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ABSTRACT: In the steel construction industry, tubular structures become typically used due to their structural
efficiency and economical values. So, rehabilitation and restoration of these structures are essential to maintain or
increase its load carrying capacity and hence it’s structural performance. FRP is the common method of strengthening
the structures for the last two decades. The most widely used FRP composites are glass fibre reinforced polymer
(GFRP) composites, Aramid fibre reinforced polymer (AFRP) and carbon fibre reinforced polymer (CFRP). This
thesis involves comparing and studying about the maximum load carrying capacity of circular hollow steel columns
when they are wrapped with different FRP’s using Ansys workbench 15.0. FRP’s are wrapped at different locations
of the columns at different percentages ie., covering % , 1/3 and ¥4 surface area of the column. Also layers of the
FRP’s are also changed and maximum load carrying capacity is obtained for each cases.

KEYWORDS: Circular hollow steel (CHS) column, axial loading, lateral loading, cyclic loading, ATC-24, IS 1161:
1998 T-1, GFRP wrapping, CFRP wrapping, AFRP wrapping.

I. INTRODUCTION

Due to the special features of hollow sections and their connections it is of more importance than steel
structures of open sections. Tubular structures are commonly used in steel construction industry, due to their structural
efficiency. Circular hollow steel (CHS) sections have superior lateral buckling resistance and more structural efficiency.
Hollow steel section (HSS) is a kind of metal profile with a hollow tubular cross section. HSS members can be either
circular, square, rectangular or elliptical. A properly designed steel construction using structural hollow section,
taking into consideration all of the foregoing, will always be lighter in terms of material weight than a similar
construction, which is made with open section profiles. As a result, though structural hollow sections are bit expensive
than any open section profiles; the overall weight saving that can be gained by using them will, very often, result in
much more cost effective and so economic construction. Many examples in nature show the excellent properties of the
tubular shape like bamboo with regard to loading in compression, torsion and bending in all directions. These excellent
properties are combined with some attractive shape for architectural applications., The closed shape without sharp
corners reduces the area to be protected and increases the corrosion protection life. Circular steel sections have
excellent mechanism for energy absorption and have been widely used in engineering structures such as automobiles,
aircraft, military facilities, bridge structures and other application because of high load carrying capacity and low
structural weight. Another important aspect that is especially favorable for circular hollow sections, is the lower drag
coefficients when exposed to wind or water forces. The internal void can be used in various ways, like to increase the
bearing resistance by filling with concrete or to provide fire protection. In addition, the heating or ventilation system
sometimes make use of the hollow section columns. A properly designed steel construction using structural hollow
section, taking into consideration all of the foregoing, will always be lighter in terms of material weight than a similar
construction, which is made with open section profiles. As a result, though structural hollow sections are bit expensive
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than any open section profiles; the overall weight saving that can be gained by using them will, very often, result in
much more cost effective and so economic construction.
The main objective of this project is as follows:

*  To calibrate the failure load of specimen under the axial loading.

» To model an existing building and taking that load into consideration for designing hollow steel column..
» To conduct the study on the effect of different FRP wrapping on specimen using Ansys Workbench 15.0.
» To compare the performance of different FRP wrappings on the specimen at different locations

» Tostudy the effect of different FRP’s wrapped at different percentages and different layers

» Tostudy the effect of different FRP’s under different loading conditions.

The scope of work involves finding the effectiveness of FRP wrappings over hollow steel columns. It also
involves comparative study of performance of different types of FRP wrappings on the hollow steel columns at
different locations under different loading conditions. From this study, the most effective type of FRP and its most
effective location can be founded.

Il. VALIDATION OF COLUMN

To verify the FEM software, study conducted by Guo et al. “Behaviour of thin walled circular hollow section
stub columns under axial compression” was selected. In this literature, both experimental and analytical work were
done to determine the structural performance of hollow steel stub column. The experiment part of that study was
validated by ANSYS WORKBENCH 15.0 using the material properties and specimen specification noted in that
journal. Size of hollow steel column from journal: Height of column = 1800 mm, Diameter = 600 mm, Thickness = 2
mm. The maximum load obtained while validation is 177kN. In the journal the value of maximum load is 190kN. Thus
the percentage variation of maximum load is almost 7% compared with the journal.

I11. MODELING AN EXISTING BUILDING INETABS

An existing residential building proposed for Mr. Kasim, in survey no: 104/7-2, Edappally north is choosen. It is a
G+5 building. This building is then modeled in ETABS. Then loads acting on each columns are obtained. For further
proceeding of project work, the column carrying maximum load is to be selected. Maximum load of the column
obtained from etabs is 1433kN. It is the maximum load acting on the column. Taking this load into consideration we
can fix a size for the hollow steel column using steel code.

IV.MAXIMUM LOAD CARRYING CAPACITY OF HOLLOW STEEL COLUMN

An existing residential building is modeled in Etabs and the column carrying maximum load is obtained. This
concrete column is then replaced with circular hollow steel column and then the maximum load carrying capacity of the
circular hollow steel column is obtained using ANSYS WORKBENCH 15.0.

Size of circular hollow steel column:

N,
Area of steel column = % (from steel code)
y
22984x11 103
=" x —=8155cm?
310 10

From IS 1161 : 1998 T-1
Diameter of steel column is 350 mm and thickness is 8 mm
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Table 1: Properties of Hollow Column

Property Value Unit
Density 7850 Kg/m’
Youngs modulus 1.88x 10° MPa
Poisson’s Ratio 0.36
Bulk Modulus 22381x10° MPa
Shear modulus 69118 x10* MPa
Yield strength 190 MPa
Tangent modulus 0
Tensile yield strength 190 MPa
Tensil e ultimate strength 310 MPa

RESULT: Maximum load carrying capacity of hollow steel column of size 350 mm diameter and 8 mm thickness
without FRP wrapping is 1450 KN. Normal stress value obtained is 188.34 Mpa. Stiffness of the column is 99.72
KN/mm.

V. LOAD CARRYING CAPACITY OF COLUMN WRAPPED WITH DIFFERENT FRP’S UNDER AXIAL,
LATERAL AND CYCLIC LOADING

The hollow steel column is modeled in Ansys workbench 15.0. Firstly in engineering data section, hollow steel is
added as a new material. Model the column in geometry section of Ansys. Size of the column is 350 mm diameter,
2250 mm length and thickness is 8 mm. Table 2 shows properties of GFRP and Table 3 shows the specifications of
FRP and based on these specifications columns are designed.

Table 2: Properties of GFRP Table 3: Specifications of FRP's
Property Value Unit Percentage of Location Width of FRP Spacing of FRP's
_ Wrapping (mm)
Density 2550 Kg/m® Fully Wrapped _ 2750
Young's modulus 80100 MPa - (100%) -
B 2 of surface area 1 loc 1125
Poisson’s Ratio 03 (50%) 2 loc 562.5 562.5
3 loc 375 373
5 loc 225 225
Shear modulus 30808 x MPa PN P —— loc 50 -
10% (33%) 2 loc 375 500
3 loc 250 375
Tensile yield 18255 MPa Tloc 13735 200
strength 5 loc 150 250
1/4 of surface area 1 loc 62.5 -
(25%) 2 loc 281.25 562.5
3 loc 187.5 421.875
4 loc 140625 3373
5 loc 1125 28125

Tables 4 & 5 shows the properties of CFRP and GFRP and the column is modelled in Ansys using these properties.
These properties of FRP’s are obtained from journals after detailed literature survey.
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Table 4 : Properties of CFRP Table 5 :: Properties of AFRP

Property Vahe Unit Property Valie Unit

Density 1600 Kg/m® Density 1450 Kg/m®

Young’s modulus 251X 10° MPa Young's modulus 1.287X 10° MPa
Poisson’s Ratio 0.3 Poisson’s Ratio 03

Bulk Modulus 2.0917 x 10° MPa Bulk Modulus 1.0725 x 105 MPa

Shear modulus 96538 x 10% MPa Shear modulus 4.95x 10+ MPa

Tensile vield strength 3626 MPa Tensile yield strength 2390 MPa

1750
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Fig 1 Graphs for Axial Loading (a) Maximum Load of GFRP Columns, (b) Maximum Load of CFRP Columns, (c) Maximum Load of AFRP
Columns, (d) Comparing Different FRP’s at 5 locations, (¢) Comparing Fully Wrapped Cases of Different FRP’s, (f) Comparing FRP’s Covering 1/3
of Surface Area, (g) Comparing FRP’s Covering ¥ of Surface Area
In Fig 1 (), (b), (c) & (d) we can see that maximum load is taken by FRP’s which are wrapped at 5 different locations.
Similar results is shown by FRP’s wrapped at 1/3 and ¥4 of surface areas. Among all these FRP’s maximum load is taken by CFRP
wrapped columns when CFRP is wrapped at 5 different locations. When FRP’s are fully wrapped around the column, maximum load
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carrying capacity is shown by column wrapped with CFRP with 4 layers. Fig 1 (f) & (g) shows that maximum load is taken by
columns wrapped with GFRP. GFRP’s with 4 layers show more load carrying capacity than 2 layers. After GFRP, AFRP with 4

layers show maximum load carrying capacity. AFRP carries 1674 kN and GFRP carries 1675kN of load. There is only a negligible
difference between load carrying capacity of these two FRP’s.

GFRPWrapped Columns
Covermg 1/2 Surface Area

=
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Fig 2: Graphs for Lateral loading (a) Maximum Load of GFRP Columns, (b) Maximum Load of CFRP Columns, (c) Maximum Load of AFRP
Columns, (d) Comparing Different FRP’s at 5 locations, (¢) Comparing Fully Wrapped Cases of Different FRP’s, (f) Comparing FRP’s Covering 1/3

of Surface Area, (g) Comparing FRP’s Covering % of Surface

Area

Fig 2 (a), (b) & (c) shows that maximum load is taken by FRP’s which are wrapped at 5 different locations.
Similar results is shown by FRP’s wrapped at 1/3 and ¥4 of surface areas. Among all these FRP’s maximum load is
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taken by CFRP wrapped columns when CFRP is wrapped at 5 different locations. Maximum lateral load carried by
CFRP wrapped column is 119kN and it is at 5 locations.

Fig 2 (d) clearly shows that CFRP has maximum load carrying capacity than AFRP and CFRP. Its also clear that
CFRP with 4 layers carry more load than CFRP with 2 layers.

Fig 2 (e) shows the comparison between different FRP’s when they are fully wrapped around the column. In this
also maximum load is taken by CFRP wrapped with 4 layers and the value is 282kN. For CFRP with 2 layers value of
maximum load is 197 kN. CFRP shows increase in load carrying capacity when layers are changed but all other FRP’s
do not show much load increment.

Fig 2 (f) shows clearly that maximum lateral load is taken by column wrapped with AFRP. Fig 2 (g) shows that
maximum load is taken by columns wrapped with CFRP, followed by AFRP and then by GFRP. There is very
negligible difference in load carrying capacity of columns with CFRP when the layers are changed. Also we can see
that, the difference in load of AFRP and CFRP is also very negligible. From both the above figures, we can also

conclude that AFRP covering Y. surface area have more lateral load carrying capacity than CFRP covering 1/3 of
surface area, when both FRP’s are provided at 4 locations.

GFRP Wrapped Columns CFRFP Wrapped Columns AFRP Wrapped Columns
Covermg 1/2 Surface Avea Covering 1/2 Surface Area Covermg 1/2 Surface Avea
190 195 195
185 % 150 Z 150
o 1280 = 185 = 185
2175 g 180 2 130
2 170 2175 2175
Eles Eizo g 170
E 160 E 165 E 165
é‘ 2L4L 2L 4L (2L 4L (2L 4L (2L 4L é‘ 2ZL4L |20 4L (2L 4L (2L 4L (2L 4L é‘ 2L4L 2L 4L (2L 4L (2L 4L 2L 4L
1loc 1loc 1loc
@ (b} (©)
Comparing Different FRF's Comparing Fully Wrapped Cases
192 G600
2 100 2 soo
~ ~
S 1s8 7 400
= = 300
186
E E z00
B o1s4 |
E E 100
= 182 S o
2L 4L
GFRP CFRP
(d) (e)
FRP'S Covering 1/3 of Surface FRP'S Covering L/4 of Surface
Area Arvea
178 180
g 178
176 :
= =176
g 173 2 174
2 175 2172
5 5 170
E 170 E 163
o o
= =
® (g}

Fig 3: Graphs for Cyclic loading (a) Maximum Load of GFRP Columns, (b) Maximum Load of CFRP Columns, (c) Maximum Load of AFRP
Columns, (d) Comparing Different FRP’s at 5 locations, (¢) Comparing Fully Wrapped Cases of Different FRP’s, (f) Comparing FRP’s Covering 1/3
of Surface Area, (g) Comparing FRP’s Covering ¥ of Surface Area
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Fig 3 (a), (b) & (c) shows that maximum load is taken by FRP’s which are wrapped at 5 different locations.
Similar results is shown by FRP’s wrapped at 1/3 and ¥4 of surface areas. It’s also clear that maximum load is carried
by CFRP wrapped column and it is at 5 locations. From Fig 3 (d) we can see that maximum load is taken by columns
wrapped with CFRP followed by AFRP and GFRP. Difference between AFRP and GFRP is very very small. Fig 3 (e)
shows the comparison between different FRP’s when they are fully wrapped around the column. In this also maximum
load is taken by CFRP wrapped with 4 layers. Fig 3 (f) shows that maximum cyclic load is taken by column wrapped
with CFRP and GFRP. Both are carrying loads of 176.53 kN and 176.03 kN respectively. This values is almost same so
we can say that both the FRP’s have same load carrying capacity. Fig 3 (g) shows the graph comparing maximum
cyclic load carrying capacity of columns with FRP’s Covering ¥ of Surface Area. In this case maximum load is taken
by columns wrapped with AFRP, followed by CFRP and then by GFRP. Also we can see that, the difference in load of
GFRP and CFRP is also very negligible.

VI.RESULTS AND DISCUSSION

e When CFRP is fully wrapped around the hollow steel column its load carrying capacity increases from
1450kN to 1835 kN for 2 layers CFRP. As original load carrying capacity of this hollow steel column without
FRP is 1450 kN, about 27 % of increase in load carrying capacity is obtained.

e For fully wrapped condition only we can see an increment in load carrying capacity of columns wrapped with
2 layers and 4 layers. There is an increment of about 67% for columns wrapped with 4 layers of CFRP than
those with 2 layers.

e  For fully wrapped condition only we can see an increment in load carrying capacity of columns wrapped with
2 layers and 4 layers. There is an increment of about 97% for columns wrapped with 4 layers of CFRP than
those with 2 layers.

e At 1/3 and ¥ surface area maximum axial load is taken by columns wrapped with GFRP. GFRP’s with 4
layers show more load carrying capacity than 2 layers. After GFRP, AFRP with 4 layers show maximum load
carrying capacity. AFRP carries 1674 kN and GFRP carries 1675kN of load.

e Maximum lateral load is taken by column wrapped with AFRP when 1/3 of surface area is covered. But when
1/4" surface area is covered, maximum load is taken by columns wrapped with CFRP, followed by AFRP and
then by GFRP

e AFRP covering ¥ surface area have more lateral load carrying capacity than CFRP covering 1/3 of surface
area, when both FRP’s are provided at 4 locations.

e  When wrapped 1/3 surface area, maximum cyclic load is taken by column wrapped with CFRP and GFRP.
Both are carrying loads of 176.53 kN and 176.03 kN respectively.

e Maximum cyclic load is taken by columns wrapped with AFRP, followed by CFRP and then by GFRP when
they cover ¥4 surface area. Also we can see that, the difference in load of GFRP and CFRP is also very
negligible.

VII. CONCLUSION

e From all of the above obtained values of hollow steel column wrapped with FRP’s under different loading, we
can see maximum load carrying capacity is for CFRP wrapped columns.

e When the percentage of FRP is varied like Y2, 1/3, ¥4 of surface areas of hollow steel column, maximum load
carrying capacity is obtained columns wrapped around ¥ the surface area. For all FRP’s maximum load is
obtained for those covering % of the surface area of hollow column.

e When FRP’s are provided at different locations, maximum load carrying capacity is obtained for those
wrapped at 5 different locations.

o For fully wrapped condition only we can see an increment in load carrying capacity of columns when layers
are changed. For all other cases there is only negligible increase in load carrying capacity of the columns
wrapped with different layers.
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e Maximum axial load is obtained for GFRP, when it covers about 1/3 and % surface area of steel column. This

is obtained when they are wrapped at 5 locations.

e Maximum lateral load is obtained for AFRP when it covers 1/3 surface area of column. Also maximum lateral

load is obtained for CFRP when it covers ¥ surface area of column.

e Maximum cyclic load is obtained for CFRP and GFRP when they are wrapped at 1/3 surface area of column.

When ¥ of the surface area of steel column is covered with FRP, then AFRP carries maximum cyclic load.

e While comparing stiffness, it’s more for AFRP ,followed by CFRP and then GFRP. As GFRP has low

stiffness, it’s more flexible and can be used in seismic prone areas.
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