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Analysis and Proposal to Railway Ballast Material Selection
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Abstract: China’s railway covers a broad area, the geological environment and climate along the line are
complex and variable, the operation and maintenance of railway are facing tremendous challenges. As an
integral part of railway, the maintenance of ballast bed has always attracted considerable attention,
nevertheless, the variety and uneven distribution of rock materials, as well as the single ballast material
standard and selection in China, which don’t take into consideration factors such as geological conditions
and climatic environment, bring a host of issues to railway construction and operation and maintenance.
To deal with this problem, this paper summarizes railway ballast selection methods and methodology
around the world, compares the ballast material selection criteria for complex environments, summarizes
novel ballast materials, and explains the indicators and test approaches used to quantify ballast
performance in the standards. Comparing the ballast materials and their matching selection standards in
various countries, the main conclusions of this paper are as follows: (1) For the existing ballast
specification problems in China, the ballast materials can be considered to be selected according to the
geological and climatic factors along the railway line; (2) There is still no method to accurately and
rapidly measure the density of ballast bed without damaging it. (3) To achieve the goal of double

carbon, novel ballast materials such as construction solid waste and industrial solid waste can be

considered on new or modified lines where
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Table 1 Ballast selection classification and test methodology
EREREALIPZE TEAERME ATy W3 P 25
B RE g (%*Zﬁﬂﬁ'ff’é}ﬁgﬁ( Los Angeles Abrasion test) B RE ,ﬁf*ﬁ&lﬁﬁi
B LR BEFEIR I ( Deval attrition test) ; T JRJEE FIZEM
T B SR B #E 188 ( micro—Deval attrition test) FZ IR
i i Dorry }%ﬁﬁﬁ%( Dorry abrasion test) EKEW K bfE
Jy e R RIJEAE EE ( scratch hardness ) RIZHOEIEGE
Mill }Eﬁﬁtg{ﬁ( Mill abrasion test) RIEPU et aE
o i PARIE HE R ( single particle crush test) U R RE
- o far 2 108 ( point load strength test) W R A~ /N
) YEHEIRIS (drop weight test) P wh 1y 2k Mk e
I IR HEK S
JINSURL 53 A2 00 Hek Mg
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T~ TR RE 1 I [N N3
VR TR A TR A

TR 22 L2 g A6 TiEf A TR A
ORI K LA Tt

B R A TR A TR A

B B I oy WO 5 A A
PRI A 20
JLAATHE A Ay

i AN )6 I R
BUBFEE Sk B

M1 H T LA R TEHEREAE A 3 DA G

O W0 ERESR B ERE B2 T LUR A A2 WU AE



514

He PR IARIR , Bk, S — BRI B AR TR B 0BT -5 A L 39

T RE T, HL S A SOk P A 5 BR AR
1P e N = R DR S (RS R F Wi
VEHEAT TR ABRSE , (A0 SR S A PR A 07 %
BT SR AR 22 38 A T BRI vk R R AT
20 i U A SR AR 58 AT A4, 22 B it vk
N AR AR . I, A B IR A

Pz BT R BRI IR R B IEREVERE AL DU
LTk
1.3 ESMEREMRME

5 DRI UL X6 A [] 8 T 1 SR A [ Fg
IR, ASSCREES TIRORAE  SE | M ML
H O T B AR R AL B0 222 ANk 2 R

*F2 EREEEERELS"

Table 2 Overview of standards for ballast selection in different countries

FE 432 PR BRH R (EN13450) 2[H (AREMA)
St % i AS 1141.11.1 EN933—1 ASTM-C136
2B L A5 ( No. 200 FLART7) <1% 0.5%~1.5% (0. 063 mm) <1%
B Y 5 R i — — <0.5%
Wik a %/ (kg/m®) =2 500( T/%) EN 1097—2 =2 600
PR ERREEE/ (kg/m®) _ ;01(‘1‘\105%?1& 104611' :4;01 5 CEN 17892—2 >1120
EIRATURL ( Elongated particles) KAtk 2 : 1T 30% EN 933—3 K43 : 1 18F 5%
R IBURL ( Flaky particles ) <30% EN 933—3 < 5%
B W 2L 18T ( Fresh fractured surface ) 75% U L A5 T4 ek T 4 1T - -
HEAK ( Drainage ) — CEN 17892—11 —
- HJSKK — E‘N 1097—6 <2%
TR NEIEIEN — EN 1367—1 -
TR EL s 7 — EN 1367—2 <5%
TR R B HE 1

(Micro—Deval abrasion test)
VRT3 R FEIR IS ( Abrasion tests)
TR BRI (Wet wear test)

INF 6% ,8% ,129%%T X AN [F) £k i 3 2

=5%~15%

AN FE 25%F1 65% 2 1] *

T TEAZTLEFE S (Los Angeles Abrasion rate)  /INT 25% ,30% ,40% % X A [543 12% ~24% <30%
ORI LL 5] ( Particle breakage ratio) INTF 25% ,30% ,40% %1 3o AS[R) ik i 3 2 — _
R4 (Impact value) — 14% ~22% _
T R
8 M ( Strength test) T £ 175,150,110 kN 415 [ 2k 5 42 — THERTF 1200 kg
TWIE KT 800 kg
TR 325,275,225 mm £ XA F P4 — KF 12 o (IE LK)
THRIBT i SE L 400~700 mm FE4ELL R 300 ~700 mm HAh — KT 12 B (TELRERRR)
[ N 1:1.5 — 1:2
e S FEPURL O — —

T = AN=IEAZ LB FER + SRR,

N 2 F R B R v AT W AL TR
220 T B I 5 32, MR ORI A 56 [ 2
H T SE A UL R R AR B A R AR 2R, R, H
BT B0 T HE ARG B A 00 S 5 I AT AR AR MY, B
WA T7 0k . BARAEAS Bl E e P n] DL i T
T L SR ) A BN B0 L M AR 2 R T 7 B 5 ki
2 b B B 7k T LD E 6 5 HAS A E R Y
Jr AOAS B R AU B B AR A H R Z
BEA GE— W B bR I EL AR AR, {045 T I
HARZOR . R PR AR5 b v 9455, T
TEARIE R 3 257

2 Pkl A O A 0 T AR 2R B
ST A E, T PR v P A 25 ) BRI, SR bR
BRI T 1 o4 R G AT o8 B 50 Py, JE

T R FH B A, — B B 2 B0 P i i S bR
& A AR bR 2 2 s WA A T A e 2 TR AR,
B, RICEARE LS T R vE B v e A A 4%
22 IR, 25 B Z AR GE AR B B S0
AN E S B GGERE . 275 LR O, 2k % Jt ik &
TRV AT IR 2 % A5 G BLK, MR AR 2 M A R 1
0,38 245 R T AE AR I, AR AT AN DALY
PRifER
2 FIEBELEREM R
2.1 RSGEHEMR

TG ATRERILIE i 1 5 B PO A 4R 24 90% > | T

FIRTRBREA A Bk b AR AR R 22 5% A A BR TR BRI 725,
Pral A I 2 (0 R i N 2 i 358 05 1l
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A FSE e I, s R s T AR T R R 1
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BT UK HORR A ki i AR SR
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DXl 2, AL TR B R R

BRI b, FEAE % i P AR TR B R 2 R
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Table 3 Novel ballast materials
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B EUAR B AT i e XA 2 B8 PR D 2 8, A 3P 2 A 175 00 5 A 280 R 25 1, FLARUB A # (I

BREPUBAEYEREIR T 60% 2247, ORI R . 0~0. 25 mm BRI IR TEAEEL 2. 5~ 5 mm AR -

SR PR 77 188 PR AT LA B £ A PR IR 2, G 245 5 20 PR AL T T U108 A W 03 2 (] ) — R L T2 5K

B A T
TR 78 5~ 10 mm , BRI OB KR K 30%
OB R e R b (LA 00 1 AT O
FESEAE A PUIESREE 43 2R RS SOR AT & IRC AT PWD L R BB B
gy PR LR AN 0~31. 5 mm I, AR BE L BARVE 2V £
n TREE A E R BA 20% 25% P iR Y C40 TR R+, HovE A4 i 1R e +
VTR AR SRR
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HORRE AR MR R . e N TE RO T
UNREAE B DR R AT ) 0 5 B R R R AT Y
TS Sy RE

BESRTFR B L, SR 0 B = A A SR Y
W DT SEAEAS AR DA R B2 = 3 2R 2K H TE A
PRA AL Y A OE ST o s R R W . R IHGE
HEIR A H7 36 1 A T 30% , 75 B 4 35 4 1 ik 4%

ok [27]
o

P HE

x4 HERERERAHHEDP

Table 4 Classification of common rocks in nature

HARA

AHAORE

H 7 I BLCA S LT EII AR, XA A, AR
Pare ARG R iE WD & Bk il =26

1 ROR B RES WAL , it iz ORI i R T i
TRA
FHURTIRUE A BiRRE AETIRUE

ARCA LR KORCE SO SR b 7R A I I

TRERE WA RS (RICE) KR R Irs RS (BHEE) o KILE
EE LR, KINCH T i, AU, AU, TIRCA N 6 R, 7664 N
HOIERGE  HEE IR R BEG, D7 e R R

TR AT, XFRK A IRAE IR S OB AT 4y TR s WA O A | B B ICE (A o A1 KRR & 4

TR WAA RRRE OESE, KB A% TG ER AR A T
HORING RS SRS A WEUE R UE FIZE R

3.2 ENEMIRERR

HRAE REAT STHRAT 5T e Fe bR E TP X 22K TR A
AT S IR AR AR R R 2 CA FIEREERHE
PR CB I bR 4 W7 LR 75 45 8 O B 1 B8 26 1
EYEHAIWTINER 5 Fis, IR 5 il DI, 1 KA 1Y
PURSHEIE BEAS RETE &2 Hh W BLAT MY TB/T 2140. 2—
2018"% S — R HURF R B HE (1) BEoR , AN HLA iR Bk
PR (RS ey UF S T Wl S L PRS2 Diey
R AT B g, AL B e B B RS R B (HABET 2 CA
CB $5#5.

F5 ETEMEHIE
Table 5 Rock property evaluation

FRYGETE —

HAME  CATRPRERE  CBEPRIER TR A2/
VAsE= 5%<CA<20% 12%<CB<26% 28.15
ZRAE  3.5%<CA<9% 8%<CB<22% 76.3
LA 3%<CA<9%  8%<CB<18% 100
A KA 6%<CA<18% 18%<CB<28% 0

3.3 EWIMEFREMRXTLE

AN [RIERERE 0 T8 PR IR A5 Ve Re R2 e FE 5 K, BHAE
AN[F X s AR E R 22 R, B R B A K
ATETR E AL (1 FAE M TEHE , BRI ) 2# MR RE AN 2
FLRAN 07 FE K ) 23 %50 A B 1 U IR X AR
TETE ARASE PEFNTR AP, SR T A KA A R ik
PEIERE , EANNE V2 200, B anAE 36 | b AR S5 A
BN TR (VD) M DX, >4 Mk 4o R A A FE hy
TERE AT DA R e ook T3 A T 4 | 28 55 PR 1Y

BEAN e % 2 H I AR —Pa] IR o jal IX B 14 37 g ek
PR PR AT 2 R Y b ORI 2 ) o A
7% 30 mm JEAL 5 A JEAEBCH P &R 43 15 mm J&
FERA A 1S mm A KA o FE b )R]
[, X F TR M2 oA R, gk 6 s, &
1 B A IR A i RIS AL FEF R 27% , micro—Deval
JEFER N 12% , A £ T IT. GEO. 006 Fx i, {H H 95
UIC &R A3 R ] 5 () AH OBk 6 TE RE AR 1, A KA AT
LLIH SR VB AL EERE R Micro—Deval JEFEZR IR |

To = 2008 S0 AY TB/T 2140—2008 ¢ 4k [ %
FIERE) 2 T 235 TB/T2140— 1990 £k B % 47 18
HEY , W X TEAERURHME T BARALE | BIVA% A 38 A LY
BERETF LB R G e T A = A5 3, T S [ Y 2R A
5= AL /R 1) ( BMLP ) 2R S 78 5 e 2 o # b, i T
M Hb R Z KA, A% R R Al e S ) R
W I T T AT LB SevF AR TERE & L S E A
() 5% , I B T i L 25 7 22 YT 35 A5 [ B ML T Bk A7
VR B REA I

T L SE AR b % A7 B 0 AR o T T R T
Rl 53 0 R R T HE R — GGE AR, IR AR 4 9 A2 LS AR R
LAA FRAESERL R R 1P A h i s i i 2R KSR b
HEATR A 5 55 B AREMA 2k P T8 T H 0] 3 22 50 5ok )
ISAZHIUBSFER LAA Je i vhidi P 8 55 S 5046 A X B A
MR EA TR, A LRl LR E TR [ BE A 5
FRUEAR ], WL 7 BN UIC K A0 45 9% [E 78 N B9 CEN
B3 4% L 3t R FH 8 A2 LS #E LAA  micro—Deval B5FE
REEFRIR
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Table 6 Ballast particle material characteristics standards
b3S (e W FER/ % Micro—Deval BEFER /%  IBIZHEFER +Micro—Deval BSFER /% A S
% T IT. GEO. 006" <25 <18 <40 B
FEIPREREIR R <20 B #H <25 <15 H# <20 <40(FN AT =160 km/h) ; (EE AR HIT
UIC Code 719R!*’ (RIS DX 3 1138 R R 28) (A3 X I8k 1438 PR R ) 22) <50( F) B THE <160 km/h) TR
% NF F5369503" — — <40(FI 4B ATHE =160 km/h)
FEBEF FOM (2006) 2 <28 =22 - i i
T E TB/T 2140—20081%2) < 18(4RJGERE) ; <27(—4LiETE) — —
KK EN 134503 <20 <7 —
%7 Z£[E AREMA % T FMEFYIES ISR RIRIBIERP
Table 7 Physical parameters and test indicators of ballast ( Manual for railway engineering of AREMA)
T BE S8 Ak IR VaE % Vay & EPYay %
PUBSFE prohd v RE BB FESR LAA/ % <35 <25 <30 <30 <30
HURSIF e BRI BRI R (L) % <5 <5 <5 <5 <5
Bk K2/ % <1 <1 <1 <2 <2
e tkhe B R X 235 >2.6 >2.6 >2.6 >2.6 >2.65
FHIRFEEL A RA8 %L % <5 <5 <5 <5 <5
TE AU T DR N 3 ¥ Fh P RO A% B B R % <0.5 <0.5 <0.5 <0.5 <0.5
Az 0.075 mm LIRS ETEE %% <1 <1 <1 <1 <1

3.4 MR RIERFHHL

e [ R 53 0 R, Bk B R B I R ML B AR R A2 2 T
FERES TR R BRI B 0], 357 8 4k % B A0 R 7 37 9T R
(9 [ B REA RS TR R R I, $5 IR TR T e
P AR B I A 0 18 5 Rl A SR o0 A X 3, 1]
BT AV IR A A X (B = A K
WA A, PR 7 S 8 DI A T B Bk e T, U
Je i Bis i 2 AR 2 I TT R A ] REXE
LAt R HE A R

TEIEAE AR Z 15 00 &, A 4 BCa 8O T8k
B 2] (XTI F AN 28 00 1Y, 232 B HA )y T
AT 2, BTN, 76 v FE R VR X AR Bl 18 F 2k % £
JKAEZ BN ARS  AE8 2 i a8 T Ll i
i TAER A B AR AR R B R A
DX R B ANRDE FE , PR, 7EREA 7 2R B AT A ok 2
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