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Application of CVN and 3-point bending in determination of critical fracture
toughness of 46E2 and 60EL1 rails
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ARTICLE INFORMATION ABSTRACT

Measurement of fracture toughness is one of the quality control parameters in rail manufacturing
process. Fracture toughness value is needed for designing the rail lines, analysis of defects and other
common prevalent works in mechanical engineering. The goal of this research is to introduce a relation
for measuring fracture toughness of rail materials with grade R260 by Charpy V-notch number. At first
the fracture toughness of rail material has been determined by 3-point bending technique according to
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’éfgc‘ﬁfrredf;ughness ASTM E399 in ambient temperature. The fracture energies have been measured by Charpy impact test
impact test and it has been illustrated that fracture energies have no significant change in the tests temperature limit.
rail ) Relations between the chemical analysis and mechanical properties have been studied and compared
3-point bending with results of the other researchers. Uniaxial tension test, analysis of chemical composite,

metallography and hardness test have been carried out for better study of the process. Finally, a relation
to connect the Charpy V-notch number and fracture toughness has been introduced and the fracture
toughness of the rails material over the impact test temperature limit has been calculated. Good
agreement between calculated results and the result of 3-pint bending test indicate appropriate accuracy
of the introduced equation.
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Fig. 1 Location and section of fracture toughness test piece [2]
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Fig. 2 Loading fixture for 3-point bending fracture toughness test [4]
3 e gy 4 SeaSh (Sasiz (geil plomil (sl 5 Jlosl y2eaSd 2 S
[4] sldlaﬁi

WMDY

v ®)

- ©)
W 5 BS (Pav ) cewp Kic (N) 350w Po (6-4) Lajls, o
el o

e 6 S0l @xlye cn et 5l o [12] ASTME23 s lusteul
S il jo ouds &1l Jasdljgiws ulul p 58 (g 5ledigad sl 45 (655
855 o O yg0 0aloly

E3ose 4 4z g b il gla)lislo b slge 50 (y905] gl anmlis
bl el oais a8 3 S 40 ayy8 ygesl o b S sl LT
Qo il b aS sl sols (yLis udize dawgs 4185 &g Slidss
4 S g0 o] gl o8 ol el a0 (6550 5 Gl ool plSxinl )5
J13] el onls ools ylis

ouniplxil Slaoge3T-3
05970 yiiaS” 903 -1-3

FCC Materials

P

Low Strength
BCC Matenals

—_—

Energy absorbed

High- Strength materials

Temperature  ——p-

Fig. 3 Absorbed energy in various material in impact test [13]
[13] o)lr o 305l 5o calises Slge 4o ool i (55,1 3 S

4 o lass 17 095 1396 5 o rdw Suilfo wiie



Ubled 9 @lbse Jelexe 60E1 9 46E2 (sla Js) oSy S0 pix (6085051351 p3 iols 4308 09T 653l Givgy 38
18000 - 23,5 alxil [4] ASTM E399 5, Juibia bl igas g5l
16000 Swgmli sbul (ASTM D5045) o laibl jo S5 olxl (sl
14000 ol gl el ool ol S olml e g 5 les owoi
12000 030 Sy 3 kol Bun sl ot olgiiy Dglite gl Sol, 55 S5
10000 )

= 8000 oolatwl b Budows cpl [0 sl S5 Sei ;0 69,5 £55 0 e 5 Cwls
6000 odl sleml )Les 0.05mM a8 4y SU L gor b g DB ply B,
4000 S S @ ond ol Ll 5 S5 Sl gl b g ]
2000 Sho il Calis g AL Sezg 65,5 ad b 45 058 Jol> Ll

o LY . R,
£(s) [17,16]

Fig. 6 Force-Time diagram of fracture toughness test
Sl Sy 9031 o gy ol Slo 6 S

b (o195 (ot 9031 -3-3
pll (g yegilsS g, 4 aF aslllae 5,90 oole Glaand (olys Julos
039 ).,.'>l; )L....; o..\..'LJAﬂ)‘ ‘5pr;: 9 M, 9 AS|)| 4 Jj‘-‘? IS w)f

|

5o (39031 -4-3
slopsesl Jol s byl sly )y adaie o jo 315 gls a5
plnil aslllas 5 )50 o3le Jlzlo ) 28,5 Slai )0 b ayo g conSls (S iz
Ll s 5 ond enlie iy SelS sl ahaite grlans IS ) s

ol oals ool las 7 ISy b, 2U

iz 436 9051 -5-3
1, R260 M5 LBOEL (UIC 60) 5 46E2 (U33) Ly, so 5l al> e ol o
[11] ASTM E23 s jJailiwl (bl s (g 5lustiges g o soliiasl o903l plsil
oaiolml diged wlie 4,0 (yg05] pll Cuz (10 dged S O jge
5 Sged Job b plnil ) gl cenSt (Sajiy g pTojll cox
8 bl oud obul (pope cuxr 0 )b gy Jeb st
3 olimebl (gl w48 g0l plosil cga odbolonl diges aimslis

ot 2T 551 ) Jol> s 4 Jgur
Table 4 Results of chemical analysis test

C Si Mn S P Cr Ni
068 024 107 0015 0021 0.02 0.02

Pl

39 M2,

3 5 UK el oa &l 3 Jgao 4o endoske] diges lasive
$9) & Sl ae3l plal gl oo oole] muSd g diged caxmslis
Oial38 &5 yael plawl (gl il 0ol BOCage Hlid - maS olSiws
L s ol s o5l saims i 6 S 0d 8 155 o KNS 5,
el odel Cawody 16900 Nl iSTas (g9, e o 5l colazul
GRS S g dgee Lol S S Cqz o 0 oualie izen
g oo Jlosl
sl Slade (B) alayly 53 Jgaz ;o ool &l polis 4 4o b
plp Kic jlaie (4) abal, 5l eolinwl b ax j0 5 098 o0 Jol> 2.66
S a5 S eey] s 5l eolatwl b 0gd co dmwlxe 47.28MPaY
299950 Jol> Lly2 (6) alal) g 0ol 4l 1 Jour

| e Kic 6‘).! o..\..ind.,....'l?u )L.\ia U“JL"" L)"‘

el ds Jhos by 4 CenSih (Kayiz (y50)] diged Dlasie 3 Jeuo
Table 3 Properties of 3point bending fracture toughness specimen

(mm) ,lase cadle amia
250 L Jsb
39.2 W st
19.6 B Coalies

18.3+1.3=19.6 a g ,ked sb
160 S=4-W

olSa,Ss (535 o alols

Fig. 5 Loading fixture and specimen for 3-point bending fracture
toughness test

O S8 (Kejin o903l plosl (61 oudangd iged g 950 Jlos! 23 5 JSB
6]:*.‘4&7.\3 Yool &:’9)

L N
Fig. 7 Microstructure of rail head
Joy b sl 7 Sl

4 oploits 17 0993 1396 15 ju e SilSo wdiie 64



VblKed 9 pldss (e oxo

60E1 9 46E2 (sla s oSy (50 pix (6085051351 »3 iols 4308 09T 653l Ggy S a8

4yo G395l ool bkl (Ko ir (S pT0)INI-4
=3 4

&5 oo Ll sl gonaie Laly), 0l Gl asade ;o a5 aisSoles
Sl oS guzly aaly (Jg sl ond ail)l St (Sejiz g )l 402
oML by oYs8 gly o)l gy wes Wl Jod BB ol o)lee ples
odls (Ll 7 S js 4 b eole (oud  MlS Jlisluy ) 4 axe5 L (R260
CaSs (Keyiz Gl lei o0 280 HB s> o5t uizmed 5 Cowl ouds
ey G Sz dlal) Gl ) e (8) alal, Sl eslind L,
Soged 05 CanS oogase jo asle 4o (655 5l eslatul b clsls
sl 003 815 Jsaz gl 5l oolial U g slye 63,5 4 oay i

v ®

Kic 5 () w2 lzr 42p2 0031 5 s (55,1 CUN (8) alad 5o
Syg0 k) Caslh (Kojiz ol (MPAY )ns p oSl S i
25 oud dnlxe B Jguz 5 (8) alal, wluly iagh onl o eolinl

S 9 (S 5 4ol -5

oads ooy plis calises slales jo 4o 50 40 oS b 4 JSs e
azgi b aien 35,5 405 (655 0 5 Ks ol )8 pegdle ol
L Joleo 0055 31 ol sm o ST (ol polie 5 o) slond oS 5 &
Sl plosl 6y b))l Sed e (aseie (9) abal, 5l ool

— ©

dpwle 0.86% Jolo (00,5 ol 4 Jgaz 5 (9) akal, 51 colazul b
St (6550 ol Ll b aS st sols las 553 JSE )0 0ed e
ST Jgoo o a5 ) oole (Sl ole> 4 az g bl oo yialS
L olge oo asie a5 [13] S ) oolital 5 eas

el b olge atws [0 1, Liolej] 0550 eole lef o sVl plSoinl
G dSs o 5YL alloxiul p 5 loa¥ed L aulic jo (Jg il 13 YL
@il o555 (SS el @l bl ool el ol b
035l 5l ol @l 54 53 o dSs aizan 54 51 glaJgaz 0 &5
oS Cowl opl oaimolis ouls &5 Jaax o aS alize slobes jo 4,5
5 b glos 5l 5YL g0 4 oy Jal sles lyls asdllas 9,90 oslo
CanSs (Soyiz 0 labisde JB Gid lgyges] pll sles sogame
ol azilag

ey sasliasoay (8) alal, 5l oot b aS 6 Jgaz 0 oadasl)| zls
Gl a Ghed gy 4 8 eSS (Soiz oge] A b o>
PR RO S SRV TRyt FER PRV [OWR YU NP RV P 2SRV

(8) bl 5l onliinl b cnSls (Ko jiz drslone jl Jol> i 6 Jgur
Table 6 Fracture toughness calculation by equation (8)

slagge;l plsl | ol mlis ol bl g03T s Lo 0 30 @l Cono
1 Fomk glales ;o ggesl el 6l ol oad @l 5 Jgaz jo 4y
S ylaibiwl ulwly g ol ools 13 pgase (5,8 0 bdiges ke sl
S5k ks j5e gles 1 50l 5°C Wb 58 5l e ) G s sled

oM 5 by Sl 425 (5551 0S5 s 5 e o9l ol b
I Sglis Les D3| B5C sz b a8 el oad ools olis opl g
Bl g0 oamlive 4,5 (65,0 50 (glala>de

T (S5 (53031-6-3
@ arg by el opSojlil BB Cepn 4 slanlll Sl (So (S
s a1y (Sl ol 5l e ailg oo JlSle 5 olend oS
@b a5 0l el ) ahaiie o 53 (s S5t (59051 sk nl (sl
Jioy 280 -263 o e el sad &) 9 IS 0 edslcamsd

Ll 00 $oslal
S0

Fig. 8 Impact test sample according to ASTM E 23.
ASTM E 23 5 Jastial bl s 5 5051 diges 8 S5

sz 2rs 0903l 3 Jole @l 5 Jour
Table 5 Results of impact Charpy test

(1) ot 5 o3l 53,

(MPay ™) sl Koy

4 - — (C) Lo Jy 5
Ly 3 1y5e;] 2 5ge5 1 ose3!
47.96 47.96 47.96 47.96 -30 46E2
46.58 43.78 47.96 47.96 -30 60E1
47.96 47.96 51.80 43.78 -20 46E2
46.58 47.96 43.78 47.96 -20 60E1
45.20 47.96 43.78 43.78 0 46E2
45.20 43.78 43.78 47.96 0 60E1
50.53 51.80 51.80 47.96 25 46E2
47.96 47.96 47.96 47.96 25 60E1

65

- - (DC) Les Ji) &9
bogie  Bogl 209l 1 Gl

6 6 6 6 -30 46E2
5.66 5 6 6 -30 60E1
6 6 7 5 -20 46E2
5.66 6 5 6 -20 60E1
5.33 6 5 5 0 46E2
5.33 5 5 6 0 60E1
6.66 7 7 6 25 46E2
6 6 6 6 25 60E1

265

268

263

i

280

71

267

265

273

270

Fig. 9 Result of hardness test (in HB)
(S o o 0lagl) (o S5 O%“')'T 5 O S

4 o lass 17 095 1396 5 o rdw Suilfo wiie



VblKed 9 pldss (e oxo

60E1 9 46E2 (sla Js) oSy S0 pix (6085051351 p3 iols 4308 09T 653l Givgy 38

&ip-8

[1] F. D. Fischer, G. Schleinzer, Residual stress formation and
distortion of rail steel, Combustion and Flame, Vol. 160, No. 9, pp.
1677-1692, 2013.

[2] Europian Standard, EN 13674-1, Railway applications- Partl-
Vignole railway rails, 2011.

[3] A. Salemi Golezani, The effect of microstructure on estimation of
the fracture toughness (KIC) rotor steel using Charpy absorbed
energy (CVN), Advanced Materials and Processing, Vol. 1, No. 3,
pp. 11-17, 2013.

[4] ASTM E399, Standard test method for linear-elastic plane-strain
fracture toughness KIC of metallic materials, ASTM standards,
New York, 2001.

[5] D. Roylance, Introduction to Fracture Mechanics, Department of
Materials Science and Engineering, Massachusetts Institute of
Technology, 2001; http://www.ocw.mit.edu/courses/materials-
science-and-engineering/3-11-mechanics-of-materials-fall-

1999/modules/MIT3_11F99_frac.pdf.

[6] B. Su, Elastic stresses and deformation on All-Steel cylinders
without defects and axial cracks, Pressure Vessels and Piping ,
Vol.76, pp. 789-797, 1999.

[7] S.T. Rolfe and S.R. Novak, Review of developments in plane-strain
fracture toughness testing, ASTM STP 463, pp. 124-159,
Philadelphia , PA, 1970.

[8] Y. J. Chao, J. D. Ward Jr., R. G. Sands, Charpy impact energy,
fracture toughness and ductile—brittle transition temperature of
dual-phase 590 Steel, Materials and Design, Vol.28, No.2, pp. 551-
557, 2007.

[9] K. Kussmaul, E. Roos, Safety and reliability of pressure
components with special emphasis on fracture exclusion, 10" MPA
Seminar, Stuttgart, Germany, 1984.

[10]R. Mohammadi, M. Saeedifar, M. Fotouhi, C. teymuri, M.
Ahmadinajafabadi, Determination of fracture toughness of
heattreated AISI D2 steel using Finite Element and Acoustic
Emission methods, Modares Mechanical Engineering, Vol. 14, No.
11, pp. 1-8, 2014. (in Persian )

[11]R. Ghajar, J. Alizadehkaklar, M. Namati, Y. Alizadeh,
Determination of fracture toughness of rail UIC60 steel using
charpy impact test in different temperatures, Transportation
Engineering, Vol. 2, No. 3, pp. 249-259, 2011. (in Persian ~_\4)

[12]ASTM E23, Standard test method for notched bar impact testing of
metallic materials, ASTM Standards, New York, 2006.

[13]G.E. Deter, Mechanical metallurgy, SI Metric Edittion, pp. 472-
482, New York: McGraw-Hill, 1988.

[14]JASTM El111, Standard test method for Young’s modulus, tangent
modulus, and Chord modulus, ASTM Standards, New York, 2010.

[15]E.Hu and W. Wang, The elastic constants measurement of metal
alloy by using ultrasonic nondestructive method at different
temperature, Mathematical Problems in Engineering, Vol. 2016,
Article ID 6762076, 7 pages, 2016. doi:10.1155/2016/6762076.

[16]JASTM D5045, Standard test methods for plane-strain fracture
toughness and strain energy release rate of plastic materials, ASTM
Standards, New York, 2010.

[17]M.R. Ayatollahi, M.R.M. Aliha, Analysis of a new specimen for
mixed mode fracture tests on brittle materials, Engineering
Fracture Mechanics, Vol. 76, PP. 1563-1573, 2009.

4 o )lasis 17 093 1396 5 (oo Suille wdito

el i e yme Sipdy aneS o> Slsieds [2] iy s S it
5 @l 2o @l exas bl plaiea wilgs o (8) alail, bl cnlz
ol 8 gl 4> 30 25 1 -30 slales jo R260 WS Jo, consld Koy
Sl yime (g ) (8) abuly Cosl g 4 3V 055 18 gl 550

5L 280 HB sgu> 5w b g (ol SalS Jiws S s Lujs ;a5

S -6
5l ooliciasl L R260 SIS L 4BE2 s, onle oSty Ko yiz i (2l 4o
odgame 13 gl 4o (903l ad (g pSojlal Sk aw e (b,
IS L B0ELy 46E2 (sla s, osle sl ol 5 ilu 42,0 25 1 -30 les
g Sl 009: Jo5 T-5 y 4 yd (6550 oaimo ylid dxl .l plxsl R260
S35l 0 Sz i lapgesl plxl (ples 3game j0 45 Wb asuine
Sybia Jolo 415

5l ool b canSs Ko iz s pSojil sl slalaly oo cnl 5
ol @l dalie 8,5 5 s 5 S 3530 )l 41,5 (555
Sade g el @l akl; 5l eolaiwl b oSy Sejhiz dcwlxe
6.8% slaz> jiSlas oaiwojlis glaads aw ies g, 4 odi g S ojlail
Gl Wlgige 5 ol olie c85 (gLl sid yme alaly cnlply soand
sn SLels JSbog, LR260 (S lody, casls (Rojizr (eeds
S il azys 25 b 30 sles sngame o 5, L8 esliul o )50
s dalgss ool gl iolejl 550 eole Sl (Ko i

e S b -7
(M) [t 5 S5 Jsbo a
(M) Ggos Cusles B
Jolae (S Ce
(GPa) Sl Jsuro E
(N) g5
(MPay L( vV cwSs (Kejix Kic
(N) yiSlos (55, Pq
(M) LSy, 5550 B 55 0 alold S
©) ol t
(M) Lges 2 w
Sy ol

(%) oo Job 15
(MPa) Sl 25
(MPa) s s

66



