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Variable-based classification of ballast empirical settlement models for railway track

transition zones

5

MYAY YUBY  vansTY

o

feuRduius

o g

WAz ATUSUNS ynTazau

mAdvimnssules) aaEImnssumans un e aesssumans guesian v.Uyusid
Department of Civil Engineering, Faculty of Engineering, Thammasat School of Engineering,

Thammasat University Rangsit Campus, Pathum Thani

*Corresponding author; E-mail address: cpanudec@engr.tu.ac.th

s 1
UNnanga
USnashuriaUisuriuradassadramnesaln wu Yrasesening

nfian1gadiazaulutuiulsenisedid
HJoddey Weswnanulddeiswedasiadauazusinseunngiann

Y o

AUNISLazagnIY o
&osol nuATeETInguIrasdilesunuarUisuiisunuuiaoads
UseAnsildusedurmnismsadvestuiiulsenauinudng Tay
THnadinsdnnguausiuvesiauusind laun fulssedussuy
(FIusoUNAIAD WIIwarERsaINdegdsne muEasali) wazdn
wUssEAuTanvsalamealmie (I1UIUseUNTUASAYRINSTaNUNTY
AR LA Sas1dIunIunguvesiulsenie) ieUsziiiuniiy
WiRgauveauni1saenisusrendldiuisduseaulasenig lay
wuusiassdiuu 5 aunisiilassairsnafugninudiuaneinis
ngasarudeyaannsdifinu andunadwsgnuiudunnsgiuiie
Wivuileuuuiliu uarimsgidnsnavesiinusinuiviniulilay
T4lUsunsu MATLAB manmsiasisvinuin wuudiassiisiusuusann
ﬁy'qaadixm”‘uiamﬁummmazﬁaquﬁﬂﬁuLa‘wwxmaﬂﬁwLmu’uﬂ?&m
rulddaauiign Inaamsfulsiunsmamansuagdnsdiumiy
wyuinansAnuligeegiedetiies vazfifuusiumiuFisala
wazsuIuseUNIsUASALARTBYBNa nan1sAnudaiunsolfidy
wwmadesiulumsdadeniuudaesiinzaniuuiunesdoya
Tusefulasenis Weaduayunisitasiey 09nLUY LaTIaLNY
thgsinwmasalfluunadifimuseulmsenisvgadh

AdALY: LuuTIaeudeuszdny nsngadivesiulseni dumia
Wagurumesalil msieszvinnylivesdinys

Abstract

Transition zones in railway track structures such as the
interface between embankments and bridges are typically
locations where significant ballast settlement occurs due to
structural discontinuity and repeated dynamic impacts from
wheel loads. This study aims to classify and compare empirical
models used to predict ballast settlement in such zones, using
a framework that groups models based on the level of input
variables. These include global variables (number of axle load
cycles, dynamic wheel load, train speed) and local variables

(number of tamping cycles, ballast stress and void ratio), with

the goal of evaluating the applicability of each model for use
in real-world railway projects. Five empirical models with
different structural forms were selected and applied to a case
study. The predicted settlement results were normalized to
allow trend comparison, and the influence of variables was
evaluated using sensitivity analysis. The results indicate that
models incorporating both global and local variables most
accurately capture the localized behavior of transition zones.
load and ballast void
consistently showed high sensitivity indices, highlighting their

Moreover, dynamic wheel ratio
dominant influence on settlement prediction. In contrast, train
speed and the number of tamping cycles exhibited low
sensitivity, indicating limited influence. These findings provide a
preliminary basis for selecting appropriate empirical models in
project contexts where input data availability varies. The
in track

results support model-informed decision-making

design, performance evaluation, and maintenance planning for

transition zones with high vulnerability to long-term
settlement.
Keywords:  Empirical model, Ballast settlement, Railway

transition zones, Sensitivity analysis
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