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Effects of Addition of V and other Elements on Si-Mn Steel.
(Study on high strength structural steel—I)

Eiichiro ASQn0 and Akizi Suseki

Synopsis:

Si-Mn high strength structural steel has been developed in Japan these few years, being
supported by the recent tendency of lightening the weight of structure. In this report, the
effect of addition of V and other elements such as Zr, Cr, Ti, Si, on Si-Mn structural steel
were studied. In the case of laboratory test, there were 13 grades of samples. In the first
group, containing 6 grades steel, the effect of V on Si-Mn structural steel were researched.
In the second group, containing 4 samples, the effect of V and Zr or Cr or Ti were tested.
In the third group, the effect of V addition on lower C-higher Si-Mn steel were studied.

All samples were melted with a high frequency electric furnace and cast into 5kg ingots,
then rolled to bars (9mmg).

Specimens were tested under three conditions such as rolled, heated and as air-cooled or
furnace-cooled after heating and as-quenched and-tempered. Tensile strength, yield strength,
elongation, and reduction of area were determined by tensile test. Hardness test, V-noched
Charpy impact test, and microstructure test were also made. It was concluded as follows:

(t) Tensile strength and yield strength rose, and elongation and impact value were de-
creased, with increasing V content. V also unified the microstructure and made ferrite
grainsize refined. V behaved as anti-softening by tempering, which was seemed to depend
on carbide formation.

(2) Adding Cr or Ti in Si-Mn-V steel resulted in increasing tensile strength, but gave
no effect on elongation and low-temperature impact value. Ti and Zr made ferrite grain-size
refined, but Cr did not do so. '

(3) Even if C content was decreased from 0°2% to 0°1%C, the tensile strength was inva-
riable when the Si was increased from 0°49% to 0°65%. The second, angle shape steel was
made by Si-Mrn-V steel, and special shape steel for the use of mine props was made by Si-
Mn-Cr steel on production line. Si-Mn-V steel angle was determined by mechanical tensile
test and by welding maximum hardness test. In the case of Si-Mn-Cr mine props steel, the
effect of C content on heat-treated tensile‘properties were studied.
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Table 1. Chemical compositions of samples.
Serises -Mark C Si Mn vV Other element,

MV 0 016 0°386 \ 1+22 000 —
MV 1 .0*16 0400 153 307 —

I MV 2 0+15 0+446 1+31 014 -
MV 3 016 0-436 1-09 039 —
MV 4 0-15 0-398 1-15 0°-48 —
MV Zr 0°15 0°357 131 0-12 Zr 0°14

1 MV Cr 014 0390 099 012 Cr 0°83
MV Ti 0-18 0412 -1+24 o1t~ Ti 0-25
MV HC 0-20 0+406 1°27 0407 —
SV 1 010 0°648 1°54 0°13 L—

I Sv 2 0°09 0°650 1-35 0-20 —
SV 3 010 0662 1+23 027 —
SV Zr 0-10 0°640 1+47 9' 15 Zr 0-24

B0, MEEHGELL, WiRY ) —FIREEDD L\

TS5, (EEOWFEIT L UTHREIW, TEM,

DFEFITLHEE LTOREICE EE>5TE DEFIEHRIC
BT Mn-V & (Vanty §f), Mn-V-Ti ZD~®, |
T-1 $f9, 5\ EME K7 s Mn-Ni-Cr-Mo 59
F L Mn-Mo-B /9, i VEEETEL LTURML
T BV TEFHE SN TS ICT ¥4, Si-Mn #
ERZLADODMEIXITEAER LNV DT, £F
TN DWTER L. 2F i Si-Mn-Cr fRic>nT
TREL. CCTRCELEHMITHHECS XETEES
WATe. Cr BOBEAY:, HE, sPRVEI AL,
HEEREBINEL, $/42C &b LTHR{thEERT 5
HWEEHETHE VDL TWSH,
Ni, Mo XL LAF LR VB E THEDT Si-
Mn-Cr §IvI 772 258 ST % . Si-Mn-Cr
N T, S REEBRIE RO L L, ERIC R
FNCEE LB E BRI O W T FOMESTE L.

II. AREIUREAHE

AREBRICHA L7EoN MV %, SV RiEEK
BRISFICLOTHREL, £ 5kg oME@EBE LT, ©

NEEPEERT omm FORBCEELE. RO
L¥ Vs, Table lOT L THBH. ThERFITSH

& I F&WK 0°15~0"16%C V% 0~0'5% iinL, V
DHEHBBIDOLDTHY, IFRXXSic Zr, Cr
HHhEMATHEOHRERL S L LdDTH 5.
IFZRZCOEY (0°10%) ARKBIIET V, Zr oFE
ZFARLEMDLDTH B, B, wIhnd Si(0°35~
0'45%)—Mn(l*1~1"6%) ZFHL LTW5EH, [1FO
BIECEEEL LEDRDIC Si & 0°60~0"70% (CHN
L7eifBl T 5. AERIIIIT BHns R0,

ba ERPSRTS

L < ITEREE D BAIIRRE, DT ek DR TR O 2 &1 B
C LB HOIDT, ERFHEE LTREREDEE
DIRNE, TIPS, 2% 5\ IRFRE, sk OHEA
BER UAMERE I % 72 DI DWW TR D BB & TV,
HicERREHC oW, &RV 7/ v F ¥ 4 W E—ER,
BEEE, BAMESAROEEL S E Tk,

IHRINLOERBERCDETE, BEOHRZHRE
& Nvk LT FERE B R B 2 AT\ D3R 1 gk L e
HAEMIT Si-Mn-V RO b0 1 fie Si-Mn-Cr Db
D 3@ TH X DILERKS % Table 2 1KR3. Si-Mn-
VERBEREERFTHR L, 350kg s L7zdo
T, ChRBEIZ X D 81X87mm B Ly MTEKL,
X I L13X75 \UESRICELEE U THE O BRI gt
U7z, %72 Si-Mn-Cr Fix 3 b o EEUF CHMREEIL
170 kg BSEHHLE D < 0 Sk FER X 2T BREMIC
BELC b DX DK Z R L CRBuCH L. Si-Mn
-Cr RVIBMOEEF & U CEEREEE ST 5700, JFIE
DEFEOEMHIMEEDIE, T, BABRR LI X HHMED
b E L 7.

Chemical compositions of test

Table 2.
products.

Mark C Si | Mn | V Cr
Si-Mn-V 016 | 0°322] 1°12 | 0*18 | —
SMCR 1 0°19 | 0v446| 1°57 | — | 0°47
SMCR 2 024 | 07400 1*50 | — | 0°53
SMCR 3 0°27 | 0°394| 1°59 | — 0746
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(1) Si-Mn FERNM|ICE X ETVORE.
Fig. 1-(1), & Si-Mn F&EENSTMAONL V
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Fig. 1. Tensile properties of MV and SV
steel (as rolled condition).
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Fig. 2. Tensile strength of MV steel -

after heating.
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930°C D£&IREEIC 15 SEFEMEEE, R&AHHcs, B X
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75 B H QMBI TH 5. 680°C INFMATE L 7cFURHT OV
T, 72794 MERNEXRBE, R VIRImES LS
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MV 2 BEDOVREAS L, HRNOMM LS EbDdTHE
ZErir s, 680°C OIREM Tl all, 750°C Tlia+ 1
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HOREMvLLe 5 L | e
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Ta+ rERiEy Fig. 3. Tensile properties
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Fig. 4. Hardness of MV
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LibE, BERLEEHRAZENS HbvT, 500~550°C
WER LSS XD, 600~650°C IR Lcha5515k
DIBXNEL LS. TR VORILHIC X 5 KB LIE
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BHEPR LN, BIEFEOBLE —FH L5, il
VRO BRI X 5 b0 L ELLNE. EERRTI
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Boh, sPRVRBRICKT H5E @S TRETF T T
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HVIEAMEAMR TR CE ol R LIE
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JEIERAEIC BT 53R D IEREE R Fig. 1-10 T &
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100r—

= 8 - MV Ti -

E b B \VW

o ML <

= N M2 ,__,:\\

g I 7 S — T

< ¥ ’ SN

N N4
Mv2

30

(4s roll) 680 750 930 (As roll) 680 50 930
(Air cool) Furnace cool )
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Tensile strength of MV, Cr, Zr, Ti,
steel after heating.

Fig. 5.
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5. eREE MV Ti 13 Si Mk 8 £<ADTWS
OCTLEERD Ti RGORELIMETERV. X
7z, Ca2R2i Lt MVHC 12 2 T, KCoR
¥t MV & T 5 & EEORS OFEIZ Table 1 @
TELCEODERTTH D, MVHC OE#3EE his
TR kg/mm2 HWERZRL TS, HEMV
HC, 0 iisiFEst MV2 ki3 5. S5tz d
A OBRMESERIC 3 XET BELRE MV2 i

LTABE CrOFEIET =94 MESR 285 Lk
WA, Zr HB5WIE Ti 2L 0RERRSWE
L5 LBEMMELT WS, Tiabh, FEREOE
KO 680°C FINEMLEEED T = T 4 MERH OWRES
HEET5E, Ti $32&d0vh U5 LLIMMbE b
5L, Zr OFEFARTHR X D2y, 750°C T
BEEEZ LT TL 7274 PROKEZXRVTFNRDLITE
A EZHE LRV, 930°C ihnEht % L3 MVTi <ik
HRRORESRON 52, Bkt MVZr TIIgEA Y
ZbEd, 930°CMEED 7 = 54 NEETHEFRBE MV
Zr O—FHFICHE MVTI X 0V KE 2R LTy
5. 7o TiHRINC X DFED TiN SEEFRCRD S
vic. £/ Ti, Zr, Cr ORI X 5 V O wE{L/E
RREI RSN SDR. - B

(3) & Si-Mn REERAMiCIIET V, V+Zr
DR '

i AR I RIRME M, WS s X 'S B
BEAKCTHDZEBRELVWESRTWS AES
%2, CEEFERELT 0010%C L L, ZOkdickd
LHMEOET R <L Si 2N LTO6~0"7% &
LBl onwT V, Zr OEE LT~ .

FERED % % DIRERIC 3515 BB BERBR O EIL, Fig.1-
(MOZTLLTHSH. FThbdb V 0°1~03% kL
V 0'2%-+Zr 0°3% HMLicE &5 Voimcfiys,
SRS VIAL, O, BOIMET+5. 38 MVZr,
TR Zr IRINC X Y, BEOHEINITE A FHED b
pofe, & Si o SVZr Tt Zr Hhnic k %3]
3RIE S OIS RHZ ICERD b, S OBUDETIX
Dl LA LD OEBIZVB U S L.

DELEMBEBH LB EDBE% B 5 L Fig. 6
DL RGOHEIEED T EOREOEE L FUHE
MERLTWS. VEILHIZX S L Bbh b kELiE
FABTIIRERD ONE» Dk, KC—F Si OBELH,
LK SV 1, SV2% MV2 S CES &
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MV 2 OERNTHROMBITISWTHET (2kg/mm?
BE) SVvIBRMmESERTEMRK D S. it Zr 2Nk
L FERREHCOWT h, SVZr LEHE0 MVZIr @2 0%l
WLUTRS L, Zr ORMOEHETIHE C & Si 0k
SVZr @} MVZr X DAV EVWEIRESBTRT
Epbop D, Zr OO B OTIE Si BROEMMAS R
BMXSERDD L VLD, TOHEOHEMEERE
ElLirzsh, BB SVL, SV2, SV3ELbR%LE
VIRMECE2Th7 = 74 PRECELIZIZFEAER
. Zr BEAKER SVZr TX7 =9 A4 MRS
FHIH> & Fe B s 930°C DHNBRIC X0 TH KK T 5
MEZRLTHWS. 3 SV, SV2, SV3zMV2e
i se SV R, 2% 0ECH Si T bODEH
MV2 X0dH7x354 MEESHIAL 930°C gl o
REBEL L WES5THS. SVZr & MVZIr LOfH
WV SEMEERLE T & D AERIRERD Hvis .

(4) Si-Mn-V FR4CX 2EERINLFZHORIE
CEOEBERCDEIEV Y 0°2% HED Si-
Mn %R N A EER S CHE L, 350 kg B
DL oFr. TNEEEICID 81X87mm ALy MT
T, X HICEEEI X D L13X75 \WEEITEEL
Fr. FOILERS L Table2 KRTZELELDTHS.
U B R TTREEDO L EAV B REDOBDT, E
EDE EOERPIETRS I OE Yy MTEAREOMIT L
W LN oTmE L. TORBHRIE Table 3 DT &L

Fig. 6.

ThH Y, SR(Gke) GRFEORBEE X DUEShcks
RERLTWVWS. Lo UKIREEE TR mRERA
MT—RITMEL S Tw5. 0°C T 3°0~3'5kg-m
Jem OV sy F EIEE KU E Lol HHER
I S B OFE R CHIBIEEME L B-26 ({K7/KEED)
ZHAVWELO TSRS V.H.N. 310 FT, &
ENEADIEHE L S Twb V.H.N. 350 FTH 5.
(5) Si-Mn-Cr R&RZ I X 5 REWHORIE
Si-Mn-Cr §HIZEER ST S 525, FWHELTH
LRVIAREREME LT L. CRIIFEEORENC
BWTHBTFOLWMRD D, »oHFTIMOBEEEES
FUBEMIT LD EDEE L TLE3RAITLHBHDT,
ZZTiE Si-Mn-Cr

MRS
PCHT DT o A
S [y A
i XIETCRopE T Wi
R~ REoy W T I .
. H—p—=" <E3— 17—
K4 Table 2 0 Z 0 = n‘on"farea gg;\:
LT C g% 019, o < 03
: . 4 2
024, 0°28% &% % T ‘\\ < 10
TR HEATE880°C B -2k N
2 HIEEEAL, 300°C  «. 9 =l
. ~ 8 2, [
~700°C Th 7= 2T " 4,\ ~
1h BRUL7. TOB o
DF 3k D RERDOFER T :
. e . 300 400 500 600 700
Fig. 7 & L CTdh As%%/%e)d ——»Tempenh%tgnperatum

5. INITX 3 EH0E
= 2 Fig. 7. Tensile properties

NIREXETCHDI of SMCR steel after quen-
#pxalpk v 4 <, C{ ching and tempering.

DEVEEHERABE L, HY, KOBMEVERCD S
BSEER LIREEDSTS < 78 B 0 DN CH DRI D75 {7 5.
HHE OBERIREE 500°C #4llic :>THBE, C 0719~
0°24%Tl& 90kg /mm? SEVHR N & 22~23% DR
2851, C 0°27% T3 105kg/ mm? OHIEN & 24
%OWTAHG LN TS, MR D 55 LB T
EHILEWIIRNIBEON S, koS0 EEL{L
DO—fleRT L Fig. 8 DT E L TH%S. BAERITLE

Table 3. Mechanical properties of Si-Mn-V steel (billets and angles).
! Tensile test Bend 0oy |
| onsile | pend 1estUBD 1 Hardness
Products i . Tensile | .
;Y‘f(id point | o ength EIongatxon Specimens R=1'0t | R=1°5t (B.H.N)
i g / mm kg / mm? ° . .
Billets | 596 75° 1 26°6 JIS No. 4 OK | OK 210
Angles 616 | 759 17*4 | JIS No. 1 OK ? OK —
J ] )

/13X 75 i
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5 PR SRR DZL
¥, @EO Si-Mn 4ot , [
T LB AR 0 T TSR

> < ——x SMIR |
FHESINiZ &P ” 9
BHONBHIEPRRE § A
HIREERRL LW s
N, g N

6 S 250 &_”\\ \‘
IV. & ¥F  owm >
bMREIT T B B
R ARA S BRI 5 e 50 407 0 300 530 G0 B0
(886C)  —= Tempering temperature.

fHo— 2 TH 5 Si- cy

. , Fig. 8. Hardness of SMCR
Mn —r'ﬁﬁﬁjﬁm“‘ steel after quenching and
SLHFLEEBD tempering. '
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(1) Si-Mn R+ VOEER VoMLY,
Reihes, BIRRIE S IEINT 54505, HOERETSE,
BREEEZ VB LB LETT 5. BT
BMEE—tl, 7=74 PREZMIMLTS. oM
13, FEDOEFORETIIDILAADI L, FMELIE
B I CEARERREOWT VT HE—T, VIR 0°3%%Z
HMxoElARHEELLS. LrLVIZXBERMOK
Eff k¥ X OGRE OE T EXENERES Vb 5 F
—ZAFF 4 MRGETBHETFH L 2 38R E RS
Y. .

(2) V% 0°3~0"6% ¥IMLAFETIX 680°C 1
HNEMER: U7 & 3 X OF 550~600°C iR L7254,
BRI OB SR HMSED b, ThRVR{bmOERK
CEET50EEbh5.

(3) V#% 02% FinL7= Si-Mn REENEIC,

X5 Zr,Cr 5V Ti 2HbBIEMLAES Cr’

Ti 13X LREBRES 2T 503 VO E 752
THET 2. B0, EREEEOETEHIET S LT
S\, Zr BHEVRESBREIRS LDk, i

%?nwogwﬁb.

Zr 355 Cr 3 E
D BBAS TR '

(4) CE%® 0°1% T Si & 06~0'7% &L
7B TR ETERRYV ORI X VMERINT 5. &
DXL C 0°2%, Si1.0°3~0'4% DHDEFLTH
5. ‘

(5) LEEHRET V 0°2~0°3% HMT h 1EHE0D
ETiXhT»CoikmsS 60~70kg/mmz BEDLO
MESND Z LoD T V 0°3% il Si-
Mn FR#EEIMT 350kg F|MERIEL, £L v bRX
UG FERE U TR I Lo £ 5, BiRak:
BE IUBEREEEIRBRTE, Ke4HEREERN
e LTITIER R R R LS, WEEoRE &
ETHEEDDEARHEINTVBV 2 v FRIEHER
BCIIHE Y BRIFR RS hisrof. e Si-
Mn ZREFEENRMCRS W TIIEMEE TS XIETEHR LD
ERELTVIX 0°3~04% L& FLRETELITHRE
EEWMPILRORESLE L Bbhik.

(6) Si-Mn-Cr @Ko WTh, RIEEBEMIC
aﬁtﬂ?ﬂiﬂ LT OB EZFAEL, L Coi#s

EB L. Si-Mn RiIKE I3 Cr ORI HEHIERE
BEREFHERBIENMOMEETALT L, T OMEZ
BCEX IUWHIEAEC X DTAIR Y ELZ T 525,

C RGEREEME L LIS R e .
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