Journal of
Advanced Civil and Environmental Engineering
E Vol.2, No.1, 2019, pp 25-36

ISSN: 2599-3356

Variation of Splice Length with Bending Behavior of
Reinforced Concrete Beams

Sulastri*, Ilham Nurhuda? and Antonius®

IMaster of Civil Engineering, Faculty of Engineering, Diponegoro University, JI. Prof. H. Soedarto, SH,
Tembalang, Semarang 50275, Indonesia
2Civil Engineering Department, Faculty of Engineering, Diponegoro University, JI. Prof. H. Soedarto,
SH, Tembalang, Semarang 50275, Indonesia
SUniversitas Islam Sultan Agung, JI. Raya Kaligawe km.4 Semarang 50112, Indonesia

*Corresponding author: sulastriskandar @gmail.com

(Received: April 28", 2019 ; Revised: July 14", 2019 ; Accepted: August, 1%, 2019)

Abstract: The splice length of the distribution depends on the concrete stress with reinforcement,
generally the bond stress is tested by pull out testing where pull out testing can provide a good
comparison between the efficiency of the attachment of various types of reinforcement surfaces.
However, the bending behavior of the beam is very different from the pure tensile pull out test. This study
presents the effects of variations of lap splice (30db, and 40db) in the area of beam pull. The first test
object was a beam BN - 0 (non splice length) which was a normal beam. The second test object was a
beam BN - 30db with the splices length(ld) of 480 mm and the third test object was a 40db beam with the
splice length (Id) of 640 mm. The test used a pure bending test method with loading of Two Point Loads
on a simple support beam. The results gained from this study obtained flexural capacity in BN-0 (non lap
splices) of 115.15 kN, flexural capacity of BN - 30db of 90.484 kN, and beam flexural capacity of BN-
40dp of 124.848 kN. The displacement ductility at BN-30db decreased 35% to BN-0 and displacement
ductility at BN-40db increased 48% to BN-0, the bond strength attached to BN-40db increased 2.92% to
BN-30dh. The splice length (Id) 40db was able to develop the ability to achieve yield stress |oads and the
spread of crack concentration around thejoints.
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1. Introduction

Generally the limitations of the reinforcement length needed on reinforcing works are often
longer than the available reinforcing steel so that reinforcement joints are needed [2-5]. In
reinforced concrete construction, the connection functions as a transfer of force and the splice
length is related to the length of the stress distribution (l) increases with increasing stress. SNI
2847: 2013 [1] provides a guideline for calculating the length of distribution depending on the
bonding stress of concrete with reinforcement (u). This fixed stress is usualy tested by pull out
testing. Thistesting can provide a good comparison between the adhesion efficiency of various
types of reinforcement surfaces, but the frame structure has not been able to provide real sticky
stress so that the bending behavior of the beam is very different from the pure tensile test pull
out.

From the background of the above problems, it is necessary to do research on "Variaionsin the
lap splice of the tensile distribution of bending conditions of beams in reinforced concrete bond
stresses’. In this research deformed reinforcement used bars D16 mm for tensile zone, plain
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reinforced bars @10 mm compressive reinforcement and plain reinforced bars @ 8 mm for shear
reinforcement. The review is carried out only on the bending behavior of the tensile area and the
test is carried out with abeam splice.

2. Theoretical Basis

The main basis of the long distribution theory isto take into account reinforcing steel embedded
in concrete masses [7-8]. The P force is applied to reinforcing steel, the force will be held
between reinforcing steel and surrounding concrete and the tensile force that can be resisted by
reinforcement with reinforced concrete.

plegangan lekal
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Fig. 1. Balance of P forcein reinforcing steel with concrete

P = mldp 'db (l)
With the capacity of steel accepting tensile forces:
p-tpdlty )
4
So that the splice length distribution (1)
apJdy
Iy =—= 3
47 4m ®)
With an average bond strength equation:
P
m= (4
p.dylg )

The lap splices of distribution is related to the strong inter-reinforcement bond with concrete
which is influenced by several factors i.e: concrete cover, concrete compressive strength, the
shape of the concrete surface, reinforcement distance and reinforcement restraints.

Based on SNI 2847: 2013 [1] that the tensile strength of the reinforcement in each cross section
of the concrete structure components must be channeled to each section through the naming
length, hook, head-headed screw or mechanical device, or a combination therefore, so that the
threaded rod length D19 or more small can be calculated by Eq:

] :( YYe ]db (5)

21,/ f',
with
lgp = Lap splice (mm)
d, = Nominal diameter of the bar ( mm?)
f, = Yield strength of the bar (MPa)
f’. = Compressive strength of the concrete ( MPa)
Wt = Location of reinforcement factors
We = coating factor
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2.1. Concrete and reinforcing steel bonding mechanism

According to Park & Pauly [8], the adhesion stress is the shear stress on the concrete surface
and the place where the load is transferred between the reinforcing steel and the surrounding
concrete thus changing the reinforcing steel stress.

Nuroji [9] The attachment mechanism between concrete and steel is influenced by severd
factors, namely: adhesion, friction and interlocking. Some collapse patterns in attachment to the
sticky stress test can be shown by events namely splitting failure, pull out failure / dip, failure
transfer and reinforcement, reaching, melting and finaly breaking followed by reduction in
reinforcement diameter.

2.2. Displacement ductility

Displacement Ductility is a condition of the comparison between the maximum displacement of
the beam and the first displacement that occurs during the yield strength of the bar.
d
A, =4 6
474, (6)

Where:
As = displacement Ductility
9, = maximum displacement

6, = yield displacement

3. Methodology

The test beam was made of reinforced concrete with compressive strength concrete f'c = 27

MPa. The test beam had a square section with awidth of 150 mm, height of 250 mm and span of
2200 mm with tensile reinforcement with a diameter of bar 16 mm (2D16). The tensile strength
used was deformed reinforcement bars with ayield stress (fy) of 430 MPa.

Table 1. Specimen

Specimens Splice length
BN-0 Non splice length
BN-30d, 480 mm
BN-40d, 640 mm

Table 2. Variationsin splice length test specimens

Specimens fc(MPa)  dy (mm) la (mm)
BN-0 non splice length 27 16 -
BN-30d, 27 16 480
BN-40d, 27 16 640
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The specimens explained below.
e Specimen BN-0 (Non splice length).
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Fig. 2. Specimen and Llpper BN-0 non splice length

*  Specimen BN-30d, with splice length 480 mm
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Fig. 3. Specimen and upper BN-30dy

e Specimen BN-40db with splice length 640 mm
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Fig. 4. Specimen and upper BN-40d,

3.1. Installation of Strain Gauge

The installation of strain gauge on the beam cross section was done to determine the magnitude
of the strain that occurred. There were two types of starain gauge used, namely type FLA-60-11
to determine the strain placed on the surface of the reinforcement in the junction area, the
installation was done before casting and type PL-60-11 to determine the concrete strain placed
on the side surface in the upper press area. Installation of strain gauge on concrete was carried
out after casting. The area to be installed by the strain gauge had to be flat and smooth and
based on the installation procedure, the strain gauge was connected to the data logger to read the
strain value and the LVDT ingtalation in the middle of the span to read the deformation value.

Installation of strain gauge on the test object was as follows:

1) Beams of specimens BN-0 was a control beam. The control beam was compared with the data
from the test beams with varying lengths of distribution, so that differences could be found. 1
strain gauge was installed on compressed fibers (¢'y), 1 strain gauge was installed on tensile
reinforcement (es), and 1 concrete strain was installed on compressive fibers to obtain strain
values in compressed concrete. The results of steel reinforcement tensile strain values could
be used to graph (P-¢), so that the behavior of sted reinforcement during loading took place
and conditions when the reinforcement began to melt could be seen.

0

Fig. 5. Detail Placement of BN-0 Strain Gauge non lap splice
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2) Beams of specimens BN-30d, and BN-40d, were beams with varying lengths of distribution.
1 strain gauge was installed on press reinforcement (¢'y), 3 strain gauges were instaled on
tensile reinforcement (&) to obtain tensile strain values and 1 concrete strain was mounted on
compressive fibers to obtain strain on compressed concrete. The results of the tensile strength
of steel reinforcement could be used to graph (P-¢), so that the behavior of stedl reinforcement
during loading took place and the conditi ons when the reinforcement began to yield.

Fig. 6. Detail Placement of Srain Gauge BN - 30d, & BN - 40d,

B1 !

Al AZ

Fig. 7. Strain gauge placement notation on reinforcement tensile BN - 30d, & BN - 40d,

3.2. Implementation of casting

Concrete Ready Mix with the planned compressive strength f'c of 27 MPa used in the
manufacture of specimens was originated from PT. Jati Kencana Beton. Casting was done at the
Diponegoro University Materias Laboratory. Fresh concrete mix with quality f'c 27 MPa was
put into the formwork which has been filled with reinforcement assemblies in one mixer truck
mix. Previoudly, the control test was carried out with a dump test, then a cylindrical specimen
was made for a compressive test, after the concrete mixture was in one third, compaction was
carried out to prevent air cavities.

3.3. Curing of specimens

Treatment was done by covering the test beam with a gunny sack and watering it so that no
cracks and evaporation occurred on the test beam, and the cylindrical specimen was opened 24
hours later and immersed in awater bath until testing.

3.4. Test Procedures and I nstrumentation

The test used a pure bending test method with loading of Two Point Loads on a simple support
beam. Reinforced beam test objects were placed on the loading frame. Testing the test object
was carried out by giving a monotonic load on the test object. Loading was done with the help
of a hydraulic pump and loading was carried out a two points with a distance of 700 mm
between the loading point and as far as 650 mm from each support. Both sides and models of
reinforced concrete beams had a roll-joint support. LVDT placement in the middle of the span
determined the maximum deflection that occurred in the beam of the test object.

Efﬂﬁj TH
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Fig. 9. Setting Up Testing of Reinforced Concrete Beam Test Objects
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4., Result and Discussion
4.1. Testing of Steel Tensile Strength

The testing procedure was carried out according to ASTM E8 (Standard Test Method for
Tension of Metallic Materials). Test specimens werein the form of smooth reinforcement bars 8
mm in diameter, 10 mm in diameter and deformed reinforcement bars D16 mm, 2 pieces each.
Testing was done by Universa Testing Machine (UTM) in the Material Laboratory and Civil
Engineering Construction of Diponegoro University.

From the test results, the yield stress was @8 mm, fy = 324.50 MPa, the ultimate stress was
average f, = 450.72 MPa. For smooth reinforcement bars @ 10 mm fy = 298.45 MPa, the
ultimate stress was average fu = 434 MPa. For deformed reinforcement bars D16 mm fy =
429.93 MPa, the ultimate stress was average fu = 605,125 MPa. Modulus of elasticity (Es) of
reinforced steel = 200,000 M Pa.

4.2. Test Results of Beam
4.2.1. Normal concrete beam without splicelength (BN - 0)

The normal beam test results BN-0 resulted in collapse according to the collapse plan, the first
crack on normal beam BN-0 occurred when the load reached 14.74 kN. Cracksincreased in size
according to the increase in load until the beam had collapsed, the maximum load test results on
the BN-0 beam were 115.41 kN.

140 Liﬁ.al}ﬁ
120 | \/

100 |
80 -
60 -
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20 4

Load | kN)

< 0.86,14.76

0 5 10 15 20

deflection { mm )

Fig. 10. Load - deflection curve beam spesimen (BN-0)

The curve of the load relation to deflection in beam test BN-0 can be seen in Figure. 10 above,
illustrating the behavior of the relationship between load and deflection. When the load was
14.76 kN the beam had the greatest stiffness with arelatively small deflection, this was because
the concrete was till sturdy withstand tensile stress that occurred in the beam. When the load of
14.76 kN was 0.86 mm, the first crack started, the first crack event was possible because the
cracks that occurred were not too large so that the deflection that occurred was not too large and
cracks continued to occur in the flexible area.

Fig. 11. Crack and crack pattern
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Fig. 12. Load — longitudinal reinforcement tensile strain curve

The curve of the load relationship to the strain of the lower longitudinal pull on the beam
specimen BN-O can be seen in Figure 12 above illustrating the behavior of the relationship
between the loads to the tensile strain for the lower longitudina reinforcement. The position of
the yield reinforcement was obtained by comparing the recorded strain values, a P of 14.76 kN,
had a value of 0.00026, while at P of 106.93 kN, it had a value of ¢s of 0.00215 and the iron
reinforcement which had yielded, at P of 115.46 kN had the ultimate ¢s value of 0.003.
When the load reached P of 106.93 kN, the interlocking of concrete reinforcement started to
play arole in resisting the tensile stress that occurred. The distribution of force transfer from
stedl reinforcement to concrete was carried out by bars/ rib reinforcement.
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Fig. 13. Load — concrete strain curve

From Figure 13 it can be seen that the concrete strain load showed the concrete strain value was
received by the concrete, the load-strain curve was influenced by the first crack that occurred.
First crack occurred when P was 14.76 kN with a concrete strain of 0.0002, when P load of
106.93 kN had a concrete strain of 0.0018 and when the ultimate P load was 115.46, the
concrete strain kN was 0.0031.

4.2.2. Concrete beam with splice length 30db ( BN — 30db)

In the BN-30db beam, the first crack occurred when the load reached 22.21 kN. The test results
obtained a maximum load value of 90.848 kN.

Fig. 14. Crack and Crack pattern
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From figure 14, a crack occurred in the middle area of the span extending to the direction of the
press.

100 8.26, 90.848
80
60 -

40 -

Load [ kN)

20 - = 1.46,22.211

0 1 2 3 4 5 6 7 8 9

deflection ( mm)

Fig. 15. Load-Deflection curve for lap-splice 30dh

In Figure 15, curve of load relations - against beam deflection was obtained from BN 30db. The
position of the yidd reinforcement was obtained by comparing the recorded strain values, at P at
22.211 kN, the deflection value was 1.46 mm, while at P at 90.848 kN, the ultimate deflection
value was 8.26 mm and the reinforcement had not yielded, so there was no force over the
reinforcement.

When the ultimate P load was 90.848 kN, the concrete strain was 0,0009. SNI 2847: 2013 for
analyzing the ultimate load data was taken at ¢c = 0.003, but the ultimate test results had not
been obtained a a value of 0.003, so the loading through pumping the hydraulic jack was
stopped when the monitor data showed a decrease in data. The collapse that occurred in the
beam was the failure of the transfer of force on the joint so that the strain value was not reached.

100 0.1,90.848 0.9, 90848
//”
—_ k; /,/’
=
g ' /,/ 1.75,90.848
T 50 - _/./
8 /,/ ——— BN-30db (A1)
o ——— BN-30db (A2)
/ BN-30db (B1)

0
000.20406081.01.2141.61.82.0

tensile strain ( x 103)

Fig. 16. Load — tensile strain for beam specimens ( BN- 30db )

From Figure 16, a curve of the load-strain relationship for the lower longitudinal reinforcement
was obtained, when P load of 90.848 kN with Al tensile strain had a strain value s of 0.0001,
A2 had a strain €s of 0.0017 and B1 had a strain value €s of 0,0009. Theoretically, the strain

value A1 & B1 should be the same but the difference in the values of A1 & Bl indicated a style
transfer failure.

4.2.3. Concrete beam with splicelength 40db ( BN — 40db )

In the beam BN-40db, the first crack occurred when the load reached 10,332 kN. The test
results obtained a maximum load value of 124,804 kN.
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Fig. 17. Crack and Crack pattern ( BN — 40db )

In Figure 17, it can be seen that the collapse occurred in the beam joint area. The first crack in
the beam started from the bottom fiber in the area where the concrete was pulling along with the
increase in load where the cracks increased and the crack spread to the compressed area.

140 - [[10.96,117.26 | [ 25.02,124.804 |

N i .
130 - \'. =

30
=2 ] 0.66, 10.332
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02468 10121416182022 242628

deflection ( mm )
Fig. 18. Load-Deflection curve

In Figure 18, a curve of load-deflection relationships was obtained for the lower longitudina
reinforcement. The position of yield reinforcement was obtained by comparing the strain value
recorded, a P of 10,332 kN, had a deflection value of 0.66 mm, while at P of 117.26 kN, it had
deflection value of 10.96 mm and at P of 124.804 kN, it had the ultimate deflection amounting
to 25.02 mm. When P was 10,332 kN, it had a concrete strain of 0,0001 and when the ultimate P
load was 124,804, the concrete strain kN was 0,003.

2.38,124.804
140 .
120 -
|
100 - i’
=
= g0 2.1813, 117.26
B 60
a - ——— BN -40db (A2}
—— BN - 40db (A1)
20 — BN-40db (B1)
0 .

0.000.250.500.751.00 1.25 1.50 1.75 2.00 2.25 2.50
Tensile strain (1 X 103)

Fig. 19. Combined Load-Tensile strain curve

In figure 19, a curve of combined load relationship was obtained when the maximum P load of
124.804 kN tensile strain with A1 had a value of €s of 0.0017, while A2 had a value of es of
0.00238 and B1 had a strain of 0.0013.
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Table. 1. Correlation bond strength with splice length

Specimens P (kN) lg(mm)  fc(MPa)  dy(mm) H(MPa)
BN-0 115.46 - 27 16 -
BN-30d, 90.848 480 27 16 3.77
BN-40d, 124.804 640 27 16 3.88

Seen in table. 1 above, the bond stress value of each specimen, BN-30db had bond stress value
of 3.77 MPa, and BN-40db the bond stress was 3.88 MPa. The bond stress was attached to BN-
40db, up 2.92% against BN-30db.

5. Behavior Comparison of the Test Objects

150

Load ( kN)

——— BN-30db
N——— BN-40db

20 30
Mindspan deflection ( mm))

Fig. 20. Combined Load-Deflection curve
The behavior of each specimen was loaded until it reached the maximum load so that it had the
amount of deflection that occurred until the collapse occurred. BN-0 had sufficient deflection

after peak loads due to the effect of dippage that caused the reinforcement to stretch with the
cost strain of the board.

Table. 2 Results Comparison of beam conditions (P-A)

Kondis Balok BN-0 Balok BN-30d, Balok BN-40d;,
Balok Beban Lendutan Beban Lendutan Beban Lendutan
(kN) (mm) (KN) (mm) (KN) (mm)
First Crack 14.76 0.86 22.211 1.46 10.332 0.66
First Yield 106.96 10.64 90.848 8.26 117.26 10.96
Ultimate 115.46 16.41 90.848 8.26 124.804 25.02

6. Maximum load received by the beam

The BN-0 beam (beam without splice length) had a bending capacity of 115.46 kN, BN-30db
had a flexural capacity of 90.848 kN, and BN-40db had a bending capacity of 124.804 kN. The
difference in P values was possible because of the unevenness of the strength of the concrete
associated with the aggregate distribution of the beams, which caused a difference in the
maximum P value of the beam.
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Displacement ductility

The ductility observed in this study was displacement ductility. The displacement ductility is a
condition of the comparison between the maximum displacement of the beam and the
displacement that occurs when the structure melts. The ductility of each test object can be seen
inTable. 3

Table. 3 Displacement ductility (As)

Benda Uji Pieten Prmax Oy (mm) Ou (Mmm) As
BN-0 106.96 115.46 10.64 16.41 154
BN-30ds 90.848 90.848 8.26 8.26 1.00
BN-40d, 117.26 124.804 10.96 25.02 2.28
s i e BN-0
100
8 ]
o,
B w
20 1 i
J 4, =1064mm | ! By — 16,41 mm
s & 3 0 oz 14 16 13
A (mm)

Fig. 21. Displacement Ductility Calculation (BN- 0)

The displacement ductility in the BN-0 beam was 1.54. On the BN-30db beam the displacement
ductility was 1.00 and on the BN-40db beam the displacement ductility was 2.28. The
percentage of ductility of beam displacement BN-0 to BN-30db had decreased by 35%, but the
percentage of ductility of BN-0 transfer to BN-40db had increased by 48.05%. The increase and
decrease in displacement ductility could be influenced by the cross-sectiona properties of the
beam, namely increasing and decreasing the concrete strain, increasing the concrete bonding
stress and the amount of compressive reinforcement.

7. Conclusion

Based on the results of research and discussion, the conclusions are presented as follows:

1. Lack of long stretch caused failure of force transfers on tensile reinforcement which resulted
in failure of the beam so that it had a low displacement ductility in order to reinforce the
structure

2. The crack pattern that occurred in the beam of the test object with the joint on the tensile
reinforcement was the spread of crack concentration around thejoint.

3. BN-30db flexura capacity decreased 21.36% to BN-0 and flexura capacity at BN-40db

increased 8.09% to BN-0

Percentage of voltage attached to BN-40db increased by 2.92% against BN-30db.

5. Percentage of BN-30db Ductility decreased 35% to BN-0 and displacement ductility at BN-
40db increased 48% to BN-0. Based on the testing, the length of BN-40dh was able to
develop the ability to achieve yield loads with beam ductility of 2.28 so that the length the
minimum channel distribution was Id = 40db.

>
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