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ABSTRACT Because of climate and human factors, the corrosion of reinforced steel bar has be-
come one of the important reasons of premature deterioration of concrete buildings and infrastructure.
Stainless steel bar cannot be widely used due to its high price. Therefore, stainless steel clad carbon
steel bar comes into being. It is a new material used in construction, which is made up of corrosion re-
sistant stainless steel outer layer and carbon steel core. In the present study, an experimental study was
conducted to investigate the mechanical property and bonding state of stainless steel clad carbon steel
bar. The tensile strength of clad bar and bonding strength of two metals were measured using tension
test and shearing test. Further, microscopic morphology, element diffusion and microhardness near the
interface were analyzed using OM, SEM, EDS and microhardness tester. The results show that the
two metals of the bar extend proportionally in the rolling process. The tensile strength is 550 MPa and
the percentage of elongation is 45%. The neck phenomenon in the tensile experiment is obvious and
the two metals are undivided in the fracture. With the increment of rolling pass, the bonding between
the metals becomes denser and this increases the shearing strength. The max shearing strength is
333 MPa and the typical plastic dimples and shearing slip were observed on the shearing fracture
surface. Element diffusion occurs at the interface where the Cr, Mn, Ni of stainless steel diffuse into
carbon steel and the Fe of carbon steel diffuses into stainless steel, and the total width of diffusion
distance is about 30 μm. After sixth pass rolling the microhardness of the carbon steel near the inter-
face increased significantly to 399.4 HV which is higher than carbon steel. The metallurgical diffusion
bonding is formed in the interface of clad bar.
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Table 1 Composition and properties of test materials

Material Composition, mass fraction, % Property

Cr Ni Mn C Fe σs, MPa σb, MPa λ, %

304 stainless steel 18—20 8—9 0.75 0.08 Bal. 206 520—700 >40

Q195 carbon steel – – 0.25—0.50 0.06—0.12 Bal. 195 315—430 >33

? 1 �T�Y��OU W 2 6 ��Z���P�UV
Fig.1 Photo of cross–section of workpiece after drawing Fig.2 Shapes and dimensions of six passes (unit: mm)
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? 3 �
g�hW
Fig.3 Schemtic of tensile specimen (unit: mm)

? 4 6 �����Y���UV���

Fig.4 Sizes and morphologies of workpiece cross–section af-

ter six pass rolling (unit: mm)

? 5 � 6 ��������/��Æ	����
gk

Fig.5 Tensile curve of stainless steel clad carbon steel bar

after six passes rolling

N,'* 45%. i[3,6; c`76^f, J-= 

n@, `b$!"$3,%$6;;%A<l5 %$,

e"*+-*4>)n6%K(hÆ!"!gopD(

]` IN.

-*$ �" N,'"?, $3,_c [j$!

"@?i<$gQ.B, k;P*) () gQ*(\,

$!""he6. R 6 <3m*,  i 5628Gd 

) )e"/o, $!" _c%$Æd. :$gQqA

 4>()"aj I*+, 1%-*3,G6\, 61

-YbK,k, 7I/2L\G6, ".2p*G, &Gd

r+*q, "76.

R 7 *".2//2) ()gQ*(G#+1F



�1516  �!���� � 47 �

 %ER. -R<3m*, i 1 1FOi 3 1F, $!

" gQ*(rE`;klm. 1%$�"@ l!) 

@JO" $I6;. -*i 1 1F N,UAP, ()

@ !.B"#&$!"$Il!) nm=<o , S

3gQ*(* 0. i 2 1i 3 1F !"+n=, ()

 $dh/C$Il!) , 2Zi 3 1F gQ*(

? 6 � 6 �����Æ	����
��

Fig.6 Tensile fracture surface of clad bar after six passes

rolling

? 7 ���/������	��
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Fig.7 Variation of shearing strength of bonding interface

between stainless and carbon steels with rolling

passes
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Fig.8 Metallographs of interfaces of workpieces before rolling (a) and after rolling 1st pass (b), 2nd pass (c), 3rd

pass (d), 4th pass (e), 5th pass (f) and 6th pass (g)
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{, $!"eT:ElOl!) , YcDD-u, ) *

(=, 3,gQ\, !"@h$'-= fy%$, _e$

I tu|x^}.

*#/,()$d!"A' /-IN, D/ EDS
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 γ–Fe, %"-= "z#B, ".2d  !A' Cr,

Mn 1 Ni b/2;r@QMH, )*/2;"z C v
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? 9 ~�s�����Y	�������� SEM ~

Fig.9 SEM images of shearing fractures of workpieces after rolling 1st pass (a), 2nd pass (b), 3rd pass (c), 4th

pass (d), 5th pass (e) and 6th pass (f)
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? 10 ���� EDS k}~�
Fig.10 EDS line scanning curves of bonding region
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Fig.11 Measuring position of microhardness near bonding

interface
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Fig.12 Distribution of microhardness near bonding interface
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ZgQG);#�tu A+nV, i 4 1F3*()2
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(3) ".2//25628T 3 1F#+*, !"@
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2; Fe A'b".2MHf 10 μm, ".2; Cr,
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[ 399.4 HV.
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