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Synopsis :

Typical items of growing interest in civil engineering and building structures were
reviewed in the light of specific mechanical properties and microstructure controls,
which included the low YR high strength steel, the ultra-low yield steel, the fire
resistant steel, the 780 N/mm2 class steel of low preheat type and the heavy-wall
H-shapes enhanced by TMPC and tapered plates. Low YR property is one of
fundamental functions and materialized by the control of yielding behavior with a
duplex microstructure and reached 600 N/mm2 class. Thermo-mechanical control
process (TMCP) has practically progressed the application of high strength steel of 780
N/mm2 class by accomplishing the low preheat temperature below 50°C and fairly

improved the weldability and toughness of the heavy-wall H-shapes.
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Synopsis:

Typical items of growing interest in civil engineering and huilding structures were reviewed in the light of specific
mechanical properties and microstructure controls, which included the low YR high strength steel, the ultra-low vield steel,
the fire resistant steel, the 780 N/mm? class steel of low preheat type and the heavy-wall H-shapes enhanced hy TMCP and
tapered plates. Low YR property is one of fundamental functions and materialized by the control of yielding behavior with
a duplex microstructure and reached 600 N/mm? class. Thermo-mechanical control process (TMCP) has practically
progressed the application of high strength steel of 780 N/mm? class by accomplishing the low preheat temperature below
50°C and fairly improved the weldability and toughness of the heavy-wall H-shapes.
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Table | Features of functional and microstructure control of steels for eivil engineering and building structure uses
c Product Spec.
ategory - Application
Type or Steel Function J Control factor Bra“d name”

Plates

Shapes

<3 Low YR HT steel

Low ¥S & HT

lYielding behaviar

o Ultra-low YS steel

‘Low YS & high elasticity

Complex structure
Dislocation mobilit

o Fire Resistant (FR) steel

{High YS at elevated temp.

Precipitates

)

Anti-seismic bldgs.
-Cost down

IS G3136

“KSFR"

Bridges

-Cost down

HBS-G-3102

O HT78) steel low preheat typel Anti-cold cracking Hardenability
8] Tapered plate { Variable moment of inertia | Dimension
2 TMCP Heavy-wall H-shapes [ Low C., & touglmess Refinement

High-rise bldgs.

J1S G3136
“River Tough”

Anti-seismic FR H-shapes

High YS at elevated temp)

Yielding behavior

Cost down

J15 G3136

Fixed Outer Dimension H-shapes

Constant height

Distortion

Bldgs.

“Super Hislend H"

Deformed flange H-shapes

Anchoring

Ditched flat plate

High friction

Profile in rolling

Steel-concrete struct.

Track base

T holt

Delayed crack resistance

Cleanliness &
refinement

Bldgs.

HT steel bar

1T & elasticity

Yielding behavior

-Weight down
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Fig. 2 Specific three-stage heat treatment for duplex mi-
crostructure consisting of soft- and hard phagses
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a} After Q at 50°C /s
b) After Q at §.5C/s

Photo 1

c) After Q and ' at 50C/s
d) After @ and 0" at 0.5T /s

Examples of duplex microstructures; influence of
morphology of prior structure after Q process on
final one through Q' treatment
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Table 2 Mechanical properties of developed low-yield-ratio
and high-strength SM590 class steel
Steel Thick. Heat Y5 TS YR El By
ee (mm)  treatment (N/mm®) (N/mm® €95) (%) (D
Developed | 60 Q-Q-T 495 660 516 214
Conventional 60 QT 520 607 86 12 245
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Tahle 3 Typical chemical composition of ultra-low vield
strength steel plate {mass%)
C 51 Mn P S Others
0.00m <0.01 0.07 0.008 0.006 Ti, Nh
Table 4 Mechanical properties of ultra-low yield strength
steel plate
M. Tensile properties Charpy
Plate . ;
{hickness] Dl‘l ec- - - - impact
(mm) tion ¥s T5 El YR property
(N/mm?®) (N/mm? (%) (9% | wlncl
” L 9 251 64 3B 1%
0 T ‘ 87 255 64 34 133
Stiftener Ulira-low
(55400) ¥S steel
N VA
Rigid
1ragme \ /
3 o
=3
[
l 1700 [ Unit: mm

Fig. 3 Example of anti-seismic panel structure comprised of
ultra-low vield strength steel plate stiffened by 6-
mm-thick 55430 inside rigid frame
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Fig. 4 Shear stress behavior of anti-seismic ultra-low yield
strength steel panel under hysteretic shear deforma-
tion
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4.1 BEMEALLABTREERA HT 180 5/

780 N/mor S 8 (L~ HT 780 8 & o) o0 LI >
LComiiz, 1974 EDiERIGE, I E ), WA KE~O MK &
FTSRE B D oW RS B A ROBLEEMT) ~ b g KGR & &
Tk,
4.1.1 BERsh 54
HT 780 &% =AM 2 Lo b A S 2PE R ikig R 2o
bR TR B, ThETo HT 780 M3, HERITICBVTRELT
WEHH D IIBENEL Y ORI L 4 5 100~150C TH & T
MAeBELr T AT, FORRBKRAUE ST Bz, BFEL 2R
HT 780 8> M7 L 4% % Table 6 (257, W& 3 L UFHMTEI: HBS-
G-3102 (A MU EE a8 G i S SRS fhiicHE L, BB AR R
(Fh y I L SRS B 2 EENERE) & 50°C i T
LR o T AN
4.1.2 HEDEH LB
GBS FIE 2 E T 21013, SH NN (HAZ) oMbt
FERFTAZEFBETHE, Z0n, RENERMI 50 E
AR R A A5, HAZ HTES & r}\zﬁ‘é“évjl«-f/ﬁ‘/f b TR
FaE+T 2 CRICRET B e, CROGMRELE BN T T
#H5, Fig. 513 HT 0O CR O Y BEEmilhLfRcsY

Table 8 Target properties of HT780 steel of new type for
Akashi bridge

Plate Tensile properties Bend Charpy Oblique-y
thick. ¥S TS El test vE_soc  groove
(mm? | (N/mm?) (N/mmd) (%) h test
T80 180 Preheat
< > > >4 o
3 2885 gy 218 lp—aer 2 T <sic

Table 5 New specification JIS G3136-1994 and mechanical properties of fire resistant H-shapes

Crade | Chemical composition (mass%) . YS  YSwee TS EL YR JEe
C Si Mn P 5 T lN/mom®) (Nfmm?®) (N/mm?) (%) (%) (D
. 235~ 400~

Spect| <0.2 <0 £0.030 <0.015| <0.35 <0.2 > 157 2 < >2
pect| <02 <0.35 U €0.030 < <035 <0.26| o 215 = <80 227

SN400-B i
Sizel’| 0.07  0.22  0.62  0.0i5 0.009 0.16 | 316 181 428 33 69 a5
Size2| 0.06 020 0.64  0.012  0.006 0.05 | 316 179 428 35 74 333
. . i 325~ 490~ ,
Spec | £0.18 €0.55 <L.6) <0.030 <0.015| <044 <020 | T »m7 o U 22 <80 227

JJ
SN490-B

Size1"| 0.09  0.20 0.78  0.003 0,006 920 | 381 245 539 25 71 240
Size-2| 0.05  0.20  0.78  0.009 0.006 0.20 | 373 250 53 28 70 203

aSpecified values are applied to two sizes below in accordance with JIS G3136-1994

5Size-1 o 00" X 300% x 124 X 20"
Size-2 | 900" X 3008 X 16" X 28

N iEE3E #E Vol 27 No. 4 1995
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Table7 Concepts of chemical composition design of new HT78( steel of low-preheat type
X . L . Control ranges
Target properties i Countermeasures
! Conventional Developed
) (1) Low C content 0.10~0.13% <0.09%
Preheat temperature <50°C (2) Low Py, value ; 0.24~0,25% <{.23%
{3) Low B content 10~25 ppm 7 ppm (aimed)
(1) DI-value design 65~ 110 mm 65~110 mm
Ultimate TS =780 N/mm?
rmate Be S Te R/ (2) Nb addition — 0.02%
1) Lower limit of G,
Weld joint strength > 780 N/mm? ( . ) Lowet _1r-m of Cea 20.45%
(2) Nb addition — 0.02%

200 T T T
o
2.
o 150 G .
§ o o]
§1m— 00 00 .
i [e]e]
3 sof .
=
@ o
v =F \
0 1 ] 1 i
0.02 006 010 014 018

Carbon content (mass%)

Relation between carbon content of HT780 class
steel and critical preheat temperature to prevent
cold cracking by constraint oblique y-groove test

BELHLIE T E SRR R L Ty 3, CROMERIC Y- TE A
RHLIE T3 S L ORI ST 2 A s 0, 0,09 mass% & Fll 2
Wi E T obs TR L T8l i3 s, 2o CRril,
RFEIZE DRI DR RME b IlAE s A — RS
(V) =) 3850D RUFL5EL2=LF 44 FMBITHEH L 2D C
RITIE—EF 510, HT 780 0 B3 T3 HAZ {79133 5%
EhPLT oA, PR A b, CEEBLNETLIZ izl -
THERMIZ I~ T IRBI AL T2 A B L T d, CREBIBRL T
b, BEE ASLE2 2 R LARSUINIET B ko & dicE & il
WHRINT A X0k > THT 780 Mo liFE 2 85 = L 3 w[HET

%, Table 7 (ZPHABIZ @R L A2 Bl ® o # x kfz L
TEEofz, IMCHIZIMAT, KB, Nbfln»R#ETH 2,

4.1.3 FREOSKNER

Table 8 (X TEMEE AdtiES L ¥ LT L »TRES LA
34 mm FERMB O MMIE I 2 LT v b B - E L

Table 8 Mechanical properties of new HT780 steel plate of
34 mm' produced by DQ-T process

Tensile properties Toughness
Location|  yg TS El vEovve  wEognc T
(N/mm?} (N/mm®) (%) (1 (] (°C}
/ 235
Vat 1 gog ggp 24 >
(Quarter . 847 5 240 213 —92
thick.} 81 4 4 240 219
224 200
(Nlligt so7 844 e 218 211 —91
thick) | 803 838 23 213 21
. 440 T T T T
[ - o | | =
z 420 (01150, Pam=0.55)
I 400 —-—O.____O_ R
@ 3B0Of O
g 360} .y o
@ 340 | B
2 340 Developed
E 320 steel 4
'E 300~ SMAW
g 280 H.l=1.7kdimm -
260 L L

1 L
0 25 50 Y5 100 125
Preheat temperature (°C)

Fig. 6 Results of maximum hardness test of weld HAZ

PRHEA AL ILT 0 B,
HAZ OGR4 20 T, Fig. 612 fed il 2 3B 4% 1
&, Z/Table9iZfs y B LAMOBEE AT, P

Table 9 Improved susceptibility of weld HAZ to cold cracking evaluated by constraint oblique-y groove test

. Atmosphere Crack ratio (%) Desired
Welding T—_Preheat tem preheat
conditions | Temp, Humidity ) Pl s 45 50°C 55C 75¢C temp
Location :
Root 17 0 0 0 ] 0 0 0 — -
20°C 60% Section 2 0 0 0 il 0 0 0 P — 45°C
Surface 0 0 0 0 ¥ 0 0 0 7 - -
SMAW®
Root — - - — 0 0 - - 0 0
30°C 80% Section - - - - 0 0 - - 0 0 <50°C
Surface — — — — 0 0 - - 0 ]

Rod, KSA-116: HI, 1.7 k]/mm

—_ 00 e
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EEtRm Loz C, Mn, Cu, NiFors ANt cHE#*
fERE LIE Colb # D 2 B H 20, FERCRAET MR T+
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13 SM 520 #2355 N/mmPEL E (ki 3 2 k¥ 512
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Fig. 7 Effect of ferrite grain size on yield strength and
Charpy absorbed energy at 0°C of SM490~520 steel
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Fig. 8 Correlation between austenite grain size and size of
transfoermed ferrite grain for 0.15%C-1.30%5i-1.5%
Mn steel

Developed steel

Conventlonal Steel

Photo 2 Example of microstructure of developed heavy-
wall TMCP H-shape steel compared with conven-
tional one
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BAEaE 2B T w3, £, B TEEMEN N2 @FT 5 2
E T o £ 5 OHRAEFE S 1L 4. Photo 2 [, fERRNE LA R4
ThHh-7:7 7w 2/48-3/4 £ 8 (Table 1L M) o 3 7 oflliks
TEXH -TARMOMBTHB L2 LA TH S, TMCP Bk
filE7 =74 PROMEAEIWERICK ST 5,

4.2.2 TMCPHEEHEEO®EH

Ao AN B0 TS O 72 H 612 X515 %65 %80 mm
A ey TMCP B H K (1) 25— 27 355) oL@l & kit
PR % £ L F L Table 10 & 11 25+, BRERMISHEANT Gk B
[ CEZ S THEY, 73y wphl (F2/4) By o 78K
(WO BT LEHTRHFLME SN Twd, 48, §#
HY EEELNERC L AMAEIEEEZBCUTTHEI £
L TEY, IOREEERML 0 C HIEY,
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Table 11 Mechanical properties of TMCP heavy-wall H-shape at specific porticns

Test Cys TS YR El Ve Locatio
. B . ocation ma
locations (N/mm?) (N/mm?) (94) (%) (N caner v
Specification® > 355 520~ 640 <80 221 >27 2/412 t1=50
1/412 3{4t2 12=80
Lt g
, vit, 417 560 75 34 258 i N
F vit, 407 556 73 35 232 F1/4 l
Vit 412 559 74 34 235 17413 }_;—]—H
Vit 410 556 74 34 238 Fen " wen |G
F 34 2ty 406 556 73 34 230
Yit, 402 534 73 34 225 Frange
W 14 Vit 422 564 75 33 242 e 12—
aGM520(Size @ H-612" < 500% 50 < 80)
L2 -
Table 10 Typical chemical composition of heavy-wall TMCP 1_ o
H-shape steel with lower Cq and Fn values compared 3‘_ =
with that of conventional H-shape steel {mass%)

Steel? C Si Mn P Others G P

Conventional { ¢.15 0.38 1.50 0.010 CuNi,V 0.43 0.27
TMCP 0.12 0.38 1.48 0.010 CuNiV 0.39 0.23

*SM520{Size | H-612% X 500" x 50" x 80')

4.3 ERAF—7L—-F}

BT LA - ERRTE, BMEIEOARS TE GO REE
RAFFE D B 5, QAR TIEOE H{E~DRO) LA SRR I
hILT v a, SUEOWRETTE, TG 2 = AnBHs o B4
éﬂ%%ﬁ%—xyFEECTMTW*%kéﬁ%%Eﬁ%U =
HHITRE SRy M E R B b s o, 1l BER,
%&ﬁmﬁ?ﬁﬁ#ké#ﬂ;owﬁm&ﬁmrﬁkfémmmﬁ
SR (LR, F— 7L — P EERT) T, S LREEMOES
FAEMAT A YTEET, TERONIEREENm 2% b e L
THEIRTY S,

4.3.1 F—FL—OE

Fo- L — R d Fig 9iCRT LI AKKELTED, St

Wigh A fAFHEHE ((a) 247 =2 LT, AERTORRC L S
iR B i B v (iR dE T_ﬁkmﬂld-rk# FI Oy b e B B G B 58 3 AL Jodi
¥ T & Fr, WL, Fig 9MWIEHRT LI oA P HEAHOP
PR & PN T A E e RIT L - TSR - L THEM S sI2E -~
T d, AH, Fig.o ()~ () 2R¥ &5 % 287 — ORIER
GBI TH L,

4.3.2 BhEHH
PR 31T 3 7 =27 b — FIERE X 4d, TR HME o %

WL, SMEFHOHIEE I EE T SRR THh L, 20
B E R A ERHWHIRO =2TH S5, T LI, B EW
MO LS e B LAz A Ty OEES L IO R
HmMTHE, B2l RELALRARY Vo — B ERT 5k

FARERB AT HETH 0, JAUEE 3ol h ol FREERFC
MO LR R RIS L B Do kol T CRIRIZIE AG-
AGC Absolute-(}auge-Automatlchauge-Controller 2k B)
Pk - THEHEENS,

IO ENH BTN F — 7L — TR O BERREEE

_1 -

(a) Unilateral taper

}+L1*|<——~L2———'<—|_34-1
I

loa—T 12
T2

{b) Unilateral taper with flat parts

}*—u "*—L2—>1<—L3—>|*—L2—>-<—L1 j

i S —

(c) Bilateral taper with flat parts {convex type}

+L1+-—L2M-<—L3~T~L24T—L1 w1

g |

{d) Bilateral taper with flat pants (hollow type)

il

Fig. 9 Variaticns of side view shape of tapered plates and
typical dimensions

WET S TMCD 6 L Ty 8, B AGEEM IS BET 5
Tt — PO AW E (ACC) T, FHRAFHOmE T £
miiwﬁﬁuir 5 TR A T I R LR AR LT
EhoBEROLL ST LBET S, o, S
&u« HIRCR P e A B 7z, M &3 T A1 & Gl — 2512 0
B eIk o TINERE E T o 2 R O IR L &
ZUHIEMIE S MZ 5 k5 i MR TRk I N TV 5,
4,3.3 BEER
Table12 & 13 i25F—¢7 L — bt O BGEF &R T, S OB
SM490YB & SMB20C ThY, Figo9TmLiz b #4707
— Nk TH B, Table12id, HMETHTEEIRL T 5475
F— st I FAE A, 15/8000 {1.88 mm/m) £ 19/9700 (1.96
mm/m) Tdh 2, Table 13 ICEEMIISTIEE % 75 347, TEE & ¥
ELMEAHRIZA LAY, T LMEFBLRTHS,
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Table 12 Example of dimensions of tapered plates manufactur-
ed (taper shape of (a) and (b} type in Fig. 9}

Thick. ] Length
Steel Type | (mm) Width (i)
{mm)
TI T2 L1 L2 L3

SM490YB! (b} |28 13| 3450 | 1030 8000  10%5
SM520C (a) |44 257 3040 - 9700 -

Tabie 13 Example of mechanical properties of tapered plates

manufactured
YP{N/mm? | TS(N/mm?) EL (%) vE o (D)
Steel o . . o . .
Thickest  Thinnest | Thickest  Thinnest | Thickest  Thinoest Average

portion  portion | portion  portion | portion  portion

SM450YB| 400 440 ndz 544 28 25 279
SM520C 383 386 527 538 36 29 267

5 #

AL S R T v B LABERMEIZE T, R LB
A CERMEAEA T B YR GIR M, BIRER RIS M. i
SO, (BT BV HT 780 W, TMCP ML HEMIC ST, £ &
LAOME L ME &2 ERT 2R PREEER L, £, K

wHEL 28 LR RRE B T B & IR B (7~ L —

B O RERI B & DO MR & R LA B AL

Trhi,

(1} KYRESEIMTHE, RE 724 PHERE=A 71
£ RS S A B EAHIEE BB L, TETTAR O (R 2 TR £
WMET Bkt l-T, YROTERTA T 2 T50N/
R SR b ik L Tv 3,

(2) PefRE R omes 8 T, SN RTEBI X BELip R &
(Nb, TOORE(EDREERE T I LT TR
Bafhimit & BB L Tyve B, OB FEEHM - LTHAT
B LY, EvlbER AL F - EES S iU B,

(3) BRALU 2R EBLRER & Rl b & imt hy 8l G JIS
MU RS LR B KT, AT E PRGN @l
BN k- TRGEAETH B,

(4) % P8R HT 780 S (5% 34 mm)} T, Cat?mi L iR
EEEoOBB LUNbEMC LA L LA EINZ LY,
SOCLITF R TEUBIT 2 KB L Ty b,

(5) SHE TG STURTHEBHICBWTL, #Lu
TMCP ¥ 7% b & T b sk TO AL & Ke KU E R Lo 40
R LB p HAEETERN L e BT 22 21
L9, MEBEALMIED LR HRTAIEHNTES,

{(6) FEHEp GRS T DB A AL NEDME LI & ) £
TR ATTAE & A 0, AERMAC R & o 5 BilleAvE in 2
L7z, IOF T L — P TE, Dl BT S FR0N T ki )
L O EEom L LRINFZE S LTy 5,

B £ X ®

Dl W kIR, ERIEHL B, B
MEE7oe R, 4019913, 770

2y RBIEk, CREMEL BTN, WE M, N W
R 220199001, 29

3y hnie ®r BRE A, 740198816, 11

4y JIS G3136-159%4

5) WEF ML AR L MR, MERGRDST NEFRBR . 25(1993)
1, 71

6) IR A SR TH LGSR X S8 (TMCP M) SR
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