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Abstract — This study presents a quantitative estimation of the fatigue limit of thermite weld joints in continuous welded rails
(CWR) based on linear elastic fracture mechanics (LEFM). Bending stresses were derived from field measurements on the
Gyeongbu High-Speed Line, while thermal and residual stresses were evaluated using 2024 Seoul temperature data and
previous studies. Fatigue limits were estimated using the Barsom & Rolfe approach considering the combined effects of
bending, thermal, and residual stresses with initial crack sizes of 0.6 mm and 1.0 mm. The resulting fatigue limits ranged from
36 MPato 116 MPa, showing higher limits during compressive thermal stress periods (June—September) and lower limits during
tensile stress periods (January—May). These findings provide a rational basis for performance-based maintenance and fatigue
life assessment of thermite-welded rail joints in high-speed railways.
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Fig. 4. Results of simplified rainflow counting

Table 1. Results of Kolmogorov - Smirnov test (K-S test)

Types of .
distribution K-S Statistics Rank
Normal 0.0279 4
Gamma 0.0170 2
Weibull 0.0505 5
Lognormal 0.0203 3
Exponential 0.4762 6
GMM 0.0127 1
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Fig. 5. Bending stress range histogram and GMM distribution
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Table 2. Average monthly air temperature in Seoul in 2024 and
corresponding thermal stress

Average temperature Thermal stress
Month g © C)p (MPa)

1 0 50

2 4 40
3 8 31

4 17 6

5 19 0

6 26 -28
7 27 -35

8 30 -50
9 26 -31
10 17 6
11 10 24
12 1 47
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Table 3. Variation of monthly fatigue limit with initial crack size

Initial crack size Initial crack size
Month (0.6 mm) (1.0 mm)
Fatigue limit (MPa) Fatigue limit (MPa)
1 41 36
2 47 42
3 53 48
4 66 61
5 66 61
6 94 89
7 101 96
8 116 111
9 97 92
10 66 61
11 58 52
12 43 38

Table 4. Variation of monthly probability of exceeding fatigue
limit with initial crack size

Initial crack size Initial crack size
Fatigue limit (%) Fatigue limit (%)

1 0 0.08

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

7 0 0

8 0 0

9 0 0

10 0 0

11 0 0

12 0 0.01

FagFoll oo LAY SHHLA H=FAE A
35t 204 M Fdo] AAethe AL 15
A= W, 2 Aol - EE fEA = 4EA
4 5ol 2 71748 AA0) H 2y o] Ad
Aoz BdT 4 Ik TAZ AgUtE Fol4 2
oju)7}t e Ao WLk EY B2 3N L
AJo 2 Yo npto] vIdsHA HAY st Q)= A E
A} AL B |20) A9, B ATolA A4 5
N YREIAE S0 AGEH7 ot 74t
Aol 7158 A85te] A WRIHHL ST
F A& Aoz pogtt

70T g A8 ARECEA A2012) 20264 49 47



i
of
Ogj_:‘
N
o
rE
o
=t
[
iy
olo
1
o
Il
i)
<
oz
=
fr)
ne
o,
fru
po)
oo
i)
o
E
u

3L
ARISAE £3HY 2 B9 A2 dlo]5 g B4
.

=

2 t}. Kolmogorov—
Smirnov 7 23} Gaussian Mixture Model (GMM)©]

£ 71 995 el 0.2 yehde

-1 =

Serassd A, g2 84 SR SedE
Agt 2458 Gelom, 39 2717} 7] whet
SURIEBAASE 10| $PFS FAstdch. o
o AR QA% MY SYLRE W2 34
o Yepe o2 wredatey

44 27|54 278 B 2dA =4

271949 37] 0.6 mm 7|E£0Z 99 mZsA=
41 MPa—116 MPaZ, 1.0 mm 7| & 02X 36 MPa-111
MPag F3= Ut} 45 22 o] A4-8ok= 6-99
ol A% So] LAt 1-590f v]5)] T ZgHA 7} oF
1.5-38) =7 4H3 .88 ExERY 94 1
23 YYSES RIS 4, 272 1 mm 27

(2 .
X

)

o

ik

(o]

o] 50 MPa7}#]
A9 1 zaA 2

45 94 9l IS5 m2HA 4 ]9

AAF Y] ) BT S} N ZAAE 4

48 =2l =5 A38E AT (B A|2015) 20261 49

g5t AN HzRDo] 4
gl whef e 54
Ge ), 2 Ao A A4S
AL AL BEH
Aol o) 2 2AZ AA

oL
o
rok
K

=Rvi)
N

e e

o

o

NI
[

Hu e alo

o g

o
-0,
FUEE[-UQ
|
Oﬂﬂf%m
o T o

lo e e
CH
e
rLjE_EL
i)
H,

fu

-

et rok
Ko

1% o
PO

Arpel 2

L RRAE/EATY 7124 (BT
S AT AA T, PK2403ADY AT
20 2 59 9l Tt ol A= FY o

1 F 3 (References)

[1] Kang, Y.J., Lim, N.H., Shin, J.R., and Yang, J.S. (1999)
Stability of Continuous Welded Rail Track under Thermal
Load, Journal of Korean Society of Steel Construction,
KSSC, Vol.11, No.3, pp.281-290 (in Korean).

[2] Choi, D.H., and Kim, H.B. (2000) Effects of Vehicle
Loads on Thermal Buckling Behavior of Continuous
Welded Rail Tracks, Journal of Korean Society of Steel
Construction, KSSC, Vol.12, No.6, pp.727-736 (in
Korean).

[3] Skyttebol, A., Josefson, B.L., and Ringsberg, J.W. (2005)
Fatigue Crack Growth in a Welded Rail under the
Influence of Residual Stresses, Engineering Fracture
Mechanics, Elsevier, Vol.72, No.2, pp.271-285.

[4] Salehi, 1. (2013) Fatigue and Fracture Behaviour of
Aluminothermic Rail Welds under High Axle Load
Conditions, Ph.D. Dissertation, Swinburne University of
Technology, Australia.

[5]Liu, Y., Tsang, K.S., Subramaniam, N.A., and Pang, J.H.L.
(2021) Structural Fatigue Investigation of Thermite

Welded Rail Joints Considering Weld-Induced Residual
Stress and Stress Relaxation by Cyclic Load, Engineering
Structures, Elsevier, Vol.235, 112033.

[6] Downing, S.D., and Socie, D.F. (1982) Simple Rainflow
Counting Algorithms, International Journal of Fatigue,
Elsevier, Vol.4, No.1, pp.31-40.

[7] NIST/SEMATECH (2012)
Handbook.

[8] Park, S.J., Lee, H.D., and Moon, J.H. (2024) Applicability
Evaluation of CWR-Setting Temperature Criteria Based

Engineering  Statistics



on Future Climate Change Scenarios, Journal of the
Korean Society for Railway, KSR, Vol.27, No.3, pp.175-
184 (in Korean).
[9] Korean National Railway. (2021) Continuous Welded
Rail, KR C-14050, Korean National Railway (in Korean).
[10] Sung, D.Y. (2010) The Fatigue Life Evaluation of Rail by
Analysis  of the Vehicle/Track Interaction, Ph.D.
Dissertation, Graduate School of Railway, Seoul
National University of Science and Technology (in
Korean).
[11] Newman, J.C., and Raju, 1.S. (1984) Stress-Intensity
Factor Equations for Cracks in Three-Dimensional
Finite Bodies Subjected to Tension and Bending Loads,

National Aeronautics and Space Administration, USA.

215t et - A1

[12] Lee, J.Y., Park, Y.C., Kim, J.H., and Kwon, J.H. (2024)
Estimating the Initial Crack Size Distribution of
Thermite Welds Joint in Continuous Welded Rail,
Journal of Korean Society of Steel Construction, KSSC,
Vol.36, No.6, pp.451-459 (in Korean).

[13] Albrecht, P., and Yamada, K. (1977) Rapid Calculation
of Stress Intensity Factors. Journal of Structural
Division, ASCE, Vol.103, No.2, pp.377-389.

[14] Dassault Systems. (2024) ABAQUS/Standard User’s
Manual, DSS, USA.

[15] Barsom, J.M., and Rolfe, S.T. (1999) Fracture and
Fatigue Control in Structures: Application of Fracture
Mechanics, ASTM International, USA.

2 o R ATolAL Agsstadsto] Zutstel A Aol g2g AN ¥ EHAS JH o8 FHstt BgEL 4

FASHEE A AS dolHE 3 =Estien, 2288 &t

o 1w

=2 O
£921.2 20244 449 7| 242 % AYATE veto 2 §ot

stolth 27154 271 0.6 mme} 1.0 mm 204 B39, =39, 2758 9] B3t S 118{510] Barsom & Rolfe HZHO 2
T 23HAE AR A, 36 MPaof A 116 MPa2] | 915 E it 53], U5 252 0] A A<l 6-9d o= W ZRHA 7} A Hehst
o, QI L5 o] SAIRE I-58o = WA YEbkth ol 2Rt Aite & H 25 SH R 5 7N f A e d v 24T 1

7hol gl A E Als et

NGl : 2T, 929 8, AL, AFRsr g3, S RE

R7TEYS] B A8 ARE(EA A2012) 2026 49 49



	열차통행, 기온변화 및 잔류응력을 고려한 장대레일 테르밋 용접부 피로한계 추정
	Abstract
	1. 서론
	2. 테르밋 용접부 발생응력
	3. 테르밋 용접부 피로한계
	4. 결론
	참고문헌(References)
	요약


