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Influence of Microstructure on Yielding Behavior of Heavy Gauge High
Strength Steel Plates

Nobuo SHIKANAL, Hiroyuki KAGAWA, Masayoshi KURIHARA and Hisatoshi TAGAWA

Synopsis :

The heavy-gauge HSLA steel plates with low yield ratio have been applied to the steel-frames of high-
rise buildings to utilize the benefits of their high strength and uniform deformability. The yielding be-
havior of steels relates to the microstructural morphologies such as microstructure, volume fraction and
shape of each phase, dislocation, grain size and so on. In the present paper, appropriate microstructural
morphology for low YR HSLA steel was investigated by FEM analysis. The influence of shape, volume
fraction and mechanical properties of each phase on yielding behavior were analyzed by dual-phase and
tri-phase models. From a series of FEM analysis, it is clarified that the appropriate microstructural mor-
phologies to decrease the YR are as follows. (D Uniform distribution of spherical high-hardness phase in
low-hardness phase @ Around 50% volume fraction of low-hardness phase (3 Increase of the ratio of
yield strength of high-hardness phase to that of low-hardness phase.

Key words: HSLA steel with low yield ratio; yield strength; tensile strength; FEM analysis;

microstructure ; dual-phase model ; tri-phase model.
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Table 1. Chemical compositions of steels tested (mass%).

Steel C Si Mn P S Cu Ni Cr Mo \% Process
A 0.13 0.25 1.32 0.011 0.002 0.01 0.02 0.03 0.04 0.04 TMCP (T)
B 0.13 0.25 1.44 0.012 0.002 0.21 0.20 0.08 0.17 0.04 QQ'T, QT

Table 2. Manufacturing conditions of steels tested.
Steel Process Thickness Slab reheating Finish-rolling Delayed Heat treatment
(mm) temperature (°C) temperature (°C) time™ (s) (°Cc)
TMCP (T) 20 1100 800,730 30 Temper : 500
B QQ'T 80 1200 — — 900Q-780Q"-580T
QT 80 1200 — — 900Q-600T

* Delayed time : Air cooling time from finish-rolling to accelerated-cooling

2. FIRFMICRIEFTHBEROZE

2-1 EBH®
Table 1 (M DL, Table 2 1Z8E &M%
Y. 8 A TR IERE % B TR - g A

(TMCP) %47 7:#E 20 mm ¥ CTh %. FEEA FIRE

i 800°C, 730°C MKk L, EEEHK TR 30s 225
LTHSHKEG L. —8OMIiE, 500°C THED & LALER
*EBLZ. MBIRTHTFEEOHKE SOmm HTHY,
i YRALD 7o (TR BR 2L & L C ZHA B O BEA
WLEE (Q') &, B -oIc#E D QT M %175 7-
WThHDH, hooftREcBL T, 5K, 3710
MBS LT L LB, Mg~ 1708 5
B ATEREE D PE L 7.
2-2 KBRER

2-2-1 HKEIRE

Photo. 1 (CBEMEEMM % /R, A @ 800°C ft b4t
TRER a bt XM F A (TN TFIHAL) O
BHAMRBABIER SRS, 730°C AL b oMM, —H
JEEZFT-o T h7-ORML-ESHBETHS. QQ'T
WP %175 728 B OMBEE XA 14 P EEROMAKGO S
2, QUBIZL > THEL a b= VT A4 NBEE
LTBY, ZMUEOBEGHBRIIE > Tnh. E72,
B® QT WLEEH ORI, e # &2 0AN_A F A FEHK
DHBETH 5.

Table 3Z8§A, BD o XA F A4 b, =N T ¥4
FEMH OB GEROBERR ZRT. SHOMIE, 3
7 URLERBIEE (400 f%) TiT- 7. I 7 nHlGRBIgRE
TiE, A F A PE2IVTFoH A P2 HBICENTS S
LR3WHETHLLAND A0, MALEBO QT #
LTI, MAHESETMHE LT L TRL. #B
D QQT MTIX, MHIZ, a v NVF ¥ A F& LTH
5 PIHRBIT & DB E KD, ThADZD

(a) Steel A: FT=2800°C (b) Steel A : FT=730°C

(c¢) Steel B: QQ'T (d) Steel B: QT

Photo. 1. Microstructure of steels tested.
Table 3. Volume fraction of each phase™.
Volume fraction (%)
Steel | Process B+ M
Ferrite (@) Bainite (B) Martensite (M)
A |800°CFT 59 — — 41
730°CFT 73 - — 27
B {QQ'T 29 56 15 71
QT 0 — — 100

* : Measured by observation of microstructure
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Table 4. Tensile properies of steels tested.

Steel Process YS(MPa) | TS (MPa) YR (%)
A TMCP (FT=800) 435 665 65.4
TMCP-T ( FT=800) 468 584 80.1
TMCP (FT=1730) 559 727 76.9
TMCP-T (FT=730) 532 625 85.1
B QQ'T 451 600 75.2
QT 544 642 84.7
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Fig. 1. Micro-vickers hardness of steel A.
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Fig. 3. Influence of volume fraction of low-hard-
ness phase on stress-strain curves of Type 1 and 5
models.
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Fig. 4. Influence of volume fraction of low-hard-
ness phase on 0.2 %PS (FEM).

T, KPS EE D220, WEH, MEAHD AR
—HICB BB -EARE S M TRLE. 2B, 31
TH#h~_7: X912, FEMEIE T PHEAKRELIRE L
TWwaze, WKELLH D YS L HEhs|[RTD
YS @ 1.125 {50 ETHR L CTh 5. _HHENE 7L T,
REM OB EITEMT HIC L7245 T, eH-EA
MRS IS EIT LTS, £/, Typel, 5 %
B2 L, WAHMOKBRSENF—TL, IL)-EA
B OEHAREL > TWADITRINT NS,

Fig. 4 iZ Type 1, 5 OBREMBEMEITE L 0.2% PS



L AREsR D S O BER B - KU T 0 & 93

(FEM) 0o BF&RAH & B L RS, SWEAHEHED
AT 0% B LU 100% DBEICIE, WEMRE 25720,
0.2% PS (FEM) X SR RBEAANC—T H. T hiIxL
T, REMEFESES 0, 100% DA oBE 12, 0.2%
PS (FEM) & 0.2% PS (JRAH)) Lo b hziRL,
FE D 50% LA ETid 0.2% PS (FEM) (38 E A
D YS LIIIF—FHLTwA, F7, Type 1, 5 % K
5L, WEMHERSEFFRLBETD Type 1 DFH
0.2% PS (FEM) 7" 2o TV B I EATRENT W
5.
3-3 BRAERELLOZE

Fig. 5 12 Type 1, 5 @ 0.2% PS (FEM) & 8B #,
EEM ORISR ORER L RAH & KB L ORY.
0.2% PS (FEM) it 0.2% PS (AR X e
SR, MBEBOEIBRBEILIKREVEEIZLD B

1000 r- O Typet

® Type5 p
800 r )
© law of mixture ',"
o ——_—\y
Z 600 -
U.) '/
% M ® °
q 400 8 o o
o
200 |
Volume fraction of lLow-hardness phase
= 50%
I\ p— 1
% 1 2 3

FehoTwsnh, BREELISETISE 0.2% PS
(FEM) i 0.2% PS (iR&R) 12E-2 N 2R3 25,
FERGBEIEAT 1.5 T TERTLTHMEIE L 2w,
¥, WEMHPICHRBEEMIIDESHT % Type 1 O
J 7% Type 5 12 LT, 0.2% PS (FEM) 3 {K\W H %
R

3-4 BHELBREHAOEREHHEOZE

Fig. 6 12, BWEMBHESEL 50% & —EIX L 12GE
® 0.2% PS (FEM) & 0.2% PS ((R&HI) L olb% %
EFVICDOWORTY. WEAT I PR R 29557
(Type 1) ¥ 2412, 0.2% PS (FEM) %% 0.2% PS
(RE&RD) B LTHREVIEDICES, 74, BE
b s EEHO BRI EM (Type 2, 3, 6, 7) D
L EICEE RS E, o Type I L TEIGHIC 2%
ABIEMRENTWAS, COMEMIIE2EETRLALD
1o, BRMEMTHHEA D 800°C H M D YS A,
BEAMEHCHHMA D 730°C H EA I HE L TEY
fEERTEEIIE LTS,

Fig. 7 \Z Type 1, 2, 5 O /1-E AKX D FEM #&
iR ERY. S, U, T, Typel, 2, 5 THE
A — BB 2 BRAGE L 72 CTH B, Type 2, 5, 1 DA
THREMIBAR % BT A EARIKRE L R o TV B,
%7z, Type 2 ® V mURETIE, HEMHINZITEETHE
KLTBY, BH-FEHABREFZIFBEERNI L7259 2
EATRENTWAD,

Fig. 8 (2 Fig. 7 @ S, U, T & (WEHMA — K
TAH) B 5 Type 1, 2, 5 OBEEM ORI & &

Ratio of yield strength

Fig. 5. Relationship between ratio of yield
strength of high-hardness phase to that of low-
hardness phase and 0.2 %PS (FEM).

Volume fraction of low-hardness
phase = 50%
YS of high—hardness phase = 883MPa

.

%

0F

os} ?
77

7
7

0 /.
Type1 2 3 4 5 6 7 8

AlIIHunHnw
NNNRY

0.2%PS(FEM)/
0.2%PS(law of mixture)

Fig. 6. Ratio of 0.2%PS (FEM) to 0.2 %PS (law
of mixture) of each model.

1000 (high—-hardness phase)
800
o6
& 00
2
)
2 400
| .
-
n (Low-hardness phase)
200 Volume fraction of
high—hardness phase = 50%
+'YS of high—-hardness phase
= 883MPa
0 S )
00.2 1 2 3
Strain (%)
Fig. 7. Stress-strain curves of Type 1, 2 and 5

models.
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Fig. 9. Relationship between volume fraction of
low-hardness phase and yield ratio of each model.
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[ : Low-hardness phase : Ferrite

(YS = 294MPa, TS = 392 MPa)

Volume fraction : Type 9=34%, Type 10=25%
[ : Middle-hardness phase : Bainite
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Fig. 10. Simplified models of tri-phase material
for two-dimensional FEM analysis.
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