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ABSTRACT: The welding connection between reinforcing steel and steel plates are widely used as part of a 
building structure system, including the precast concrete connection system. This experimental study aimed to 
investigate the behavior of the tee joint welding between reinforcing steel and steel plates, using both the yield 
(YS) and tensile (TS) strengths as indicators. It was also directed towards understanding the strain hardening 
value (TS/YS), which is the ratio between these factors. The experiment was conducted by testing three types 
of welding connections, WC-1, WC-2, and WC-3, under tensile loads. The WC-1 and WC-2 are common 
models mostly used to join steel components in reinforced concrete structures, while WC-3 was the proposed 
connection model. The results showed TS/YS ratios of WC-1, WC-2, and WC-3 specimens were 1.19, 1.23, 
and 1.27, respectively. This means the value of the proposed specimen is higher than the required 1.25 by the 
ASTM A706M and was also recorded to have the best tensile strength. 
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1. INTRODUCTION

Welding connections between reinforcing steel
and steel plates are important components in 
reinforced concrete structures, including the joint 
between the reinforcement and the base plate of the 
column connected to the foundation. The two 
common types of welded joints are presented in 
Figures 1a and 1b and are observed to have different 
welding joints. In Figure 1a, there is no steel plate 
punching process, and the reinforcing steel was 
welded to one side of the plate. Meanwhile, in 
Figure 1b, the steel plate was perforated first, after 
which the steel reinforcement was inserted in the 
hole and welded on the two sides. 

Fig. 1 Welding joints between reinforcing steel and 
steel plates [1] 

Some research has been conducted on reinforced 
concrete connection through welding of the 
components, especially reinforcing steel with steel 
plates. For example, Ersoy and Tankut [2] 
examined the precast concrete joints system of a 
beam near the surface of the column. This involved 

placement of anchor plates on the top and bottom of 
the beam and the two sections were connected to the 
vertical reinforcing steel using welding method, as 
shown in Figure 2. 

Fig. 2 Precast concrete joints system [2] 

In a different research, Bahrami, Madhkhan, 
Shirmohammadi, and Nazemi [3] tested the precast 
concrete beam-column joined by welding the 
bottom reinforcing steel on steel plates connected to 
the corbel.  Meanwhile, Girgin, Misir, and 
Kahraman [4] examined the cyclic behavior of 
hybrid beam-column joints with the reinforcing 
steel of the bottom beam welded on the beam 
endplate. The results showed the maximum strain in 
the bending reinforcement of the welded lower 
beam plays an essential role in the behavior of all 
parts of the joint. 

International Journal of GEOMATE, Sept., 2020, Vol.19, Issue 73, pp. 156–162 
ISSN: 2186-2982 (P), 2186-2990 (O), Japan, DOI: https://doi.org/10.21660/2020.73.17648 
Geotechnique, Construction Materials and Environment 

(a) (b) 



International Journal of GEOMATE, Sept., 2020, Vol.19, Issue 73, pp. 156– 162 
 

157 

Zhong, Xiong, Chen, Deng, Chen, and Zhu [5] 
tested the precast concrete beam-column with the 
joints located in the beams close to the column 
surface. This involved welding each of the bottom 
reinforcement steel of the two beams on a 
perforated steel plate, after which they were joined 
using bolts, as shown in Figure 3. 
 

       
 
Fig. 3 Connection on the bottom reinforcement steel 
of the beam [5] 
 

Ding, Xio, Chen, and Khan [6] studied precast 
concrete joints in the beam section near the column 
surface by welding the longitudinal reinforcement 
of the upper and lower parts. Moreover, Xie and 
Chapman [7] investigated the welded joints on 
reinforcing steel, and the cross-section of the half 
connection between steel reinforcement and steel 
plate due to the annular cavity of the flash welding 
is shown in Figure 4 (a). The cross-sectional area of 
the rod was 492 mm2 while the area connected to 
withstand the shear force was only approximately 
235 mm2. Therefore, the flash welding stress 
between the surface of the components was 
significantly reduced. 

Figure 4 (b) shows a cut diagram of the 
relationship between reinforcing steel and steel 
plates connected through a CED curved line.  The 
flash welding was shown to be joined to the circular 
reinforcement between AC and BD and, in all the 
test specimens, the fatigue failure was observed to 
have started from the basic welding at CD or at the 
connection of the reinforcement with flash welding 
indicated in AB. 
 

         
 

Fig. 4 The cross-section of welded reinforcing steel-
plate joint [7] 
 

Apostolopoulos, Savvopoulos, and Dimitrov [8] 
studied the behavior of the lap welded joints on steel 
reinforcement due to tensile loads. This involved 
using different reinforcement and weld sizes, and 
by focusing on the lateral movement of the steel rod 

ends. The lap welded joint is represented in Figure 
5 (a), while Figure 5 (b) shows the invisible element 
as the part with the tensile load beyond the yielding 
point of the material, but the welded joint was able 
to bear the force. 
 

         
 

Fig. 5 The lap welded joint [8] 
 

Teguh and Mahlisani [9] showed the results of 
welding connections between reinforcing steel with 
varied welding length and with the average yielding 
strength higher than reinforcing steel. Moreover, 
Tavio, Anggraini, Raka, and Agustiar [10] 
examined the TS/YS ratio in steel grades of 420, 
550, 650, and 700 MPa and found grade 420 to have 
the highest value reaching more than 1.25. 
Meanwhile, Paulay and Priestley [11] explained 
each increase in melting strength led to the 
reduction in the maximum strain and length of the 
yield plateau, as shown in Figure 6. 
 

 
 
Fig. 6 Typical stress-strain curves for reinforcing 
steel [11] 
 

The quality of the welded joint in a reinforced 
concrete structure has been discovered to have 
effects on the overall structural behavior. Even 
though it is a standard to conduct separate tests for 
the yield and tensile strengths of reinforcing steels 
and plates, it is also very important to evaluate the 
quality of the welding joints. Therefore, this paper 
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tested the tensile and yield strengths of welded 
joints between reinforcing steel and steel plates and 
also examined the ratio between these factors 
(TS/TY) due to its importance to structural ductility. 
 
2. EXPERIMENTAL 
 

Three types of connections between reinforcing 
steel and steel plates were tested at the Department 
of Civil and Environmental Engineering 
Universitas Gadjah Mada to determine their 
behavior under tensile loads. A steel reinforcement 
with a diameter of 16 mm and length 40 cm and a 
circular steel plate with a diameter of 16.3 cm and a 
thickness of 1.9 cm were used as materials for this 
experiment. Moreover, the elbow welding was in 
accordance with the SMAW technique involving 
the use of E7016 electrodes and 5 mm welding 
thickness. 

WC-1 (Welding Connections-1) involves 
welding one side of the steel plate to the steel 
reinforcement, without punching as shown in Figs 
7a and 7d. WC-2 involves punching a hole in the 
steel plate, after which the steel reinforcement was 
inserted in the hole and welded on both sides, as 
shown in Figs 7b and 7e. 

 

 
 

Fig. 7 Three types of test specimens 
 

WC-3 made use of additional reinforcing steel 
with the same diameter as the primary 
reinforcement and a length 2.5 times its diameter, 
and they were both welded to one side of the steel 
plate without punching, as shown in Figs 7c and 7f. 

Three test specimens were made for each of 
these connections, and laboratory tests were 
conducted using equipment such as Universal 
Testing Machine (UTM), load cell, linear variable 
differential transformers (LVDT), and data logger. 
The process involved placing the steel plate of the 
specimen on a steel frame holder connected to load 
cells with the lower end of the reinforcing steel 
clamped. The UTM provided the tensile loads with 
the magnitude measured using the load cell, while 
the displacement caused by these loads was 

measured using LVDT and the results recorded 
from the connected data logger. The whole setup is 
shown in Figure 8. 
 

 
 

Fig. 8 Testing setup 
 
     A similar setup has also been conducted in a 
pull-out test to study the bond behavior between 
steel reinforcement and high strength concrete [12]. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Material Testing Result 
 

The welding and steel reinforcement used in the 
connection model were tested to determine their 
tensile strength, and the results for the steel 
reinforcement are presented in Table 1. According 
to ASTM A706M [13], the criteria for thread 
longitudinal reinforcement for Grade 420 include a 
minimum yield strength of 420 MPa, maximum 
yield strength of 540 MPa, the tensile strength of at 
least 550 MPa, elongation for diameter 16 should be 
at least 14%, and tensile strength should not be less 
than 1.25 times the actual yield strength. 

 
Table 1 The results of the tensile strength test of 
steel reinforcement 
 

Specimens YS 
(MPa) 

TS 
(MPa) 

Elongation 
(%) 

Ratio 
TS/YS 

D16-1 450 598 24 1.33 
D16-2 452 599 25 1.33 
D16-3 452 600 24 1.33 

Average 451 599 24 1.33 
YS = Yield Strength, TS = Tensile Strength 

(a) (b) (c) 

(d) (e) (f) 
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Table 1 shows the steel reinforcement has an 
average yield and tensile strengths of 451 MPa and 
599 MPa, respectively, while Elongation and 
TS/YS ratios were 24% and 1.33, respectively. This 
means all the factors have values higher than the 
requirements. 

The steel plates and welding joints were tested 
using UTM, and the results are presented in Table 
2. The materials were manually welded with a 
simple electric arc welding technique known as 
Shielded Metal Arc Welding (SMAW). SP was 
used to represent the steel plate, while W70 was the 
welding connection using the E7016 electrode. 
 
Table 2 The tensile test result of the steel plate and 
the welding joint 
 

No Specimens TS (MPa) 
1 SP-1 443 
2 SP-2 437 
3 SP-3 427 
 Average 436 

4 W70-1 428 
5 W70-2 359 
6 W70-3 377 
 Average 388 

 
According to the American Welding Society, 

AWS A5.1-91, regulations [14] concerning 
specifications for carbon steel electrodes for 
shielded metal arc welding, E7016 is classified to 
have a nominal tensile strength of 70 Ksi (483 MPa). 

The results showed the welding tensile strength 
for the specimens was 428, 359, and 377 MPa or 
88.6%, 74.3%, and 78.1% of 483 MPa, which is the 
standard value. The average was recorded to be 388 
MPa or 80.33% in comparison with the standard 
grade, and this means the welding quality general 
exceeds 75%, which is the endurance factor 
required by the Indonesian National Standard 
specifications for structural steel buildings, SNI 
1729:2015 [15].  

The welding joint failure of the specimens is 
presented in Figure 9, and the W70-1 specimen was 
discovered to have broken in the steel plate while 
W70-2 and W70-3 broke in the welding section.  

 

 
 
Fig. 9 The failure of the welding joint 

This was associated with high tensile strength 

recorded for W70-1, which allowed its weld joint to 
be higher than the tensile strength of the steel plate 
as well as lower values obtained for W70-2 and 
W70-3, as observed in Table 2. 
 
3.2 Connection Test Result 
 

The results of the joint testing between the steel 
reinforcement and the steel plate, as presented in 
Table 3, showed the average yield strength of WC-
1, WC-2, and WC-3 specimens was 467, 456, and 
468 MPa, respectively. 

 
Table 3 The results of the joint testing between the 
reinforcing steel and the steel plate 
 

No Specimens YS 
(MPa) 

TS 
(MPa) 

Ratio 
TS / YS 

1 WC-1.1 464 545 1.17 
2 WC-1.2 472 559 1.18 
3 WC-1.3 466 565 1.21 
 Average  467 556 1.19 

4 WC-2.1 435 539 1.24 
5 WC-2.2 466 605 1.30 
6 WC-2.3 468 535 1.14 
 Average 456 560 1.23 

7 WC-3.1 463 587 1.27 
8 WC-3.2 467 601 1.29 
9 WC-3.3 473 600 1.27 
 Average 468 596 1.27 

 
These values, expect for WC-2.1 with a lower 

yield, are higher than 451 MPa obtained for the 
reinforcing steel. Moreover, the average tensile 
strength for WC-1, WC-2, and WC-3 was 556, 560, 
and 596 MPa, respectively, and these are observed 
to be lower than 599 MPa, obtained for the 
reinforcing steel. The comparison of the yield and 
tensile strength values is shown in Figure 10. 

 

 
 

Fig. 10 The comparison of YS and TS values 
 

The average TS/YS ratio of WC-1, WC-2, and 
WC-3 specimens was 1.19, 1.23, and 1.27, 
respectively, and these were found to be lower than 
1.33 obtained for the reinforcing steel. Moreover, 

W70-1 

W70-2 

W70-3 
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only WC-3 specimens have a value higher than 1.25, 
and this means they have uppermost tensile and 
yield strength. The ratios are compared in Figure 11. 

 

 
 
Fig. 11 The comparison of TS/YS ratios 
 

Reinforcing steel has a slightly lower yield 
strength than WC3-3 specimens, as shown in Figure 
12, but the maximum strain and the yield plateau are 
longer, and this makes the steel reinforcement more 
ductile. 
 

 
 
Fig. 12 Stress-strain curves of reinforcing steel and 
steel plate 

 
It is important to focus on the yield and tensile 

strength of the reinforcing steel due to their effect 
on the behavior of the structure during an 
earthquake load. The TS/YS value ratio, known as 
strain hardening value, shows the ductility capacity 
of the part of the structure or component the 
material is used [16].  

A higher TS/YS ratio is better for the structure 
because it shows a more exceptional energy 
absorption ability before failure, and ensures a 
plastic hinge occurs at the desired location. 
Moreover, a more significant deformation is 
experienced as a visible warning to the occupants of 
the building before it collapses. 

ASTM A706M and ASTM A615M [17] 
regulations and many international regulations 
related to the planning of reinforced concrete in 
earthquake areas require the TS/YS ratio must not 
be less than 1.25. The results showed the ratio of 
WC-3 specimens was 1.27, while a single 
reinforcement without welding was 1.33. This, 

therefore, means the magnitude of the ratio reduced 
with welding. This is in line with the findings of 
previous research that welding on reinforcing steel 
reduces ductility while its effect on the yield 
strength of the hot-rolled bars was negligible [18]. 
 
3.3 Collapse Pattern 
 

The collapse pattern of the specimens is shown 
in Figure 13, and WC-1 sample was observed to 
have collapsed by releasing the reinforcement from 
the welded joint and WC-2 by breaking the 
reinforcing steel connected directly to the welded 
joint on the plate while the reinforcing steel broke 
in the middle for one of the specimens. Meanwhile, 
the WC-3 test collapsed with the reinforcement of 
two of the samples discovered to have broken right 
at the end joint while the last failed with the release 
of the reinforcing steel from the welded joint. The 
crooked reinforcing steel shows there had been a 
distribution of forces with eccentricity. 
 

 
 

 
 

 
 
Fig. 13 Collapse Pattern 
 

Figure 13 shows WC-3 has the largest 
connecting weld area due to the addition of 
reinforcing steel pieces, while WC-2 is also greater 
than WC-1 due to additional welding at the bottom 
of the steel plate.  

The tensile strength of the welded joint between 
the reinforcing steel and the steel plate was 
observed to be equivalent to the connecting weld 
area between the materials. This can be seen in the 

WC-1 

WC-2 

WC-3 



International Journal of GEOMATE, Sept., 2020, Vol.19, Issue 73, pp. 156– 162 
 

161 

results in Table 3, which showed the order of 
magnitude of tensile strength for WC-3, WC-2, and 
WC-1 to be 596, 560, and 556 MPa respectively. 
 
4. CONCLUSION 
 
1. This research focused on the importance of 

ductility associated with the selection of the 
appropriate connection model. The TS/YS value 
ratio shows the ductility capacity of the part of 
the structure or component the material is used. 
This involved understanding the effect of the 
minimum TS/YS ratio of 1.25 in preventing 
premature joint failure due to brittle behavior 
and strain concentration and ensuring the 
development of plastic joints in the intended 
location. 

2. The TS/YS ratio for the WC-1, WC-2, and WC-
3 specimens was 1.19, 1.23, and 1.27, 
respectively, and these were observed to be 
lower than 1.33 recorded for the reinforcing 
steel. This is consistent with the results of 
previous studies that welding reduces ductility. 

3. The proposed specimen, WC-3, had a TS/YS 
ratio of 1.27, which is higher than 1.25 required 
by the ASTM A706M. 

4. The tensile strength of the specimens, WC-1, 
WC-2, and WC-3 was 556, 560, and 596 MPa, 
respectively, and these were observed to be 
equivalent to the connecting weld area between 
reinforcing steel and steel plate. Moreover, WC-
3 was recorded to have the highest tensile 
strength value. 
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