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Fig. 1. Three modes. (1)opening mode.(2)shearing mode
(3)tearing mode
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Fig. 2. Research process flowchart
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Fig. 3. Schematic of process sample preparation[4]

1 Short Rod
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Mechanical properties

. o (kg /cm?) Oy
Rock types Outwal_’d_ M meralggy c 2 Water E
characteristics characteristics . (kg /em™) . v
Saturation  Dry absorption (GPa)
The fi icl
Gaduk Massive and
) dense. With carbonate with 824 1262 68 0.2 32 0.26
(Limestone) e _ small amounts of
veine the calcite .
clay minerals
Porphyritic texture
Anjilavand Red, Massive with Plagioclase
' g . 828 1372 79.3 0.5 40 0.28
(Andesite) and dense and Amphibolite

trapped

Table 1. properties of rocks used for laboratory tests
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Table 2. Specimen characteristics for laboratory tests

[4]6)\J§Jg~cﬁpw5<ﬁjs;;olﬁg;.wdﬁ

8
=
€t
€ 6t
o Saturated water content
X gl o wat75% | Hibehdd
¢ * W=200% ] jopngon
§ s . w=te7% (190
2
8
g2 a3t z
E . > * o
£ . *
= 2 _Q_a__S/o/

o
1+ * " - S
] 1 ¥
0 1 L Il
0.001 001 01 1 10

Loading rate (mm/min)

Fig. 13.Variation of fracture toughness with loading rate

(4]

Ve S d a5 Lol 4 glad el Sulg o
ol (SOEL olSs ahows 4 5 a8 S )3 LealSesS (g,
\J—:‘.'.l ;}’LJ:_‘S“SJJ‘ QﬁL@JJJUJJ\eJ\J QJ\J)‘JSLSJLLJ:)Q

.bﬁmdj)&jobﬁ



O 5 b el

e S IS Gl VL B S 5 e Sl K i sty

- e 0L el ol aS el S8 Ddme Kol i S5
S 0 S LMl Odre K (615 2o, L 51 s

S0 65 S5AS Ddas

QeM})PJ‘Hw-_SJSQJﬁé‘){°MTw34{@u

AJJJ_JJL;G e UL\:»J KK—IIJ ::I” o eJ',:JLaI's )‘J}a.'s Q)}&

,;.wl@mwﬁﬁajwmuw K,

590 VU Ko 55 93 Gl :_I_%)l.’}m; dlie o
STIBIMTS | —lee 25 iy slme 55 51 eslinad b Coms
. - Al . - .

ol s 5 [19] GMTS cu_i C‘)’LA lon 5 Al

sl
SHe Lol Oy Hls 5ad ey (81 GMTS [las 4 e 55
6l—:\}) DL T )‘J\_E.A 63“ )\_)—9‘ fﬂ DL Y8 WA (ﬁl_>v." (5Lh
T Ol s (V) JSs 5 a8 Tl ol s S 5 il

sl 0 03l QLIS S5 as sl 4

SF A bT 25 ki epdl i e Sl pis A S
35r
Al
251

2k

ol . . . . . .
1 20 30 40 50 60 70
05+ « (degree)

Fig. 16. Variations of normalized T-stress with o

Sy T*lie 358 0 odis (V1) IS8 53 &S 4850k
Vo 3 il llos sl 5 e arnn V0 S eSSl
@Jy@u@&jl{..&;@ Ol 1) e e ax s
S MTS lajbae & byye Lalsy 5 (8) s L3 el

53 S8 5 Ldlesl Odae K CSs v GMTS

lodd ey (VW) I3

1 Maximum Tangential Stress
2 Generalized Maximum Tangential Stress

RSV IS AP RS

LMzl Ko 305 5l a5 0 s o K

6000

.......... specimen 1 a
5000 - specimen 2 i l
— — —specimen 3 7
e |
4000 B ll
. R
& g |
z Ed
= 3000 f 4 I
< < |
g &
3 & l
2000 - & '
% !
78
s !
1000 f 45 |
e
) |
& !
0 : ‘ ' ‘ ‘
0 0.1 0.2 0.3 0.4 0.5

Displacement (mm)
Fig. 15. Load-displacement for Anjilavand mine specimens
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Abstract:

Ballast is a layer between sleeper and sub-ballast that is composed of broken stones. Since ballast bears
heavy loads, its high quality is important. If the ballast is gradually crushed and fines are generated, stone
permeability and drainage property will be damaged and finally, instability will be resulted. If the above
problems occur at ballast, its substitution is necessary that has high costs.For Ballast quality control several
tests has been suggested in 301 railway magazine that after the test on Ballast, the results are compared with
allowable values and Ballast quality was controlled. Ballast grains subjected to train loads, contain numerous
cracks. From the fracture mechanic point of view, when stress intensity factor at the crack tip reaches the
mixed-mode fracture toughness, crack growth begins and Ballast grains crush. Ballast crushing and abrasion
are the main reasons for ballast contamination which is the main source of various defects, particularly
geometric defects in the railway. Since disc-type specimens are among favorite test samples for determining
mode | and mixed mode fracture toughness in brittle materials like rocks, Therefore it is suggested to add the
determination of the mixed-mode fracture toughness | and Il with the semi-circular bend specimens
subjected to three-point-bend loading to the ballast quality control in 301 railway magazine. In this research,
discussed the importance of fracture toughness in extraction, crushing and operation of Ballast, then the
finite element method and experimental is used to analyze a semi- circular disc specimens under bending
load and the fracture toughness of two Ballast mine, Anjilavand and Gaduk was determined. Anjilavand and
Gaduk mine is two Ballast mines in Iran that using them for Ballast layers in railway substructure. The crack
parameters K,, K,; and T are calculated for different mixed-mode from pure mode | to pure mode II. Y|, Y,
and T* are the non-dimensional forms of K,, K;,, and T, respectively. These parameters are functions of the
crack length ratio, the crack angle and also the location of loading supports in the semi-circular bend
specimen. The curves of Y, Yy, and T* extracted for various combinations of modes I and Il. Since the
results for mixed mode fracture resistance of brittle materials are usually presented in a normalized form as
Ki/K. versus K/K,, where K. is a material constant called the pure mode | fracture toughness, using the
mixed-mode fracture criteria, capped failure modes | and Il for both ballast rocks were extracted and
compared. Fracture toughness of Anjilacvand specimen is greater than Gaduk specimen that shows the
Anjilavand Ballast for operation in railway is better than Gaduk Ballast

Keywords: Fracture toughness, Ballast, Semi-circular bend specimen.
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