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A Study on the Wear of Rail by Fracture Mechanics
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ABSTRACT

A two dimensional elasto-plastic finite element program taking into account contact between
crack surfaces is developed in order to analyze subsurface cracking in rolling contact. But the
friction between upper and lower surface of the crack is not considered. Under the
assumptions of small deformation and small displacement, the incremental theory of plasticity
is used to describe plastic deformation. J-integral is computed as the applied Hertzian load
slides over the surface with friction. J-integral is correlated with wear rate of the rail. The
propagation rate of the right tip of the subsurface crack is fast by 45 % than that of the left
side.
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Fig. 1 Analysis domain including subsurface cracks

I, oldEe HA7t T, olAde gdo] Fojzith AXreddd 299 RdL L, oS
r:s #23sa It (el 2)6ld B&Lds gage 22t S St EAsE okly A

ot} :

Sw=—da§nin} (1)

St=— gttt (2)

A7NA nies kBlA TelduyaNele] iEYRe] Yol = kHN THFAAHY
o] JEolch FFZAoM Aol o] HEF FX & stoln AU FAE wel
o5 o Mg EAIE LEF AW Jo= 3jgrt mield gAFFTY nhEE FA

—316—



A RE HEHAM S,=5%=S, Si=S5%:0 o] Hrh w2 315 Ao oFslme

fr

7 813520l thsl the AES BEsloo} tic).
A7 Ealol ths) WYL olelet B} :

do; =0 (3)
HVRE e B w8 BAE ot} Zr}
dey= 5 (dui;+ du; ) (4)

A7V ;i Be w, o BHE ol Y nlEE Uk,
$93 MYEY WAL TheAoE Fojar}

doy= Cjydey, (5)
dat) Cl/kl dE ki (6)

71 Chs THENM Y Agoli Chs TAMHHAY Asolrt. o3} AEE TUA
2t 7pg ¥kt
BAxFeEE I, . TolA ofeiel 22 A7} FolHtt !

doynj=dF, on [, (7
du;=dug on T, (8)

A71A F, % uy & i BolA FJA 5133 Hslelch,
NZHeRelA BE GGl Gk g Aole 1AL ot sh WHFY 27 D= ol
o} go] TR} :

D,= B—(di} n}+ duln? (9)
2] 25 FojA F&EUYo| 4 F shps 00122 ohge AL o
D,(S,_1+dS,)=0 (10)

oA71A dS,- & LAY A&EUAFeL, dS,2 HFY FIo iy FEHUYY FEolr}
2.2, J-3E

REHE shbel AR A (1) o] Felwriiz)

—317—



2 HJERZEE ehdn

X3ol BAshA ol = ATl olFo] 9T ARAT Az} ol TA sk
oA dxFH Fdo] Y3l Ffolx J-FEY FRHFYo| FYUcHIZ]. J-FEY FEHYLS
Bl A FER Zolth, WHPLHEY = IFARN TN HZARAY &3}
U FEL4ES e 313A 20 Est=d] o] B J-FEY FEEYANL ol&Fee Fuy
= doy FAMY Azt ostd HEAZZI FEATel i AR dow BEo AAY
o] ARY ZF Zerh A (11)E $AHFo AFY Yel2 vpPd b Pl

W= W,+ W, (12)

p"—“‘%‘(f‘; Eg (13)

W= | ode, (14)

714 HA} e BN ES, p= £ENES UEMI 0 o A7 5718Y3 St

golt}.
3. nlRge] oA

Yzt dYe TEAES Yol TRW Y FAE /IE0E YU $¥e) 2 woE sizd
Ao) Wol AASHe RozT Eua UohFig2). Y3 AYe) &L ohzo] A=(staAS o)
hertz FH22 FHRHT 7ol a, Aol dAl Zdel Erol WAsHA o At 7Y Aol
Ml nhge RAUCH s1Fo] YBIN LEZST VHHLET 2AY w, 1V Aol BN
FRVAE o, 2 B do, = g d a HESF T2 ASHAS R4 ofal Po| EH

¥ 4 gtk
da;=Au, d, a, applied load, material properties) (15)

A& (asperity)d] 48 N, g & w2} st sty FEY WA &3 ulrH Ry V)
2 A (18)2} o] @Y} :

V1= wd gl(ddz,"f‘ddn') (16)
A4 1= 29 2BE r& T 0E2EE Urhdth W $32 olmale] Wojd Uz
e Q)

T AoE EAY 4 ot

—318—



V= NN, wd ﬁ::l( da i+ da,;)
A7 N&= nngduas ol o 4

[« Jxe] M"E'
o] soltt. Nuwxe F&HHFY 37 L E=Eo

V= NcL wd gl(da i + Aaﬂ')

(18)
H} dde] AZolM FEHAHY TASE A dYY THE L, FEFZOlE L ¥Fol WA
Lbedl Hed njnyAelE seloshd, FEHFY £+ Ne
N=S/ A (19)
nnguars wel o e Fde £ N, =
N=L/lc

(20)
oltt. L,=Le) 7Rstel Al (19), (200 4 (18)0) tjQsl AU n}Rg VS ThgNeE
Fo T} -

v _ L'dda,+ 4a,)
Lo soeanoa)

AL (21)
7NN da, da, & N ®o|Zef t]3} g wo|Z e} HWFFII Haolc),

7ol BAEC da, da, I 5 H4ol 4%e uXA Hel Z 2 njRgL cti2y
viebdrl, F HulE(adhesive wear)old nfE &S X, §%, F&We &%¥, 4w T4,
NnASE 5o Be AAFol dyg Loy F

o o]z zAdtelMdE Ax H, ZLSIE ¥ 122
o RAS K E42 ddA oot mlrAS K

olelel 2ol B W13

fr

_3VH
K=-32 (22)
Al (21)€ (22)0l thdsh alEAS ke The} 2ol Fojdr}
_ 3HL*d(da;+ da,)
K= L. (23)
FEY BEFANE da, da, 2 DHVFEY FS Paris?] PHUoT FUY $ doHid]
A = yaK)” (24)

—-319~—



uaFgel 2717 2eQ 2719 2w ool B Hgo] sHpa J-3 Lol azgsv
Batsel AU Uk ddel oiEE 40 29U SUHZe A3 Y
AL o83k A ()& T3} 2o ER

A (25)& o] &3 mR &I ulRASE g3} o] FoJRc}:

V _ LdAd4])"+r4T)"

v ) (26)
2 Ty TH"
Ko 3HL aTM'p]é{);_+ AA4T)" (27)

A7\ AT, 4T, & AAsHE Tl tjt B o2 B olT),
1. $0es AN
HAEDE Fig. 29} Zol HE 110 wm gol: 75 woolth. 29 o] a

S2ZHY 20 pm2] Zolol A} HASIA g gk FAZAL EA] LHELS 5’_%*]911 ko
FEE do|YgoEnt A2

A

Qiiﬂi

4a

4a

-

Fig. 2 Subsurface crack under a moving asperity load on rail
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Press.2

Fig. 3 Plastic zone for load case 1 Fig. 4 Plastic zone for load case 2

Press.3 Press.4
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Fig. 5 Plastic zone for load case 3 Fig. 6 Plastic zone for load case 4

Table 1 J-integral for a Hertzian load with friction coefficient 0.2. The paths 1-6 are
for the left tips of the cracks and the paths 7-12 for the right tips.

——
adia\se Press. 1 Press, 2 Press, 3 Press. 4
Path ~

1 1.248 1.184 0. 4663 0.9074

2 1.247 1.189 0. 4476 0. 8996

3 1.213 1.172 0.4436 0.9134

4 1.219 1.176 0.4360 0. 8931

5 1.203 1.157 0.5015 0.9269

6 1.202 1.152 0. 4281 0.8928
2+ 1.222 1.171 0. 4538 0.9055

7 1,327 0. 8264 0.7535 0.7618

8 1.325 0. 7867 0.7590 0.7663

9 1.346 0.7441 0.7154 0.7421

10 1.331 0.7838 0.7270 0. 7446

11 1.354 0.8371 0.7008 0.7359

12 1.332 0. 7666 0.7138 0.7417
ol 1.335 0.7907 0.7282 | 0.7487

)8 4 (26), (27)0 ThY3A mlEgolL} nfEAl%o] tiEt FRE FY 4 glch Table 1o
A AJ70.7682 N/mo] 31 A]=0.6068 N/mojtt. EF MxloAe] ) Zko]l BEMcieMel ZtEc)
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