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Abstract
In comparison to earlier concrete structures, recent decades' structures have experienced early deterioration. The majority of the time, this is
due to the severe corrosion found in today's ribbed rebars. The adoption of PSGWC-bars, which have a plain surface and a gentle wave-type
con�guration, can extend the life of concrete structures by several times by reducing the rate of rebar corrosion. Beams strengthened with
PSGWC-bars performed signi�cantly better in tests conducted at several colleges. To establish its viability as a replacement for traditional
rebars in columns, the load carrying capacity of PSGWC bars and other rebars must be tested. In this paper an attempt has been made to
improve load carrying capacity of column with rebars. The impact of plain bars, epoxy coated plain bars, galvanised plain bars, PSGWC-bars of
�ve different types, ribbed bars, epoxy coated ribbed bars, and ribbed bars with galvanising on the performance of sustainable columns was
examined in this paper. It has been discovered that the use of PSGWC-bars increases load-carrying capacities in concrete columns as well.

1. Introduction
Earlier concrete structures have shown to be long-lasting. Recent reinforced concrete structures, on the other hand, have come into criticism
since they have reached states of distress quite early in their lives [1–3]. Kar noted that the existence of ribs on the surface of rebars had a
signi�cant role in this early stage of concrete structure distress [4–6].

Similar observations have been made by Alekseev [7]. Alekseev even claimed that the lifetime of concrete structures with ribbed bars would be
one order of magnitude shorter than that of concrete structures with plain bars [7]. Kar proposed PSGWC-bars as a solution to the problem,
which have a plain surface and a gentle wave type structure, as seen in Fig. 1 [8]. The maximum deviation of a PSGWC-axis bars from its
original straight-line design is a few millimetres, say 5 mm.

In the lack of ribs, the wave-type con�guration allows for the use of high-strength steel rebars. PSGWC bars of the wave shape can be made
easily by using a pair of gear rollers at the last stage of the rolling mill stand. This is the hot forming process. PSGWC-bars can also be cold-
formed. PSGWC-bars can be made of any grade of steel, which would be suitable for conventional rebars, except that, in the light of limited
strength of concrete in use today, the yield strength of the steel material in PSGWC-bars may preferably not exceed 630 MPa until further
veri�cation. PSGWC-bars do not require any special treatment for their effectiveness in improving the lifetime of reinforced concrete
constructions, increasing load carrying capacities and transforming brittle concrete structures into ductile ones.

Numerous tests had earlier demonstrated that the usage of PSGWC-bars as rebars in concrete �exural elements led to many positive bene�ts.
However, it had to be veri�ed that there would be no adverse effects of using PSGWC bars, with their wave-type con�guration, as rebars in
concrete compression elements.

Following introduction, Section 2 presents hypothetical supports, facts concerning the effort done by different persons, methods recognized,
innovative approach, in addition to growth in the study �eld of PSGWC-Bars and Other Rebars Reinforced Columns. Section 3 demonstrates
constituent materials, mix proportions and preparation of column specimens with reinforcing steel bars. Test results are presented in tabular
forms and have been discussed in section 4. Failure modes observations are also included in section 4. Section 5 narrates the conclusions
drawn based on experimental observations.

1.1 Research Signi�cance
Kar recommended the usage of PSGWC-bars, which have a plain surface and a mild wave type arrangement, as a key to the issue of excessive
corrosion in today's ribbed rebars [8]. Tests on concrete columns reinforced with various types of rebars reveal that, similar to concrete �exural
elements, the use of PSGWC-bars can improve the load-carrying capacity of columns when subjected to axial loads. This can increase
con�dence in the use of PSGWC-bars, which, in the absence of surface ribs, can greatly reduce the rate of corrosion in steel rebars and thus
increase the lifetime of concrete structures by a factor of ten, along with a slew of other bene�ts, all with no additional effort or cost [8].

2 Literature Survey

2.1 Durability
Apart from external factors such as water/moisture, oxygen, carbon dioxide, chlorides, sulphates, alkalis, and other noxious materials that can
destabilise concrete structures, it is important to remember that the intrinsic properties of the two main constituent materials, concrete and
rebars, play a vital role in the durability of reinforced concrete; Kar [1].

2.2 Bond between concrete and rebar
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Kar proposes three concepts in the context of "bond" and its impact on reinforced concrete performance: "bond," "effective bond," and
"engagement"[9]. While the latter two are interchangeable, "bond" is not. The quality of "engagement" between rebar and concrete, as
demonstrated by Kar, has a signi�cant impact on the performance of reinforced concrete parts and structures [9].

2.3 High Strength Steel
An examination of the �ndings of Papadakis et al., Swamy, and others reveals that the comparatively deprived performance of reinforced
concrete structures began with the introduction of ribbed high-strength steel rebars [10–11].

2.4 Vulnerability of Ribbed Bars to Corrosion
The in�uence of ribbed bars' high corrosion susceptibility led to the explanations of Papadakis et al. and Swamy, as well as the sorts of
primary distress in reinforced concrete structures [10–11].

3. Experimental Methodology And Investigation: Proposed Approach

3.1 Column Specimens with Reinforcing Steel Bars
Thirty-three columns 200 mm × 200 mm × 1200 mm, reinforced with plain bars, epoxy coated plain bars, galvanized plain bars, PSGWC-bars of
�ve different types, ribbed bars, epoxy coated ribbed bars and ribbed bars with galvanizing were tested. No ties were used in some of the
columns with PSGWC-bars so as to investigate if there could be any premature buckling of the wave patterned PSGWC-bars. There were eleven
different types of bars or conditions. There were three columns with each of the eleven categories of rebars.

3.2 Concrete
The mix design carried out to form the M25 grade of self-compacting concrete by using IS 10262:2009 [12], i.e., cube strength of 25 MPa at 28
days yielded a mix proportion of 1:1.5:3 with a water cement ratio of 0.45. days was used. “Ordinary Portland Cement, 43-grade approved by IS
8182 − 1989” [13], �ne aggregate (FA) of zone II as speci�ed in IS 383–1970 [14] and 20 mm downgraded blue granite coarse aggregate (CA)
was used. The columns were tested on eleven different dates. three columns with the same rebar type and surface condition in a day. The
mould, mixing and curing of specimens conform to the requirements as speci�ed in IS 516–1959 [15]

3.3 Set-up for the Test with Load
The test set-up for column specimens is shown in Fig. 2. A hydraulic jack of 2000 kN capacity, placed at the bottom, was used to apply the
load. The load increment interval was set at 20 kN up to 500 kN. The interval was then extended to 50 kN. This interval was maintained until
the column specimens completely failed. The failure loads, identi�ed as Axial Load (Test) represent the average of failure loads (experimental)
of 3 columns in the same group. The corresponding Axial Load (Analytical) for each column type is given as well.

4. Test Results, Observation And Discussion

4.1 Test Results
This article presents the results of tests on thirty-three columns with eleven different types of rebars, rebars with different surface conditions,
different offsets/heights in the wave patterns of PSGWC-bars and different conditions of lateral ties, as shown in Table 1.
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Table 1
Column details and failure loads

Sl.
No.

Cube
Strength
of
Concrete
(MPa)

Type of bar Reinforcement
No. and size
(mm)

Steel
Grade
(MPa)

Axial
Load
(Test)
(kN)

%
Increase
or
decrease
P with
respect
to Plain
round
bar
(columns
with ties)
#

Axial Load
(Analytical)
(kN)

%
Increase
or
decrease
P’ with
respect
to Plain
round
bar
(columns
with ties)
#

(Test
Load) /
(Analytical
Load)

%
increase
or
decrease
(P/ P’)
with
respect
to Plain
round
bar
(columns
with ties)
#

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

1 35.61 Plain round
bar
(columns
with ties) #

4–12 391.32 1380.01 - 1149.52 - 1.21 -

2 35.80 Plain round
bar with
epoxy
coating
(columns
with ties) #

4–12 390.33 1380.10 + 0.74 1196.52 + 4.09 1.14 -5.78

3 36.62 Plain round
bar with
galvanizing
(columns
with ties) #

4–12 390.32 1380.10 + 0.74 1147.0 -0.21 1.22 + 0.82

4 35.78 Ribbed bar
(columns
with ties) #

4–12 435.87 1491.77 + 8.89 1187.65 + 3.32 1.27 + 4.95

5 36.78 Ribbed bar
with epoxy
coating
(columns
with ties) #

4–12 434.0 1427.67 + 4.42 1196.52 + 4.09 1.20 -0.832

6 39.80 Ribbed bar
with
galvanizing
(columns
with ties) #

4–12 435.1 1650.01 + 20.45 1249.18 + 8.67 1.33 + 9.91

7 36.51 PSGWC-bar
pitch 30d,
offset 4
mm
(columns
with ties) #

4–12 390.33 1586.77* + 15.83 1154.93 + 0.47 1.38 + 14.04

8 37.75 PSGWC-bar
pitch 30d,
offset 4
mm with
epoxy
coating
(columns
with ties) #

4–12 391.32 1427.67 + 4.21 1190.21 + 3.54 1.21 0.00

Notes:

Notes: # Square ties of 8 mm dia ribbed bars @ 110 mm c/c used in columns in Sl. Nos. 1–8, d is diameter of the bar. * Raising the
strength of concrete in sl. No. 7 to that of the column in sl. No. 6 and replacing the grade of steel for PSGWC-bars with the grade of steel in
ribbed bars raise the capacity of columns in sl. No. 7 to 1741 kN which is higher than the capacity of columns with ribbed bars, irrespective
of the surface conditions.
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Sl.
No.

Cube
Strength
of
Concrete
(MPa)

Type of bar Reinforcement
No. and size
(mm)

Steel
Grade
(MPa)

Axial
Load
(Test)
(kN)

%
Increase
or
decrease
P with
respect
to Plain
round
bar
(columns
with ties)
#

Axial Load
(Analytical)
(kN)

%
Increase
or
decrease
P’ with
respect
to Plain
round
bar
(columns
with ties)
#

(Test
Load) /
(Analytical
Load)

%
increase
or
decrease
(P/ P’)
with
respect
to Plain
round
bar
(columns
with ties)
#

9 36.16 PSGWC-bar
pitch 30d,
offset 4
mm
(columns
without
ties)

4–12 390.33 1061.00 -22.54 1156.30 + 0.59 0.93 -23.14

10 37.52 PSGWC-bar
pitch 30d,
offset 5
mm
(columns
without
ties)

4–12 390.33 1336.77 -2.41 1166.75 + 1.50 1.16 -4.13

11 38.60 PSGWC-bar
pitch 30d,
offset 6
mm
(columns
without
ties)

4–12 391.32 1511.00 + 10.30 1224.61 + 6.54 1.24 + 2.47

Notes:

Notes: # Square ties of 8 mm dia ribbed bars @ 110 mm c/c used in columns in Sl. Nos. 1–8, d is diameter of the bar. * Raising the
strength of concrete in sl. No. 7 to that of the column in sl. No. 6 and replacing the grade of steel for PSGWC-bars with the grade of steel in
ribbed bars raise the capacity of columns in sl. No. 7 to 1741 kN which is higher than the capacity of columns with ribbed bars, irrespective
of the surface conditions.

4.2 Failure Modes Observation
Typical modes of failure of columns with different types of rebars and rebars of the same type, but with different surface conditions, as well as
columns with or without ties are shown in Fig. 3. Information on the strengths or load-carrying capacities of different columns can be found in
result section. Useful observations can be made from a study of the load-carrying capacities, failure modes and the surface conditions of the
rebars following the failures of the columns.

4.3 Discussion
PSGWC-bars, with their plain surface and gentle wave type shape, not only help to extend the life of concrete structures, but they also improve
the performance of reinforced concrete columns under load when employed as rebars.

The genuine superiority of bond or effective assignation between rebars and their surrounding concrete has an impact on column strength, and
when PSGWC-bars are utilised as rebars, this assignation or effective bond between rebars and their surrounding concrete is at its highest.

All the thirty-three columns failed by bursting of concrete. That being so, it may be bene�cial to use columns with lateral ties spaced closer
than what is speci�ed in codes/ standards. Closer spacing of ties is likely to enhance ductility and energy absorbing capacity of columns. A
comparison of the Axial Load (Test) in S. Nos. 7 and 9 in Table 1 and a comparison of the photographs of the corresponding failed columns
(Fig. 3) clearly show the bene�ts of using ties or spirals.

An important objective of the study was to con�rm that the usage of PSGWC-bars in columns would not lead to any reduction in the load
carrying capacities of columns through any buckling of the rebars. The Axial Load is the average of failure loads of three columns in each type
and surface condition, as found in tests.

A comparison of the Axial Load (Test) with the Axial Load (Test) clearly shows the bene�cial effect of using PSGWC-bars. In fact, even
recognizing that the omission of ties could have lowered the load carrying capacities of columns, it is seen that the columns with PSGWC-bars,
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but without ties, in S. No. 11 have higher load carrying capacities than the columns with plain round bars but with ties in Sl. No. 1 in Table 1.
The higher strength of concrete for the columns in S. No. 11 cannot fully account for the large difference (1510 kN − 1380 kN) in the Axial Load
(Test). As can be seen in Note * in Table 1, the usage of PSGWC-bars, coupled with lateral ties, leads to the highest load carrying capacities in
columns.

Raising the strength of concrete in S. No. 7 to that in Sl. No. 6 and replacing the grade of steel for PSGWC-bar with the grade of steel in ribbed
bars raise the capacity of columns in Sl. No. 7 to 1741 kN which is higher than the capacity of columns with ribbed bars (S. Nos. 4 to 6) with or
without galvanizing or with epoxy coating.

The lower Axial Load (Test) of columns with untreated ribbed bars (S. No. 4), compared to the Axial Load (Test) of columns with ribbed bars
with galvanizing (S. No. 6), can possibly be explained by the fact that conventional ribbed bars are frequently found to be coated with a layer
of rust, as can be commonly seen in India where ribbed bars are quenched as a relatively less expensive means to increase the yield strength of
steel.

The axial load carrying capacities of the columns, when corrected for the same concrete strength, show that when PSGWC-bars are used as
rebars and nominal ties are used, load carrying capacities of columns tend to be the highest when compared with the ultimate load carrying
capacities of columns with other known forms of rebars, whether those rebars may be uncoated, coated or galvanized.

Column 10 in Table 1 shows the additional margins in the load-carrying capacities of columns as the ratios of ultimate capacities (as found in
tests) (column 6) to the analytically determined axial loads (column 8) for each type and surface condition of column. As seen in column 10 in
Table 1, the use of PSGWC-bars can add to the reserve strength of columns.

The columns, upon failure under axial load (Fig. 3), show that there is no bond between rebars and concrete when such rebars may be given
epoxy coatings. As a consequence, test results in column 6 in Table 1 also show conclusively that there is a fall in the load-carrying capacities
of columns when the rebars may be provided epoxy coatings.

The results conclusively show that there is no adverse effect on the structural performance of columns when PSGWC-bars are used as rebars.
And a comparison of the test results in column 6 for the columns in S. Nos. 8 to 11 shows that instead of lowering the load-carrying capacity,
increasing deformations in the wave type con�guration lead to greater load-carrying capacities. The tests further show that as in the case of
beams, tested at different universities, the use of well-con�gured PSGWC-bars leads to increased load-carrying capacities of reinforced
concrete columns.

5. Conclusions
The following �ndings are taken from the results of an experimental examination on 33 columns with 11 various types and surface conditions
of reinforcing bars:

a. When PSGWC bars were utilized, the ratio of test load to analytically estimated column capacity was the highest, at 1.38.
b. By taking advantage of the higher load-carrying capacities of columns reinforced with PSGWC-bars, the construction of columns

containing PSGWC-bars as rebars can be economized where needed.
c. The use of PSGWC-bars was found to be advantageous.
d. The absence of ties has reduced the load carrying capacity of columns by 1.96 percent to 23.11 percent.
e. It can be seen that columns with PSGWC-bars but no lateral ties have higher load carrying capacities by 10.30 percent than columns with

plain round bars.
f. The use of PSGWC-bars in combination with lateral ties results in the highest load carrying capacities in the range of 5.01 percent to 35.55

percent in columns.
g. PSGWC-bar pitch 30d, offset 4 mm (columns with ties) increased concrete strength by 8.16 percent compared to Ribbed bar with

galvanizing (columns with ties)
h. Replacing the steel grade for PSGWC-bar with the steel grade for ribbed bars increased the capacity of PSGWC-bar pitch 30d, offset 4 mm

(columns with ties) to 1741 kN, which is higher than the capacity of ribbed bars with or without galvanizing or epoxy coating.
i. Reduced the Axial Load (Test) of columns with untreated ribbed bars by 9.59 percent as compared to the Axial Load (Test) of columns

with galvanized ribbed bars.
j. The load-carrying capacity of columns decreased by 10.02 percent when epoxy coatings were applied to the rebars.
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Figures

Figure 1

PSGWC-bars and traditional plain bars
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Figure 2

Test setup for column specimen
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Figure 3

Modes of failures of columns with different types of reinforcement


