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ABSTRACT

This paper presents an experimental investigation on precast reinforced concrete beams with connections
in the form of deformed bars welded to a steel plate and embedded at the support sections, using a four-point loading
test. The objectives are to study the mechanical behaviors, failure modes and effects of the embedded length of the
deformed bars on the strength of the beams, and to compare the results with those calculated using the EIT 1008 -
38 RC beam design equations. The beams have a cross section of 0.175 m in width and 0.35 m in depth, with a span
of 4.0 m. The beam’s connections were made of steel plates with a cross section of 0.25 m in width, 0.15 m in
depth, and 0.02 m in thickness, and were welded to DB16 bars with embedded lengths of 500 (reference beam),
1,000 and 1,500 mm. From the experiments, all of the beams exhibited bilinear behaviors. They behaved linearly
elastic up to about 80-90 percent of their maximum load-carrying capacity, and then they behaved non-linearly
with a rapid increase in deflection until failure. Under service conditions (at a deflection of L/240), the beams with
embedded lengths of 1,000 and 1,500 mm had a load-carrying capacity 4.27 to 17.45% higher than that of the
reference beams. The failure modes can be separated into two patterns. The beams exhibited vertical cracks in the
concrete at the support sections due to the slip of the steel plate, and then they failed either in flexural failure or
diagonal shear failure, in accordance with the experimental design. Finally, when comparing the ratios between the
linear elastic load-carrying capacity of the beams from the experiments and that from EIT 1008-38’s equations, the

ratios are in the range of 1.70 to 2.86, depending on the embedded length of the deformed bars.
Key words: precast reinforced concrete beam, connection, embedded length
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Table 1 Mechanical properties of materials, used in the experimental investigation.

Averaged yielding  Averaged ultimate = Averaged modulus Percent
Materials
stress (MPa) stress (MPa) of elasticity (GPa) elongation (%)
Concrete (380 kg/cmz,
- 40.33 29.85 -

cylinder)

Deformed bar (DB16, SD40) 590.10 645.21 198.5 20.29
Round bar (RB6, SR24) 370.20 493.46 195.3 23.86
Steel plate (SS400) 404.74 568.42 196.3 19.88
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Figure 1 Deformed bars welded to steel plate, used in the experimental investigation.
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Table 2 Details of the beam specimens, used in the experimental investigation.

Number of
Code of Steel Stirrup Number of
Span compressive Mode of
Group beam embedded  spacing tensile steel
(m) steel failure
specimen length (mm) (mm) reinforcement
reinforcement
RC-0000-100 0 100 4.0 5-DB16 2-DB16 Flexural
PC-0500-100 500 100 4.0 5-DB16 2-DB16 Flexural
1
PC-1000-100 1000 100 4.0 5-DB16 2-DB16 Flexural
PC-1500-100 1500 100 4.0 5-DB16 2-DB16 Flexural
RC-0000-300 0 300 4.0 6-DB16 2-DB16 Shear
PC-0500-300 500 300 4.0 6-DB16 2-DB16 Shear
2
PC-1000-300 1000 300 4.0 6-DB16 2-DB16 Shear
PC-1500-300 1500 300 4.0 6-DB16 2-DB16 Shear
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Number of
Code of Steel Stirrup Number of
Span compressive Mode of
Group beam embedded  spacing tensile steel
(m) steel failure
specimen length (mm)  (mm) reinforcement
reinforcement
RC-0000-500 0 500 4.0 6-DB16 2-DB16 Shear
PC-0500-500 500 500 4.0 6-DB16 2-DB16 Shear
3
PC-1000-500 1000 500 4.0 6-DB16 2-DB16 Shear
PC-1500-500 1500 500 4.0 6-DB16 2-DB16 Shear
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Figure 2 Details of the beam specimen without deformed bars welded to steel plate.
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Figure 3 Details of the beam specimen with deformed bars welded to steel plate.



715815398 ¥HING1aeNA 11 1ad5151anasF %8 16(3) : 591-609 (2567) 597

A—=175 mm:

2.0B16 S
RE6 @ 100 mm

Steel plate 250 x 2350 mm

150 % 20 mm with

6-0816

5-DB16 e

Section A-A Section BB

5-D816

—175 mm—

Section A-A

2-DB15
RB6 @ 500 mm
ol Steel 3l x
350 mm| 150 x 20 i
6-0B16
e e 6-DB16

2-DB16 ® | 20B16

RB6 @ 300 mm
Steel plate 250 x
150 x 20 mm with
6-DB16

RB& @ 300 mm

6-DB1€

i

350 mm

L

Section B-B

Figure 4 Cross-section of the beam specimen without deformed bars welded to steel plate: Group 1 to 3.
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Figure 5 Cross-section of the beam specimen with deformed bars welded to steel plate: Group 1 to 3.
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Figure 6 Installation of a beam specimen into the loading frame.
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Figure 8 Diagram of the force versus midspan deflection of the beam specimens.
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Table 3 Applied forces when the beam specimens have the midspan deflection of L/240 (P,,,,) and % of

increase/decrease of P, .

Code of beam Steel embedded % of increase/decrease
Group P, ., (kN)
specimen length (mm) of P, ,,, (%)
RC-0000-100 0 84.33 -20.90
PC-0500-100 500 106.60 -

1 PC-1000-100 1000 115.51 +8.36
PC-1500-100 1500 121.45 +13.93
RC-0000-300 0 74.38 -38.76
PC-0500-300 500 121.45 -

? PC-1000-300 1000 126.64 +4.27
PC-1500-300 1500 136.30 +12.23
RC-0000-500 0 72.45 -45.05
PC-0500-500 500 131.84 -

’ PC-1000-500 1000 148.17 +12.39
PC-1500-500 1500 154.85 +17.45

Remark: The + and — signs indicate the increase and decrease of the force P, ,,,, respectively.
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Table 4 Maximum applied forces at the failure of the beam specimens (P

o) g
o) and % of increase/decrease of P, .

Number of beam Steel embedded % of increase/decrease
Group P, (kN)
specimen length (mm) of P, (%)
RC-0000-100 0 84.33 -54.31
PC-0500-100 500 184.55 -

1 PC-1000-100 1000 204.59 +10.86
PC-1500-100 1500 222.41 +20.51
RC-0000-300 0 74.38 -39.49
PC-0500-300 500 122.93 -

? PC-1000-300 1000 168.22 +36.84
PC-1500-300 1500 208.30 +69.45
RC-0000-500 0 72.45 -47.13
PC-0500-500 500 137.04 -

’ PC-1000-500 1000 157.08 +14.62
PC-1500-500 1500 207.11 +51.13

Remark: The + and — signs indicate the increase and decrease of the force P, ,,,, respectively.
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Figure 9 Failure of the beam specimen Group 1:

(a) specimen without deformed bars welded to steel plate. (b) specimen with deformed bars welded to steel plate

(b)

Figure 10 Failure of the beam specimen Group 2:

(a) specimen without deformed bars welded to steel plate. (b) specimen with deformed bars welded to steel plate
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RC-0000-500., KOS

(b)

Figure 11 Failure of the beam specimen Group 3:

(a) specimen without deformed bars welded to steel plate. (b) specimen with deformed bars welded to steel plate
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Figure 12 Shear stress in the beam specimen versus steel embedded length.

Table 6 Shear stress in the beam specimen.

Code of beam Steel embedded Shear stress % of increase/decrease
Group specimen length (mm) (MPa) of shear stress (%)

RC-0000-100 0 0.77 -56.50

PC-0500-100 500 1.77 -

1 PC-1000-100 1000 1.96 +10.73
PC-1500-100 1500 2.14 +20.90
RC-0000-300 0 0.73 -37.61
PC-0500-300 500 1.17 -

? PC-1000-300 1000 1.57 +34.19
PC-1500-300 1500 1.97 +68.38
RC-0000-500 0 0.74 -42.19
PC-0500-500 500 1.28 -

’ PC-1000-500 1000 1.46 +14.06
PC-1500-500 1500 1.96 +53.13

Remark: The + and — signs indicate the increase and decrease of the force P, ,,,, respectively.
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