Features of New High-Strength Steel Materials

“550 N/mm? Class” for Building Frames

Abstract:

JFE Steel developed a new line of high-strength steel
products with a lower limit tensile strength of 550 N/mm?
for building frames using its advanced Super-OLAC (on
line accelerated cooling)accelerated cooling technology.
This product series currently consists of a steel plate,
“HBL385;” circular steel tube, “P-385;” and square
steel tube, “P Column G385 These products realize
high strength and excellent earthquake resistance while
maintaining the weldability of the conventional steel.
The results of a test of members using the square tube
confirmed that the cumulative ductility factor of 30,
which is required in columns, can be sufficiently secured.
A rolled H-shape steel, “HBL-H385,” is also under
development. A design trial was carried out to in

The steel products used in high-rise buildings are
generally SN materials or thermo-mechanical control
process (TMCP) steels of the 490 N/mm? class. As
a higher strength product, 590 N/mm? class steel is
available, but for various reasons, this material has not
reached the stage of general application. Among its
disadvantages, addition of alloying elements and com-
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plicated heat treatment are necessary in the production
process, and special controls such as preheating control
and limitations on heat input are required in the welding
process. Against this background, there was a need for
high-strength steel products with a combination of good
weldability and earthquake resistance. To meet this need,
JFE Steel developed a new line of high-strength steel
products for building frames with a lower limit tensile
strength of the 550 N/mm? class by applying the Super-
OLAC, which is the company’s advanced on-line accel-
erated cooling device and satisfies both rapid cooling
and uniform cooling requirements.

2. Featk: esof B oq‘ cts

The newly-developed 550 N/mm? class high-strength
steel for building frames has a design standard strength
of 385 N/mm?. Current products are a steel plate,
“HBL385,” circular steel tube, “P-385,” and square
steel tube, “P Column G385” (hereinafter referred to
collectively as the 385 Series). A rolled H-shape steel,
“HBL-H385,” is currently in the development stage.
The chemical composition of the 385 Series is shown in
Table 1; mechanical properties are shown in Table 2.

2.1 Stee! Plate “HBL385”

HBL385 is a TMCP plate which was approved by
Japan’s Minister of Land, Infrastructure and Transport in
Feb. 2002 and achieves its maximum reference strength
(385 N/mm?) as an as-rolled material (without temper-
ing and quenching). Examples of mechanical properties
are shown in E.gs.1 and 2 and Table 3. High strength
and a low yield ratio (YR) are realized by optimal com-
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position design, taking advantage of the features of JFE
Steel’s Super-OLAC rapid cooling and uniform cooling
technology. Excellent weldability is achieved by holding
C
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2.2 Cs ¢'a Stee! T be “p-385”

P-385 is a circular steel tube which was approved
by the Minister of Land, Infrastructure and Transport
in Aug. 2003 and can be manufactured by either of
two pipemaking processes, the UOE process and press-
bending. Because it is a circular tube (i.e., produced
by bending plate), its yield strength (YS) range, tensile
strength (TS) range, and YR provisions conform to the
STKN standard in Japanese Industrial Standards (JIS),
but all other material properties conform to HBL385.

2.3 Sﬁ. a e Stee! ']; be “P CaL ‘ !A G385~

P Column G385 is a cold press-formed square steel
tube of the 550 N/mm? class which was jointly devel-
oped by JFE Steel and Seikei Corp. Ministerial approval
wa
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column corner was 654 N/mm?, YGW21 (JIS Z 3312)
was used as the welding consumable for welding with
the diaphragm.
(2) Experimental Results

E.g: e4 shows the hysteresis loop of specimen
No. 3 as a typical example. The specimen withstood
deformation up to 6dp, and the hysteresis loop also
displayed a stable spindle shape. PPoto 1 shows the
weld in the area of the diaphragm after completion
of the test. With specimen No. 3, which was welded
by the NBFW method, the fracture line ran from the
bead line into the column base material side. In con-
trast, with specimen No. 4, which was prepared by
conventional welding, the fracture line ran into the
column base material side, and also the HAZ on the

beadtdjc 11 1 Tf2ecia.ld line.l Maf(c) 1 T 1i3 ineagpu dResults
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Table 6 Maximum member section

Original design Interchange
BOX [J-600 70 “TMC325” | [1-600 60 “HBL385”
H-shape H-612 520 70 80 “TMC325” |H-592 510 60 70 “HBL385”
Pipe (CFT) O-1200 50 “TMC325” | O-1200 40 “HBL385”
Beam (H-shape) |H-1500 400 16 40 “SN490” |H-1500 400 16 32 “HBL385”

Pipe
Stud
Brace
Plpe Damper H-Shape
Shear wall
BOX
BOX
Stud
stud H-shape
Pipe

CFT

Fig.6 Building for trying to design

which both the columns and the beams were replaced,
and in Case 4, in which only the beams and columns
in the lower 10 stories were replaced. In making these
replacements, as shown in Table 6, only the thickness
was changed, depending on the strength ratio, and the
depth and width were left unchanged. The standard plate
thickness was used as the plate thickness. When replac-
ing beams, only the flange was considered.

3.2 Reg !ts of Des.g/' F..a/

The quantity of steel after the design trial is shown in
Table 7. In Case 1, the total weight of steel was reduced
by 4.3% in comparison with the original design. The
weight reduction in the other cases was 2.6% for Case 2,
6.9% for Case 3, and 4.3% for Case 4. By type of mem-
ber, replacement of columns resulted in a 6% decrease
from the original design, replacement of the beams in
all stories resulted in a 10% decrease, and replacement

Table 7 Quantity of steel as a result of trying to design
(unit:t)

Story

Oqug?gétly Original Case 1 Case 2 Case 3 Case 4

9607 9194 9356 8943 9190
(100%)  (96%)  (97%)  (93%)  (96%)

3881 3881 3630 3630 3630

(100%)  (100%)  (94%)  (94%)  (94%)

Beams 4190 3777 4190 3777 4024
(100%)  (90%)  (100%)  (90%)  (96%)

1535 1535 1535 1535 1535
(100%)  (100%)  (100%)  (100%)  (100%)

Total

Columns

Others
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of the beams limited to the lower 10 stories resulted in a
4% decrease. Table 8 shows the primary natural period
of the building for each case. In comparison with the
original design, the natural period increases in Cases 1
and 3, in which the beams are replaced, but is basically
unchanged in Case 2, in which only the columns are
replaced. Case 4, in which the columns and beams in
the lower 10 stories are replaced, shows an intermediate
value between the above-mentioned results. E.gs e7
shows the story drift in first stage design and second
stage design, assuming the value for the original design
to be 100%. It should be noted that an extremely rare
earthquake is assumed in the second stage design. In
Case 1 and Case 3, in which the beams are replaced, the
decrease in the stiffness of the upper stories is remark-
able, and in the second stage design, the story drift from
the mid-to-upper stories increases by more than 20%
from the original design and it becomes impossible to
satisfy the design criteria. In Case 2, where the columns
are replaced, this change is amply possible. Likewise,
criteria are also satisfied in Case 4, where the beams

Table 8 Primary natural period as a result of trying to
design

(unit:s)

Natural period | Original Casel Case2 Case3 Case4
X direction 3.14 3.23 3.15 3.24 3.19
Y direction 3.02 3.09 3.03 311 3.08
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and columns in the lower 10 stories are replaced. Next,
E.g. 8 shows a comparison of the damper contribution
ratio in first stage and second stage design. In the mid-
to-upper stories, where the story drift criteria become
severe, the damper contribution ratio decreases remark-
ably in the structures in which the beams are replaced,
i.e., in Cases 1 and 3. Moreover, in Cases 1 and 3, even
if the damper capacity is increased in order to guarantee
the design criteria, it is difficult to reduce deformation
because the stiffness of the frame itself is reduced.

Thus, in the case of this building, replacement of
the beams in all stories results in a dramatic reduction
in stiffness, making it difficult to guarantee the design
criteria. In Case 2, in which the columns are replaced,
criteria can be amply secured and there are no prob-
lems for practical use. Replacement of the beams in the
lower 10 stories in Case 4 has a similar effect. Based
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on the results of this study, it is possible to reduce
the weight of steel used by replacing 490 N/mm? col-
umns with HBL385, and there are no problems from
the viewpoint of design criteria. Furthermore, when
replacement is limited to the lower stories, application
of HBL385 to the beams is also sufficiently possible.
Although the design trial in this work assumed a change
from 490 N/mm? steel, if the design is prepared using
HBL385 from the beginning, a further expansion in the
applicable range would appear to be possible.

4. Col'd s.o

JFE Steel developed the 385 Series as a new line
of 550 N/mm? class high-strength steels with excellent
weldability for building frames. Commercialization of
member sections mainly for building frames has been
completed with plates, circular tubes, and square tubes,
and high performance as products for building frames
has been confirmed. A design trial showed that it is pos-
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