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ABSTRACT 

This study investigates the flexural behavior of Precast Beams with two connection models—Loop (PB-L) 

and Loop-Pin (PB-LP)—compared to a Monolithic Beam (MB) as the control. Experimental flexural tests 

were conducted using a two-point static loading setup. The key parameters analyzed include initial flexural 

capacity (Pcr, Mcr), yield capacity (Py, My), ultimate capacity (Pu, Mult), deflection (∆cr, ∆y, ∆ult), as well 

as steel and concrete strain behavior. The PB-LP beam exhibited the highest initial stiffness and cracking 

load capacity (Pcr = 9.42 kN; Mcr = 6.66 kNm), approximately 65% higher than MB, but showed lower 

steel and concrete yield strain compared to PB-L and MB. Conversely, PB-L closely matched the MB in 

terms of yield and ultimate capacities. All beam specimens achieved ductility ratios between 7 and 7.4, 

which classified them as high-ductility elements, indicating adequate plastic deformation capacity for 

seismic applications. These findings demonstrate that both loop and loop-pin connections are viable for 

precast systems in low-cost housing in seismic regions, with PB-L providing monolithic-like behavior and 

PB-LP excelling in initial crack resistance. 

Keywords-precast beam; loop connection; loop-pin connection; flexural capacity; ductility 

I. INTRODUCTION  

Indonesia, located within the Pacific Ring of Fire, a 
subduction zone between the Indo-Australian, Eurasian, and 
Pacific plates, has a high level of vulnerability to earthquakes 
and volcanic eruptions [1]. Data from the National Disaster 
Management Agency (BNPB) indicate that between January 
2020 and October 2025, thousands of disasters occurred across 
the country, resulting in 3138 fatalities and affecting or 
displacing more than 42 million people. The housing sector 
was among the most severely impacted, with 478737 housing 
units damaged, including 312125 lightly damaged, 89261 
moderately damaged, and 77351 severely damaged houses [2]. 
These conditions highlight the urgent need for rapid, efficient, 
and high-quality post-disaster housing reconstruction. In this 
context, the precast concrete system offers a promising 
solution, as it enables faster construction and ensures quality 
through factory-controlled production. However, despite its 

potential, the current implementation of precast systems in low-
cost housing reconstruction remains limited. This is due to 
inadequate connection technology and high dependence on 
conventional cast-in-place detailing, which reduces efficiency 
and increases cost. Precast components can also be designed to 
support earthquake-resistant structures through lightweight, 
symmetrical configurations and rational reinforcement 
continuity [3, 4]. Despite the advantages of precast systems, 
their primary challenge lies in designing effective connections 
between structural elements. These connections must safely 
transfer both gravity and lateral loads while preserving overall 
structural integrity [5]. Conventional approaches typically use 
mechanical joints and reinforcement details that mimic cast-in-
place concrete behavior [4, 6]. However, in the context of low-
cost, post-disaster housing reconstruction, such detailing can 
become costly and complicated, ultimately slowing down 
construction efforts [7]. 
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Research has explored innovative joint technologies to 
overcome these limitations. For example, an in-span UHPC 
joint was developed to mitigate stress concentrations and 
enhance beam performance [8], while unbonded post-tensioned 
PB using recycled aggregate concrete demonstrated improved 
material efficiency [9]. Authors in [10] highlighted mechanical 
and self-centering connections as promising strategies to 
reduce reinforcement congestion in joint regions. At the 
member level, hybrid UHPC–NSC beams exhibited improved 
initial stiffness [11]. Conversely, UHPC segmental beams 
incorporating epoxy joints and unbonded tendons exhibited 
9%–15% lower flexural strength than their monolithic 
counterparts, indicating the critical role of joint design and 
quality [12]. Several parameter studies have further 
investigated how joint geometry and reinforcement detailing 
influence flexural behavior. Joint length has been found to 
significantly affect flexural capacity [13], while dowel-type 
beam–column connections demonstrated stable hysteretic 
responses under cyclic lateral loading [14]. Increasing 
reinforcement ratios in precast lightweight elements correlates 
positively with flexural strength [15]. Additionally, the use of 
recycled glass as a sand substitute in reinforced concrete beams 
enriches discussions on material efficiency and flexural 
behavior enhancement [16]. However, wet-joint polymer-
concrete beams generally exhibit lower flexural capacity than 
MBs, underscoring the sensitivity of structural performance to 
joint geometry and construction quality [17]. As part of 
innovations in precast connection technology, this study 
focuses on developing a connection system using vertical loop 
reinforcement (tension–compression reinforcement). This 
system is expected to be more effective in enhancing flexural 
capacity compared to conventional joints. Authors in [18] 
reported that steel loop bars used to connect two precast 
concrete elements, subsequently filled with grouting as a 
bonding material, were effective in ensuring structural 
integrity, reducing on-site work, minimizing construction costs, 
and improving flexural performance. However, the overall 
behavior was strongly influenced by joint geometry. Moreover, 
the loop system can replace on-site welding by providing 
strong mechanical interlocking, accelerating installation, and 
increasing assembly tolerance [19]. Increasing the overlap 
length has also been shown to improve flexural strength and 
produce ductile failure with fewer cracks [20]. 

For further development of the loop system, this study 
explores the integration of a horizontal pin within the curvature 
of the loop reinforcement to enhance the flexural performance 
of precast beam joints and to address the weaknesses observed 
in previous studies, where cracking occurred in the joint region. 
This concept aligns with [21], where it was demonstrated that 
incorporating mechanical interlocking components in wet 
joints can enhance force transfer efficiency, mitigate slip 
between connected elements, and improve the overall ductility 
of precast concrete connections. Authors in [22] examined 
horizontal loop connections considering parameters, such as 
overlap length, internal loop diameter, interface roughness, and 
the percentage of cottering bars (i.e., dowel-like bars providing 

mechanical interlock), and reported increases in flexural 
capacity along with an empirical expression for the moment 
capacity. Although the performance of loop connections in 
precast elements has been extensively investigated, a major 
issue is the occurrence of cracking in the joint region due to 
high stress concentrations. This problem limits the wider 
application of loop-type joints in affordable seismic-resistant 
housing, where both structural reliability and construction 
efficiency are critical requirements. Based on this limitation, 
the present study proposes the development of a loop 
connection by adding a horizontal pin within the loop curvature 
as an additional mechanical interlock to enhance the 
effectiveness of force transfer between elements. Adding 
reinforcing pins to loop connections can improve the flexural 
capacity, ductility, and crack control of precast beam joints. 
The pins enhance mechanical interlock and help reduce stress 
concentrations within the joint region. This improvement 
makes the system a practical and efficient option for 
constructing low-cost, earthquake-resistant housing. 

II. EXPERIMENTAL WORK 

A. Specimen Design and Fabrication 

This experimental study was conducted at the Laboratory of 
Materials and Structures, Department of Civil Engineering, 
Hasanuddin University. Three types of beam specimens were 
prepared: MB (control specimen), PB-L precast beam with 
loop reinforcement connection, and PB-LP precast beam with 
loop + pin reinforcement connection, as shown in Figures 1-3. 
These two connection types (loop and loop-pin) were selected 
due to their practicality, ease of assembly, and compatibility 
with modular precast components in low-cost housing 
applications. Each beam specimen had dimensions of 150 mm 
× 250 mm × 3300 mm, with a joint located at mid-span for PB-
L and PB-LP. The joint length was set to h = 250 mm and 
grouted using Sika Grout 215 to ensure proper bonding 
between elements. The reinforcement details (tension and 
compression bars, stirrups, and loop/pin configuration) were 
designed in accordance with [23] and are summarized in Table 
I. The selected beam dimensions were determined based on the 
provisions of [23], where the minimum requirements for 
flexural members in reinforced concrete design are specified. 
The reinforcement detailing followed the Technical Guideline 
for Simple Building Construction published by the Ministry of 
Public Works and Housing, Directorate General of Human 
Settlements (2022), which represents common practices for 
low-cost residential structures in Indonesia. 

TABLE I.  BEAM REINFORCEMENT DETAILS 

Specime

n 

Reinforcement 

type 

As 

(mm²) 

As'/As 

(%) 

Stirrup

s 

Joint 

type 

MB Monolithic 157 100 Φ8-125 None 

PB-L Loop 157 100 Φ8-125 Wet-Joint 

PB-LP Loop + Pin 157 100 Φ8-125 Wet-Joint 
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Fig. 1.  Design, reinforcement details, loading scheme, and instrumentation layout for the MB. All dimensions are in mm; a scale bar is included. 

 

Fig. 2.  Design, reinforcement details, loading scheme, and instrumentation layout for the PB-L. All dimensions are in mm; a scale bar is included. 

 

Fig. 3.  Design, reinforcement details, loading scheme, and instrumentation layout for the PB-LP. All dimensions are in mm; a scale bar is included. 

B. Material Properties 

The concrete used in the study was designed for f'c = 25 
MPa. The average compressive strength at 28 days was 
determined by testing three standard cylinders in accordance 
with the national standard procedure.  

TABLE II.  MATERIAL PROPERTIES 

Material Property Test result 

Concrete f'c (MPa) 21.45 

Reinforcement fy (MPa) 431.28 

Grout fc (MPa) 58.94 

 
Reinforcement steel properties (yield and ultimate strength) 

were obtained from tensile tests. The compressive strength of 

the grout was tested using mortar cubes, and flowability was 
measured with a flow table test to ensure proper workability. 
The results are summarized in Table II. The material tests were 
conducted before the beam testing to ensure that the materials 
met the minimum quality requirements. The compressive 
strength of concrete was determined using standard cylindrical 
specimens (150 mm × 300 mm) in accordance with [24]. The 
average test result was 21.45 MPa, which was slightly below 
the target design strength of 25 MPa but still acceptable for 
structural concrete, as it exceeds the minimum requirement of 
17 MPa for structural-grade concrete, as specified in [23]. The 
reinforcing steel used was a 10 mm deformed bar, tested for its 
tensile properties in accordance with [25]. The yield strength 
(fy) and ultimate strength (fu) were determined from the stress–



Engineering, Technology & Applied Science Research Vol. 16, No. 1, 2026, 30835-30842 30838  
 

www.etasr.com Padang et al.: Comparative Flexural Behavior of Precast Beam Joint Loop and Loop-Pin Models under … 

 

strain curve obtained through a direct tensile test, using the 
0.2% offset method to define the yield point. The recorded 
average yield strength was 431.28 MPa. The grout compressive 
strength was evaluated using 50 mm × 50 mm × 50 mm cube 
specimens, tested in accordance with [26]. 

C. Specimen Fabrication 

Beam specimens were cast in two stages for precast 
elements: (1) precast half-beams were cast and cured for 28 
days; (2) the joint region was assembled and grouted to form 
the final beam. For MB, a single monolithic pour was 
performed. All specimens were cured under moist conditions 
for 28 days to ensure consistent concrete quality. 

D. Loading and Measurement Setup 

Flexural testing was performed using a 1500 kN Universal 
Testing Machine (UTM) under a two-point static loading setup, 
as shown in Figure 4. The loading span and support 
configuration followed standardized testing procedures [27]. 
The test was conducted in load-controlled mode at a rate of 
0.02 kN/mm to promote stable crack development and gradual 
failure under quasi-static conditions. Load, deflection, and 
strain data were recorded at 1 Hz to ensure consistent and 
reliable measurements throughout the test. LVDTs were 
positioned at mid-span and beneath the loading points to 
measure vertical deflection, while electrical resistance strain 
gauges were attached to the reinforcement and concrete surface 
to capture strain responses. The loading configuration for all 
three beam types is displayed in Figures 1-3. 

 

 

Fig. 4.  A UTM is used for a two-point static loading test. 

E. Instrument Calibration 

Before testing, all measurement devices were calibrated to 
ensure accurate data collection. The LVDTs (model CDP-
100A, TML, Japan) with a 100 mm measurement range were 
calibrated using a standard micrometer with ±0.01 mm 
accuracy. The calibration confirmed a linear correlation 
between the actual displacement and LVDT output, with a 
maximum deviation of ±1%. Zero checks were performed 
before and after testing to ensure reading stability. Strain 
gauges for reinforcement and concrete, FLKB-2-11-5LJC-F 
and PL-60-11-5LJC-F (TML, Japan) had gauge factors of 
2.09–2.1 ± 1%. Their calibration involved applying incremental 
loads to standard specimens to verify linearity and sensitivity, 
followed by zero checks before and after each test to avoid 

signal drift. The loading stages were consistently defined for all 
specimens: the cracking load (Pcr) corresponded to the first 
visible crack in the tensile zone; the yield load (Py) was 
determined from the inflection point of the load–deflection 
curve, indicating the onset of steel yielding (εy ≈ 2000 µε); and 
the ultimate load (Pu) was defined as the maximum load 
sustained before a drop in load-carrying capacity. 

F. Data Collection and Analysis 

The following procedure was adopted for data analysis: 

 Load-Deflection Curves: P–∆ curves for each specimen 
were plotted. 

 Flexural Capacity: First-crack load (Pcr), yield load (Py), 
and ultimate load (Pu) were determined from the curves. 

 Stress–Strain Relationships: Tensile and compressive strain 
data were used to generate the stress–strain responses of 
both the steel reinforcement and the concrete. The recorded 
strains were converted to stresses using the appropriate 
constitutive models for each material, allowing assessment 
of actual stress development and comparison of the 
behavior across the different beam types. 

 Ductility: The ductility index ∆ult/∆y was computed. Δult 
denotes the lateral/vertical displacement increment 
measured at the loading point (or at midspan) between 
stages X and Y, while Δy denotes the yield displacement 
(displacement at first yield of reinforcement/section).  

III. RESULTS AND DISCUSSION 

A. Flexural Capacity of Beams 

The comparison between the PB-L and PB-LP joint models 
and the MB in terms of load and moment capacity is presented 
in Table III. 

TABLE III.  LOAD AND MOMENT CAPACITY 

Type 
Load (kN) Moment (kN.m) 

Pcr Py Pult Mcr My Mult 

MB 5.02 18.21 23.74 4.02 11.94 15.26 

PB-L 5.29 18.28 24.41 4.18 11.98 15.66 

PB-LP 9.42 17.28 23.48 6.66 11.38 15.1 
 

1) Load Capacity 

The test results reveal that the MB, used as the control 
specimen, had a critical load capacity (Pcr) of 5.02 kN, while 
the PB-L exhibited a slightly higher value of 5.29 kN. The PB-
LP demonstrated a significantly higher Pcr of 9.42 kN, 
indicating that the loop-pin joint enhances the initial stiffness 
and cracking resistance compared to both the monolithic and 
loop joint beams. For the yield (Py) and ultimate load 
capacities (Pult), PB-L (18.28 kN and 24.41 kN) showed 
values comparable to or slightly higher than MB (18.21 kN and 
23.74 kN). In contrast, PB-LP exhibited a lower Py (17.28 kN), 
although its Pult remained similar (23.48 kN). These findings 
indicate that while the loop-pin joint improves initial stiffness, 
its plastic deformation mechanism develops earlier than in PB-
L and MB. 
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2) Moment Capacity 

The results show that the moment capacity of the PB-L 
beam was only marginally higher than that of the MB. Its 
cracking moment (Mcr = 4.18 kN·m), yield moment (My = 
11.98 kN·m), and ultimate moment (Mult = 15.66 kN·m) were 
very close to the MB values of 4.02 kN·m, 11.94 kN·m, and 
15.26 kN·m, respectively. This small difference indicates that 
the loop connection can effectively replicate the monolithic 
behavior of the MB. In contrast, the PB-LP beam showed a 
notably higher cracking moment (Mcr = 6.66 kN·m), 
approximately 65% greater than the MB, confirming its 
enhanced initial stiffness consistent with its higher cracking 
load (Pcr). However, its ultimate moment capacity (Mult = 
15.1 kN·m) was slightly lower than both MB and PB-L. This 
suggests that although the loop-pin joint improves initial 
stiffness and crack resistance, it does not produce a significant 
increase in ultimate flexural capacity. 

B. Load–Deflection Relationship 

The relationship between load (Pcr, Py, Pu) and deflection 
(∆cr, ∆y, ∆u) obtained from the flexural tests of the PB-L and 
PB-LP precast beam joints, as well as the MB as the control 
specimen, are presented in Figure 5 and Table IV.  

 

 

Fig. 5.  Load–deflection relationship. 

TABLE IV.  LOAD AND DEFLECTION 

Type 
Load (kN) Deflection (mm) 

Pcr Py Pult ∆cr ∆y ∆ult 

MB 5.02 18.21 23.74 0.91 10.54 77.11 

PB-L 5.29 18.28 24.41 1.25 10.19 72.19 

PB-LP 9.42 17.28 23.48 3.66 9.86 72.78 

 
The results show that the MB had the smallest cracking 

deflection (Δcr = 0.91 mm), whereas the PB-LP exhibited the 
largest (Δcr = 3.66 mm), indicating that its higher cracking load 
is associated with a greater deformation demand at crack 
initiation. The PB-L response (Δcr = 1.25 mm) was 
intermediate and closely matched that of the MB. At the yield 
stage, all beams recorded similar deflections of approximately 
10 mm, suggesting that the use of precast joints does not 
significantly influence deformation behavior at yielding. 
Likewise, the ultimate deflections (Δult) of the three beams 
were comparable, ranging from 72 mm to 77 mm, showing that 

overall deformation capacity is maintained regardless of the 
joint type. The ductility ratios (μ = Δult/Δy) ranged from 7 to 
7.4, placing all specimens within the high-ductility category (μ 
> 4) defined in [20]. These results confirm that both loop and 
loop-pin connections preserve ductile behavior and provide 
plastic deformation capacity comparable to that of monolithic 
beams. 

C. Load–Steel Strain Relationship 

The load–strain curves of steel, portrayed in Figure 6, 
illustrate the different behaviors between the MB and the PB-L 
and PB-LP connections. The measured steel yield strain (εy) 
values were 2015 µε for MB, 1138 µε for PB-L, and 530 µε for 
PB-LP. These results indicate that the steel in the loop-pin 
connection yielded earlier than that in the loop and MBs. 

 

 

Fig. 6.  Load–steel strain relationship. 

In the ultimate condition, the differences become more 
evident. The ultimate loads of the three beams were relatively 
similar: 23.74 kN for MB, 24.41 kN for PB-L, and 23.48 kN 
for PB-LP. However, the steel strain at ultimate load showed a 
significant contrast: 3727 µε for MB, 1138 µε for PB-L, and 
only 584 µε for PB-LP. This indicates that the MB can 
accommodate larger steel deformations before failure, whereas 
the precast beams, particularly PB-LP, tend to reach the 
ultimate state with lower steel strain. 

D. Load–Strain Relationship of Concrete 

The load–strain relationship of concrete, displayed in 
Figure 7, indicates that the concrete yield strain (εy) occurs at 
different values for each beam type. The PB-L and PB-LP 
connections reached the yield strain at approximately 981 µε, 
whereas the MB exhibited a higher yield strain of 3080 µε. 
Although the ultimate load capacities of the three beam types 
were relatively similar (approximately 23 kN–25 kN), the 
concrete strain behavior showed clear differences. The MB was 
able to sustain larger concrete deformations before reaching the 
ultimate condition, while the PB exhibited lower ultimate 
strains. This indicates that the force transfer mechanism in 
precast connections, both loop and loop-pin types, causes the 
concrete to mobilize earlier and approach its ultimate strain 
limit more quickly compared to the MB. 
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Fig. 7.  Load–strain relationship of concrete. 

E. Crack Pattern and Failure Mechanism 

1) Crack Pattern and Failure Mode of the MB 

As shown in Figure 8, the BM exhibited the first crack at a 
load of 5.02 kN, initiating at the mid-span tensile zone. The 
crack propagated vertically toward the compression zone as the 
load increased, forming a typical flexural cracking pattern. 
With further loading, additional cracks developed along the 
constant moment region and widened progressively until the 

beam reached its maximum load. At the ultimate stage, the 
load-bearing capacity ceased to increase, while deflection 
continued growing, followed by a sudden drop, indicating 
flexural failure governed by steel yielding. The observed 
failure mode confirmed an under-reinforced behavior, where 
the tensile reinforcement yielded before the concrete crushed. 

2) Crack Pattern and Failure Mechanism of the PB-L 

As shown in Figure 9, the PB-L specimen exhibited the first 
flexural crack at a load of 5.29 kN, initiating along the interface 
between the old concrete and the grouted joint in the mid-span 
region. With increasing load, additional flexural cracks 
developed along the constant moment region, following the 
interface path due to the non-monolithic nature of the 
connection. This behavior indicates partial bonding between 
the old concrete and grouting, leading to the formation of wider 
cracks near the joint. The mechanical behavior of the loop 
connection was governed by the interaction between the 
existing concrete, the grout, and the loop reinforcement. The 
grout formed a mechanical interlock around the loop, 
improving shear transfer through bond and friction at the 
interface. However, as loading increased, the specimen 
experienced bond failure (debonding), evidenced by crack 
initiation and widening along the interface, while the grout 
itself remained intact. This behavior is attributed to inadequate 
surface roughness on the precast concrete interface, which 
limited frictional confinement. 

 

 

Fig. 8.  Crack pattern of MB specimen. 

 

Fig. 9.  Crack pattern of the PB-L. 
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Fig. 10.  Crack pattern of the PB-LP. 

The failure mode confirmed partial composite action 
between the old and new concrete, indicating that the joint did 
not behave fully monolithically. Similar findings were reported 
in [18], where interface cracking was observed as the primary 
failure in loop-grouted connections. 

3) Crack Pattern and Failure Mechanism of the PB-LP 

As illustrated in Figure 10, the PB-LP specimen developed 
its first crack near the grouted interface at mid-span, initially as 
a flexural crack and later transitioning into a flexural–shear 
pattern. The cracks then propagated more uniformly away from 
the joint region, indicating more effective force transfer 
compared to the PB-L. The PB-PL configuration created a 
stronger mechanical interlock, improving bond and friction 
along the concrete–grout interface. This reduced bond-slip, 
enhanced shear transfer, and produced a response that more 
closely resembled monolithic behavior. These observations 
align with [18, 21, 22], where it was reported that adding 
mechanical interlocking elements, such as pins or dowel-like 
bars, to loop connections increases flexural strength, improves 
shear transfer efficiency, and helps concentrate cracking at the 
interface. In the PB-LP specimen, the inclusion of the pin 
further strengthened this interlock, leading to better-controlled 
interface cracking and a more distributed crack pattern. 
Overall, PB-LP demonstrated a more controlled and ductile 
response, confirming the effectiveness of pins in improving 
force transfer and reducing stress concentrations in loop 
connections. 

F. Discussion 

The experimental results show clear differences in flexural 
behavior between the MB and the two precast connections, PB-
L and PB-LP. Among the precast specimens, PB-L most 
closely replicated the behavior of the MB, particularly in terms 
of yield and ultimate load capacities. In contrast, PB-LP 
exhibited higher initial stiffness and a greater cracking load. 
This increase in stiffness is attributed to the horizontal pin 
within the loop, which improves mechanical interlock and 
enhances bond and shear transfer at the concrete–grout 
interface. By reducing relative slip, this interlock enables the 
joint to behave more like a monolithic section during the early 
stages of loading. However, the localized stiffness also leads to 
higher stress concentration in the grouted region, limiting strain 
development at larger loads and causing earlier yielding and 
slightly reduced deformation capacity. The load–deflection 

response showed that at the cracking stage, PB-LP experienced 
greater deformation due to its higher cracking load, while MB 
had the smallest deflection. Despite these differences, the 
deflections at yield and ultimate conditions were similar across 
all beam types, averaging 10 mm and 72 mm-77 mm, 
respectively. The ductility ratios (μ = Δult/Δy) ranged between 
7 and 7.4, indicating high ductility according to [28]. This 
confirms that both precast connections can accommodate 
significant plastic deformation while maintaining stability 
under flexural loading. The strain results support these 
findings: MB recorded the highest ultimate steel strain (3727 
µε), while PB-L and PB-LP were considerably lower (1138 µε 
and 584 µε). Similarly, concrete strains in precast specimens 
reached approximately one-third of those in MB, suggesting 
earlier stress mobilization that increases stiffness but reduces 
deformability. These results indicate that the addition of pins 
improves load transfer and crack control but slightly restrains 
ductility due to localized stiffness at the joint. Similar behavior 
was reported in [18, 21, 22], where mechanical interlocking 
systems enhanced bond strength and force-transfer efficiency 
while moderating the overall ductile response. The PB-L 
connection is the most balanced precast option, closely 
mimicking the behavior of monolithic structures. In contrast, 
PB-LP provides higher stiffness, better bond efficiency, and 
greater resistance to cracking, though it slightly reduces 
deformation capacity. Both types satisfy the ductility 
requirements for earthquake-resistant structures, making them 
suitable for low-rise residential buildings in seismic zones. 
Furthermore, the similarity among the load–deflection curves 
for all three beams can be explained by their identical 
reinforcement ratios and comparable moment capacities, which 
govern the global flexural response. Once yielding occurred, all 
specimens exhibited similar plastic behavior, indicating that 
both loop and loop-pin joints effectively transmitted bending 
and shear forces, resulting in near-monolithic behavior. The 
overlapping curves, therefore, confirm the high integrity of the 
grouted joints and the efficiency of the loop and loop-pin 
systems in maintaining structural continuity. 

IV. CONCLUSIONS 

Based on the static flexural test results on the MB and PB-L 
and PB-LP connections, the following conclusions are drawn: 
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 The PB-LP connection exhibited higher initial stiffness and 
cracking load capacity than MB and PB-L, though its 
ultimate moment capacity was slightly lower. 

 All beam types achieved ductility ratios of about 7 (μ > 4), 
indicating high ductility and compliance with seismic 
design requirements. 

 PB-L most closely replicated monolithic behavior, while 
PB-LP offered greater stiffness and crack resistance. 

 Both connection types are suitable for simple, low-cost 
housing in seismic regions due to their structural reliability 
and ease of construction. 

From a practical perspective, both connection types are 
suitable for simple building construction in seismic-prone 
areas, ensuring structural stability while supporting efficient 
construction processes. The PB-L connection is more suitable 
for low-cost residential structures that require balanced 
ductility and ease of assembly, while the PB-LP connection is 
preferable for applications demanding higher stiffness and 
enhanced crack control, such as components subjected to 
higher service load conditions or where deflection limits are 
critical. The findings of this study provide an important 
contribution to the development of precast connection systems 
for earthquake-resistant housing construction. The loop and 
loop-pin connection systems offer ease of implementation, 
faster construction time, and structural performance that meets 
ductility requirements for seismic regions. Future research is 
proposed to investigate the behavior of these connections under 
cyclic or seismic loading through experimental testing and 
numerical simulation, as well as to extend the study to beam–
column joints to ensure the reliability of the system in more 
complex structural configurations. 
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