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ABSTRACT
Various methods were developed to increase the flexural capacity of reinforced
concrete beams. One of method possibility method is by using truss system
reinforcement. Therefore, this study aims to analyze the effect of spacing of steel truss
system on the behavior of reinforced concrete beam in flexure and crack pattern, and
to obtain the theoretical equation to calculate the moment capacity of concrete beams
reinforced by steel truss system. This study was conducted experimentally. The
number of specimens was twelve, which consist of three control beams (BN) with the
vertical stirrups, and nine beams reinforced by steel truss system (BTR). The
dimension of all specimens was 150 mm x 2500 mm x 3300 mm. The spacing of steel
truss system varied into 0.25d in BTR25, 0.5d in BTR50 and 0.75d in BTR75. The d is
the effective depth of the beam. The results of this study showed that the spacing
variation of steel truss system can enhance the ultimate capacity of the concrete
beams. Compared to BN, the ultimate capacity of BTR25, BTR50 and BTR75 was
10.72%, 7.83% and 4.82%, respectively. In addition, the stiffness of the beam can be
also increased due to the effect of steel truss system. Compared to BN, the increment
of stiffness in BTR25, BTR50 and BTR75 was 10.23%, 7.47%, and 4.60%,
respectively. The steel truss system also affected the number and the propagation of
crack pattern, where the number of cracks was higher in BN than in BTR. The
diagonal tension crack was also not observed in BTR. Finally, the empirical equation
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to estimate the moment capacity of the concrete beams reinforced by steel truss
system (MPF) was obtained which showed a good accuracy compared to the
experimental results.
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1. BACKGROUND

In the past few decades, various methods are developed in order to increase the flexural
strength of the reinforced concrete beams. All these methods are focused on the enhancement
of flexural strength by changing the geometry or by introducing additional aids in the flexural
zone of the beams. Hence, those methods result in increased cost and time, as well as
additional efforts. If the reinforcement system within the concrete beam itself can provide
better flexural strength without changing the geometry or by using additional aids in the
flexural zone, it would be economic as well as convenient to overcome above conventional
methods. Many researchers recommend the use of inclined shear reinforcement to increase
the flexural capacity of the RC beams. The beams with inclined stirrups show more ultimate
strength but less deflection than the vertical and horizontal bar systems (Djamaluddin et al.,
2014; Saju et al., 2016) [3, 10]. Truss system in flexural loading is a structure system with
configuration of the tension bar for tension force at bottom and compression bar at the upper,
respectively. The couple arm between tension force and compression force in sustaining of
flexural action exists due to the strut action of the diagonal bars connecting between the
horizontal bars on the upper cord and bottom cord, respectively. Recently in the construction
industry, a special steel-concrete composite beam which called Hybrid Steel Trussed
Concrete Beams (HSTCBs) was introduced, in which prefabricated truss reinforcement is
embedded within the concrete (Trentadue et al., 2014) [11]. HSTCBs represent a structural
typology of composite beams typically employed as efficient structural solution for light
industrialization and constituted by prefabricated steel truss embedded within a concrete
matrix cast in situ. In the HSTCBs, the truss structure is usually made with or without steel
plate or a precast concrete slab, which represents the bottom chord. A typical HSTCB is
shown in Figure 1. The load carrying capacity of HSTCB is found to be more than that of
conventional RC beams (Campinone et al., 2016; Leopoldo et al., 2013) [1, 6]. In this
regards, this study aims to investigate the effects of truss system reinforcements on flexural
behavior of reinforced concrete beams. During the test, the applied load, strain on the
concrete compressive regions, the tensile steel at mid span, and the deflection at mid span
were measured up to failure. The responses of the beams were examined and discussed in
terms of deflections, strains, load capacity, crack pattern and failure mode.
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Figure 1 Hybrid Steel Truss Concrete Beam

2. METHODS
2.1. Specimens

Specimen preparations were divided into the preparation of the truss reinforcements and the
casting of the concrete beams. The concrete beams specimen dimensions are 2700 mm length
with 150 x 200 mm of cross section, respectively. Detail of specimen is presented in Fig.
2. The specimens prepared in this study were three beams for the normal reinforced concrete
beams (BN), nine beams using truss reinforcement (BTR). The space of the diagonal bars on
the truss reinforcement was varied in 0.25d (BTR25), 0.5d (BTR50) and 0.75d (BTR75),
where d is the effective depth of the beam. The variation and number of the specimens
summarize in Table 1.
Specimens BN used three of D12 steel bar as tensile reinforcement and D8 as the shear
(vertical) reinforcement. BN had two of D6 steel reinforcement at the compression side for
reinforcement assembly purpose only. For specimen BTR, the truss reinforcement was
composed by three of D12 steel bar reinforcement for the tension reinforcement, D8 steel bar
for diagonal bars, and two of D6 steel on the upper horizontal bars. All connections in the
truss reinforcement were done by welding.
Table 1 Variation of specimens
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Figure 2 Detail of concrete beams

Figure 3 Preparation of specimens
Table 2 Material properties
Concrete
Compressive strength
Young Modulus
Poisson Ratio
Density

Steel Reinforcement
Yield strength D12
304 MPa
Yield strength D8
417 MPa
Yield strength D6
440 MPa

18.50 MPa
20 GPa
0.2
t/m3

Figure 3 shows the preparation of beam specimens. All specimens were cured for 28 days
in the moisturizing condition before testing. Material properties of concrete and steel
reinforcement used in this study are presented in Table 2.

2.2. Test setup
Prior to test, strain gauges were patched on the concrete surface on the three points at the
span center which were one on the top of beam and two at the concrete web, respectively.
Strain gauges patched on the concrete surface as well as on the tension and diagonal bar were
connected to a data logger to measure the strain for further analysis. The supports were
prepared to behave as the hinge-roller support. The specimens were loaded under four point
bending test. The specimen was supported by simple support with the space of 2500 mm.
Two loading points were applied with the space of 500 mm to the span center of the beams.
Specimen setup is presented on Fig. 4. Load was applied by mounting a hydraulic jack on a
steel contrast frame firmly attached to the laboratory floor. The jack is controlled by a
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hydraulic control unit that imposes a specified displacement of 0.2 mm / sec. A load cell with
a 200 kN capacity was placed between the jack and the distribution beam to measure the
force applied correctly. LVDTs were installed on the center point and both of under loading
points to measure the deflection. All data was recorded using a data logger connected to the
computer.

Figure 4 Test setup

3. RESULTS AND DISCUSSIONS
3.1. Load-displacement relationship
Table 3 summarizes the experimental results of all specimens in terms of load and
displacement at first crack (Pcr), yielding (P y ), and ultimate (Pu). Figure 5 shows the typical
load-displacement curves of the beam with vertical stirrups (BN) and the beam with truss
system reinforcements (BTR). The displacement presented in this figure was the
displacement measured from the midspan of the beams. Initially, all beams were un-cracked
and stiff. When the applied load reached the rupture strength of the concrete, a flexural crack
occurred at the mid-span. As shown in Table 1, the average first cracking load from three
specimens of BN (normal beam) was 2.94 kN. The first crack indicated that the applied load
exceeded the tensile strength of the concrete. First crack caused a reducing in stiffness of the
normal beams. For the beams reinforced with truss system reinforcement (BTR), the first
cracking load and stiffness was higher than BN. For BTR25, the Pcr was 4.45 kN with
displacent of 12.77 mm. For BTR50, the Pcr was 3.94 kN with displacent of 5.73 mm. For
BTR75, the Pcr was 3.25 kN with displacent of 3.82 mm. the results indicated that the
variation of spacing affected in both first cracking load and stiffness, which increased as the
spacing reduced. As the load was increased to the yielding load (Py ), the steel reinforcement
entered to the plastic range which was indicated by the reducing of the beam flexural
stiffness. The average yielding load of BN was 25.18 kN, while the average yielding load in
BTR25, BTR50 and BTR 75 was 28.26, 27.29 and 26.92 kN, respectively. Similar with Pcr,
the truss system reinforcement also affected the yielding load of the beam. The load was
stopped as concrete at the compression zone of beam crushed. The average ultimate load of
BN was 28.11 kN with deflection of 38.01 mm. Meanwhile, the average ultimate load of
BTR25 was 31.12 kN with deflection of 42.55 mm. The average ultimate load of BTR50 was
30.31 kN with deflection of 39.11 mm. The average ultimate load of BTR75 was 29.46 kN
with deflection of 37.81 mm. These results indicated that the truss system reinforcement
provided additional load which increased the flexural capacity of the beams.
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Table 3 Summary of experimental results
Specimen
BN
BTR25
BTR50
BTR75

Load (kN)
Displacement (mm)
Yield Ultimate First crack Yield, Ultimate
First crack, Pcr
Py
Pu
δcr
δy
δu
2,94
25,18 28,11
1.10
16.59 38,01
4,45
28,26 31,12
1.49
15.12 42,55
3,94
27,29 30,31
1.31
16.09 39,11
3,25
26,92 29,46
1.11
16.07 37,81

Failure mode

Flexural failure

Figure 5 Typical Load-Displacement curves

3.2. Distribution of Stress and Strain

Figure 6 shows the distribution of stress and strain in specimen BN and BTR at the failure.
The strain was measured by using the concrete gauge which was attached along the height of
the beam. Table 4 summarizes compression zone in BN and BTR. Symbol a in this table
indicates the height of compression zone in BN. Meanwhile symbol af indicates the
additional compression zone in BTR due to the truss system effect. Further, the value a and af
was used to calculate the compression area of the beam. As shown in Table 3, the
compression area of BTR was higher than BN, where it was increased by 12.28% in BTR25,
5.51% in BTR50 and 3.67% in BTR75 compared to BN.
Table 4 Compression zone in BN and BTR
Specimen
BN
BTR25
BTR50
BTR75

a

c

af

cf

a+af

(mm)
53,71
53,71
53,71
53,71

(mm)
63,19
63,19
63,19
63,19

(mm)
0
6,60
2,96
1,97

(mm)
0
7,76
3,48
2,32

(mm)
53.71
60,31
56,67
55,68
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concrete area
(a+af) b
(mm2 )
8056.5
9046.5
8500.5
8352.0

Persentation
(%)
12.28
5.51
3.67
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Figure 6 Beam stress and strain distribution (BTR)

3.3. Crack Pattern

Figures 7 (a), (b), (c) and (d) shows the crack pattern of BN, BTR25, BTR50 and BTR75,
respectively. Specimens BN indicated typical crack pattern of the normal under reinforced
concrete beams. Further loading after appearance of the first crack, the other cracks appeared
while the existing cracks propagated. The propagation of the cracks moved toward to the
compression concrete. The long cracks were concentrated in the constant moment region at
span center. On the specimens BR, the cracks also appeared. However, comparing to cracks
number of the normal beams, the number of cracks on the specimen BTR was lower. The
propagation of the cracks on specimen BTR was also relatively slower than specimen BN.

3.4. Moment Capacity

Figure 8 shows the average moment capacity of the beams with vertical stirrups (BN) and
truss system reinforcement (BTR). The results indicated that the specimen BTR had higher
moment capacity than specimenBN. The ultimate capacity of BTR25, BTR50 and BTR75
increased by 10.72%, 7.83% and 4.82%, respectively compared to BN. The truss effect of the
diagonal bars contributed to increase the ultimate capacity of BTR. Thus, it can be concluded
that the higher ultimate capacity is obtained at conventional vertical reinforcement
replacements in reinforced concrete beams with truss system reinforcement. The effect of the
truss reinforcement to the flexural capacity of the reinforced concrete beams may be
concluded simply as the effect of the truss mechanical action. This effect become smalle as
the spacing of the truss system reinforcement reduced.
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Figure 7 Crack pattern

Figure 8 Average moment ultimate

3.5. Validation
Reinforced concrete beams can be adjusted with a trunk structure by the engineering
mechanics theory on the cutting method. It can be seen that the bending moment due to the
outer load will cause compressive forces on the upper stem and the tensile forces on the lower
stem, while the diagonal rod emerges press, as in Figure 9 (b). Calculation of nominal
moment Mn is done using Whitney's theoretical approach, as in Figure 9 (c). Based on

Hooke's law       
where P is the working force, L is the

length of rod E is the strength of steel reinforcement material and A is the steel cross section
obtained by frame moment (MF ):
C = T = A s.fy. jd atau   - 


(1)

    

-

(2)





 

BTR holding moment denoted by MPF = Mn + MF or written with:
   -        
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Figure 9 Concrete beams by truss analogy
Table 5 The ratio of moment experiments to theoretical moments
Specimen
BN
BTR25
BTR50
BTR75

Experiments
Pu (kN)
M u (kNm)
28,11
17,67
31,12
19,48
30,31
18,99
29,46
18,49

PF (kN)
28,05
31,39
29,66
29,12

Theoretical
MPF (kNm)
17,64
19,79
18,60
18,28

Ratio (%)
PF
MP F
0,99
0,99
1,01
1,01
0,97
0,97
0,98
0,98

Table 5 shows the BTR holding moment denoted by MPF according to Equation 3,
showing an increase in the holding moment capacity for BTR25 beams of 10.23%, for
BTR50 beams as fast as 7.47% and for BTR75 beams at 4.60% from BN beams.
Furthermore, the moment compared to MPF has a value ratio of 0.97-1.01 or a ratio scale of
0.90 - 1.0 categorized very well.

4. CONCLUSIONS

From the experimental test results and discussion following conclusions are drawn.
1. The strut effect of the diagonal bars in the truss reinforcement structures increased the
moment capacity of reinforced concrete beams using truss reinforcement (BTR).
However, this truss effect decreased in smaller space. Compared to BN, the moment
capacity of BTR25, BTR50 and BTR25, BTR50 and BTR75 respectively increased
10.72%, 7.83% and 4.82%, respectively
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2. The propagation of the cracks on specimen BTR was relatively slower than specimen
BN. The number of cracks on the specimen BTR was less than the number of cracks
on the normal beams (BN).
3. The empirical equation to estimate the moment capacity of the concrete beams
reinforced by steel truss system (MPF) was obtained in this study which showed a
good accuracy compared to the experimental results.
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