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Inverse Analysis of Longitudinal Restraint by Steel Joint Bars
in Curved Jointed Track
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Professor, Dept. of Civil Engineering, Chungnam National University, Daejeon, 34134, Korea

Abstract — This study inversely estimated effective joint resistance from repeated measurements of joint gap and rail temperature
and examined its use for comparing joint restraint conditions. Effective joint resistance (R) was defined as the threshold
longitudinal resistance initiating joint slip. An elasto-frictional hysteresis model was applied to 25 measurement campaigns

conducted over approximately two years at 16 joints on a curved jointed track. Point estimates (k) for 14 identifiable joints
ranged from 63 to 282 kN, with a median of 222 kN; resistance could not be uniquely identified at the remaining two
low-response joints, which were classified as seized under the model. Rail-wise analysis revealed left-right restraint differences
obscured by joint averages, indicating the potential use of gap-temperature records to screen targets for detailed inspection.
However, the estimates have not been independently validated and remain sensitive to model assumptions and measurement

frequency.

Keywords — Bolted rail joint, Jointed track, Friction restraint, Inverse analysis, Effective joint resistance, Track maintenance
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FHH L2 24 WA, L2 Aol A% ol
2 7]1&7]% -aL=-0.300 mm/°CE FL3}th(a=1.2x
107°/°C®, L=25 m). §-7+-& o]l A& 7H4 S2+4
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Table 1. Summary of the field measurement

Domestic test line, 10k077~10k452; curve
Test section |radius 250 m circular and transition curves;
ballasted track

25 m jointed 60kgKR rail; joint-bar length 820
Railand | mm with 6 bolt holes (n=3 per rail end); fishing

joint slope 1:4; M20 bolts (SM45C) and nuts
(SCM440)

Joints 16 jointsx2 rails (left=inner, right=outer)=32
measured | rail-wise series
Measured |Joint gap (digital vernier caliper, 2 points per

items rail: gauge side and field side); rail temperature

Period/ Apr. 2021 — Feb. 2023; 25 campaigns (no gap
campaigns | adjustment or tamping during the period)
Observations 1,337 temp.era.uture-gap pairs; 263 unavailable
owing to missing gap or temperature records
Rail 19 9 10+56.8°C (ATspan=76.7°C)
temperature
Mean absolute difference between the two
Scatter of

points on the same rail=0.94 mm (used as the

aired points . .
P P reference scale for fitting residuals)

Alo] 9] J’E B A=} 0.94 mm, Table 1)=
Aok v Al e
2 4 £59 o)y 72
™, 71 A SE Table 20 Q°Fstitt {719 &
o

AT B wokE AR ASSEY] &

r=bl/aL (1)

o714 be MAE fH-ELn A3 7L
(mm/°C), o= H L9 AWAA(1.2x10°/°C), L
{7tol] 7]0d3H= S| A& Z0o](25 m)o]H, alL=0.300
mm/°C= A-7-8% 712719 Adigto|tt. 379 27
A R°Z B7)519, 432 Ryt T3t SA 0|
T} Table 29 Al AF(A AE & A& r 394 0.52,
s ot 714719 HtA, 2% vhd 239 45 A
T ol AlZo] A AFHS de SYoAT
|18 A= o 8 AR o] 45HE = U AlARR.
UZF SHY Aget ATE= Z2 E F AlF AlA Afol9
97t Halek(mm)T # YL % WstekeC)olth. A5t
73719 3| f71€7] Aolofls 2k FE2et BE 149

ol x3td = 9loH, B -AH 8919 FFE Hj
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Table 2. Statistics of the measured gap—temperature response

Item Definition Value
Ovea | Ml resin e | 157
response £ap V8. pera’ (52% of —al)
(all campaigns, per joint)
Phase Mean slope on heating vs. | —0.197 vs. —0.149
asymmetry | cooling phases (15 joints) | mm/°C (p<0.001)
Median |Ag/AT|/aL of 14 % (21 % on
Intraday . .
response same-day pairs summer heating
P (157 pairs, |AT[>2°C) days)

g Y, g 8 40 v &etolE &
ol Hd(Iwan 24 5)Z EAE0] %IE}”].
(-9 B 71&71= 247 -0.141 € -0.153
mm/°CE Zpo|7} Zrofet. /A F-¢- 7]&7] Zol=
HEH o9 A50A4 S HdRe, 4 2 4
FA neAgos HAgst= AP nszE
F p# o E FIleAH. thEH I 2 A p<0.05%= 16
Ma F 87RA0)A Yetton, A3t= 24 -0 2 of
Aotoich. Y 7]1&7]9t A58 Table 40] A
ol= 7l4 Hto] HIE XolE 7HE

220k F-4& 2d} 54

ol SR U B aiet YA HAAT R &
Zo|tl S MU A2 RAE ol JakstoiTkFig. 1).

£ Wato] w2 9] Adigto] Ro| =P ]
ngol MAste] fro] 43WH 7127] oL W3}
sk 2 wlsh o] WHAHE Zo] witj 9
gol =2 W7hx) f1ko] AHHA fA o] A7
o] At FYF vInY A F-L= BAL B
AW oY RLF o] R0, AT LEE ATIC)E
A @)% 2t

AT, = 2R/aEA 2)
o] o]g JLZxX Ciobanu and Nogy!'!7} A At §-7F

H5 Y Y(joint gap variation domain) o2} 7O,

B 7t 1 29 RE v/fsteleinh X 20 By

A4 (kN/mm?), A= § Y A& (mm?)o]H, cEAE T
9 2= Hglo| E % HIlo] 37|E aEA~19.5
KN/°CO|TH(a=1.2x105/°C, E=210 kN/mm?, A=7,730

e

5]
ot
ol

14 A

121

101

Joint gap (mm)

- ==~ free thermal expansion
1 —— daily cycle

—20 0 20 40
Rail temperature (°C)

Fig. 1. Gap—temperature hysteresis of the elasto-friction
joint model
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MaE 2= 72 3t ZA S RPE FH(0.35<r<
1.05 2 R*>0.30), 2=0]4H0.15<r<0.35 T 0.15<R*<0.30),
ASH(L H¥ho g FESIUH. o= #S5AE=E 7]
&5t7] fe A8 A EFolH, 23} 2o &
2 g S E E
A% kO] 1G4 L EE A Yo w2 7| Egk Tt
7 4 E o|¢t 3
4 7l

FHEE 74
AT W7 S Eelst= d 9k

w, Qe o) 59 A% A5 oA et

ar

o H

JAAE - LE AGE EX

ASe 2|4 S A QT 147149 AR We F4zk
R, 63 kKN-282 kNo| o], $93t 222 kN A 27
7123 332 kNI B7] 3827 7123 166 kN Ato]d]
A5 H(Table 3, Fig. 3). A&-SHH7} 71 &
10k152 (r=0.83, R?=0.92)9] A 7}& W2 & 63 kN

10k152 Ra=63 kN

® measured
= model

15 4

10 A

Gap (mm)

T T T T T T T
-10 0 10 20 30 40 50

10k402 Ra=234 kN

Gap (mm)

Gap (mm)

1
-10 0 10 20 30 40 50
Rail temp. (°C)

Fig. 2. Measured joint-averaged gaps and fitted paths for

of FgHol, 2= e 7 S F4 AFH representative joints
Table 3. Joint-wise inverse-analysis results of joint resistance
. ) AT, geo R, 4Ty 4, R, RMSE
Joint r R “0) ( k;\l ) e C§ (kil ) (mnm) Class

10k077 0.52 0.17 37 362 9.5 93 1.2 Marginal
10k102 0.53 0.76 36 352 20.0 195 2.0 Responsive
10k127 0.04 0.02 74 720 110.0 10717 0.8 Low-response
10k152 0.83 0.92 13 130 6.5 63 1.5 Responsive
10k177 0.51 0.69 38 367 27.0 263 2.0 Responsive
10k202 0.64 0.73 27 268 23.5 229 1.9 Responsive
10k227 0.58 0.78 33 317 22.0 214 2.2 Responsive
10k252 0.51 0.57 38 369 25.5 248 2.2 Responsive
10k276 0.73 0.79 20 199 8.5 83 2.1 Responsive
10k301 0.36 0.43 49 477 29.0 282 2.1 Responsive
10k326 0.38 0.56 48 465 26.0 253 2.3 Responsive
10k352 0.14 0.11 66 645 94.0 916" 1.7 Low-response
10k377 0.48 0.55 40 388 27.0 263 2.3 Responsive
10k402 0.57 0.50 33 323 24.0 234 1.9 Responsive
10k427 0.63 0.79 28 276 20.0 195 1.8 Responsive
10k452 0.60 0.81 31 298 20.5 200 2.1 Responsive

T Fit references for joints with a residual plateau (not point estimates).

Shading: low-response joints.

0] = A38E AS (S A204%) 2026 109 279
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(b) Rail-wise

Fig. 3. Resistance estimates

WA Y H R AR 715 238 k.9 F
P 337 KNOE A MHYZHuT Hov, ol
2% AR 87 A4S AYSE T 29 HolS
wreiet,

RE Akl AZ G200 2D AL Fig. 20]
wotgch B RO Y P4 ATES ek
v, AR A9 BFAFLLARMSEE 08 mm-

59 A9 T BEE 2 B AR 0.94

mmi= 2] 2718 WHshs Fughos AL,
]_

AgH 27l a0 = Aol

7t Bl FREE 2

= X277 e o B g, 2 RMSERFC = A3 9]
Az=A A & gdosha] Lkt
HUE AA o] Y 182 283 AIN(Table 4,
Fig. 3(b)), 4 S SE°] £33 ZolAx % g
Aot 122 d 7]E) A AH7E ERIE A
103017} 10k3772 7H4 @A S HFEZE £

FHACL HLE A= - Lo] A= E 7

_
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Table 4. Rail-wise estimates and L-R significance

Slope L |Slope R ALl AR

Joint | (mm/ | (mm/ | », | 7 Jit /it = |Inter. p
oy | o) || 1| 6N | (N

10k077| -0.197 | -0.103 |0.66|0.34| 83 394 ns.
10k102| -0.134 | -0.183 [0.45|0.61| 234 122 | <0.05
10k127| -0.007 | -0.017 |0.02|0.06| 1076* | 1052* | n.s.
10k152| -0.250 | -0.246 |0.83|0.82| 63 68 ns.
10k177| -0.133 | -0.172 {0.44|0.57| 312 219 n.s.
10k202| -0.217 | -0.169 [0.72|0.56| 166 273 | <0.05
10k227| -0.185 | -0.158 {0.62|0.53| 195 234 n.s.
10k252| -0.111 | -0.195 |0.37|0.65| 307 185 | <0.05
10k276| -0.184 | -0.260 {0.61|0.87| 180 58 <0.05
10k301| -0.163 | -0.050 |0.54|0.17| 205 | 1086* | <0.05
10k326| -0.107 | -0.119 {0.36|0.40| 273 253 ns.
10k352| -0.008 | -0.076 |0.03|0.25| 881* | 950* | <0.05
10k377| -0.201 | -0.082 |0.67|0.27| 117 | 857* | <0.05
10k402| -0.079 | -0.266 {0.26|0.89| 385 102 | <0.05
10k427] -0.181 | -0.198 | 0.60|0.66| 195 195 n.s.

10k452| -0.171 | -0.190 [0.57|0.63 | 209 195 n.s.
* Fit references for rails with a residual plateau (not point

estimates). P-values are unadjusted for multiple comparisons
(n.s.: p=0.05).

)08 MEEQlow, 10k4020)| M & 2 324 A
o] oF 4u]] X}o]&E K tH(Table 4, Fig. 3(b)). HLH
Aoz ASH 2740 &3 471 H L <fof 271 H L
o] #7h Addd A= T4 Fatol 7HA & Ao
£ HoE. ofof wet JAIHE W AE Ve
AddE 4 Atz AAsk

Table 40]| 4] B th5H] 1 B4 A p<0.05 7]{#% >
=3 Mae s oH, 5 Aol dlle 343t
A HdE A2 -HE JHE A AED lﬂi’J} p
ok A2 4Y(2021.11.6.) EF- XJOWJ 10k202
o]t THA)CNM EE o]&o] &
AT AL 4 A2 A7 %%5573_ TS TE
Q1 166 kNoJQitt. o] 2|3t #E2 EE o|¢ho] wE +
& Astel Ao dAsto], 4 23] E94
M S ST 2 54

ol
ok

= AAEA o
2 34 AYH Y 29 2EE Fig. 3(b)°fl e
o, Ma-HdE +4 2HE 7IEwd 4574



Table 5. Grouping of estimates by reference resistance

.. Joints Rails
Catego Criterion
o ) )
Below service Rm <166 kKN 3 3
reference
Between 166 R, <332 kN 1 16
references
Above
installation R/ #”332kN; 0 2
T — point estimate available
Seized Residual plateau ) 6
(model-based) | (no identifiable slip)

T Classification uses unrounded estimates; the left rail of
10k202 (165.6 kN, tabulated as 166 kN) falls below the
long-term reference.

i 4 et Ciay
(b) Square bolt heads and

a) Joint overview
@ lifted nuts (arrows)

Fig. 4. Loosened joint bolts observed during measurement
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SRERA 22 274480 ST Ago] W Eo]
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A8 G| FEEOM (A L1 mm. 71 108
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Fig. 5. Fitting-residual profiles versus assumed resistance R
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