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Tab. 1 Ballast material properties

LA S I8 2 L FE 5 PRuEgE R o AR S AR R AL AnuMEERIERERER MEAEERRRER BEZRK P/

S An/ % ¥ P; KT C./ % Cv/ % (107 %cmes 1)
MIEE R 18<TA A <27 95<<P;<<110  18<<K(FJE%)<<18.3 8<CC.<<9 19<<C,<<22 >4.5
S 4 R 21.5 106 18.2 8.7 21.4 5.42

FI K AR N ) T TR 0 7 R0 91 HIE o/ HER/

FEIR L/ % AR L,/ %

24l B o/ MPa i o P A kv (g em™ (kN +m)
09 3R <0.4 =20 >11 <10 >2.55 >25.00
S 2 0.34 26.6 14.3 5.1 2.67 26.17

2R U0 UE , T 8 A BY B4 5 PR BE 45 B 22 R AL
R, I A, AR i BRI M A E HE ) (TB/T
2140—2008) , 8 WERL A5 2% e 3465 0 12 32 2 FLAE.

k2 FEHKBA SR EBERERTEK
Tab. 2

Requirements for the particle size grade of

the first-class crushed stone ballast for new

railway
LR/ mm @SR/ % FEFLR S /mm EaE R/ %
16 0~5 45 55~175
25 5~15 56 92~97
35.5 25~40 63 100

I P AR 5 kg TEAE 1% 18 /E 9 & &=
=% 3 frs.

£33 RARARFZEFRELIREANE
Tab. 3 Particle size grade and quality of crushed

stone ballast for test

A4 /mm it/ % HiFE /mm JE R/ %
<16 1 35.5~40 14
16~25 5 40~45 15
25~31.5 10 45~56 37
31.5~35.5 10 56~63 8

H TREAR <<16 mm f4 URL7E B A i 72 v 45

FEJ I L SR R AT BRI AR 16 mm DL 50k,
1.2 RBH%E

TS AZ B FE 22 2 FH ok SR AE 5 A7 1 1E HKHT o
i BRSBTS A EH M EE T, RIFM R
T 25 8 108 1 1 A AH B3 5, 35 N B 48 01 JF Ry
TE R AR A — 7 9k B AT Y B B R M e AT I A A
AT Ze A B E R K DR 4 SR A R 2SS DI DR HIE 1
PRAGE Pk PRIt 38 3k 3 B B AR vk B 5 B A 3R THDE
BZMA R, & R0 R 18 S0 B A M &
fREER, 2o 0 2 k.

T JFORFIE A VE R W 2 2R 1y A L R K
FZ WU FE 100 ek 78 TE AR S A BORE A R 1IE. 15
K FH B A2 WU FESCH BUE R . BAR 710 mm, §%
 31~33 r/min; RAHMWER FAE 46. 0~47. 6 mm,
Bl 390~445 g iR BRINT .

(DA — ¥ 6 55 BHECR A 5 1 R 5
AVEAZ LS FEAL, 28 A5 6 A4 BR , 35 4 55
M 37 - i W R 24

(2) & B 5 % 3 200 #% , 5% 2h 45
TP IR 2L T FF 3 A 5] R

)RR K VLT A BEAE LT 2 1E &L 4R
S HEATANES | TS AT ERCR AR

(D Lh 200 ey ] by 2 2305, FL 2 1 000 #%
Je 5k R DL 1 TR

Ja ARF
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Fig. 1 Ballast abrasion test
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Fig. 2 Image correction
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GOMNHER S 12 MERMFFAREK C
(mm) M EAAZ D(mm) WA S50, IR 4 A 1
I1H 5

(6) 5 AT B T A4 AR AR R AT g, e K
B2 1R 22BN R RAFI AR = B H (em) s B
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Tab. 3 Coin size for different shooting heights

B/ em Z4(/mm FHME ez ABRRE/ %
D _ _ _
20
C — — —
B D 25.241 4 0.228 1 0.90
= C 79.777 7 0.712 6 0. 89
D 25.294 8 0.374 6 1. 50
%0 C 79.924 9 1.196 3 1.50
B D 25.280 4 0.318 5 1. 26
5 C 79.875 6 1.182 2 1.48
D 25.269 6 0.3619 1.43
0 C 79.835 9 1.156 6 1.45

oM 4, —JC R S BR T2 B S R A 4 i
2524 25.00 mm.78. 50 mm. M3 N 20 cm
B, AHALAS BEHS A T 50 48 b AT 48 ke PR it 6
25 cm 5 BE A 8 A 45 57 4% 0 T IER A B A
N 3 B SR BT 25 om B AR R
IR T 1% AP KT 25 em 4b# . 5 b s
12 AR T B 5 A 1 s R B AR K, R 25 A
NAE R TIAE 25 em & BE FAHR I, 32 2% /N s RAL
Ji@%&;‘zﬁzﬁ%ﬁﬂﬁﬂ?ﬂ’] S A I T RE B9 T

BB 8% 55 G b 4 o) RS K B I L ) 2k LR
&Té%ﬁfr,i’%%m 25 cm @ AT B, BEAM L FE 25 em
FAHE 0 B S m b, P — 2 S OR [R)R AR TE HE EAT 4

B, 45 R W] - B R AR R ST AS W7 38 L 45 52 B A
Lt » 38 A A8 5 3R BOAS Tl /) BRIV a5 22 0 /)N 5 38 R 7
WA RSE A 16 mm B 9728 5 2 850w KL (0 LR
AT 0. 9%, BRIt 8 AR RLAR R SE X 40 4 = B2 1 2
M) E G U F 5 v 22 AN T
2.2 ERER B A R I

H F PR 0L 1 12 28 4 Ak 3 2 N 0RE 1) i
R IR B Bk fa AT IR R A AE
WORLRL AR S A T PR TR A5 5 o Rt 2 2 DA 4D
TR A 55 b A T TR DT A ) R ETE S

Shy G- b Ko R S 114 3 AR 2 TR A EA TV
T PE T B 2 VP AN 8 5. 3T Image pro Plus
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Fig. 4 Equivalent diagram
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Fig. 5 Changes of evaluation indexes with the number of abrasion
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Fig. 6 Percentage loss of each particle size
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B R 0 S TR B L AT R M T A T HE R 2 O IR
5 AR AR,

R A5 0 DG B 3 11 A3 A 2L 1 S X 4% 8 A 1Y
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k4 KBHERE

Tab.4 Test result table

k a0 (k) a1 (k) a2 (k) a3 (k) a4 (k) a5 (k) a6 (k) x7 (k) ag (k)
1 0 2 696.61 70. 89 48. 21 50. 12 68. 88 1.47 2.17 0.48
2 200 2 438. 20 64.71 46. 89 48. 26 64. 48 1. 36 1. 85 0.42
3 400 2 326.44 61.99 45,25 46.43 62. 24 1.37 1.62 0. 38
4 600 2 245.24 59. 08 43. 44 44. 89 61.74 1. 36 1.52 0. 38
) 800 2 211.96 57.63 43.01 45.10 60. 46 1. 34 1. 29 0.33
6 1 000 2 208. 82 56.95 43.48 44,25 61.01 1.31 1. 24 0. 34
(1) X [8] A 1k 4k 2 Hﬂmflx(xo (£))=2,(6) =1 000, min(z, (%))

2(0) = {2, (1) ,2,(2) 2, (3) 2, (4,
20(5) 2, (6) ) =
{0,200,400,600,800,1 000}

(D) ={x, (1,2, (2),2,(3),x, (1),
x,(5) 2, (6) )=
{2 696.61,2 438.20,2 326. 44,
2 245.24,2 211. 96,2 208. 82}

:I()(l):O

2o (B) —min(x, (k)
y()(k): t

max(x, (k) —min(z, &)
Xo (/e)—O:IO(/e)

1 000—0 1000

AT A5 DX A Ak Ah BT 6 5 R VB
y(0)={y,(1),v,(2),v,(3),y,(4),
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¥ () ,yo(6)}=

{0,0.2,0.4,0.6,0.8,1.0}
[7] % » A A B X 1] (A b B 245 2 L 3% 5.

(2)>RZ 751
AR A (B) = |y —y,(B)],j=1,
29"'98’/3:1929"'9675‘[?%‘%% 6%?5”-

k5 XIb[{EMAE N H
Tab.5 Sequences after interval value processing

k yo (k) y1 (k) vo (k) vs (k) vi (k) vs (k) v (k) y7 (k) vs (k)
1 0 1.000 0O 1.000 0 1.000 0O 1.000 0O 1.000 O 1.000 0 1.000 0O 1.000 0O
2 0.2 0.470 2 0.556 4 0.746 2 0.683 1 0.477 4 0.311 6 0.656 7 0.643 1
3 0.4 0.241 1 0.361 5 0.430 8 0.371 4 0.211 4 0.373 9 0.407 6 0.363 2
4 0.6 0.074 7 0.152 5 0.082 7 0.109 0 0.152 0 0.311 6 0.299 5 0.341 9
5 0.8 0.006 4 0.048 8 0 0.144 8 0 0.187 0 0.0537 0

6 1.0 0 0 0.089 6 0 0.065 3 0 0 0.026 6

*6 zZFAILE
Tab. 6 Difference sequence summary

k Aot (B) Agz (R) Aoz (k) Aoy (R Ags (k) Aog (k) A7 (R) Ags (R)
1 1.000 0O 1.000 0 1.000 0 1.000 O 1.000 0 1.000 0O 1.000 O 1.000 0
2 0.270 2 0.356 4 0.546 2 0.483 1 0.277 4 0.1116 0.456 7 0.443 1
3 0.158 9 0.038 5 0.030 8 0.028 6 0.188 6 0.026 1 0.007 6 0.036 8
4 0.525 3 0.447 5 0.517 3 0.491 0 0.448 0 0.288 4 0.300 5 0.258 1
5 0.793 6 0.751 2 0.800 0 0.655 2 0. 800 0 0.6130 0.746 3 0.800 0
6 1.000 0 1.000 0 0.910 4 1.000 O 0.934 7 1.000 0 1.000 O 0.973 4

(3)SRERAT I e K 22 5 fe /N 22

EEmax(Aol (k)) =1.000 0, minA01 (k) =
k k

. 158 93max(Ay, (£))=1.000 0,min(Ay, (k) =
k k

.038 5,maX(Aog(k)):1.000 O,mln(A()q(k)>:
k k

. 030 83;max(Ay (£))=1.000 0,min(A,, (k)=
k k

. 028 6;3;max(Ay; (£))=1.000 0, min(Ay (k)) =
k k

.]88 6;maX(Ao@<k)):].OOO Oymln(Aob(k)):
k k

.026 13max(Ay; (£))=1.000 0,min(Ay; (k)) =
k k

0.007 6;max(Ay; (£))=1.000 0,min(Ay (k) =

0.036 8; 1] 1§ An = |

1.000O,Amm:nnhﬂngn\Aw(k>\%10.0076.
(4 T e

Ay T A
— min max :H: — /F[
A8 &; (k) Eﬁgiﬁﬂyﬁ$p 0.5.1%

max (m}ax Ay (B | ) =

RO 7, = D0 &, () T 145 4 5 0

k=1

FEUCK IR BE VBG4 R 3R 7 s,

®T XEKRAHKLE
Tab.7 Summary of correlation coefficients
j &; (D) &, (2) &, (3) &, (D) &, (5) &, (6) Yoj HEFF
1 0.338 4 0.659 1 0.770 5 0.495 1 0.392 4 0.338 4 0.499 0 8
2 0.338 4 0.592 8 0.942 8 0.5357 0.405 7 0.338 4 0.525 6 4
3 0.338 4 0.485 2 0.956 4 0.499 0 0.390 5 0.359 9 0.504 9 6
4 0.338 4 0.516 3 0.960 3 0.512 3 0.439 4 0.338 4 0.517 5 5
5 0.338 4 0.653 0 0.737 2 0.535 5 0.390 5 0.353 8 0.501 4 7
6 0.338 4 0.830 0 0.964 9 0.643 9 0.456 1 0.338 4 0.595 3 2
7 0.338 4 0.530 6 1.000 0 0.634 2 0.407 3 0.338 4 0.541 5 3
8 0.338 4 2.256 7 0.945 7 0.669 6 0.390 5 0. 344 5 0.824 2 1
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Research on surface morphology index of railway ballast
based on grey correlation degree

PAN Fei', TONG Xiaoying’, BIAN Jiang”®, XU Pengchengd’

( 1.Highway School, Chang'an University, Xi'an 710064, China;
2. Shaanxi Institute of Urban & Rural Planning and Design, Xi'an 710021, China;
3. Institute of Road Engineering, Nanjing Tech University, Nanjing 210009, China )

Abstract: As the material directly bearing the railway track load, ballast needs to have better surface
morphology and wear resistance. The first-class crushed stone ballast for the new railway was taken
as the research object, Los Angeles abrasion test was used to change the surface morphology of the
ballast, and image processing software was used to determine eight surface morphology indexes: area,
equivalent ellipse long axis length, equivalent ellipse short axis length, Ferret maximum diameter,
Ferret minimum diameter, axial coefficient, roundness and Angularity (P). The change trend of each
evaluation index and the loss percentage of different particle size under different abrasion times were
analyzed, and the optimal evaluation index and specific requirements were further put forward in
combination with the grey correlation analysis theory. The results show that the values of each
evaluation index gradually decrease with the increase of abrasion times, and finally tend to be stable.
16-25 mm and 56-63 mm size ballast are most easily worn in Los Angeles abrasion test. Combined
with the results of grey correlation degree calculation, angularity (P), axial coefficient and roundness

are determined as the optimal evaluation indexes of ballast surface morphology.

Key words: ballast; Los Angeles abrasion; digital image processing; grey correlation analysis;

Angularity (P); axial coefficient





