IMPORTANCE OF KNOWING FRACTURE TOUGHNESS AND FATIGUE
STRENGTH OF RAILWAY RAILS
I.Vitez, B.Todid*

The basic requirements of UIC 860 V Codex of
International Railway Union of railway ra-
ils quality and results obtained by determi~-
nation of used materials fracture toughne~
ss and fatigue strength of rail steel grade
700, 900 A and 900 B from regular output of
Zenica Iron and Steel Works are treated in
the peper. The obteined results are compa-
red with reference data and correlations be-
tween some properties as well as calculation
of critical flaw sizes at rails are establi-
shed making 2 contribution to traffic safety
enhancement.

INTRODUCTION

Railway rails are in every day continuous use expo-
sed to very severe demands permanently striving towards
higher speeds end sxle load increase in addition to safe
vehicle guidance and carriesge as well as longer operati-
on life. For the purpose of providing these contradicto-
ry demands, menufactures are obliged by reaching world
stendards and UIC 860 V Codex to produce rails having
properties as good as possible, especially with respe-
ct to: residual stress, non-metallic inclusion content
and plene-strain fracture toughness (1). Two main values
by which the increasing railway track load cen be preve-
nted are rail mass per metre (attained world increase is
from sbout 45 to 77 kg/m) a&d tensile strength (increase
from about 700 to 1200 N/mm ). The increase in rail mass
per metre provides higher moment of resistance snd the
increase in tensile strength mainly along with the chan-
ge of chemical composition ensbles considereble increase
of high yield point end so endurance of higher loads on
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reilway tracks in addition to decreased material wear
(2). The permissible increase in tensile as well as ‘fa-
tigue strength of reil steel could be achieved only by
establishing the safety against fracture and correspon-
ding material toughness expressed in terms of determina-
tion characteristics and & new important material chara-
cteristic - plain-strain fracture toughness (K ).
Knowing of ensbles the establishing of depifidence
between crit €a1 flaw size in material end permissible
gtress. By timely periodic inspection of railway track
condition using up-to-date ultrasonic detector car, the
replacement of damaged rails can be done and fracture
can be avoided preserving material property and human
1ives (3).

1. UIC 860 V _Codex requirements

Technical delivery requirements of railway rails UIC
860 V - 1986/87 ere in conformity with world trends in
modern production of railway rails made of naturally
hard steels (4 to 9).

The survey of specified values of chemical composition
end tensile properties for four grades of naturslly hard
rail steels is given in Table 1l.

According to Teble 1 follows that increase in tensile
streength on rail steels is obtained by increasing the
carbon, mangenese, silicon snd chrome content while re-
quired steel cleanness is obtained b decreasing the
permissible content of phosphorus (Pg and sulphur (8).
A very adverse influence of phosphorus content in rail
steels upon plain-strain fracture toughness values is
shown in Figure 1 (5).

2. Results

Summery results of investigations of tensile property,
plain-strain fracture toughness and fatigue strength of
reil steels grade 700, 900 A and 900 B carried out on
reil head specimens of 49 xg/m (Fig.2) is given in Ta-
ple 2 (lo).

According to Table 2 and references (8 to 11) follows
briefly that:

— tensile properties were completely in conformity with
regulation of 0 V Codex at all grade having been
tested end specimens were mede of 10 mm diameter out of
sample from standard place (O point in Fig.2).

The chemical composition of all heats tested (4 per gre-
de 700 end 900 A and 1 per grade 900 B) has also given
satisfactory results in conformity with those specified
in Table 1;

_ plain-strain fracture toughness was tested on limited
number ol Three-point Seng specimens of dimensions
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given in Fig. % in conformity with ASTM E 299-83% stande~
rd. In addition the valid values of steel grades 700 and
900 A were obtained with ususl scattering of jndividual

values while there were no enough samples of steel grede
900 B for more relisble estimate. The exception were two
heats grade 700 with strength values lower than average

values where specimen thickness condition was not satis-—

fied. The obtained values of rseil steel plainstrain fra-

cture toughness are in good agreement with references
(7 et al) quoted usual value range from 880 to 2050

N/an?/2. For the time being the determination of this
very importent material characteristic is required obli-
atgry only by standard of People's Republic of China
lo)s
- bending fatigue strength was tested quite extensive on
stendard Totating bar ben ing specimens of lo mm disme-
ter snd 105 mm length with weight load and operating
frequency of 50 Hz (vase was 10 miliions cycles). As fo-
llows from Table 2 there are correlations between bendi-
ng fatigue strength and tensile strength which are also
in good sgreement with references (8 at al) and mostly
meet complex requirements of general public trensport in
service. Just vecause of the fact that railway rails are
the most importent and the most loaded element of reail~-
way track equipment recently the permissible reil stress
is determined according to Smith diagram of fatigue stre-
ngth (11).

Be Calculation of critical flaw size

The application of "damage tolerant philosophy" accordi-
ng to Jones (12) implies that initial cracks in materi-

als should not propegete under operating condition above
criticel size during expecting operation 1ife. Therefore,

importance and its calculation is carried out in this
paper by simplified formula for critical crack size &
given in Fig. 4 for two usual velues of permissible stfe-
sses 3 4o and © 5 In the similer way the evelu-
tion of raii resistance Yo transversal crack propagaticn
in rail heads supposing to be the most dangerous demages
for traffic safety is cerried out in the world.

REFERENCES
(1) = = x UIC Codex 860 V, 8. Ausgsabe 01.07.1986./
Anderungen 1987.

(2) Heyder M., Agbeck H.O., ETR (26), 10-1977., 8.684~
690

(3) Vitez I., %eleznice 44,br.11,1988..5.1254-1260,

1294



ECF 9 RELIABILITY AND STRUCTURAL INTEGRITY OF ADVANCED MATERIALS

()
(5
(6)

7
(8)
9
(10)

(11
(12)

Becker K.F., Krémer W., Renk A., Stahl u. Eisen 105
(1985), Nr. 23, 18. Nov., s. 1329-1332.
Strassburger Ch., Stahl u. Eisen 107 (1987.), Nr. 4,
2%, Febr., s. 143%-150.

Berwanger F., Boeckers T., Schmedders H., Wick K.,
Thyssen Technische Berichte, Heft 2 (1983), 8.110-

123,

Schweitzer R., Fliigge J., Heller W., Stehl u. Eisen
105 (1985}, Nr. 25-26, 16. Dez., s. 1451-1456,

* ¥ K ORE-Frage D 148, Bericht Nr. 1., April 1980
Utrecht,

Ceampbell E.J., Gerberich W.W., Underwood H.J., ASHM,
Ohio, 1982.

Vitez I., doktorska disertacija, Univerzitet Saraje-
vo, Metalur3ki fekultet u Zenici, 1989.

Rekovié& L., Zeleznice br.lo, 1987., s 22-39,

Jones L.D., Part One a. Two, Metal Progress, Febr.
1982., p. 26-29, March 1982., p. 64-68.

1295



ECF 9 RELIABILITY AND STRUCTURAL INTEGRITY OF ADVANCED MATERIALS

67 f‘l
ﬁE 2000 et 11, E
= G U Su9 L ._§I;P 3#
z 08 P_E " 2
= 1500405 N
0 ' MY
® center g
1000} P K
Q8 0'8‘0'1°/-V
0 001 002 Q%% , Q06 : |
Figure 1 Phosphorus content - .
gapscise) influence on ch Figure 2 Rail section
ordinate) 49 kg/m
rg_m,,gﬁgg
1
-‘|
+
L. 240
Figure 3 Three-point bend specimen
: Steel
[Average ,
10 700 |900A 9008
0,9 o £.3107 - 700 ~67 gz = 23 Rpo 2 Kic  |1526(1303 | 914
0.8 o £.3107 - 700 -G, 4oz =45 Rpo,2 Rpoz | 463 | 569 | 59
a €.3108 - 900A-G*
07 3doz Rm | 758 972 | 935
! A & 3108 - 900A-6doz
309 | 366 | 396
0.6 o €.3109 - 9008-63 doz G3¢0z.
05 x €.3109 - 9008-G% doz 6Ldoz. | 371 | 439 | 475
2_1 1 (Kie )’
0,4 4 Qe = Kijg m—mm 93— (—— mm
< iy € = IC 2T Gao? 38 (S'doz_ o]
o ) \ .
0,3 {14 3/2
o \_\_“\\ e Kic [Nlmm J
Toz { W\
o AN\ R R
1 WA, pPo2 , m
|
L8| L v Gdoz [N/mm2]
| 005 9008 G4, doz 53 doz.
= 10 20 30 4« 5 60 70_ 80 90 100 lc [mm]
o

Figure 4 Critical flow sizes in rails g,, 1, eand a/l

for permissible stresses

1296

B3 g0z 82 ©4 doz



