulative energy dissipation capacity of the half-PC
specimens according to anchorage type ranged from 55.4
kN-m to 79.9 kN'm at the loading step 11 (§¢yp=+56 mm).
The cumulative energy dissipation capacity at the loading
step 11 (Sexp=£56 mm) of the HoUO.5T specimen was 79.9
kN-m, which was approximately 44% higher than that of
the Ho0.5T specimen (=59.4 kN-m). In contrast, the
HeUO.5T specimen showed a lower value (62.9 kN-m) than
the He0.5T specimen (70.6 kN'm). These results indicate
that combining anchorage types does not necessarily

enhance the structural performance. In addition, the number
of anchorage reinforcements and slab type had minimal
effects on the energy dissipation capacity of the test
specimens.

The overall structural performances of the test
specimens were comprehensively compared and evaluated.
The RC specimens exhibited superior load-resisting
capacity, stiffness retention ability, and energy dissipation
capacity than the half-PC specimens. Nevertheless, the
maximum lateral loads of all half-PC specimens exceeded
the structural strength requirements specified in ACI 318-
19. In the half-PC specimens, the difference in the
anchorage type resulted in only minor changes in the
structural performance. In particular, despite being a non-
standard anchorage type, the U-shaped bar exhibited
performance comparable to that of specimens with standard
types, such as the 90° standard hook and headed bars.
However, in the HoUO.5T specimen, a slight increase in the
structural performance was observed in terms of stiffness
retention ability and energy dissipation capacity. In contrast,
the structural performance of theHeUO.5T specimen tended
to decrease. Therefore, future research should include
horizontal shear tests that vary the combination of
anchorage types to assess the performance changes
associated with the anchorage type more effectively.
Test specimens with a larger number of anchorage
reinforcements (U0.75T and U1.0T specimens) showed no
difference in energy dissipation capacity compared with the
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Fig. 11 Lateral displacement-tensile strain of anchorage reinforcement curves

Fig. 12 Method for calculating local shear force of anchorage reinforcement

UO0.5T specimen. However, they exhibited lower values
than those of the U0.5T specimen in terms of the initial
secant stiffness, possibly because the anchorage
reinforcements were densely placed within the narrow joint
region. Compared with the other half-PC specimens, the
UO0.5H specimen with a hollow-core PC slab exhibited
superior structural performance, except for the energy
dissipation capacity. This was attributed to the increase in
the total slab thickness from 210 mm to 280 mm, despite a
reduction in the topping concrete thickness from 140 mm to
80 mm.

4. Discussions
4.1 Local behavior of anchorage reinforcement

The resistance mechanism of the test specimens against
lateral loads comprises three main components: shear
friction provided by the anchorage reinforcements, shear
resistance of concrete, and friction resistance of the wall
owing to restraint forces from the test setup (such as the
axial force at the slab-wall interface or within the slab).
This study aimed to analyze the local shear behavior of
anchorage reinforcements in detail. Fig. 11 shows the
relationship between the lateral displacement and tensile
strain as measured by the strain gauges attached to the
anchorage reinforcement located at the slab-wall interface.
In the RC specimen, the anchorage reinforcement
experienced a tensile strain exceeding the yield strain
(6,=2,289 pe) at failure. In contrast, in the half-PC
specimens, the maximum tensile strain in the anchorage
reinforcements ranged from 159 pue to 1,347 pue,

confirming that the anchorage reinforcements did not yield.
This outcome was attributed to the insufficient development
length of the anchorage reinforcements inside the joint
region in the half-PC specimens. The anchorage
reinforcement detailing in these specimens did not satisfy
the development length requirements specified in ACI 318-
19, primarily because of the complex structural detailing of
the PC slab-wall joint.

In this study, the local shear force induced by anchorage
reinforcements in half-PC specimens was calculated in
detail. The local shear force was not calculated using the
data measured from strain gauges attached to the anchorage
reinforcement, because the strain gauges were attached only
to a portion of the anchorage reinforcements. As mentioned
earlier and presented in Fig. 12, the lateral load resistance of
the test specimens was attributed to three mechanisms (i.e.,
the shear friction provided by the anchorage reinforcements,
shear resistance of the concrete, and friction resistance of
the wall induced by the restraint force). Once widening or
slip occurred at the slab-wall interface, the shear resistance
of the concrete likely decreased rapidly. From this point
onward, the test specimens primarily resisted the lateral
load via the remaining two mechanisms. Despite the
significant widening observed at the slab-wall interface, the
lateral load did not exhibit a corresponding drop. This is
because, as shown in Fig. 12, even when widening or slip
occurred at the slab-wall interface, the vertical displacement
was restrained by the test setup, thereby generating a
restraint axial force. As a result, the resistance due to
interface friction increased significantly. The restraint force
measured using the vertical actuator increased with each
loading step, reaching an average maximum value of
approximately 1,061.1 kN.
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Table 4 Lateral load, restraint force, and friction coefficient at the friction coefficient estimation point*

Friction Coefficient,

; Lateral Load, kN Restraint Force, N, kN
Slﬁzﬁen Qexy [kN] exp [kN] Hexp (:Qexp/ N exp)
Positive Direction Negative Direction Positive Direction Negative Direction Positive Direction Negative Direction
Ho0.5T 397.6 -425.8 1,014.5 1,009.2 0.392 0.422
He0.5T 378.4 -360.7 975.8 959.9 0.388 0.376
U0.5T 382.6 -432.7 969.5 1,049.2 0.395 0.412
U0.75T 416.1 -391.0 995.5 1,021.1 0.418 0.383
U1.0T 372.3 -418.9 986.5 988.3 0.377 0.424
HoUO0.5T 354.8 -404.6 949.5 1,018.3 0.374 0.397
HeUO0.5T 393.7 -414.2 996.0 1,019.3 0.395 0.406
UO0.5H 4342 -412.9 1,042.1 1,023.4 0.417 0.403
*At the 1st cycle of loading step 11
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Fig. 13 Interface slip-local shear force of anchorage reinforcement curves

In this study, the local shear force (V, .xp) developed by
the anchorage reinforcements was calculated by subtracting
the interface friction force (HeypNexp) caused by the

restraint force (Neyp) from the lateral load (Q,;) applied to
the half-PC specimens, starting from the point where
significant widening or slip occurred at the slab-wall
interface, as shown in Fig. 12. The point where the shear

Slab-wall interface slip (mm)

(h) U0.5H specimen

resistance mechanism of concrete was deemed negligible
was defined as the point when the interface slip measured
by the LVDT exceeded 0.5 mm, based on previous studies
(Loov and Patnaik 1994, Vintzileou et al. 2018, Daneshvar
et al. 2022). The friction coefficient (Ueyp ) used to
determine the interface friction force was calculated by
dividing the lateral load by the restraint force in the 1st
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cycle of loading step 11 (8¢xp=+56 mm). This assumed that
the interface friction resulting from the restraint force was
dominant when the test specimens were subjected to
relatively large lateral displacements. As shown in Fig. 11,
the tensile strain in the anchorage reinforcements for most
half-PC specimens did not increase or even decreased at the
loading step 11 (8,x,=+56 mm). This suggests that the
contribution of the shear friction provided by the anchorage
reinforcements diminished at large lateral displacements.

Table 4 summarizes the lateral loads, restraint forces,
and calculated friction coefficients of the half-PC
specimens at the loading step 11 (§exp=+56 mm). The
friction coefficients ranged from 0.374 to 0.424, which
were lower than the values specified in ACI 318-19 for
concrete-concrete interfaces; 1.0 for monolithically cast or
intentionally roughened surfaces and 0.6 for as-cast or non-
intentionally roughened surfaces. These relatively low
values are attributed to the rotation of the test specimens;
the gap at the slab-wall interface widened significantly in
some areas where the friction coefficient was likely close to
zero. Because the friction coefficient in this study was
evaluated in an average manner by dividing the total lateral
load by the total restraint force across the entire interface,
local wvariations in contact conditions were not
distinguished. As a result, even though friction was
developed at the regions in contact, the inclusion of the
opened regions in the evaluation led to lower apparent
values of the friction coefficient.

Fig. 13 shows the relationship between the local shear
force of the anchorage reinforcements calculated using the
method described in Fig. 12 and the slab-wall interface slip
measured by LVDT 4. The lateral load-interface slip curves
of the half-PC specimens are presented in Appendix A. The
average of the maximum local shear forces in both
directions for the test specimens with four anchorage
reinforcements were 53.0 kN and -67.6 kN, respectively.
The maximum local shear forces in both directions of the
UO0.75T specimen with six anchorage reinforcements were
41.3 kN and -68.4 kN, respectively, and those of the U1.0T
specimen with eight anchorage reinforcements were 57.7
kN and -45.25 kN, respectively. Thus, the local shear force
generated by the anchorage reinforcements was found to be
lower than the nominal shear strength calculated based on
the yield strength of the anchorage reinforcement; (0.5
specimen series=130.0 kN, 0.75 specimen series=194.9 kN,
and 1.0 specimen series=259.9 kN; refer to Table 3). In
other words, the anchorage reinforcements in the half-PC
specimens failed to achieve the expected resistance during
the design phase.

As mentioned earlier, the estimation of the local shear
force involved two key assumptions. First, the friction
coefficient at the slab-wall interface was determined at a
large displacement stage, where the contribution of other
resistance mechanisms was considered negligible. However,
if even a small amount of other resistance mechanisms
existed, the calculated friction coefficient would be
overestimated compared to the actual value. Accordingly,
the local shear force calculated from this coefficient can be
interpreted as a lower bound, providing conservative
results. Second, it was assumed that the friction coefficient

obtained above remained constant from the point of
significant interface slip (slip>0.5 mm) until ultimate point.
In this case, during the early stage just after significant slip
initiation, the actual friction coefficient could be larger than
the assumed value, implying that the local shear force may
have been estimated somewhat higher than the actual value.
Therefore, the early slip region was not analyzed in detail,
and the interpretation instead focused on the comparison of
the maximum local shear forces. These maximum values
can be regarded as conservative estimates.

4.2 Recommendations and future research

In summary, no significant difference was observed in
the in-plane structural performance of the half-PC slab-wall
joints depending on the type of anchorage. Notably, the 90°
standard hook and headed bar details comply with the ACI
318-19 requirements, whereas the U-shaped bar detail
represents a non-standard detail. Nevertheless, the U-shaped
bar detail exhibited a structural performance comparable to
that of standard methods. However, for practical
applications, further verification of the out-of-plane
structural performance and connection details between the
auxiliary (i.e., U-shaped bars) and straight reinforcement is
required. The test results for the U0.75T and U1.0T
specimens with a relatively large number of anchorage
reinforcements  showed that excessive anchorage
reinforcements within a narrow joint can adversely affect
structural ~ performance, resulting in  performance
degradation. Therefore, to ensure reliable structural
performance, avoiding over reinforcement and complex
anchorage details is crucial.

In addition, a slight improvement in the structural
performance was observed for the HoUO.5T specimen,
which combined the 90° standard hook and U-shaped bar
details. However, no such improvement was observed for
the HeUO.5T specimen, which combined the headed bar
detail with the U-shaped bar detail. Therefore, to clearly
identify the performance changes depending on the type of
anchorage, future studies should include horizontal shear
tests with various anchorage combinations as primary
variables.

Concrete was found to be an effective contributor to the
shear resistance in relation to the in-plane behavior of the
half-PC slab-wall joints. Notably, the design method based
on Eq. (3) specified in ACI 318-19, which considers only
the contribution of anchorage reinforcement, was found to
be conservative for evaluating the actual shear strength.
This conservative tendency was also observed in Eq. (2),
which incorporates the contributions of both the anchorage
reinforcement and concrete. However, as discussed
previously, the anchorage reinforcements in the half-PC
specimens did not fully develop the resistance expected
from Eq. (3). This is because the provided development
length of the anchorage reinforcements used in this study
(=120 mm or 70 mm, considering the seating length of the
PC slab) was shorter than the required development length
of 150 mm specified by ACI 318-19. To address this
discrepancy, Eq. (3) was modified by incorporating the ratio
between the provided development length and the required



326 Jae Hyun Kim, Sun-Jin Han, Cha-Young Yun, Hoseong Jeong, Min-Kook Park and Kang Su Kim

Table 5 Evaluation of modified nominal strength and maximum local shear force

Modified Nominal Shear Strength

Maximum Local Shear Force of

Local Shear Force to Nominal

Specimen - Calculated Using Eq. (4)*, Vimoa [KN] Anchorage Reinforcements**, Strength Ratio, Vamax/Vimod

Name Lyro=120 mm Lyro=70 mm Vimax [KN] lpro=120mm  1,,,=70 mm
Ho0.5T 51.3 0.845 0.493
He0.5T 74.1 1.221 0.712
U0.5T 58.7 0.968 0.565

104.0 60.7

U0.75T 64.8 1.068 0.623
UL.0T 55.7 0.919 0.536
HoUO0.5T 57.0 0.940 0.548
HeUO0.5T 155.9 91.0 54.9 0.352 0.603
U0.5H 207.9 121.3 51.5 0.248 0.425

*For the friction coefficient, the average values of both directions were used.

**The average value of |Va_max| in both directions

development length as follows,

Vn,mod = (lpro/lreq)Avffy.u (4)

where [, is the provided development length of the
anchorage reinforcement and [, is the required
development length in accordance with ACI 318-19.

The values obtained using Eq. (4) were compared with
the maximum local shear force of the anchorage
reinforcements (V, ,q,) derived from the experiment. The
results are summarized in Table 5. The ratio of the local
shear force to the nominal strength of the half-PC
specimens, excluding the U0.75T and U1.0T specimens,
was found to have an average of 0.580 when [,,, was 120
mm and an average of 0.993 when it was 70 mm. This
indicates that the modified nominal shear strength
considering the seating length of the PC slab reasonably
predicts the actual local shear strength of the anchorage
reinforcements in the half-PC slab-wall joints. The main
reason for the failure of the anchorage reinforcements to
fully develop their intended resistance was identified as an
insufficient development length. Therefore, if an alternative
anchorage detail that can ensure sufficient development
length is introduced into half-PC slab-wall joints with four
anchorage reinforcements in this study, both the design
intent of Eq. (3) and the in-plane structural performance
requirements for diaphragm joints specified in ACI 318-19
can be satisfied regardless of the anchorage or slab type.

The ratio of the local shear force to the nominal strength
of the U0.75T specimen was 0.352 when [, was 120 mm
and 0.63 when it was 70 mm, while that of the U1.0T
specimen was 0.248 and 0.425 when [, was 120 mm and
70 mm, respectively. Thus, even when a short development
length was considered, the local shear forces of the
anchorage reinforcements in the UO0.75T and UIL.0T
specimens remained relatively low. This was attributed to a
combination of factors, including a reduction in the
effective concrete cross-sectional area within the joint
caused by excessive anchorage reinforcements and
insufficient development length. Accordingly, the placement
of more than six anchorage reinforcements, as detailed in
this study, is considered undesirable for achieving adequate

anchorage performance. In addition, based on these
experimental findings, future research needs to be
conducted to develop an analytical model capable of
systematically evaluating performance variations with
respect to anchorage type and proposing improvement
strategies to enhance anchorage performance.

5. Conclusions

In this study, quasi-static cyclic loading tests were
conducted on nine full-scale slab-wall joint specimens, with
key variables that include the system type, anchorage type,
number of anchorage reinforcements, and slab type. The
results were used to investigate the lateral load-
displacement behavior, maximum lateral load, stiffness
retention ability, energy dissipation capacity, and local
behavior of anchorage reinforcements. The following
conclusions can be drawn from this study:

* The RC specimen exhibited superior load resisting
capacity, stiffness retention ability, and energy
dissipation capacity compared to all half-PC specimens,
primarily because of the monolithic casting of the wall
and slab, which ensured structural integrity. In the half-
PC specimens, the difference in the anchorage type
resulted in only minor changes in the structural
performance. In particular, despite being a non-standard
anchorage type, the U-shaped bar exhibited performance
comparable to that of specimens with standard types,
such as the 90° standard hook and headed bars.
* In the half-PC specimen details proposed in this study,
a structural performance degradation was observed for
more than six anchorage reinforcements. This is
attributed to the reduced effective concrete cross-
sectional area within the joint caused by excessive
anchorage reinforcements. In addition, the UO0.5H
specimen incorporating the hollow-core PC slab
exhibited superior structural performance, except for the
energy dissipation capacity, compared with the other
half-PC specimens, likely owing to the increased overall
slab thickness.

* All the test specimens satisfied the nominal shear
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strength requirements for diaphragm joints, as specified
in ACI 318-19. Notably, except for the U1.0T specimen,
the nominal shear strength of the half-PC specimens
exceeded the nominal shear strength calculated by
considering the shear friction resistance provided by the
anchorage reinforcements and the concrete shear
resistance. This suggests that concrete plays a
substantial role in the in-plane shear resistance of the
half-PC slab-wall joint. However, it should be noted that
this contribution of concrete to the in-plane shear
resistance was observed in the test specimens where the
anchorage reinforcements did not achieve sufficient
development length.

* The local shear forces of the anchorage reinforcements
in the half-PC specimens were estimated by subtracting
the interface friction force caused by the restraining
force from the lateral load. The resulting values were
lower than the nominal shear strength calculated by
assuming yielding of the anchorage reinforcements. In
particular, the anchorage reinforcements in the half-PC
specimens did not fully achieve their design capacities.

» The modified nominal shear strength, which accounts
for the ratio of provided to the required development
length specified in ACI 318-19, was proposed and
compared with the measured local shear force of the
anchorage reinforcements. The modified equation
reasonably predicted the local shear force of the
anchorage reinforcements for half-PC specimens with
four anchorage reinforcements, regardless of the
anchorage or slab type. However, in the U0.75T and
U1.0T specimens, the local shear force remained below
the predicted strength, likely because of the combined
effects of the insufficient development length and the
reduced effective cross-sectional area of the concrete
within the joint. Thus, for the half-PC system with the
reinforcement details presented in this study, the use of
more than six anchorage reinforcements is not
recommended to ensure adequate  anchorage
performance.
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Fig. A1 Interface slip-lateral load curves

Fig. Al presents the relationship between the slab-wall
interface slip and lateral load, as observed in the
experiment.





