
Istraživanja i projektovanja za privredu 

ISSN 1451-4117 
DOI:10.5937/jaes0-53742 

www.engineeringscience.rs 

 

 
publishing 

 Journal of Applied Engineering Science 

Vol. 23, No. 1, 2025 
Original Scientific Paper 
Paper number: 23(2025)1, 1255, 90-98 

 

90 

EXPERIMENTAL ASSESSMENT OF FLEXURAL PERFORMANCE IN 
CONCRETE BEAMS REINFORCED WITH ANGLE STEEL 
PROFILES: A COMPARATIVE STUDY AGAINST TYPICAL 

REINFORCEMENT SYSTEMS 
Ade Yuniati Pratiwi*, Hari Afriyono, Nursiah Chairunnisa, Wiku Adhiwicaksana Krasna, Ratni Nurwidayati, 

Ahmad Fahreza 

Universitas Lambung Mangkurat, Engineering Faculty, Civil Engineering Study Program, South Kalimantan, 
Indonesia 

* ade.pratiwi@ulm.ac.id 

This study investigates the performance of modified reinforced concrete (RC) beams with truss systems, specifically 
Pratt-truss and Warren-truss, compared to typical reinforcement systems through flexural strength tests. Aiming to 
enhance load-carrying capacity, the use of angle steel profiles in the truss systems to transform standard 
reinforcement bars was analyzed. The flexural strength evaluation involved eight specimens: two with conventional 
reinforcement, three with Pratt-truss, and three with Warren-truss, each measuring 15 x 15 x 120 cm. The focus was 
on initial stiffness, secant stiffness, and ductility. Results showed a notable performance increase with truss systems: 
a 7.5% rise in average initial stiffness, a 1.2% improvement in secant stiffness, and a 5.7% enhancement in 
displacement ductility, highlighting their potential for safer and more durable structures. The Pratt truss system 
exhibited the highest ductility, followed by the Warren truss and the standard system. Experimental observations 
indicated that the typical reinforcement system initially showed flexural cracks at the bottom of the beam, later 
followed by diagonal shear cracks, which intensified under load, causing concrete to crush in the compression zone. 
A similar pattern was observed in truss-reinforced beams, with initial flexural cracks at the beam’s bottom progressing 
under load, ultimately resulting in concrete crushing in the same area. Crack propagation in both systems involved 
the formation and expansion of cracks along the diagonal and vertical framework, indicating flexural cracks. 

Keywords: angle steel profile, pratt-truss, warren-truss, initial stiffness, secant stiffness, ductility, crack pattern 

1 INTRODUCTION 

Numerous methods to improve the flexural capacity and shear behavior of reinforced concrete beams have been 
studied over the past few decades, including the use of prestressed concrete and high-strength concrete [1], fiber-
reinforced polymer (FRP) [2]–[7], steel fiber concrete [8,9], high-strength steel [10], and other types of reinforcement 
such as engineered cementitious composite combined with steel plates and hybrid steel bars in the reinforced 
concrete [11,12]. However, these solutions often require specialized materials and sophisticated construction 
technologies. Inadequate longitudinal reinforcement in concrete components makes them susceptible to flexural 
failure during specific loadings, such as earthquakes. Another technique for enhancing the flexural strength of 
concrete-reinforced beams is to apply steel trusses embedded in cast-in-place concrete beams [13,14]. A numerical 
study was conducted using steel trusses as the reinforcement system. The steel trusses, claimed to be more 
advantageous compared to rebar reinforcement, can bear the construction loads and serve as self-supporting 
elements during the construction phase. [15], However, experimental studies still needed to be done to understand 
and validate these claims. Recently, interest in this technology has been increasing, primarily due to the benefits it 
offers over standard reinforced concrete beams. Composite steel-concrete beams are frequently used for large-span 
beams with a low cross-sectional height in seismic-resistant framed constructions. The hybrid steel trussed concrete 
beam (HSTCB) is a common structural type in Italy, as it is a valuable instrument for light industrialization [16]–[18]. 
Another variation of reinforced concrete beams utilizing a steel truss system is presented by Tesser et al. [17]. This 
experimental study features a prefabricated concrete bottom flange, employing conventional rebar reinforcement for 
both the bottom and top, which function as the bottom and top chords of the truss, respectively. Additionally, the 
inclined bars are utilized as transverse reinforcement. The variables in the experimental tests were the various web 
reinforcements and depths. The results show the theoretical evaluations, and the flexural test results demonstrate 
that the flexural strength of hybrid truss beams is appropriately valued in Eurocode 2 [19] and Eurocode 4 [20]. 
Moreover, Quarantana et al. [21] illustrated the mechanical models and verification guidelines that must be applied 
while constructing these specific reinforced concrete beams to withstand static loads. Trentadue et al. [18] developed 
an analytical method to calculate the lateral-torsional buckling resistance moment in special truss-reinforced 
composite steel–concrete beams by estimating the critical elastic moment. Zhang et al. [13] conducted theoretical 
and experimental research to examine how embedded steel trusses affect the performance of reinforced concrete 
beams. Tests were conducted to determine the beams’ ultimate shear capacity and structural performance with small 
shear span-to-depth ratios. The findings indicate that the best configuration for an embedded steel truss to enhance 
an RC beam’s shear performance is an embedded steel angle truss with additional horizontal reinforcement. The 
experimental results also demonstrate that the structural performance of reinforced concrete beams in shear failure 
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would improve by embedding steel trusses within the beams. Most previous studies focused on changing the 
traditional reinforcement, and the trussed beams approach improves the flexural and shear behaviors of reinforced 
concrete beams. This paper’s main objective is to investigate the flexural behavior of the steel truss systems, 
specifically Warren-truss and Pratt-truss, in reinforced concrete beams. Steel angles replaced the bottom and top 
longitudinal reinforcement to achieve a strength comparable to the conventional system. The flexural behavior, 
including initial stiffness, secant stiffness, ultimate load capacity, ductility, and crack pattern, was investigated using 
a two-point flexural loading test for the tested beams. The significance of this research is to offer insight into 
alternative reinforcement systems. Moreover, the design of the steel truss system has also been proposed using 
tensile strength equivalency for both longitudinal and transverse reinforcements. 

2 MATERIALS AND METHODS  

This study utilizes two concrete reinforcement systems: beams with typical reinforcement (rebar) and beams with a 
steel truss system. Beams with a truss system are divided into two types: Warren-truss and Pratt-truss. The difference 
between these two types lies in the arrangement of the truss. 

2.1 Materials 

There are three reinforcement systems, as shown in Fig. 1(a) and 1(b): typical reinforcement with rebar, Pratt-truss 
model, and Warren-truss model with angle steel profiles. The section view and cross-section of the reinforcement 
system are shown in Fig. 1(c) and (d), where the angle steel profile is assembled using welded connections, with the 
top serving as compression reinforcement and the bottom as tension reinforcement. The Pratt-truss and Warren-
truss models using angle steel profiles are designed by converting a typical reinforcing bar into a simple beam. The 
tensile strength of the rebar is equivalent to the tensile strength of the angle steel profile at the same position in 
compression or tension. The tensile strength equivalency is shown in Eq. (1). 

𝑓𝑓𝑦𝑦𝑦𝑦 𝑥𝑥 𝐴𝐴𝑦𝑦 = 𝑓𝑓𝑦𝑦𝑦𝑦 𝑥𝑥 𝐴𝐴𝑦𝑦 (1) 

  
(a) Illustration of reinforcement systems (b) Rebar, Pratt-truss, and Warren-truss models 

 
 

(c) Section view of reinforcement system (d) Cross-section illustration 

Fig. 1. The reinforcement systems and cross-section illustrations 

Where 𝑓𝑓𝑦𝑦𝑦𝑦 is the rebar’s yield strength, 𝐴𝐴𝑦𝑦 is the rebar’s total area at the top or bottom position, 𝑓𝑓𝑦𝑦𝑦𝑦 is the yield strength 
of the angle steel profile, and 𝐴𝐴𝑦𝑦 is the total area of the angle steel profile needed at the top or bottom position. The 
details of the specimen and concrete compressive strength are shown in Table 1, while the steel properties of the 
reinforcement system are presented in Table 2. All specimens use a designed concrete compressive strength, 𝑓𝑓𝑐𝑐′, 27 
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MPa and come from a concrete ready-mix plant. For steel properties, the rebar dimensions utilize a deformed bar for 
the primary or longitudinal bar and a plain bar for the transversal bar with a spacing of 45 mm. This arrangement is 
designed to capture a simple beam with a small span length. Transverse reinforcement in beams with angled steel 
profiles is determined by comparing it to the area of standard concrete transverse reinforcement as shown in Eq. (1). 
This equivalent area serves as a reference for calculating the necessity and size of the angled steel profiles used as 
transverse reinforcement. The transverse reinforcement area is calculated based on Eq. (2). 

𝐴𝐴𝑣𝑣 = 𝑛𝑛 ×
1
4
𝜋𝜋𝐷𝐷2 (2) 

Where 𝐴𝐴𝑣𝑣 is the area of transverse reinforcement, 𝑛𝑛 is the number of transverse reinforcement legs, 𝐷𝐷 is the diameter 
of transverse reinforcement.  

Table 1. The detail of designed specimens  

Beam 
Specimens Reinforcement system 

28 days 
concrete 

compressive 
strength, 𝑓𝑓𝑐𝑐′ 

Specimen details Number of 
specimens 

BT Typical using rebar 29.70 
Section size = 150 x 150 mm 

Length = 1200 mm 
Cover concrete = 25 mm 

2 

BP Pratt-truss using angle steel profile 29.40 3 

BW Warren-truss using angle steel profile 28.65 3 

Table 2. Steel properties for reinforcement system 

Properties 
Typical Reinforcing Bar (Rebar) Angle Steel Profile 

Longitudinal Transversal Longitudinal Transversal 

Yield strength (𝑓𝑓𝑦𝑦) 390 MPa 235 MPa 
285 MPa (bottom) 

245 MPa (top) 
245 MPa 

Ultimate strength (𝑓𝑓𝑢𝑢) 560 MPa 380 MPa 
490 MPa (bottom) 

400 MPa (top) 
400 MPa 

Dimension 
3D13, mm (bottom) 

2D10, mm (top) 
  Ø6–45 mm  

2L 35.5 x 35.5 x 4 (bottom) 
2L21.8x21.8x3 (top) 

L15 x15 x1.8–45 mm 
(truss/diagonal) 

Ø6–45 mm  
(top and bottom) 

Area 
398 mm2 (bottom) 

157 mm2 (top) 
56.52 mm2 

544.62 mm2 (bottom) 
249.92 mm2 (top) 

54.21 mm2 

Modulus of Elasticity (E) 200.000 MPa 

Steel ratio, 𝜌𝜌 
2.4% (bottom) 

0.9% (top) 
3.2% (bottom) 

1.2% (top) 

2.2 Methods 

This research employed a flexural strength test machine to examine the flexural strength of all specimens. The test 
specimens were positioned on a loading frame with joint support, and loading was conducted using a two-point load 
at one-third of the 36 cm span, following ASTM C78/C78M guidelines [22]. The load was applied using a hydraulic 
system, with load increments of 50 kg. The data obtained from the flexural strength test includes a load-displacement 
diagram and crack pattern. After obtaining the load-displacement values, they were plotted on the diagram, and the 
crack, yield, and ultimate points were determined based on strain gauge readings and observations during the 
experiment. These points are crucial for obtaining the initial stiffness, secant stiffness, and beam ductility. Crack 
patterns were also observed because they are essential for understanding the behavior and type of failure in the 
beam, whether flexural or shear. The test setup is shown in Fig. 2. 
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Fig. 2. The flexural strength test setup 

3 RESULTS AND DISCUSSION  

3.1 Flexural Strength Test Results 

Flexural strength testing provides insights into the relationship between load and displacement, as presented in Fig. 
3. The flexural strength test results determine the crack, yield, and ultimate values. The crack point is based on the 
visual observation of the first crack. The crack point is related to the first crack load and crack displacement, the yield 
point is obtained from the first yielding of the rebar or angle steel profile, which is related to the yielding load and 
yielding displacement, and lastly, the ultimate point is determined from a point before the sudden decrease in strain 
gauge readings, which is related to the ultimate load and ultimate displacement point. The load–displacement 
relationship determines initial stiffness, secant stiffness, and ductility values. Initial stiffness or elastic stiffness 
indicates the initial resistance of an element—the higher the initial stiffness, the greater the initial resistance of the 
element. This concept is crucial in the design phase, as it helps engineers understand how much load a structure 
can initially bear. Initial stiffness is calculated based on the tangential value or slope from the zero point to the yield 
point. Secant stiffness, conversely, is the effective stiffness calculated based on the slope of the line drawn from the 
zero point to the ultimate point. This value is essential in understanding how much energy a structure can dissipate 
before failure. Additionally, the ductility value is the ratio between ultimate and yield displacement. Ductility is an 
essential indicator of the plastic work of an element under load and requires both yielding and plastic behavior, which 
is crucial in predicting how a structure will behave under extreme conditions. The results of determining the crack 
point, yield, ultimate, initial stiffness, secant stiffness, and ductility can be seen in Table 3.  

 
Fig. 3. The load-displacement curve based on flexural strength test results for (a) Typical reinforcement system, 

(b) Pratt-truss reinforcement system, and (c) Warren-truss reinforcement system 

Table 3. Flexural strength test results 

Specimen 𝑉𝑉𝑐𝑐𝑦𝑦  (kN) ∆𝑐𝑐𝑦𝑦 (mm) 𝑉𝑉𝑦𝑦 (kN) ∆𝑦𝑦 (mm) 𝑉𝑉𝑢𝑢 (kN) ∆𝑢𝑢 (mm) 
𝐾𝐾𝑖𝑖 = 𝑉𝑉𝑦𝑦

∆𝑦𝑦
 

(kN/mm) 

𝐾𝐾𝑒𝑒 = 𝑉𝑉𝑢𝑢
∆𝑢𝑢

 
(kN/mm) 

𝜇𝜇∆ =
∆𝑢𝑢
∆𝑦𝑦

 

BT-1 22.06 2.66 68.65 8.18 78.45 15.12 8.39 5.19 1.85 

BT-2 19.61 2.06 71.10 7.12 73.58 13.12 9.99 5.61 1.84 

BP-1 32.36 2.84 79.43 7.04 83.65 13.06 11.28 6.41 1.86 
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Specimen 𝑉𝑉𝑐𝑐𝑦𝑦  (kN) ∆𝑐𝑐𝑦𝑦 (mm) 𝑉𝑉𝑦𝑦 (kN) ∆𝑦𝑦 (mm) 𝑉𝑉𝑢𝑢 (kN) ∆𝑢𝑢 (mm) 
𝐾𝐾𝑖𝑖 = 𝑉𝑉𝑦𝑦

∆𝑦𝑦
 

(kN/mm) 

𝐾𝐾𝑒𝑒 = 𝑉𝑉𝑢𝑢
∆𝑢𝑢

 
(kN/mm) 

𝜇𝜇∆ =
∆𝑢𝑢
∆𝑦𝑦

 

BP-2 24.52 2.68 66.69 7.76 68.45 16.38 8.59 4.18 2.11 

BP-3 34.81 3.66 67.67 7.22 72.26 14.36 9.37 5.03 1.99 

BW-1 20.59 2.26 74.04 7.5 82.72 13.78 9.87 6.00 1.84 

BW-2 28.93 2.84 66.19 6.68 70.34 11.48 9.91 6.13 1.72 

BW-3 22.06 2.08 67.18 6.54 72.08 14.26 10.27 5.05 2.18 

Where 𝑉𝑉𝑐𝑐𝑦𝑦 is the cracking load, ∆𝑐𝑐𝑦𝑦 is displacement at cracking, 𝑉𝑉𝑦𝑦 is the yielding load, ∆𝑦𝑦 is displacement at yielding, 
𝑉𝑉𝑢𝑢 is the ultimate load, ∆𝑢𝑢 is displacement at the ultimate point, 𝐾𝐾𝑖𝑖 is initial stiffness, 𝐾𝐾𝑒𝑒 is secant stiffness, and 𝜇𝜇∆ is 
ductility based on displacement [23]. Based on Fig. 3 (b), the load-displacement results for BP show similar values, 
except for BP-1. A similar behavior is also shown in Fig. 3 (c) for BW-1. To identify whether BP-1 and BW-1 are 
outliers, Grubb’s test is employed [24], which is a method to detect outliers from normally distributed data. Grubb’s 
test uses sample values of 𝑉𝑉𝑢𝑢 for BP and BW. Both BP-1 and BW-1 were found to be the farthest from the data set 
but were not classified as outliers since none of the Grubb’s values exceed Grubb’s Critical. Grubb’s values for BP-
1 and BW-1 were 1.12 and 1.14, while the Grubb’s Critical was 1.15 with a significance level of 0.05. Therefore, it is 
acceptable to use all data for further analysis. The analysis of Grubb's test is presented in Table 4. For specimens 
BT-1 and BT-2, Grubb's test cannot be performed because a minimum of three data points is required. The critical 
values for Grubb's test are obtained from Grubb's critical value table. 

Table 4. Grubb’s test analysis 

Specimen 

𝑉𝑉𝑢𝑢 (kN) Mean 
Value (kN) Standard Deviation Grubb’s Value Grubb’s Critical 

for 𝛼𝛼 = 0.05 Outlier 

𝑋𝑋𝑖𝑖 𝑋𝑋� 𝑆𝑆𝐷𝐷 = �(𝑋𝑋𝑖𝑖 − 𝑋𝑋�)2

𝑛𝑛 − 1
 𝐺𝐺𝑖𝑖 =

|𝑋𝑋𝑖𝑖 − 𝑋𝑋�|
𝑆𝑆𝐷𝐷

 𝐺𝐺𝑐𝑐𝑦𝑦𝑖𝑖𝑐𝑐𝑖𝑖𝑐𝑐𝑦𝑦𝑐𝑐 𝐺𝐺𝑖𝑖 > 𝐺𝐺𝑐𝑐𝑦𝑦𝑖𝑖𝑐𝑐𝑖𝑖𝑐𝑐𝑦𝑦𝑐𝑐  

BT-1 78.45 
76.02 3.44 

0.71 Not Available - 

BT-2 73.58 0.71 Not Available - 

BP-1 83.65 

74.79 7.91 

1.12 1.15 No 

BP-2 68.45 0.80 1.15 No 

BP-3 72.26 0.32 1.15 No 

BW-1 82.72 

75.05 6.70 

1.14 1.15 No 

BW-2 70.34 0.70 1.15 No 

BW-3 72.08 0.44 1.15 No 

Generally, an increase in initial resistance is observed for the truss reinforcement system. Moreover, based on Fig. 
4, the average results of the initial stiffness values indicate that modifying the typical reinforcement system into a 
truss system increases the initial stiffness by 7.5%. The truss system shows a higher, albeit not significant, increase 
of 1.2% for secant stiffness. As for the ductility value, the truss system also increased by an average of 5.7%. Based 
on the load-displacement values, the differences between the three models are not significant, with 𝑉𝑉𝑢𝑢 values of 
76.02, 74.79, and 75.05 kN for BT, BP, and BW, respectively.  
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Fig. 4. The average values of (a) ductility, (b) initial stiffness, and (c) secant stiffness 

Based on the load-displacement curve, it is also desirable to evaluate the ductility based on energy under the curve. 
The energy-based ductility index utilizes energy to evaluate ductility and apply the observation to structures 
experiencing earthquake loads; it can also be applied to static load conditions [25],[26]. These indexes compare a 
structural member’s total ultimate energy against its service-level energy, as detailed in Eq. (2) [5]. The total area 
under its load-displacement curve depicts the overall energy a member holds. Similarly, the energy at the service 
level is indicated by the area under the curve up to the service load point [4],[25],[27]. Naaman and Jeong [3] use 
another approach to calculate ductility based on energy, which is shown in Eq. (3). 

𝜇𝜇𝐸𝐸 =
𝐸𝐸𝑐𝑐𝑡𝑡𝑐𝑐𝑦𝑦𝑐𝑐
𝐸𝐸𝑦𝑦𝑦𝑦

 (2) 

𝜇𝜇𝐸𝐸 = 0.5 �
𝐸𝐸𝑐𝑐𝑡𝑡𝑐𝑐𝑦𝑦𝑐𝑐
𝐸𝐸𝑒𝑒𝑐𝑐

+ 1� (3) 

Where 𝜇𝜇𝐸𝐸 is the ductility based on energy under the curve, 𝐸𝐸𝑐𝑐𝑡𝑡𝑐𝑐𝑦𝑦𝑐𝑐 is the total area under the curve, 𝐸𝐸𝑦𝑦𝑦𝑦 is the total 
area under the yielding point, or service area, and 𝐸𝐸𝑒𝑒𝑐𝑐 is similar to 𝐸𝐸𝑦𝑦𝑦𝑦, which are defined as the area under the elastic 
stage. 

 
Fig. 5. Energy-based ductility index of the typical and truss reinforcement system 

Ductility, as illustrated in Fig. 5, is evaluated based on the energy under the curve. There are differences in the results 
when using the methods by Naaman and Jeong [3] in Eq. (3) compared to those by Thomsen et al. [5] in Eq. (2). The 
method in Eq. (3) yields lower results, as it was initially developed to analyze the behavior of reinforced concrete 
beams under cyclic loading. However, it can also be used for monotonic loads, as the backbone curve in cyclic 
loading exhibits similar behavior to monotonic loads. When comparing a typical reinforcement system with a truss 
system, the ductility index based on the area under the curve aligns with the displacement-based ductility results 
shown in Fig. 4(c). Generally, BT specimens exhibit lower results, followed by BW, with the highest results observed 
in BP. Based on the results, it can be concluded that the RC beam with a truss reinforcement system exhibits higher 
flexural capacity, which aligns with the research by Prahallada et al. [28]. 

3.1.1 Crack pattern 

The crack pattern for the typical reinforcement system BT-1 and BT-2 can be seen in Fig. 6. The crack pattern for 
the Pratt-truss reinforcement system, namely BP-1, BP-2, and BP-3, can be seen in Fig. 7, while the Warren-truss 
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reinforcement system can be seen in Fig. 8. Crack patterns in BT-1 and BT-2 differ from those in specimens BP-1, 
BP-2, BP-3, BW-1, BW-2, and BW-3. In specimens BT-1 and BT-2, the first crack occurs vertically at the bottom of 
the beam in the middle of the span, namely in the tensile area, and then rises towards the compressive section with 
increasing load until concrete crushing occurs. This crack is referred to as a flexural crack. Additionally, inclined 
diagonal cracking occurs from the shear spans towards the load point. Diagonal cracking indicates that the 
combination of flexural and shear cracking can be caused by increased load, resulting in reduced aggregate 
interlocking [29]. 

  

  

Fig. 6. Crack pattern of Typical reinforcement system for: (a) BT-1 and (b) BT-2 

   

   
Fig. 7. Crack pattern of Pratt-truss reinforcement system for (a) BP-1, (b) BP-2, and (c) BP-3 

Vertical cracks in beams BP-1, BP-2, and BP-3 occurred more at the center of the span. The first cracks originated 
from the bottom of the beam or tensile area and increased towards the top of the concrete or compressive area as 
the load acting on the beam increased. These are called flexural cracks, indicating the occurrence of flexural collapse 
in the beam. Cracks occur following the arrangement of the vertical and diagonal trusses. Similar to the Pratt-truss 
reinforcement system, the cracks in BW-1, BW-2, and BW-3, as seen in Fig. 8, were concentrated in the mid-span 
area. The first flexural cracking occurred from the bottom of the beam or tensile area. Then, with increasing load, the 
crack propagated through the angle steel profile and increased towards the top of the concrete or compressive area 
until crushing occurred. The pure bending failure may be due to the triangular shape of the steel truss system. The 
triangulated geometry of the steel truss system can engage in a truss-like action that redistributes shear stresses, 
reducing reliance on traditional shear reinforcements like stirrups. However, this behavior also highlights the 
limitations of Eq. (1) for transverse reinforcement, as it does not consider the inclination of steel profiles for BW and 
BP specimens, indicating the need for a more comprehensive solution. 

   

   

Fig. 8. Crack pattern of the Warren-truss reinforcement system for (a) BW-1, (b) BW-2, and (c) BW-3 

3.1.2 Design recommendations 

Below are proposed design recommendations for the steel truss system embedded in concrete: 
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1. It is recommended to use angle profiles for longitudinal and transverse reinforcements and Pratt truss for the 
steel truss configuration. The stirrups in typical reinforcement should be replaced by triangular or diagonal 
steel. It is also recommended to increase the steel ratio in the bottom chord to enhance the vertical load-
bearing capacity. 

2. The design capacity of beams using the steel truss system should be calculated and adjusted based on the 
ACI 318 code for typical reinforced concrete. 

3. It is recommended to use tensile strength equivalency as shown in Eq. (1) for the longitudinal reinforcement 
design. First, design the reinforced concrete beam using a typical reinforced beam. Second, when the 
designed reinforcement is achieved for both the bottom and top chords of the beam, use tensile strength 
equivalency for each chord to determine the area of the steel profile.  

4. Eq. (1) has a limitation in that it will only apply to longitudinal reinforcement as it cannot capture the inclined 
steel profile contribution. The design procedure for transverse reinforcement should use the shear 
reinforcement formula as shown in ACI 318-19 at equation 22.5.8.5.4 or in Eurocode 2 at equations 6.13 and 
6.14. 

4 CONCLUSIONS 

Based on the findings and discussions presented in the preceding sections, the following conclusions have been 
drawn: 

1. Modifying the typical reinforcement system using a truss system, namely Pratt and Warren, in reinforced 
concrete beams can lead to a 7.5% increase in the average initial stiffness, a 1.2% increase in the secant 
stiffness, and a 5.7% improvement in the displacement ductility. These results underscore the potential of 
truss systems in enhancing the performance of reinforced concrete beams.   

2. Based on the ductility calculated by reviewing the energy produced, the Pratt truss system exhibits the 
highest ductility, followed by the Warren truss and the typical reinforcement system.  

3. The typical reinforcement system displays initial cracking in the form of flexural cracks at the bottom of the 
beam, which intensifies with increasing load until diagonal shear cracks appear, ultimately leading to concrete 
crushing in the compression zone. Similarly, the truss reinforcement system exhibits a comparable crack 
pattern, with initial flexural cracks at the bottom of the beam that escalate as the load increases, culminating 
in concrete crushing in the compression zone. Crack propagation, the process of crack formation and 
expansion, occurs along the entire length of the diagonal and vertical framework, resulting in flexural cracks. 
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