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ABSRACT

The main aim of this research is to design and manufacture L-shaped mechanical couplers to
connect two perpendicular reinforcing bars in knee joint instead of cold-bending bars at the
corner of this joint. Each branch of the two L-shape coupler branches equipped with threaded
holes coincide with the prepared threading of the enlarged reinforcing bar end. Therefore, the
reinforcing bars that were coupled by the L-shaped mechanical couplers were used in reinforcing
the closing corner joint.

KEYWORDS: Reinforced Concrete, Knee Joint, L-Shaped M echanical Coupler,
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L-SHAPED MECHANICAL COUPLER FOR RC CORNER JOINT
1. INTRODUCTION:
The reinforced concrete knee joint consists of one beam and one column connected at their ends,
forming commonly a 90" angle. Knee joint is a critical zone because of resisting large forces
during different load cases and transfer stresses throw the adjoining member. The problem is that
the joint need to be of high ductility, stiffness and energy dispersion which is difficult to achieve
in joint. Another problem is the difficulty of maintaining the joint after being damaged. However,
because of these problems, many researchers have been studied many reinforcement details,
reinforcement ratios and different concrete grades to improve the performance and ductility of
corner joint. It had been found that [1], low efficiencies for specimens with high reinforcement
ratios in knee joint, whereas cracks started in outer joint forming diagonal cracks causing failure.
And the failure occurred suddenly and brittle manner.
It was reported that [2] the efficiency increased when a lower reinforcement to concrete ratio to
be less than 1%. A confined diagonal compression strut was suggested [3] to avoid the spalling
and crushing of concrete in this region as well as increases the ductility of knee joint. The
reinforcement loop was studied [4] in knee joint. It was observed that, the risk of spalling of
concrete cover increased and the corner joint efficiency was decreased.
The reinforcement details in the corner joint usually have a bending of the main reinforcing bars.
The cold bending occurred when a mechanical torque is applied directly to reinforcing bars in
room temperature. This process produces tension stresses in the outer fibers and compression
stresses in the inner fibers. However, the cold bent region suffers from strain aging and
hardening. Where the tensile tests were performed on cold bend specimens, strain aging resulted
in a shifting of fracture mode from ductile to brittle as a function of energy transition [5, 6]. The
stress distribution during cold bending and its affect on the bar ductility are shown in Fig 1.
Therefore, strain aging causes prematurely fracture and reduces susceptibility of sustaining in
elastic deformation. The changed of mechanical properties due to bending bar process is
converted from ductile to brittle manner as a function of energy transmission.

—MELUTRAL
o AXES
TEMEIN—T., Ll

FORCE | ‘Ht‘_‘:‘..:"r?.-f
7|

"= OMPRESSION
FURLE

—SIEET
i METAL

a) b)

Figure 1: Effect of cold bending on rebar, a) stress distribution during cold bending and b) effect
of cold bending on thereinforcing bar ductility, (G.T Van Rooyen, 1986).

So many researches [7, 8] produce artificial aging of rebar specimens by increasing the
temperature 100° C or 150° C to simulate the change of mechanical properties with time passing.
Those researchers found that the bending process leads to the occurrence of strain aging causing
unexpected sudden failure in bending region. A tensile test of bent bars was conducted [9]
containing different proportions of vanadium after one and three months, the results of the test
specimens after three months showed that the ductility decreases more than that obtained after
one month.

The quantification of micro cracks that occurred as a result of bending a high-strength steel plate
and mild steel one was studied [10]. It was found that the cracks increased when bending the
high- strength steel compared to the mild stedl.
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The high performance steel bar in a shape of closed stirrups was studied under tensile test [11].
One side of the bent region stirrup was coated by a rubber material. The two bent portion of the
prepared stirrup were covered by two concrete blocks. Hydraulic jack was placed between the
two concrete blocks to apply compression forces on specimens. The result of test illustrated that
reinforcing bars were failed at the bent portion that covered by the rubber martial. The idea of
using the L-shaped mechanical coupler to overcome the structural problems arising from cold
bending of reinforcing bars was suggested in the international patent application number
WO0/2016/138912, [12]. Mechanical coupler transfers tension and compression loads from one
piece of reinforcement to another. The success of the mechanical couplers depends on the
capacity load of the mechanical coupler which must not be less than the capacity load of bar. ACI
318-2011, section 12.15.5, states, "A full mechanical connection shall develop in tension or
compression, as required, at least 125 percent of the specified yield strength of the bar".
Therefore, the failure mode should occur outside of the mechanical coupler and should not fail
under the bearing and dlipping in the coupling portion of the rebar. Do-Kyu et al., (2015) It was
concluded that, [13], the threads of the threaded rebar coupler system could be loosened while
exposed tension-compression cyclic loading because the tolerance and the rib face angle of a
threaded rebar coupler system are greater than that of a conventional ribbed rebar. Nguyen and
Mutsuyoshi (2015) It was concluded that [14], as the threaded |ength increase of coupled portions
of the rebar inside the coupler, enhancement was observed on the coupler-rebar system load and
ductility capacities. Harinkhede et al., (2016) concluded that, The threaded mechanical coupler
made from the high carbon steel subjected to tensile test achieve more satisfactory results than
that obtained of mild steel, [15].

The purpose of this research is to fabricate and test the threaded |-shaped mechanical coupler to
be used in reinforced concrete structural elements especially in knee corner joints.

3.MANUFACTURING OF L-SHAPE COUPLER:

L-shaped mechanical coupler was designed, manufactured and used to connect perpendicular

reinforcing main bars as substitute of bending the steel bars in the knee corner joint. The

threaded technique, method was used to connect the perpendicular reinforcing bars with the

mechanical coupler. The main design requirements that were addressed in this study include:

a) Theload capacity and ductility of the coupler material not less than that of the rebar,

b) The strength of the mechanical joint ensures that the fracture occur in the reinforcing bars
outside the threading portion.

c) The bar end threaded and the internal threaded of the mechanical coupler achieves complete
interfere between them in order to prevent slippage that may occur during loading.

3.1. Rebar and coupler material:

In this study, the material of mechanical coupler was selected from plates of steel which is the

same steel grade of the reinforcing bars. In order to check the mechanical properties of the

coupler material, a strip with a length of 380 mm was taken from the same steel plate. The strip

specimen was converted from cuboid shape to cylindrical shape with a cross-section diameter of

12.5 mm by using the lathe machine. The tensile test results showed that the yield stresses were

close to each other, while the stiffness and ductility of the coupler material were greater than that

of the reinforcing bars. Figure 2 shows the failure mode of the coupler specimen materia while

stress-strain curve of the test specimen is shown in Figure 3.
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Figure 2: Failure mode of the mechanical coupler material specimen.
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Figure 3: Stress-strain curve of the mechanical coupler and bar material.

3.2 Preparation of reinforcing bar ends and threads profile:

The main reinforcing steel in tension sides of the test specimens was of grade BA0OODWR Ribbed
Bars (standard 262/2015). The threading process was done at the ends of the reinforcing bars (18
mm diameter) that coupled by mechanical coupler. Aswell known the threading process is taking
out from the reinforcing bar body, therefore, the nominal size as well as the load capacity
decreases. So the coupled part of steel bar ends were enlarged first, then the threading process
was carried out. The enlargement process of the bar end portions is done using hot forging to
obtain good mechanical properties of this portion of the bar end. The final maximum and nominal
diameters of the enlargement threaded bar ends are 19.5 and 18 mm respectively. Three of the
reinforcing rods were directly threaded without enlargement, the maximum and nomina
diameters were 17.5 and16 mm respectively. Figure 4 and 5 shows the dimensions of the
threaded portion of the bars end with and without enlargement.

SO metric threaded type was used in both internal thread of the coupler and external thread of
the reinforcing rod ends. Thistype of threadsis defined in international standard SO 68-1.

The length of thread depends on diameter of steel bar strength which ranging from 1.25 to 1.5 the
reinforcing bar diameter. Therefore, for a rod with a diameter of 19.5 mm, the chosen threading
length is 29.25 mm.

s |-

I 30 mm I

Figure 4: Thethreaded detail dimension for enlarged bar end.
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Figure5: Thethreaded detail dimension for not enlarged bar end.

3.3. Cross-section area requirement of the mechanical coupler branches:

ACI 318, Section 12.14.3.4, states. “A full mechanical connection shall develop in tension or

compression, as required, at least 125 percent of specified yield strength f, of the bar”. Since the

mechanical properties of the coupler material are close to that of the reinforcing bar, the coupler
was designed so that the net area of the threaded part of the coupler at least equal to 1.25 times
the cross-section area of the rebar.

To demonstrate the importance of increasing the diameter of the end portion of the reinforcing

bar and its effect on the load capacity and failure mode, the tests included three bars that were not

increased in diameter and four bars with enlarged diameters.

Figure 12 illustrates the internal and external dimensions for the coupler branches cross-sections

of two L-shaped couplers. These two types are to connected enlarged and non-enlarged

reinforcing bars. In the two cases, the net cross-section area of each branch of L-shaped coupler
is greater than 1.25 times the cross-section area of the bar to be coupled.

3.4. Manufacturing steps of mechanical L -shape coupler:

The process of manufacturing the mechanical L-shaped coupler has gone through many steps,

including the selection of steel plate, cutting in the required form, the process of drilling the holes

and then making the internal threading as follows:

a Using the CNC Plasma cutting machine, L-shape strips were taken out with required
dimension from a steel plate with thickness 30 mm. Figure 6 showed the CNC plasma
cutting machine during cutting the pieces, while the shape of specimens after cutting process
was shown in Figure 7.

Bpy

Figure 6 CNC plasma machine during cutting process.

Fig 7: The shape of specimens after
cutting process.
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b.  Holes were made in the branches of the two coupler types as shown in Figure 10. The
holes are made along the longitudinal axis of each branch started from the leg end. The
depth of each hole was 30mm while the diameters are 19 mm and 17.5 mm according to
coupled bars, enlarged or non-enlarged bar respectively. The larger diameter used to
connect the bars that have been enlarged diameter and vice versa. Figure 8 shows the

holes were done by Lathe machine.
L

Figure 8: Two holes performed by Lath machinein the two coupler branches.

c.  TheL-shape piece was converted from cuboid shape to cylindrical shape using the CNC
Milling Machines. Figure 9 shows the shape of mechanical coupler after this process.

TR

Figure 9: Shape of primary development of mechanical coupler.

d. The L-shape mechanical couplers were then internally threaded in the two coupler
branches matching the threads were made on the reinforcing bar ends to be coupled by
using lathe machine. Figure 10 shows threading process using the lathe machine. Figure
11 shows the dimensions on the cross-sectional elevation of the L-shape coupler.
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Figure 11: Cross-section elevations and side view of coupler branchesto connect non-enlarged and
enlarged bar ends respectively.

4. PREPARATION OF REINFORCING BAR ENDS

4.1. Enlargement the coupling part of thereinforcing end bars:

As stated before, the hot forge process was used to enlarge the coupled parts of rebar ends for
obtaining good mechanical properties for the enlarged portions.This operation was performed
manually as follows:

a. The ends of the reinforcing bars have been heated at a temperature of about 700 degrees
Celsius.

b. The rebar’s then knocked while hot until the end portion reach to conical shape with the
diameter ranges from 25 mm to 22 mm with length of 4 cm. Figure 12 shows knocking a
reinforcing rebar after heated its end while Figure 13 shows the shape of bars after
enlargement process.

|

Figure 12: Knocking a heated reinforcing bar Figure 13: Thereinforcing bars after
end. enlargement process.
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4.2. Threading Of Bar Ends For Enlargement And Non-Enlargement Reinforcing Bars:

a Threading was done on the ends of the reinforcing bars, which were set to end with a
length of 3 cm using the lathe machine. The threading dimensions and configurations
matching to the threading that were made in the mechanical coupler. Figure 14 shows the
reinforcing steel bars during the process of threading.

c) d)
Figure 14: Stepsof enlarged rebar threading using Lath machine.

b. For reinforced steel bars that have not been enlarged, the rebar are made directly by
using the lathe machine to match the thread that were made on the mechanical coupler. Figure
15 shows the process of threading of non- enlarged bar.
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Figure 15: The process of threaded not enlarged rebar.

C. The ends of the bars were connected to the mechanica coupler by applying the
prescribed torque.

5. TESTING THE PRODUCED L SHAPED MECHANICAL COUPLER:

The purpose of the L-shaped mechanical couplers is to connect two ends of two perpendicular
reinforcing bars for transferring the stresses between them instead of using one bar bent in an L-
shape. The strength of the mechanical joint should ensurethat the fracture occursin the
reinforcing bar outside the threading portion (couplingportion). In addition, the produced coupler
should behave better to prevent any slippage between the bar and the mechanical coupler. A
tensile test was conducted for six branches of mechanical couplers to demonstrate the importance
of increasing the diameter of the end portion of the reinforcing bar and its effect on the load
capacity and failure mode. The tests included three bars that were not enlarged its diameter and
four bars with enlarged diameters. The details of these specimens are shown in Table 3.1.

For the non-enlarged bar end diameter specimens, the results showed that, in two specimens, the
reinforcing bars failed in threaded part inside the coupler. This result is attributed to the nominal
diameter in the threaded part is the weakest portion of the reinforcing bar where the nominal
diameter in threaded part is 16 mm while the bar diameter is 17.5 mm. The yield loads of these
test specimens were 103 and 105 kN while the ultimate loads were 113 kN, 117kN respectively.
The third specimen failed by slipping the reinforcing bar from the mechanical coupler at load 130
kN as shown in Figure 16-b.The reason for the slippage is that the dimensions of the threading
teeth are not enough to resist slipping load.

For enlarged bar end diameter specimens, the fracture occur in the reinforcing rod outside the
coupling portion in all the specimens. The ultimate loads were 135, 135 and 140 kN. Only one
portion of coupler connected to enlarged end bar failed inside coupler at threaded region at load
132.5 kN as shown in figure 16-d. The reason of thisfailure is a notch on the bar threading due to
manufacturing defect which cause the stress concentration at this notch. The ultimate, yield loads
and failure mode for test specimens are shown in Table 1. Figure 16 a,c shows the failure mode
for Two L-shape mechanical coupler one of branch for each L-shape coupler connected to non —
enlarged end bar isfailed at inside braches of coupler and the other branch connected to enlarged
end bar isfailure out of coupler.
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Enlarged end bar——>
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Figure 16: failure mode for L-shape
Enlarged end bar : couplerswith enlarged or non-
enlarged bar.
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Table 1: Ultimate and yield load and failure place within or outside coupler.

i Bar end type Yield ] Failure place
Figure load Ultimate

No. Non- oad, load, KN Coupled Outside

Enlarged kN _

enlarged portion coupler

Vi-c \/ 105 140 \/
Vi-c V 105 117 Xl
‘l-a \/ 105.5 135 \/
‘l-a v 103 113 v
Vi-e \/ 107 132.5 V
Vi-d V 104 135 Xl
Y1-b \ 104 130 Bar Slippage

6. MANUFACTURE AND TESTING OF THE MECHANICAL COUPLER CONNECTS
A STRAIGHT ALIGNED BARE:

Branches of L-shape mechanical coupler are transfer the tension stresses from threaded bar to the
other branch which in turn transmits the stresses to the other bar. Due to the difficulty of fixing
and testing the L-shaped mechanical coupler and pulled the reinforcing bar from it and that's the
important part of this coupler to be tested is the threaded portions, two types of straight
mechanical couplers were chosen from the same material of the L-shaped coupler to be tested.
The reason of this test is to make sure that the failure will not occur in the coupler branches and
that the threads will not loosened from the reinforcing bar. Three samples from coupler connect
one aligned reinforcing bar as well as other three couplers connect two aligned reinforcing bars
for each are tested.

6.1.  Fabrication steps:

a. Strips with predetermined dimensions were cut from a plate has the same mechanical
properties as the steel plate used to manufacture the L-shaped mechanical coupler.

b. The CNC Plasma Cutting Machine was used for taking out the stripsin step 1. Then the strip
with cuboidal shapeis converted into a cylindrical shape of a 30 mm diameter using lathe
machine.

c. Lengths of strips used for making the coupler that couple two aligned bars are 60 mm and
250 for couple one reinforcing bar. The coupling portion of the second length is 50 mm while
the remaining 200 mm is used to attach fix the mechanical coupler to the testing machine.

d. The coupler samples are drilled and threaded with the predetermined lengths either 30 mm for
L-shaped coupler or 50 mm in straight coupler.

e. The end of all reinforcing bars are enlarged and then threaded to matching the threads of
internal threads of couplers.

f. Figure 17 showed the two types of mechanical couplers after fabrication.
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Figure 17: Couplersthat connect one bar for each and a coupler connectstwo aligned bars.

6.2 Specimens testing:
The mechanical coupler and the reinforcing bars are fixed at the Tensile Test Machine. Once the
specimens were fixed, direct tensile force was applied until the specimen fall. Figure 18 showed the test
set-up for both two types of mechanical couplers.

Tensile Force Tensile Forms

o . — // -'
Fixaticn region / '//L// Fizaticn region WEail ¥ i
in tensile mar:l'une“—jé. vl in tensile machine % e L P
. i
L Coupler sranches o = /’_,--'/
Cirect mechanical | F] E £
coupler = s 5
o . » ) Febar 18 mm racus 4— : o
Rebar 18 mm radius f——= 7
..-"'K rl-""/./.r & - P
s A
I L o
A gl

a)) b)
L Tensile Fors

Tensile Force

Figure 18: Test set-upsfor the two types of mechanical couplers.

The result of test showed that, all specimens failed at rebar out of couplers. The specimens with
direct coupler failed at loads 138kN, 140.5kN and 140 kN. The specimens fixed in coupler
branch the failure loads are 135 kN, 140kN and 140 kN and displacement is 10 mm, 20 mm and
20 mm. Figure 19 showed the specimen fixed at coupler immediately before failure at load 160

KN.

486 JAUES, 15, 55,2020



L-SHAPED MECHANICAL COUPLER FOR RC CORNER JOINT

Position of rebar fracture

Figure 19: Photo immediately before fracture of rebar at load 160 kN.

7. CONCLUSIONS

. Threaded L-shaped mechanica couplers were desianed, manufactured and tested to
connect two ends of two perpendicular reinforcing bars for transferring the stresses between
them instead of using one bar bent in a shape of an L to be used in the knee corner joint. The
strenath of the mechanica coupler had been desianed to ensure that the fracture occursin the
reinforcina rod outside the threadina portion (couplina portion). The bar end threaded and the
interna threaded of the mechanical coupler had been desianed to achieves complete interfere
between them in order to prevent slippage that may occur during loadina. To demonstrate the
importance of increasing the rebar end diameters before threadina, so as not to affect the
nominal diameter of the bars, a number of mechanical couplers were coupled enlaraed
reinforcing bar ends and compared with others couplers couple bars did not enlaraged its ends.
The results of the tensile tests showed that the fatique occurred of the bars whose diameter
was increased outside the coupler while the fatigue were inside the coupled part of the bar
whose ends were not increased before threading.
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