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Study of the Fabrication Method of 590 MPa Steel (SA440) with High Tensile Strength
and High Ductility
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Synopsis :

"Harumi 1-choume development" is a big project which includes three high rise
buildings (hight over 150 m) and ten middle/low rise buildings in Tokyo. The structural
steel frame of these high rise buildings was designed involving box sections and pipes
using a new steel material SA440 which has 590 MPa tensile strength. The box section
has been manufactured by welding with much higher heat input after assembling steel
plates, and the pipe section has been manufactured by bending a steel plate. SA440 is a
particular material manufactured by undergoing heat treatment, including double
quenching and tempering. The upper and lower limits of the yield strength (YP) and
tensile strength (TS), and also yield ratio (YP/TS) are strictly regulated for this material.
However, after the fabrication of this steel with much heat input or plastic deformation,
there was a fear that the property of the material might have varied and YP, TS and YR
might have exceeded the specified extent. In order to meet the requirement after the
fabrication, we studied the heat treatment process of the pipe products, manufactured
by bending, and the manufacturing process for the box products through production
tests. From the result of these experiments, we studied the conditions of heat treatment

and welding process which comply with the requirements. Consequently, Kawasaki



Steel confirmed that it can ensure good mechanical property of pipes to which heat
treatment in applied after receiving plastic deformation, and also obtain a good weld

metal of the fabricated box section.
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Synopsis:

“Harumi 1-choume development” is a big project which includes three high rise buildings (hight over 150 m) and ten
middle/low rise buildings in Tokyo. The structural steel frame of these high rise buildings was designed involving box
sections and pipes using a new steel material SA440 which has 590 MPa tensile strength. The box section has been man-
ufactured by welding with much higher heat input after assembling steel plates, and the pipe section has been manufac-
tured by bending a steel plate. SA440 is a particular material manufactured by undergoing heat treatment, including dou-
ble quenching and tempering. The upper and lower limits of the yield strength (YP) and tensile strength (TS), and also
yield ratio (YP/TS) are strictly regulated for this material. However, after the fabrication of this steel with much heat input
or plastic deformation, there was a fear that the property of the material might have varied and YP, TS and YR might have
exceeded the specified extent. In order to meet the requirement after the fabrication, we studied the heat treatment
process of the pipe products, manufactured by bending, and the manufacturing process for the box preducts through pro-
duction tests. From the result of these experiments, we studied the conditions of heat treatment and welding process
which comply with the requirements. Consequently, Kawasaki Steel confirmed that it can ensure good mechanical prop-
erty of pipes to which heat treatment in applied after receiving plastic deformation, and also obtain a good weld metal of

the fabricated box section.
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Table 1 Specification of 550 MPa steel
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Table 3 Requirements of fabricated pipes

Yield strength Tensile Yield ratio Elongation Charpy
Yield strength Tensile Yield ratio Elongation Charpy {0.29%) strength (9,3 (JIS type 4} V-notch
(0.2%)  strength (%) UIStype® Venotch (N/mm?  (N/mm?) ¢ (%) °Cm
(N/mm?)  (N/mm? (%) QN SA440C . i
SA440C|  440~540 590—740 Max. 80  Min. 20 Min. 47 plate | 440~540  590~740 Max.80 Min.20  Min. 47
RT40C] 440—560 590740 Max. 80 Min. 20  Min. 47 S‘?,’f;‘fc MO~560  590~740 Max.85 Mn20  Min 47
Table 2 Contents of the experiments
Content Purpose of the test
Test for SA440C plate Investigation of the property of L, CZ
Material iment Test for extremely thick TMCP H-section (RT325C) | As above
atetial experiments Test for extremely thick RT440C H-section As above
Test of the bending pipe using SA440C plate As ahove
Test of BOX section using SA440C Investigation of the manufacturing and welding procedure
Procedure experiments | Test of BH section using SA440C As above
Test of pipe section as bending using SA440C As above
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Fig. 1 Mechanical properties of SA440C pipe products after
warm bending (YP and TS)

Fig. 2 Mechanical properties of SA440C pipe products after
warm bending (YR)
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Fig. 3 Specimen
Table 4 Mechanical property and chemical composition of the material
Thickness Material | Location Yield strength | Tensile strength | Elongation | Charpy V-notch Chemical composition {mass%)
{(mm} (N/mm?) (N/mm?) (%) 0°C) (N C Si  Mn P S Ceq.
90 SA440C | Skin plate 462 650 30 256 0.13 025 140 0008 0001 0.44
40 SA440B | Diaphragm 475 630 32 314 0.11 023 139 0008 0.001 041
36 SA440B | Beam flange 478 629 32 309 011 023 139 0.008 0.001 041
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Table 5 The welding condition applied to the experiments

Welding procedure Welding position | Current (A) | Voltage (V) Speed {(cm/min) Heat input (kj/cm) Preheating (°C)
Submarge arc weld Flat 12002 000 38—~54 15~-40 150~500 Min. 80
Electroslag weld Vertical 360—420 46-~56 1.5~3.0 400700 Non
Flat 260340 30~40 15—50 10~-50
O tal weld .
CO; gas metal arc we Horizontal 260340 28~36 1260 10~50 Min. 60
500 . 500 .
712 15
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Fig. 4 Location of test pieces
Table 6 Welding material used
Welding material
Locati Weldi di
cation elding methoding Wire Flux
. KW-101B
Seam welds Submarge arc welding 5.1, 6.4¢ KB-501
Diaphragm welds Electroslag welding K‘Téng KF-100
CO, gas metal YM-60C
Beam flange welds arc welding 120

Table 7 Results of the tensile test as the cross section

No. of TP Ten(s;\llj:]t;ezgl gth Fracture position
1T1 656 Base metal
172 655 Base metal
2T1 650 Base metal
212 650 Base metal

Table 8 Results of the tensile test for welds

(4

Yield Tensile Elongation
No. of TP | strength  strength (%) Remarks
(N/mm? (N/mm?

BC 445 599 32 Seam welds
BD 468 599 28 Seam welds

C 444 601 28 Electroslag welds

D 444 601 28 Electroslag welds
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Table 9 Results of the Charpy V-notch tests

TP , Charpy V-notch| TP . Charpy V-notchi TP . Charpy V-notch
mark Location of notch ©°C) ) mark Location of nocth ©°C) ) mark Location of nocth ©°C) ()
1E | Weld metal of seam 39 (=20) 4E HAZ of ESW 101 7E HAZ of heam flg. 241 (=47
2E HAZ of seam 110 S5E |Weld metal of beam fig. 80 (=47) 8E Weld metal of beam flg. 137 (247)
3E Weld metal of ESW 51 (z15) 6E HAZ of beam flg. 250 (=47 9E Base metal 220 (247)
=] =]
e a =g
U7
Table 10 Test results of pipes after heat treatment
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