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Strengthening of Deficient Mortar Filled Steel Columns using CFRP
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ABSTRACT: Recently, the application of concrete-filled steel tubes (CFST) columns has been widely
trended due to their several advantages. Some of the CFST columns may be damaged due to different
problems and need to be strengthened. One of the methods which can be applied to improve the efficiency
of the damaged columns is the strengthening using fiber reinforced polymers (FRP). The present research
investigates the effects of strengthening deficient columns through numerical and experimental studies.
The numerical simulation has been adopted using ABAQUS software in 3D simulation method, and the
experimental test has been done using steady pressure test machine. The defects created horizontally and
vertically at the center of the columns. The specimens include one control and four deficient specimens,
which two of them were strengthened using four carbon fiber reinforced polymers (CFRP) layers. The
results showed that the horizontal deficiencies in columns resulted the most reduction in load-bearing
capacity in comparison with Control (-46%). Strengthening using four CFRP layers (two-transverse
and two-longitudinal) resulted in improving load bearing capacity appropriately (approximately %27
increment in comparison by the deficient column). The application of CFRP improved confinement
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strength and controlled the local failures.

1- INTRODUCTION

Concrete Filled Steel Tubes (CFST) are one of the special
composite sections that are widely used as compressive
members. In recent decades, these kinds of sections are mostly
attracted by engineers due to high flexibility and axial strength.
Different reasons such as corrosion, deterioration, and fire
may cause problems for CFST columns and influence their
ordinary behaviors. Strengthening using Fiber Reinforced
Polymer (FRP) materials is one of the advanced methods that
can be used for such structures. FRP materials have several
advantages such as high tensile strength, efficient durability
and stability, high flexibility, and capable bonding with
concrete and steel. In recent years, a wide range of research
has investigated the strengthening of concrete members such
as beams, columns, slabs, etc., but less research examined the
strengthening of deficient CFST members.

Teng et al. reviewed the strengthening of steel structures
using Carbon Fiber Reinforced Polymer (CFRP). They
investigated the selection of appropriate adhesive and surface
preparation [1]. Batikha et al. presented an analytical method
on buckling behavior of thin-walled cylinders under axial
compression using FRP [2]. Teng and Hu researched the
structural behavior of steel pipes strengthened using CFRP
[3]. Haedir and Zhao investigated the effects of strengthening
ten short steel columns using CFRP. They concluded that
application of longitudinal and transverse layers showed
better performance in delaying buckling [4]. Kalavagunta
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et al. studied the strengthening of cold-formed lipped steel
columns using CFRP [5].

Deviand Amanat researched on strengthening steel Square
Hollow Section (SHS) numerically. Application of CFRP
layers increased load-bearing capacity between (10-90%) [6].
Sundarraja and Sivasankar investigated strengthening of 12
short steel columns using CFRP. They found that parameters
such as numbers of layers and distances of CFRP layers
influenced the load-bearing capacity significantly [7]. Shaat
and Fam concluded that numbers of CFRP layers affected
the local buckling of steel short columns [8]. Bambach et al.
researched CFRP strengthening of steel tubes under static
and dynamic impacts. They found that CFRP strengthening
increased energy absorption of columns [9]. He et al
investigated the structural behavior of CFRP strengthened
concrete-filled steel cylindrical columns. Increasing number
of CFRP layers improved the columns bearing capacity [10].
Sundarraja and Prabhu investigated the structural behavior
of CFRP strengthened CFST under axial compressive. They
concluded that in the non-strengthened area, the local
buckling occurred due to high stress and strain intensity [11].
Dang et al. researched on CFRP strengthening CFST columns.
Twenty-two columns were investigated. It was shown that
cylindrical columns indicated better behavior than square
ones [12]. Feng et al. investigated FRP strengthening of mortar
filled steel tubes. They concluded that for shorter columns,
the failure occurred firstly at the end of the columns (local
buckling), but for the longer columns, the failure happened
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Table 1. Specimens’ specifications and results

Deficiencies’ . .
. k Experimental Numerical
dimensions (mm}
Speci CFRP I £ I £
pecimen Load bearing ncrement/ Load bearing ncrement/
Hor. Ver. ity (kN) decrement ity (kN) decrement
capaci capaci
Control N/A N/A N/A 456 - 445 -
MVD400-60 N/A 400%60 N/A 242 -45.61 235 -48.08
MHD60-60 60x60 N/A N/A 240 -46.06 233 -46.74
MVD400-60-2T2L N/A 400x60 2T2L 367 -17.52 356 =20
MHD60-60-2T2L 60x60 N/A 2T2L 353 -20.67 364 -18.20

Fig. 1. The experimental specimens before test

Table 2. Comparison of modeling verification with experimental

test [14]
Load beari acity (kN
Specimen ofi earing capacity ( _) Difference
Experimental [14] Numerical

Control 928 916 -1.29
CFRP

1001 1044 4.29

Strengthened

mostly as the overall buckling [13]. Prabhu and Sundarraja
used different CFRP distances for strengthening CFST
columns. They found that the application of sufficient CFRP
layers and distances caused overcoming lateral deformation
[14]. Recently, CFRP strengthening of deficient steel short
columns were researched. The results indicate the feasibility
of CFRP for overcoming strength lost due to deficiencies [15-
19].

As abovementioned, most of researches investigated
FRP strengthening of hollow and CFST columns without
deficiency. This research aims to investigate the effects of
CFRP strengthening deficient mortar filled steel square short
columns. The horizontal and vertical deficiencies were made
at the middle of the columns’ height. Both numerical and
experimental investigations were employed.

2- MATERIALS AND METHODS
The investigated specimens in this research include 5
square steel short columns having dimensions of 90x90
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mm? with a height of 600 mm and a thickness of 2 mm.
The dimensions of the columns were selected based on the
requirements of the Iranian National Building Code Part 10:
Design and Construction of Steel Structures [20]. The vertical
and horizontal deficiencies were created at the middle of the
height. All columns were filled using Grout Mortar. Some
of the specimens were strengthened using CFRP layers. For
experimental test, before installing CFRP, the surfaces were
sandblasted, then adhesive was used to past CFRP sheets to
steel surfaces. The specimens’ specifications and results are
shown in Table 1. The experimental specimens before the test
are indicated in Figure 1.

All specimens were simulated using ABAQUS software.
All parts of the specimens were modeled using three
dimensional (3D) Solid elements. Axial load as static gradual
loading was applied, and nonlinear analysis was used. To
verify the simulation method, the experimental works were
used [14]. The investigated specimens were the control, and
CFRP strengthened CFST columns with the dimensions of
91.5%91.5x3.5mm and the height of 600mm. As shown in
Table 2, the results confirmed each other appropriately.

3- RESULTS AND DISCUSSION
3-1- Load bearing capacity

As mentioned in Table 1, the deficiencies caused
decreasing in the load-bearing capacity of the columns
significantly (up to %46). Strengthening the specimens using
four CFRP layers caused increasing the bearing capacity of the
deficient specimens up to %20 in comparison by the deficient
specimens.

3-2- Failure modes

All specimens were tested until failure. In the control
specimen, the elephant-foot failure occurred at the top of
the specimen (Figure 2). In the deficient specimens, local
buckling on steel and concrete (mortar) cracking (Figure 3)
around the deficiency region were happened.

The application of CFRP on the columns caused prevention
on local buckling around the deficiency regions appropriately.
This resulted in improving load-bearing capacity of the
specimens.
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Fig. 2. Local buckling at the top of the CFST column without
deficiency

4- CONCLUSIONS

In this research, numerical study using ABAQUS
software and experimental test using axial pressure test on
CFRP strengthening CFST columns having horizontal or
vertical deficiencies were investigated. Four CFRP layers,
including two transverse and two longitudinal layers were
wrapped on columns. The results indicated that horizontal
deficiency caused more reduction in load-bearing capacity in
comparison with vertical ones. Application of CFRP caused
increasing the load-bearing reduction, retarding the local
buckling, and controlling the failures in the deficiencies area.
The failure mode for the control specimen was the elephant-
foot failure at the top of the column. For the specimens having
deficiencies, local buckling and failure around the deficiency
region in steel columns and crack propagation in mortar
were observed. Mortal filling the columns caused increase
in load-bearing capacity and controlling the failure of thin-
walled steel columns appropriately. The increment reason is
due to the high compressive strength of the mortar and its
appropriate bonding to the steel walls.
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Table 3. Material property of CFRP layers
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Fig. 3. Experimental specimens with and without deficiency before test

RN

Jack

N

LVDT 1

A

LVDT 2

CFST

Discrete Rigid

61855k Jlosl gogous .F Jsis
Fig. 4. Loading configuration

(ABAQUS V 6.13) LusSU il 5 3 gjlodde sl |z 500 5l stacles Vo alolé L CFRP @Y yis Lo 0+ oo
O ygods e g 0 «(6Vgd gtw ol 0 A Cewlonds oolaul Aol b e Lo 0+ oye L CFRP loasy pg0 cl> i
Sloas (55l Jae (2,5 s Hex LI b g SOLID 4 (somans ) oo @l £ ooz ad 3 13 0SS 5l e Lo B

slp cwloss eolaxwl Shell oLl ;I CFRP g3luJoe sl &yl il Kowe b cawbie S8 L aS wad o yinles

014



OYA B OV doiaw VAR JL» & D)L«ﬁ HY 0)9d 6):45)-:.0] ul)a.c (i Ayl

Hydraulic Jack|

8

Steel Square
Hollow Secti

Discrete
Rigid

uu.a'.n)i &l oiwd (g3Lwoolel . JSi
Fig. 5. Experimental test setup

(1] ol lo;T aiges b goue (§ilw e cowixo gu s dmslio £ Jgu

Table 6. Comparison of modelling verification with experimental test [14]
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Fig. 6. Deformation of horizontal deficiency in CFST column
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Fig. 10. Strengthened specimen using 4 CFRP layers
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Fig. 11. Load-displacement in CFST column having vertical deficiency
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Fig. 12. Local buckling at the top of the CFST column without deficiency
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Fig. 13. Concrete cracking in CFST column having horizontal deficiency
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