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Evaluating the Behavior of Welding-Defected CFRP Fiber-Reinforced Double-
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ABSTRACT: Engineers have faced many structural problems in recent years, such as buckling,
corrosion and excessive loading in damaged steel structures. The labor force’s mistakes during
welding and the destruction of the weld are among the many problems in steel structures. Therefore,
strengthening and repairing the welding place in steel structures is inevitable. This article investigates
the influence of polymers reinforced with carbon fibers for strengthening steel studded double columns
with defects caused by welding. For this purpose, seven steel columns were modeled in Abaqus finite
element software. A CONTROL column was modeled as the first sample with no defects and welded
all over. The rest of the defective samples were reinforced using CFRP fibers. On the other hand,
strengthening using CFRP fibers to improve the location of the defect was investigated in detail for
three specimens. Reinforcement of these sections using CFRP fibers is not only an effective method
to increase the maximum axial force in these columns, but it has also helped to improve resistance and
delay local buckling in them. According to the results, it was observed that among all the samples, the
maximum bearing capacity is related to the 2UW3 model, and it has increased by 29.9% and 21.7%
in the laboratory sample and numerical modeling, respectively, compared to the 2UW3C1 sample. In
addition, 2UW3C1 and 2UW1C1 samples have the highest hardness among laboratory and numerical
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1- Introduction

In general, composite utilization began in the 1940s
and, like many other techniques and technologies, first
had military applications and mostly used in the aerospace
industry. After World War II, the use of polymers and polymer
composites increased by almost 80% in the missile industry
in the USA and Western Europe, and its low weight and high
strength caused it to be used quickly in other fields such as
construction /automotive, industry, dock/vessel/speedboat/
marine manufacturing and so on as well [1]. CFRP layers
are used to strengthen masonry, wooden, and steel structures.
CFRP covers are an alternative to other methods, such as
steel plates, concrete, or metal column sheaths [2]. A wide
range of adhesives can be used to bond between CFRP and
metal materials, including epoxy, polyurethane and acrylic
elements [3]. Below are some of the studies done.

Reza Dost et al. [4] investigated the effect of FRP fibers on
theultimate strengthand deformationof X-shapedtubularjoints
under compressive axial loading. First, the results obtained
from finite element models were validated with laboratory
results. To investigate various variables in strengthening
X-shaped tubular joints using FRP fibers, including material,
length, twist angle and the number of layers, 75 joints in
reinforced and unreinforced states were created and analyzed
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to study their nonlinear static behavior. Nasirai and Reza
Dost [5] studied the static capacity of X-shaped tubular joints
reinforced with fibers under compressive load. The results
showed that FRP could significantly improve the stiffness,
ultimate capacity and failure mechanisms. According to the
above studies, it was observed that more research needs to be
done on strengthening weld defects in double stud columns.
In addition, the use of re-welding in places where defects in
the weld in steel columns are caused by incorrect execution,
corrosion caused by environmental conditions, problems such
as high heat in the welding area and destruction of the defect
area, creating residual stress due to Welding will result in the
failure of Welding to be performed correctly in the columns
in the columns under load and during operation. In addition
to the ease of using CFRP fibers, the high resistance created
compared to their small weight and the lack of need for re-
welding in the columns can be among the advantages of using
these fibers over re-welding.

2- Specifications of the Columns and Materials

The height of each 5 mm-thick steel column specimen was
1000 mm and its cross section was 100 X 100 mm. Supports
wererigid at the bottom, welded and fixed with 1 steel plate and
8 angles for more strength, and hinged at the top with 1 steel
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Table I.Specifications of the specimens.

Specimen Weld length (mm) C]zrlilr)nl)ength
CONTROL 1000 0
20W1 750 0
2UWICI 750 250
20W2 500 0
2UW2C1 500 500
2UW3 250 0
2UW3Cl 250 750

- £ NURMAL 5 2UW1 © wict o 2w o wwact = w3 » JUW3C)
SUPPORTING CONDITION

Fig. 1. Measured geometric dimensions of the specimens

plate. The slenderness ratio (A = KL/r) was 18.66, calculated
based on the National Building Code of Iran, Article 10. To
make specimens with support conditions normally possible
in practice, the design value of the effective buckling-length
coefficient for the mentioned column specimens was taken
to be 0.7 (as in the Code). The A, selected column is in the
inelastic buckling range, intermediate class; hence, it can be
considered as a representative of intermediate columns to
study and analyze the results. After studying the location,
cross section and shape of the defects in the desired columns,
all specimens were classified as in Table 1.

As shown, the CFRP fiber coating lengths at the defect
locations are 250, 500 and 750 mm, respectively, the height is
1000 mm for all columns and specifications of steel materials
are according to the tensile test requirements. Fig.1 shows
the specifications of the defects and column dimensions of
the no-defect CONTROL specimen and 2UW1, 2UWI1CI,
22U0W, 2UW2Cl1, 2UW3 and 2UW3C1 defective specimens
with and without CFRP.

3- Experimental and Numerical Modeling

The axial load was then applied slowly by the pump at a
constant speed, and axial deformations and the final load were
accurately recorded by the software and a 16-channel data
logger. Fig.2 shows an example of the columns, connected
tools, and experimental specifications for columns under the
effects of axial loads. The preparation of the specimens for
compression tests is examined next.
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Fig. 3. Defect‘ retrofitting by CFRP fibers and specimen
preparation for loading process.

Fig. 3 shows some column specimens prepared after
CFRP fiber retrofitting for compression tests under the
loading jack.

The method of modeling samples in Abaqus software.
Abaqus software version 2-14-6 was used to model the
samples. To analyze the behavior of columns, local and
overall buckling of samples, steel, glue and CFRP models,
eight-point three-dimensional elements (3D-8R) were used.
The Rex static type analysis method was chosen to observe
better the local buckling of the samples in the buckling area.

3- 1- Failure Modes in CONTROL Column (Group 1)

As the failure mode, here, is not visible as a general
buckling, the local deformations are observed as local
buckling around the defect location. Fig.4 shows the local
axial loading-induced stress distribution and buckling at the
top of the CONTROL column.

3- 2- Fracture Mode of Group 4 Column Specimens

Fig. 5 shows the stress distribution and local buckling
around the defect location in the non-retrofitted 2UW3
column having a 750 mm-long defect; as it is the weakest
specimen compared to others, it can carry the lowest axial
load. Its fracture results showed the separation of the two
steel channels from the bottom of the support at the top to
where welding started at the end of the column.
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1 A R e
Fig. 5. Experimental and modeling local buckling for
CFRP fiber-free 2UW3 steel column.

4- Result and Discussion

After examining and analyzing all the samples studied in
this research, including seven samples, a numerical study and
comparison of all the columns is made in Abaqus software
through a bar chart in Figure 6.

5- Conclusion

The research results showed that the lowest and highest
bearing capacity is related to the 2UW3 column, which
has decreased by 32.3% compared to the control column.
It was also observed that the maximum bearing capacity is
associated with the 2UW3 sample, and it has increased by
29.9% and 21.7% in the laboratory sample and numerical
modeling, respectively, compared to the 2UW3C1 specimens.
In addition, samples 2UW3C1 and 2UW 1C1 have the highest
hardness among laboratory samples and numerical modeling,
respectively.
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Fig. 1. Measured geometric dimensions of the specimens
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Fig. 2. (a) Tension test specimens, (b) Carrying out the tensile test of the specimens, (¢) Sample of the failure of the
specimen after the tension test
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Table 2. Material properties of steel columns
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Table 3. Material properties of carbon fiber [11].
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Table 4. Properties of the adhesive Sikadur-330 [12].
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Fig. 4. Steel columns in hydraulic jack and installation of LVDT
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Fig. 6. Adhesive and epoxy preparation steps
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Fig. 7. Attaching CFRP fibers to the specimen
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Table 5. Summary of Test and FEM results of group 1
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Fig. 12. Force-displacement obtained from modelling
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Table 6. Summary of Test and FEM results of group 2
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Fig. 17. Local and general buckling modes in experimental and modelling for 2UW1C1 steel column reinforced
with CFRP fibers
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results for 2UW2 and 2UW2C1 columns
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Fig. 20. Local and general buckling modes in the experimental and modelling for the 2UW?2 steel col-
umn without using CFRP fibers

Oygo & GuleS 50 Ve S5m0 o ol 1y cunl oids sl] el

e dmd o i |y 2UW2CT g cwl cuond )5 adge

ik 36 4 laygie cpl )3 adge GileS & 2950 el CFRP
A3l e SIS i (5l Jae (KT clls

YFAY

¥ 09)5 (sl ygin Cunsid glade =) =Y -F
Conl odnlie BB S (i5lS g 4 aygie opl 50 Conkd Lo
Slbl )3 adge (kS Sygo 4 e (sl JSS peis <l ol 513
O @i Ve S 00,5 o oamliie 0,5 (pl (slaysiw jd el Joe

e 3 e SIS 51 o pigies VL e )3 (g LS



VEAS B VESY domin VFF Lo oY o)l D 05 S peel (o smsiio 4y i

S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+5.267e+08
+4.877e+03
+4.4882+03
+4.098e+03
+3.709e+08
+3.319e+08
+2.929e+08
+2.540e+08
+2.150e+03
+1.761e+08
+1.371e+08
+9.813e+07
+5.917e+07

z
V.I_.X

CFRP GUWI L oud g jlweglio g 2UW2CT (63Y¥58 ygiw 51y (g5l e 9 ouiulojl 13 IS 9 (adg0 (iileS sacdls LYY UG

Fig 21. Local and general buckling modes in experimental and modelling for 2UW2C1 steel column reinforced
with CFRP fibers
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Table 8. Summary of Test and FEM results of group 4
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Fig. 23. Force-displacement obtained from modelling
results for 2UW3 and 2UW3C1 columns
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Fig. 22. Force-displacement obtained from experimen-
tal results for 2UW3 and 2UW3C1 columns
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Fig 24. Local and general buckling modes in experimental and modelling for 2UW3 steel column without using
CFREP fibers
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Fig. 25. Local and general buckling modes in experimental and modelling for 2UW3C1 steel column reinforced
with CFRP fibers
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Fig. 26. Maximum bearing capacity of all columns in modelling specimens without CFRP fibers and rein-
forced with CFRP fibers
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