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Investigation of Niobium Containing Structural Steel

Susumu GOHDA, Hisashi GONDOH and Isao KiMURa

Synopsis:

A high yield stress structural steel which has good notch toughness even for heavy sections, has been
developed by addition of a small amount of niobium to a semi-killed steel.

Selection of heating temperature before hot rolling and subsequently the control of the amount of
niobium-precipitates in the steel, were found to be very important to the manufacturing process.

The steel thus developed has a yield stress greater than 36 kg/mm?, good notch toughness by V—-Charpy
impact value of over 3'5 kg-m/cm? at 0°C and high fatigue strength over 30 kg/mm? by repeated bending

tests.

The steel has good weldability comparable to conventional manganese-silicon steels with equivalent tensile
strengths, and can be welded either by manual or automatic welding processes.
(Received 7 Nov. 1966)
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Fig. 1. Effect of niobium addition on mechanical properties of hot rolled

heavy plates.
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Table 1. Effect of number of passes and total reduction of hot rolling
on the mechanical properties of heavy plates.

Ccpel

ac

C Si

Mn | Nb |

0-15 0-07

rml o%}

Heating condition Rolling-condition

Total Finish-

Mechanical properties*

reduc-| ing Y.PIT.S | g [ VEo T 0 T
Temp. | Time . . . . tion temp. |(k k k °
(ocp) (hr) Rough-rolling | Finish-rolling (%) °C) (mrgné) 1&111%2; (%) (c%::;)/ (°CH| (°C)

1280 15 240 mm—80 mm
(13 passes)

80 mm-—>25 mm 90

950 | 48-0 | 669 | 184 22 [+ 4| +40

120 mm—80 mm

1280 1-0 (9 passes)

80 mm—25 mm 80

947 | 48-7 | 668 | 17:2 2:2 | +24 | +50

* Tensile specimen : JIS No. 1

Impact specimen : 2mm V-notch 10X 10X 55 mm - -

50mm
Omm
4 mm
5mm

[0)]

Yy o v on

-
Do Tovr

Table 2. Effect of accelerated cooling by water spray after finish-rolling.

Heating and

Chemical composition rolling condition E’g mf’l./é\ Tensile test Impact test.

: - [Finish- | 8% |[E5 oo
) Soaking |Heating | ~. S|, | YP | TS El - TN
C | Si Mn P - S Nb | time temp. lrtlegm Q5 =5 8/(ke/ [(ke/ (‘y') ‘o’i £0
(min) | (°C) o P | 28 I g mm?)| mmy)| (70 | 85 | B

( G) < o > e
100 1200 945 60 25 | 42°2152:025°0| 43| —12
. . . . 0. . 100 1230 980 — 25 (391536246 1-3°' +17
0719,07060"98<0:025 |<0:025 10045 106 | 1325 | 910 | 60 | 25 | 404|203 | 26| 43 F1o
' 100 1230 920 — 25 | 41-8 545|248 10 +14
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Chemical composition
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Fig. 7.. Behavior of niobium in steel by heating
temperature.
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Table 3. Chemical composition of heavy plates.

. Plate Chemical composition (%)
Steel Mark thickness
(mm) C » Si Mn P S “Nb Al
A 12 0-13 0:07 1'14 0'016 0:017 0:050 —
Nioblum | g 25 0-14 0-08 1:25 0:020 | 0019 | 0-046 _
C 32 0-16 0:08 ‘ 1:27 0:013 0:029 0:044 —
S M 50%* 20 ; 0-14 037 1:25 0021 0:022 — 0-02

* A silicon-manganese steel with®high7tensile strengths of over

50 kg / mm?, as specified by Japanese industri

al standards.
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Table 4. Mechanical properties of hot rolled heavy plates.

Plate Tensile test * Impact test Double** | Drop***
Thick-| Test Bend tension test| weight
Steel | Mark ' ooc™ | direction (i'p , ('};’S /| EL test  vTvys | vTrs («;{Eom pTrc | 1/20;Tral test
(mm) mm® |mm?) | (%) °C) |°C) |{E8. ey | (°C)  NDT (°Q)
_ A 12 Long. 45-4 |1 55°0 | 24'5| Good | —30 | —12}| 95| — . _
9 Trans. | 46°9 | 56-1 | 24-0 4 —-25| —-11| 60| —
g B 25 " Long. 42-4 | 53-1 | 23-7 4 —32 | —-23|11-2| —10 2 —10
:g Trans. | 42°8 | 52-7 | 226 4 —-29| -23! 60| —12 -
°
z c | 32 | Long. |389)525|31-2/ -27 | —22| 90| — _ _
Trans. | 39-7 | 52-1 | 30-4 4 -23 | =21 | 53| —
" Long. | 35°852-0 27-0 ” —42 | — | 82| —
SM 50 20 | Trans. |36'3|528[25| + | — | — | — | — - -
* 12,25 mm_thickness : JIS No. 1 - **  Arresting temperature of brittle fracture propagation
W R i under half stress of nominal yield point.
' , _ L=200mm w¢ Nil ductili ..
-+ = - P=220mm il ductility transition temperature.
‘ L Rz25mm ’ -
P
32 mm thickness : JIS No. 4
D R
4 L =50mm
" P=60mm
L D=14mm
' p Rz!1S5mm
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Fig. 9. An example of stress-strain diagram.
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Photo. 1. Microstructures of hot rolled heavy plates.
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Table 5. Mechanical properties after strain aging and stress relieving.

(a) Effect of strain aging. (250°C 30 min aged after 595 and 1094 pre-straining.)
Impact test
Plate Test P
thickness | direction vTrs (°C) ~vTrs (°C) vEo (kg-m/cm?)
(mm) | (mm) 0% 5% | 109% 0% 5% | 109% | 09 5% | 109
Niobium | 55 Long. —32 | —29 —4 | —23 | -2 —5 | 12 | 76 | 61
(b) Effect of stress relief. :
Plate Test Tensile test ~ Impact test
thick et .
(1;1 rrrnle)ss direction| Stress Relieving v TS | Bl VT vIrs [vEo (kg-| suTrs
(kg/mm?) |(kg/mm?) | (%) | (°C) | (°C) | m/ecm?)| (°C)
Niobium 25 Long. [625°C 1hr—F.C 40°2 51-8 255 —38 —26 11-5 —58
steel Trans. 4 4 39-9 515 250 —-35 —24 73 —55
Table 6. I.I.W. maximum hardness test and kommerell test.
. \e Kommerell test
< ) tkﬂiallctrfess Welding condition I.I.LW. max. hardness (welding at room temp.)
t
cel | Mar Elect- |Current (?ﬁcj}i Welded Welded Bend anel Crack
(mm) | rode (A) / at 0°C | at 25°C ¢ gle
min)
Niobium ®L-55*
steel B 25 4 mm ¢ 180 150 260 24;’» 120° no crack
S M50 20 4 o 7 — 308 ” 4
* ® L-55 is a low hydrogen welding rod for high strength steels over 50 kg / mm?.
Table 7. Mechanical properties of welded joint (manual welding)
Plate | Welding condition " Tensile test Bend Impact test
Steel |thick= Curr- [Speed | Y.P [ TS o E-20
T ness | Elect- enl.lrr— (Pr,r?fn Jx : / (kg. y E! |Fracture (R=18 Notch vTrs | vIrs (‘lf:gjm /
(mm)| rode (A) | min) mgm2) mm?) (%) |position | mm) | position [(°C) [(°C) cm?)
. ®L-55+ Weldmetal | —56 | —30 | 18-9
By mmg| (0~ Vother | 1800 Bond | —50 | —34| 20-3
L 0 - - other
o4 25 S = 1405510260 i
Z mmg¢| = 150~ plate | Good grained | 62| —35| 13'9
5-0 210 | 230
: Globular .
i . —55 | —52 11-2
pearlite
X type joint L type joint

* ® L-55is a low hydrogen welding rod for high strength steels over 50kg/mm?.
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Table 8. Mechanical properties of submerged arc welded joint.

(a) Welding procedure

Plate Weiding Arc | Welding
thick - Dimension of groove Wire  |Puss |current | voltage | speed
(rm (A) (v) | (cmamin)
T TN g | pia 2 | 950 | 34 28
25 0 ;><( E 3¢
i ‘y<;§3 8 ) I | 800 32 25
:——\ C:015%
{e50 Si:002 3 950 35 25
1 3§_z gl [Mmro0
32 T: 2 {5 o 2| 860 | 35 30
TN 8 .
o 1| et0 | 35 25
(b) Mechanical properties of welded joint.
Plate Welded joint Weld metal
thick -
(lfn;lsss Tension test Free bend test (Gsli?dee(?eggléesést) V-Charpy test
Y.P T.S El. El. Result Bend rad. Result vTrs vTIrs vEo
(kg/mm?) |(kg/mm?) | (%) - | (%) (mm) (°C) | (°C) |(kg-m/cm?)
25 41-5 52-8 29-4 34:6 Good 15:3 Good —18 10 3-8
32 43-2 55-2 33-3 515 Good 15-3 Good —-30 —8 4-1
Table 9. Chemical composition of sections.
Stéel Mark " Thickness Tyge of Sire Chemical composition (%5)
sect
(rm) section C | si|Mn]| P S Nb
A t <13 10 | H section HI10x150x150 | 0-16 [ 0-08 | 1-17 | 0023 0-023 | 0-03
Ni;‘:i‘fm 13< t <20 | 15 | Equal angle| 415%x200%200 | 0-19 [ 0-05 | 1-13 | 0-021 | 0°023 | 0°05
C 20t 22 | Sheet piling] YSP U-V 0-16 [0-09 | 1-28| 0:022| 0019 | 003
SM1*4 13=< t <20 | 15 | Equal angle| 415%x200x200 | 0-18 | 0-06 | 0-65 | 0-013 | 0-024 —
SS50%+* 20=<t | 22 | Sheet piling YSP U-V 0-3¢ |0-10| 063 | 0016 0020 —

* A structural steel with tensile strengths of over 41 kg / mm?, as speciﬁéd by

Japanese. industrial standards.

** A structural steel with tensile strengths of over 50 kg / mm?2, as specified by

Japanese industrial standards.

L7z, BfERHIF bR A5 40kg/ mm? % biE
D, (ERO—fxEE B L IE St SM 41 (Y.P>23kg/
mm?) %%\ 3 SS 50 (Y.P>28kg/ mm?) i 5T
Batk S e ORI IR R ICE .

IR EHEVE uEy, vE, OV T EHTHIRENS K E L
D L&D, 15mm DEDEFHMTE vEy 3°5
kg-m/cm? LAEZ7RL, @t D SM 4l H50ix SS
501K HRHEENTVD. & ilt@mto SS 50 @

IRMEIR L, BEAED B C%EHET T &1
BV TR E S T B

¥, BAERMENS O H DV IITENRER DR
BIIHEAH D SS 41 HH VT SS 50 1T B, FRE
309 LAk LD T e

X B ITIRER AT OV T, L RIENDREVE
B E 2 LU TAMER 2 FEE L7/ R, BIT#MRIRC

3y 0% HIEVITEIT, POBBORBE LIC
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FIALZDFRETH DI, Lich>

Testing machine: 50t pulsator {Amsler)

5o Load ?ePeG"ir%g?e‘~5° cp.m. THH BFRBEH T L TEHER
( | | Sl fEL e B TH B
’ R A? received (without mill scale) T i D Z EddoinDlz.
0 ~os Lt e e -
. N 1 o  Photo. 2 BESBEICH Y DT
3 \\\ __________ L Plote thickness: 25mm SRR DRIRETTHDOTH 5.
E 30 =g As received (with mill scale) — 3.3 %
o By S$41
= S : £ o — ' = %
- & ﬁ:“\ ‘:r&’ -——-~—?— Table |1 IZBRIERTE MO KRS
a Welded joint
£ 20 ‘\\‘ 'e(r;inéglrgemenf flusked” . —— AL, E7- Table 12 WEEE
e e
£ /L, By mognining) T ORI T L.
£ Welded joint (as welded) A= R -
2 i W4k .13 5L b 40kg/ mmeL),
EERL, EROEREHER (X.P
v © =24 or 30kg/mm2) I~ 30%
O|o° 2x10° Tod 2x10° 107 IV r-aW
- Number of cycle R e _75-@”:%&%@%%@: 180° o>
Fig.13. S-N curves of pulsating tensile fatigue test. ) BTIEMT T L EAED 32 mm %
Table 10. Mechanical propertiesgof hot rolled sections.
. ~ Tensile test* Ben- ding Impact test
Steel Mark | Thickness . test .
( mm) Y.P T.S EL (deg.) uEo vEo (kg-m/cm?)
. (kg/mm?) ((kg/mm?) (%) (kg -m/cm?) Strain®*
aging
t <13 10 416 557 27'1 180° Good 22-5 15°6 9'3»
Niobium [ B i3 ¢ <20[ 15| 42-1 57°3 | 23-7 2 15-2 73 4-2
20t |22 45-1 . 647 259 u 73 4-2 —
SM41 183t <20 15| 287 | 452 31-4 v 130 16 - 06
$S50 20<t |22] 360 64-3 25:2 v 11 08 —
* J.I.S No. 1 specimen ** 5% pre-strain—>100°G-30 min aging
W R
P
L =200mm
- P=220mm
R225mm
Table 11. Chemical composition of deformed bars. BEEF EASEHNDFEEIERED B,
Dia- Chemical composition () 4 = &=
Mark |meter : .
(mm)| C Si* | Mn P S Nb Nb % C, N &L CHRYEIERE TRER R
A 13 [ 0°20 | 004 | 1°14 | 0-013] 0-019| 0-050  #, ZALMETERAL LTV L1IHEHK» 5 H SBER S
B 19 V4 4 V4 I 4 4 C s, T Nb 9 3 :
C | 25 |016(0:05(091 0027 0-013 0050 ~ TEFHTVIR, TRLOMAN Nb DHikER L C
D 32 015|005 |.1-16 | 0:024] 0-010 0'046 HECRENOFBRILEREG E LTHREIRTW S, B

- - LARCCEAHEIEVS D E L CFe-C-Nb %, Fe-N
' o ~Nb3RD & 5 K HEMHIER L OV TR Lt b 5%
— 59 __
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Table 12. Mechanical properties of deformed bars.

Dia- Tensile test Bending test** [Repeated*** Impact test Fatigue test
: bendin ulsatin

Mark imeter 'YP | T.S * & uEo vEo ' DY o o

( mm)|(k K Bl D— _ 9 test ) ) vTrs bending fatigue

(mgn/12) (mgréz) (%) 0 D=1dD=2d) (number) (kgcrrrfl?; (kgc1$) °C) (kg/ mm?)
A 13 |1 45°2(62'5|23:3| QO | QO | OO 3:7 — — — 50-0
B 19 | 472644236 | QO | OO | OO 2-0 9-2 26 | — 8 42-0
C 25 (44015951236 OO | CO | OO 05 37 05 +50 49-0
D 32 14371588277 | @0 | OO | OO 05 9-9 0-9 +24 40-0

*

13~25¢ G.L=8d, 32¢ G.L=4d
** () good, @ crack

#xk  D=3d - 180° bending—>D=3d - 360° inverse bending.

a: Niobium containing steel pilling

b: Ordinary carbon steel pilling
Photo. 2. The appearance of the pillings driven
into gravel.

SR ENIz®R - EbimortExRd NbC, NbN D X 5
BB D L AREbmE LTHESIN TV L
LA HEBED SS #4, SM #is L OEMAMIC Nb &
INT B4, B C, NASRBICHEEL, L
bHENEE, BRER S IO TCTEORITZEST 5O
THDOT, COIIBEEDR - Bibthotkd 50l

BIBEERC OWTIERIT E A DL D2TWiEhDrk.

BRI b i\l - EfOoBR - BHOMET X 5
LERMPICET S Nb O - 2{tIBMHhHHRED
BFEHTIC X DT HHOMUED B2V IITREESITIC X 2
T Nb(CN) o THkT %55, #iHC - NEDOEENIT
FEU T Nb(CN) thooC @ NEWIZEHH L, NbCitiFv b
D5 NN TRV DO~ EHRMSELL TV 5B T &5
HEINTV 5.

Fig. 755 Nb D% - E{biid ik 1100°C BE X
TEbLDTEETHHH, 1100°C 2#iz D EREIT Y
FITIFT AL IED 1200°C Tl 4 Nb o 50% DAL,
1300°C TVx 80% DL EMiETIAT. —75F Nb @ivimiio
PREE S WMEVE r i~ Nb DIBIHAHD S L L BT &5k
L, Bkt 5 bl W Nb o
D% L L DI ONTIEERMET T 525, WHEEFEL
ChE‘EEINS. &L BEOE TR L CTElOLE
BHECTHofe. ThEEEOHMOMEZEFTY TED
CTHEz2 5L, EEROMEVERE %, Nb Off i - EiFE O
B RE LT 5 1100~1250°C iR EHERH THEIC
BIRL, PO HE Nb (Insol. Nb) *[E# Nb (Sol.
Nb) DT o AFEHRICa v b o — v niE, EERF
DIGEE & S AT Y I BE o ST BAE D BLiE S AT RE
Wis 5.

Nb 7SR s 2586, HOZE(LIMPcEiT 5
Nb @R - S OFEWIC > THHETE 5235, OB
¥4 MORRISOND 3 5\ VL STEPHENSON!®) 7 FoFEx
ANTHRILTHS &, rHICERB L Nb (Sol. Nb)
Xy > a ZEHET%, ferrite matrix T Coherent 75 jk - 221{b.
WIOABRAMA B (100A LIF LiEEShB) & LTH
L, EELoEEE+ 5. rhTT TR - Sl
ELTHHLTWS Nb i3 yoa ZEZDLOEIW
DAEVHTH  (100~5008 LitEXNh5) L LTH
ZEL, ZhiX ferrite matrix |2 incoherent TEIRIL
DENFVITLAS, T hups coherent TeFEIT K LT
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MOHMEIZELABWEINDLEILNS.

Nbgi O EF{L TS 72> T, EEROMEEED 3>
v — VHREFMOHBHRERE L TRIMRHTH S
ERAERTHELPICINIEBEL LA P THEH,
BRI EfER D 1250°C LA ofmEhiEE kL T1200
°C UUF O{KIB B EIE 2 {77V B4 E D Insol. Nb %
AP IR S NSRS O & W EE E R S O BLE
DAFETH D, THREROBTGEETEREZBC TS
TREEIN. F N LK T ER-ZAFSEITELIK
C &t MnDEOEHELSHBETHDC, HE & T HHEE,
T o TWE SR IR S hvhdis S as, —JemE el
KN X BIFTLISENA LB HHRETIE C X 0020
G FAEEL <, Mn 3 1'00~1:30% #5Y L¥& 2
12y A0

5. i

Nb i7ingfbs ORI EE s & CITIF B 2 VW THRET
w4175, RIE 38 mm FREEE T OEEIMEEF It Ot
EMRAAEIC LDz, WEMROBEREZLDELDDH LR
DTELTHB. ' A

(i) {3k Nb EmiAs CciE 12 mm Ll EOESFH
DOBRGETHP LV & T ohs, IENEEZEEL,
¢Ach o acid-insoluble #! Nb ®A@EIEIC§vE, 54
PHEVETTHEALHEOEEZINDISIDHI L
ZRH LT

(i) C - Mn EOFHEE, {TEEEROERGESE
HHZE LS L ORRPHS.

(i) h D OBLESEE AR L TRYE S iR
EFREMVIFAIR A 36kg/ mm? Bl E, 5|5K5E X 50kg/ mm?
PAETC, BRI 2PEv. SIREE G RE 38mm T
vE, 3'5kgm/cm? Ll t, vTri;—20°C LIF, vTrs—10°C

LT TH 5. —EFIRAE D 5V i3 NDT sHEATH gk
SR & LCHoixiEz s L.
(v) BERRRFCETHOBSE - S 84 LR
FLERTR L. E0NEELF5fETH 5.
(v) @FXOMoinLiEbdfEke 50kg/ mm? AR
R & T A S X A BT,
X [:13
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