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Calculating TQI of Ballastless Track Based on
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Abstract : Ballastless track is widely used in high—speed railway in China. Because of its good quality and small
amplitude of irregularity, it is difficult to distinguish line sections when using the current track quality index
(TQI) to evaluate track smoothness, which is not conducive to the fine management of ballastless track. Therefore,
a new method for calculating TQI value based on the combination of amplification factor and different weight
combinations is proposed. Taking the irregularity detection data from Shanghai—Hangzhou high—speed railway u-
plink as an example, the weight of each single component in TQI is allocated by using the coefficient of varia-
tion, and the single component value is graded according to the management standard by using the amplification
coefficient. By comparing the new TQI value with the original TQI value, the calculation results of the new TQI
value are divided into four intervals, TQI <600, 600<TQI<700, 700<TQI<800, TQI>800, in order to better e-
valuate and manage the smoothness of high—speed railway ballastless track.
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Tab.1 Proportion of each component in TQI of a ballastless high speed railway

%
Inspection Longitudinal level Track alignment )
) Gauge Level Twist
time Left Right Left Right

2011/06/22 14.66 15.43 12.65 11.69 13.29 14.78 17.51
2012/04/16 15.64 14.79 11.72 12.61 12.91 14.66 17.67
2013/06/09 15.38 15.99 12.61 12.34 13.59 13.45 16.63
2014/05/13 16.79 15.84 12.13 13.09 13.67 12.83 15.65
2015/05/12 18.05 16.71 11.69 11.55 12.88 12.87 16.26
2015/11/11 16.58 12.91 12.94 13.72 14.66 13.08 16.11
2016/07/29 15.75 14.75 11.00 10.72 13.34 14.65 19.79
2017/06/16 14.90 14.16 10.59 10.07 14.89 14.81 20.58
2017/12/05 13.47 14.28 11.66 11.03 14.81 15.64 19.11
2018/12/05 13.66 14.46 11.36 10.38 14.43 16.94 18.77
2019/12/05 13.89 14.65 10.96 10.63 14.41 15.40 20.06
2020/03/06 14.94 15.27 10.33 9.97 13.75 15.52 20.22
Mean value 15.31 14.94 11.64 11.48 13.89 14.55 18.20
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Tab.2 Variation coefficient of each component in TQI over years %
Inspection Longitudinal levt.:l -Track alignment . Gauge Level Twict
time Left Right Left Right
2011/06/22 0.133 0.110 0.139 0.136 0.188 0.153 0.126
2012/04/16 0.154 0.145 0.146 0.129 0.204 0.157 0.133
2013/06/09 0.155 0.151 0.151 0.140 0.186 0.176 0.179
2014/05/13 0.154 0.159 0.138 0.143 0.187 0.170 0.176
2015/05/12 0.158 0.154 0.156 0.151 0.185 0.181 0.151
2015/11/11 0.136 0.136 0.128 0.155 0.213 0.160 0.145
2016/07/29 0.127 0.095 0.120 0.115 0.137 0.145 0.126
2017/06/16 0.094 0.117 0.102 0.107 0.166 0.141 0.142
2017/12/05 0.164 0.157 0.115 0.125 0.130 0.175 0.153
2018/12/05 0.143 0.120 0.112 0.118 0.150 0.167 0.121
2019/12/05 0.166 0.153 0.103 0.123 0.136 0.131 0.146
2020/03/06 0.135 0.111 0.103 0.106 0.122 0.106 0.102
Mean value 0.143 0.134 0.126 0.129 0.167 0.155 0.142
Wesh, ALEA TQI T IR A REURIZA B Y BORHY BT B o R BRI . R A2 53 R 4
BEARBL JIE 5 B9 A 43 HoR 23 BE TQT AL, =X (3) i .
13 BEHEMNNE .
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BRI S B 1 3% TS S A 12 4% % IX 38 E i 4 MR (3) 98 5 3, 481 3 TOHE B ol ik %
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Tab.3 Weight coefficient of each component in TQI over years

%
Instpifn(zion Lezongimdinal leV:ight - Track alignment — Cauge Level Tuin
2011/06/22 13.51 11.14 14.08 13.84 19.09 15.52 12.80
2012/04/16 14.40 13.62 13.69 12.08 19.08 14.68 12.45
2013/06/09 13.59 13.26 13.24 12.34 16.36 15.47 15.75
2014/05/13 13.66 14.08 12.26 12.72 16.57 15.05 15.65
2015/05/12 13.87 13.56 13.74 13.30 16.26 15.96 13.31
2015/11/11 12.65 12.70 11.91 14.49 19.86 14.93 13.47
2016/07/29 14.73 10.95 13.85 13.34 15.84 16.72 14.56
2017/06/16 10.79 13.45 11.75 12.31 19.11 16.24 16.36
2017/12/05 16.07 15.41 11.32 12.31 12.74 17.15 15.01
2018/12/05 15.35 12.92 12.00 12.67 16.15 17.91 13.00
2019/12/05 15.99

2020/03/06

A . 14.16 .67
(C )I( 94- 7()71 ( hma Auidemlc Journal Electronic Publishing House. All rights reserved.
14.11 13.08 13.57 15.54 13.53

25
http://www.cnki.net
12.98

Mean value 14.43 13.43 12.64 12.98 16.73

15.57

14.22
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Tab.4 TQI and single component management value of ballastless high speed railway in China

Speed grade/ Longitudinal Track

G ls) Level (st Twist (st TQI
(km/h) level (st,,st,) alignment (st3,st,) auge (sts evel(ste) wist(st7) Q
200~250 1.4x2 1.0x2 0.9 1.1 1.2 8.0
250~350 0.8x2 0.7x2 0.6 0.7 0.7 5.0
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Fig.3 Comparison between new TQI and original TQI
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Tab.5 Corresponding relationship between new TQI and original TQI in each interval
TQI<600 600<TQI<700 700<TQI<800 TQI>800 Correlation
Inspection time -

Min Max Min Max Min Max Min Max  Coefficient

2011/06/22 271 5.02 2.65 3.26 2.37 2.73 1.29 1.43 -0.980 0
2012/04/16 3.72 5.05 2.93 3.90 2.41 3.01 - - -0.982 4
2013/06/09 321 5.20 2.67 3.26 2.04 2.73 - - -0.982 9
2014/05/13 3.19 5.39 2.63 3.25 2.32 2.72 - - -0.989 0
2015/05/12 3.18 5.64 2.68 3.25 241 2.73 - - -0.988 1
2015/11/11 3.21 5.47 2.53 3.25 1.96 2.70 1.63 1.95 -0.977 8
2016/07/29 3.16 5.47 2.64 3.18 1.87 2.69 1.50 1.97 -0.985 7
2017/06/16 3.20 5.47 2.58 3.18 1.84 2.69 1.46 2.01 -0.977 7
2017/12/05 3.19 5.56 2.56 3.06 1.90 2.64 1.09 1.99 -0.981 4
2018/12/05 3.19 4.47 2.50 3.17 1.91 2.73 1.56 1.98 -0.984 3
2019/12/05 3.17 4.39 2.45 3.17 1.91 2.66 1.55 1.98 -0.987 6
2020/03/06 3.18 4.60 2.56 3.24 1.93 2.68 1.68 1.99 -0.987 6
Mean value 3.19 5.14 2.62 3.26 2.07 2.73 1.47 1.91 -0.983 7

x6 FTQIEEZRXEHNMENILEIT

Tab.6 Percentage statistics of new TQI in each interval

Inspection time TQI<600 600<TQI<700 700<TQI <800 TQI>800
2011/06/22 30.14 36.21 3341 0.23
2012/04/16 12.02 59.38 28.59 0.00
2013/06/09 24.53 34.97 40.50 0.00
2014/05/13 3421 26.75 39.04 0.00
2015/05/12 4231 14.23 43.46 0.00
2015/11/11 21.96 41.18 35.16 1.70
2016/07/29 521 3.00 47.24 44.55
2017/06/16 5.81 3.30 39.09 51.81
2017/12/05 6.15 4.10 65.30 24.45
2018/12/05 493 461 64.23 26.23

2019/1994-2021 China Acdd¢mic Journal Electrdui8 Publishing House68496 rights reserved.
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