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a b s t r a c t

The increasing demands of lifting lugs can be attributed to the rapid advancement of shipbuilding and
offshore-structure production technologies and an exponential increase in the size of the block units of
ship structures. Therefore, to ensure safety during the transportation and turnover of large blocks, it is
important to determine the structural integrity and position of lifting lugs. However, because the
manufacturing cost and availability of lugs are important considerations, low cost and easily obtainable
steel compositions of grades different from those of the blocks are often used as alternatives. The pur-
pose of this study is to investigate the effect of a lifting-lug metal on the physical properties of a base
metal in a dissimilar welding between the base metal and lifting lug. The effect was evaluated by
observing the metal microstructures and determining the hardness and dilution values on the cross-
sectional surface of the lifting lug. According to the results of the metal microstructures, impact, hard-
ness, and emission spectrochemical analysis at the surface from where the lug was removed confirmed
that the chemical composition of the lifting-lug metal did not influence the physical properties of the
base metal.
© 2019 Society of Naval Architects of Korea. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Block transportation and turnover are essential operations in
shipbuilding and offshore construction processes (ASME, 2008).
These processes use a large number of lifting lug members to
perform the block transportation and turnover operations. In the
recent years, the demand for lifting lugs has increased in various
fields, such as in the installation and mooring of floating offshore
wind turbines. The reasons for this increase include the rapid
advancement of shipbuilding and offshore-structure production
technologies and an exponential increase in the size of the block
units of ship structures. Therefore, to ensure safety during the
transportation and turnover of large blocks, it is important to
determine the structural integrity and position of lifting lugs.
However, because the manufacturing cost and availability of lugs

are important considerations, low cost and easily obtainable steel
compositions of grades different from those of the blocks are often
used as alternatives. If the steel used in lifting lugs is of a grade
lower than that used in the base, the lug steel will meld into the
base steel and change the chemical composition of the latter.
Particularly, when amarine structure is manufactured using steel at
a low temperature (An et al., 2017; Hoshino et al., 2004), dilution by
welding using dissimilar steel plates that can be easily used at the
factory may affect the safety of the welded steel structure. These
safety issues arise when the lifting lug breaks owing to the inade-
quate engineering design developed for reducing cost, or weakens
in strength owing to its composition being different from that of the
payload it carries. Therefore, the focus should shift to developing an
optimal design (Kim, 2006).

Several research studies have been conducted to reduce the
manufacturing cost and improve the rational design of lifting lugs.
However, using this structural rationalization study (Ham, 2001) to
present a desirable and improved structure has proven difficult for
engineers owing to the lack of an optimization theory and experi-
ence. To overcome this difficulty, a hybrid structural design system
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(Kim et al., 1998; Ham et al., 2009; Ham, 2011) that can produce
optimal profiles for and simultaneously examine the strength of
specific types of lifting lugs was developed. This system made it
possible to obtain an optimal design by deriving an optimal shape,
design a lightweight lifting lug with a high turn ratio using the
strength formula, and perform structural analysis using the Finite
Element Method (FEM). The improved lifting lug obtained through
this system can help in increasing the reuse frequency and has an
advantage over other lugs in terms of strength (Kim, 2003).

When welded using readily available steel grades for cost
reduction, the lifting lugs dilute into the welds, which may affect
the strength of the actual structure. Nouri et al. (2007) conducted a
study on the effect of gas metal arc welding conditions in pipe
cladding on the dilution and weld bead shapes of lifting lugs. The
study found that higher the welding wire feed rate is, more is the
dilution and bead height and width; however, the welding speed
decreased. Om et al. (2013) and Gunaraja and Murugan (1999)
investigated the effect of Submerged Arc Welding (SAW) polarity
and weld parameters on the size and dilution properties of Heat
Affected Zones (HAZs). The width and area of HAZs increased lin-
early with the input heat, irrespective of the electrical polarity. In
addition, Kim et al. (1996) studied the effects of linear cracks on real
structures using Magnetic Particle Inspection (MPI) after the
removal of lug by oxygen/ethylene flame. According to their results,
the welding slag penetrated into the metal base instead of pene-
trating into the diluted metal of the lug. Several research studies on
the structural safety of the lifting lug member have been per-
formed. However, there has been little research on the effect of the
dilution by dissimilar welding from the low-grade lifting lugs to the
high-grade base steel in dissimilar welding.

The purpose of this study is to investigate the effect of lifting-lug
metal on the physical properties of the base metal in a dissimilar
welding between the two. The effect was evaluated by observing
the metal microstructures and determining the hardness and
dilution values on the cross-sectional surface of the lifting lug.

2. Specimen preparation

Fig. 1 shows the shape and dimensions of the fillet-welded
specimen used in the experiment. The base metals used were B-
grade and EH36 shipbuilding steel, and the lifting lug metals were
A-grade steel and marine-grade stainless steel (STS) 316L. The base
metal was 200mmwide and 150mm length. The thicknesses of the
B-grade, EH36, A-grade, and STS316L steels were 20, 30, 20, and
10mm, respectively. For a lifting lug thickness of 20mm, a groove
of 40� was made and full penetration welding was performed,
while for a lug thickness of 10mm, fillet welding was performed.
The types of steel and welding wires used are listed in Table 1, and
the welding conditions are listed in Table 2. Flux Core Arc (FCA)
welding was performed on the lugs, and the welding wire was

selected according to the grades of the two steel types that were
welded. Fig. 2 shows an image of the fillet-welded specimen.

Fig. 3 shows the cross section of the welded structure and
location on the test specimens to observe the metal microstruc-
tures andmeasure the hardness and dilution values. In Fig. 3(a), the
lifting lug is cut at the top of the weld bead using a saw. In Fig. 3(c),
the remaining beads are grounded until the height of the welds is
equal to that of the surface of the base. The test specimen was
sampled at the center of the base metal fromwhere the beads were
grounded and removed. Fig. 4 shows the surface and cross section
of the specimen taken from the welded structure.

3. Results and discussion

3.1. Metal microstructures

Mounting, polishing, and etching operations were required to
inspect the metal microstructures of the base metal fromwhere the
lifting lugs were removed. A resin and hardener were mixed and
placed in a frame with a sample and subsequently hardened. The
mounted specimens were then polished using rough and soft
sandpapers consecutively. The surface of the test specimen was
corroded using nitric acid and alcohol. Themetal microstructures of
the corroded specimen were then observed using an optical mi-
croscope of 200� magnification. Figs. 5e8 show the metal micro-
structures of the test specimens F1, F2, F3, and F4, respectively. The
observation positions for each of the specimens are at the weld
metal, fusion line (F/L), 1 mm position from fusion line (F/L þ 1),
and 2mmposition (F/Lþ 2). The base metal of specimens F1 and F3
were made of B-grade steel, while those of specimens F2 and F4
were made of EH36 steel. The lifting lugs of specimens F1 and F2
weremade of SS400 steel, while those of specimens F3 and F4 were
made of STS316L. The microstructure of the weld deposit metal is
determined by the welding wire and heat input. Figs. 5 and 6 show

Fig. 1. Shape of specimens and groove.

Table 1
Specimens grade and consumable wire.

Test No. Base Metal (grade) Lifting Lug Metal (grade) Consumable wire

F1 B A(SS400) SC-71LH
F2 EH36 A(SS400) DS II-81-K2
F3 B STS 316 L SB309MOL
F4 EH36 STS 316 L SB309MOL

Table 2
Welding conditions.

Test No. Current(A) Voltage(V) Travel speed (cm/s)

F1, F2 260 25 40
F3,F4 240 25 40
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Fig. 2. Specimen pictures.

Fig. 3. Process of cutting specimens from welded structure.

Fig. 4. Macro cross section and grinded base surface (No. F1).

Fig. 5. Micro structure of grinded base metal surface in F1 specimens.

Fig. 6. Micro structure of grinded base metal surface in F2 specimens.
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that both the base and lifting lug are made of carbon steel, which is
composed of grain-bound ferrite and acicular ferrite. When the
temperature exceeds 1300 �C in the fusion line, the crystal grains
become coarse and cause a decrease in toughness (Welding
handbook, 1991). The rate of growth of the grains in HAZs de-
pends on the input heat, thickness of the base metal, etc. An HAZ is
classified into a crystal grain coarsening region at 1300 �C or more
and a grain-refining region near the A3 transformation tempera-
ture depending on the heating temperature. The crystal grain re-
gion in the HAZ is heated at a temperature close to the solidus
temperature and cooled rapidly to enable the extraction of carbides
and nitrides. In the case of the austenitic stainless steel (STS316L),
the austenite phase formed after solidification persists without a
phase transformation at room temperature; however, in the case of
the carbon steel, many phase changes occur during the cooling
process. Except at the part of the welding metal, similar metal
structures were observed at all other observation positions
depending on the characteristics of the base metal. Therefore, the
results of the metallurgical process at the welds showed a metallic
texture similar to that of the welding wire. This is because the
welding wire was selected by the better quality metal component
of the two weld metals. Cellular or dendrite coagulation types are
observed in the melting zone of the weld, planar coagulation is
observed near the fusion line where the temperature gradient is
large and the growth rate is slow, and equiaxed dendrite

coagulation is observed where the temperature gradient is very
small. In other words, structural steels with a BCC crystal structure
undergo equiaxed dendrite coagulation. However, in structural
steels with an FCC crystal structure, such as in austenitic stainless
steel, subgrain boundaries are easily observed even at room tem-
perature because diffusion at high temperature is relatively slow.
The finer the grain, the more improved is its hardness and tough-
ness characteristics.

3.2. Hardness

The hardness at the cross section of the base material removed
after installation of the lifting lug of low grade steel was measured.
The hardness measurement position is 2mm in the thickness di-
rection from the surface as shown in Fig. 9 (a) and the steel surface
with the lugs removed as shown in Fig. 9 (b). Hardness was
measured at intervals of 0.5mm 10 (a) is the results at 2mm away
from the surface in the thickness direction, and Fig. 10 (b) is the
result at the surface with the lugs removed.

The hardness values in the base metal section varied depending
on its type. EH36 steel had a hardness value of 20e40 Hvmore than
the B-grade steel. In the results obtained, large hardness values
were observed near the welds. Particularly, the hardness value on
the cross section of F4 was 100e150 Hv more than those on the
cross sections of F1, F2, and F3, while the hardness values on the

Fig. 7. Micro structure of grinded base metal surface in F3 specimens.

Fig. 8. Micro structure of grinded base metal surface in F4 specimens.

Fig. 9. Position of hardness in F1.
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surfaces of F3 and F4 were 100 Hv more than those on the surfaces
of F1 and F2. The maximum hardness value was found to be larger
than the standard value of 380 Hv. This high hardness valuewas not
due to the use of a dissimilar lug but because of differences in the
cooling rate, i.e., an inappropriate welding procedure. Adams
(1958) reported that the cooling rate of a weld depends on the
thickness of the weld, shape of the weld, temperature of the base
metal, heat input to the weld, and preheat temperature. The
austenite microstructure formed by high temperatures of welding
shows various phase changes depending on the cooling rate. When

the critical cooling rate is high, all the microstructures are trans-
formed into martensites. However, when the critical cooling rate is
low, bainite and pearlite transformations occur, and the hardness
value subsequently decreases. According to the Hall-Petch equation
(Park et al. (2003)), the finer the particle size, the better the hard-
ness and toughness performance. The heat inputs of specimens F1
and F2 are higher than those to F3 and F4 because specimens F1 and
F2 have a groove welding and the thickness (10mm) of F3 and F4 is
thinner and are fillet welded with a throat length of 4mm; hence,
the cooling rates of specimens F3 and F4 were faster than those of

Fig. 10. Hardness Micro structure.

Fig. 11. Position of dilution test for fillet welding joint.
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Fig. 12. Results of chemical composition analysis for removal attached plate in fillet joint.
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F1 and F2. Consequently, F4 had the fastest cooling rate and sub-
sequently the largest hardness value.

3.3. Metal element component analysis

Emission spectrochemical analysis was performed to examine
whether the metal component of the lug was transferred to the
base metal and diluted during the lifting-lug welding process. This
analysis is a method of quantitatively analyzing spectral intensity at
the wavelength of light generated by irradiating a sample and
determining the type or amount of component element of the
sample based on the emission spectrum of a standard reference
sample. Fig. 11 is an image of the component analysis of the surface
from where the lugs were removed. The measurement positions
were fixed at locations W1 and W2 at the center of the welding
length and boxing welded joint, respectively. The component
analysis of the lug, base metal, and welding wire were compared
with the spectral analysis results of the measured surfaces W1 and
W2.

Fig. 12 shows a comparison of the components detected at the
two measured locations (W1, W2) with those detected in the base
metal (B), welding wire (Wire), and attached metal (Attach). The
results of F1 in Fig. 12(a) show that about 0.2e0.4% of Si and 1.4% of
Mn was detected at W1 and W2 and in the welding wire, respec-
tively. In the lag material, Mn was detected in 0.6e0.7% and 1% in
the base material. From these results, the locations (W1, W2) of F1
were concluded similar to the welding wire. However, the lug
component was not detected. The results of F2 in Fig. 12(b) show
that about 0.6% of Si, 1.5% of Mn, and 1% of Ni were detected at W1,
W2, and in thewelding wires. In the lag material, Mnwas 0.6e0.7%,
while in the base metal, Si and Mn were the same as those
measured in W1 and W2, and 0.1% Ni was detected. From these
results, the chemical composition of the position (W1, W2) of F2
was detected similar to welding wire and base metal, but no
component of lag metal was detected. The results of F3 and F4,
shown in Fig. 12(c) and (d), respectively, are similar. In the welding
wire and at W1 andW2, the amount of Mn detected was within 1%
and the amounts of Cr and Ni were within 4%. The chemical
composition of the base metal was found to be similar to that of the
locations W1 and W2. The welding wire and lug were found to
contain 15e22% of Cr and Mn and about 3% of Mo.

The results confirmed that the chemical composition of the lo-
cations W1 and W2 was similar to those of the base metal and
welding wire and not to that of the lug metal. The results also
confirmed that this similarity depends on the degree of removal of
the weld bead. Moreover, the results at the surface fromwhere the
lug was removed also confirmed the absence of the chemical
composition of the lug metal.

4. Conclusions

To investigate the effect of the removal of lifting lug on the
physical properties of the base metal, the microstructures, hard-
ness, and chemical composition of the base metal were compared
to those of the lug metal, and the following results were obtained:

1. After removing the lugs, all the metal microstructures of the test
specimens melded with and appeared as the metal micro-
structures of the welding wire itself, and the lugs did not
demonstrate any effect. In the case of the base metal, the EH36
shipbuilding steel showed a better microstructure than the B-
grade steel. The microstructure of EH36 steel was also visible in
the fusion line near the weld.

2. The hardness values measured after the removal of the lugs
were larger in F3 and F4 specimens than in F1 and F2 specimens.
Particularly, the result of F4 exceeded 380 Hv locally. This is
because F3 and F4 received smaller amounts of heat inputs than
F1 and F2. Moreover, the test specimen F4 showed a high
hardness value because the thickness of its base metal was
30mm, which is thicker than those of the other specimens.
Hence, the cooling rate at the welded portion of F4 was the
fastest.

3. Analysis of the chemical composition of the section fromwhere
the lug was removed revealed that the lug component diluted
and appeared as a component of the welding wire or the base
metal. This is because the welding wire melted and penetrated
into the base metal, as evident from the cross-section of the
welding joint.

4. After analyzing the metal microstructure, hardness value, and
chemical composition after the removal of the lugs, most of the
properties of the welding wire and base metal persisted, and the
lug did not have any influence on the physical properties of the
base metal.
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