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Abstract:
JFE Steel has developed the high strength shearing 

reinforcement that reduced the softening induced by heat 
during welding. The purpose of reducing the softening is 
to prevent the deformation concentration on the softened 
area. Softening by the heat effect was the maximum 
when the steel was heated up to 700–750˚C. The most 
softened area corresponds to the area heated up to the 
highest temperature where austenite does not exist in the 
microstructure. Hardness in the heat-affected zone is 
raised with the increase of the amount of Mo, V. When 
the difference in Vickers hardness between the most soft-
ened area and the base steel is 70 or less, it bne is 
b y  c o n t r o l l i n g  t h e  h a r d n e s s  d i s t r i b u t i o n  i n  t h e  h e a t -
a f f e c t e d  z o n e  a f t e r  w e l d i n g .

1 .  I n t r o d u c t i o n

R e i n f o r c i n g  s t e e l  i n  r e i n f o r c e d  c o n c r e t e  ( R C )  c a n  b e  
b r o a d l y  d i v i d e d  i n t o  m a i n  r e i n f o r c e m e n t  i n  t h e  h e i g h t  
d i r e c t i o n  o f  t h e  s t r u c t u r e  a n d  s h e a r  r e i n f o r c e m e n t  ( h o o p  
reinforcement) placed at approximately right angles 
to the main reinforcement. In earthquakes, the role of 
the shear reinforcement is to prevent the concrete from 
reaching a state of brittle shear fracture due to the bend-
ing stress generated in the columns and beams. Accom-
panying the trend toward RC construction in high-rise 
buildings, recent years have seen an increasing number 
of examples in which high strength reinforcing steel 

was adopted not only in the main reinforcements, but 
also in the shear reinforcements, resulting in heightened 
demand for high strength steel bars1).

Shear reinforcement possessing yield strength of the 
1 275 MPa class is the highest strength steel currently 
adopted. High strength is obtained in this steel by form-
ing tempered martensite, which is achieved by quench-
ing and tempering steel having the proper carbon con-
tent.

As shown schematically in Fig. 1, the construction 
methods used with shear reinforcement can be broadly 
classifi ed into two types, one being the spiral type, in 
which the shear reinforcement is arranged by wrapping 
the hoops around the main reinforcement in a spiral 
shape and securing the hoops with hook-shaped parts 
at its ends, and the welded type, in which a series of 
individual hoops is arranged in parallel around the main 
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Fig. 1  Schematic illustration of shear reinforcement 
arrangement
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marks (○) indicate high ductility fracture occurring in 
the base material, and the X marks show low ductil-
ity fracture occurring in the HAZ. Even after welding, 
breakage takes the form of high ductility fracture in the 
base material when the difference between the hardness 
of the most softened part and the base material ΔHv is 
70 or less.

The Vickers hardness of base material corresponding 
to a yield strength of 1 275 MPa class (tensile strength: 
1 420 MPa) is approximately 450 Hv. Thus, from these 
results, it can be understood that hardness of 380 Hv or 
more is necessary in the most softened part when sub-
jected to high temperature tempering.

5. Features of Developed Steel
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its effectiveness, particularly in RC structures. For 
example, due to the excellent welded joint shape, which 
is free of protruding parts, the required cover thickness 
of concrete specifi ed in the Enforcement Order of the 
Building Standards Law is easily secured, making it 
possible to obtain the merits of a compact cross section 
in the columns and beams.

6. Conclusion

In order to prevent brittle fracture as increasingly 
high strength concrete is applied to meet the require-
ments of taller concrete structures, use of higher strength 
shear reinforcements in combination with higher 
strength concretes is effective. On the other hand, as the 
strength of the shear reinforcements increases, low duc-
tility fracture accompanying softening of the HAZ dur-
ing welding becomes a problem. To solve this problem, 
the effects of Mo, V, and other alloying elements and 
the amount of alloying element addition on softening of 
the HAZ were investigated. By adopting a composition 

design based on the results of this study, it was possible 
to minimize the decrease in the hardness of the softened 
part due to the effect of heating during welding, and 
also to control the range of the softened part to a narrow 
width. As a result, a new steel with an excellent balance 
of tensile strength and elongation after welding was suc-
cessfully developed. In the future, JFE Steel and JFE 
Techno-wire will continue to study and develop high 
strength shear reinforcements matched to the higher 
strength of concrete.
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