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Time-Consistent Risk Evaluation for Infrastructure Maintenance
under Uncertainty of Stochastic Property
(Proceedings of Symposium on Applied Mechanics)
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Akari ISHIBASHI, The University of Tokyo
Riki HONDA, The University of Tokyo
E-mail: ishibashi-akari@g.ecc.u-tokyo.ac.jp

This study proposes a time-consistent risk evaluation framework for infrastructure maintenance under
uncertainty of stochastic properties. Conventional maintenance planning relies on expected life-cycle cost
(LCC) evaluation, which cannot adequately capture extreme events. Tail risk measures have therefore at-
tracted increasing attention. To incorporate distributional uncertainty, Entropic Value-at-Risk (EVaR) with
a Kullback-Leibler (KL) divergence constraint is employed. A nested risk structure is adopted to ensure
time consistency in sequential decision-making problems. Numerical simulations of RC slab deterioration
demonstrate that the method provides estimates closer to true risk values at the initial decision stage.

1. IXC®IC

4 V7 FHERFEETIX, HIETHICES SV R 7§
BN EERREE XX 2EB Y25, 1EROUERFEHET
HTlX, HRFEICES { LCC (Life cycle cost) FHiliAS A < H
WHENTE., LA LERAS, HRHMEICE-D < FHfi IR
HROBERTHICRMTERVE W EEET 3. 2
D=, IWETETANY ZAZIZEB LY 27 FHliEHE
DWENZEINTED, BFNCHENHEZET 210
#7528 D ¥ LT Conditional Value-at-Risk (CVaR) 233 5 .

EREY 0L LRRIIARENIAEETH D, HLET
MZBOWTRE LIRS ED 5T & Tkt 3 2 "I ReME
FEICEATWS. [ERDY 2 7FHEITIETIE, HLERE
DOHERFHEIIRFE OMRSMIC I D ET MEEINZ Z 2
—RETHB. L Lahs, EEOLEE L OTeHEn]
HEEZ B A DRE, FHMEEEOF TH/RINICIZE R
ERTVRWD, X512, 4 V7 SHFEHIZIZEXRNER
REMETH 278, FHEFEICIIR IR S R X
N3, Tibb, FERKEE»SFHE L 255810, #BED
BERIELFE LAWY R V7FHERHE L 5.

ARG TIE, RO RN % BRI E B ATEE D
DORFFNEE G2 M- TEIEN Y R VR OMEZITS.

2. BERIHBOFEREZER L -FHMEREA

TR O AT M2 S 72, Entropic Value-at-Risk
(EVaR? ICEH T 5. BRERTHEREL X 10 LIFEK
# o € (0,1) I2BIF % EVaR IR TEFRIN 3.

1w&ﬂm=gﬂé@@ﬁﬂ—muﬂ@} )

EVaR &, W — DEHEKE o« 1ITBWVT, VaRy(X) <
CVaR,(X) < EVaR,(X) OBREM=-T e B o h T
W3, Thbb, EVaR AL FHVWSHNATWS ) 27 {51E
TH5 VaR BXU CVaR LT, Kk DRSFIRY R
TMiiZ 5 %%, E512, EVaR Z RORER 2.

EVaR, (X) = Su, {Eo[X]| DkL(QIIP) < =In(1 - )} (2)

Z 2T PIEED, 0 ZEDDMEM, DkL(QlIP) 1 Q

Worst-case Q

- x e o “
AN —In(1 >a)
\ \
Distance —In(1}- a) e/',I
. NominalP / \, Nominal P/
AN v - -

Fig.1 Description of distributional uncertainty in EVaR

¥ P DB ® Kullback-Leibler (KL) FifiiE £ 3. Z DX E
X, EVaR 2SHESHD 5 —FD KL JFEENICTEET 5
DS L TRADIAFELEZRT I L 2 EKT 5.

A TIE, EROXHRBEOWEICH S E, MRS F
DOARMEFEME%S KL i L TEAT 3. EVaR OB EH
WBWT, [EHEKE X, BESE P EHLE T2 KL
B —In(1-o) OOMEEETHET S, Tihbb, VAIFF
ik, Z OFMEESHICEET 2 BB M5 2 HHRFE
K LUTHBIRENS., 22T, MROMORHESEN 228
T B0, DR ZEAL,

~In(1-a’)=-In(1-a)+6 3)

YERT S, ZOBRIE, FigllRT X512, KL HEEEER
DYRERILRT 2IEICHIET 5. ThbE, BEDMH P
5 KL FEEE 6 DINICTFE S 2 BN B S HORES E5%
B2 EHKEDSIE BT a— o ITX o TGERT
R EEKTS.
AREHAIZBWT 6 1%, HEST L BEO DT O TEBETF A
EERL, ETNMERE, RESFOLH), BLUOT—X
FRITIERA T 2 MR O TSR R Y2 — N RB T
LZHEERT XX LTHEET 5. Zhick D, oMot
ZPHRINCERB L0 MR Y X7 3HliASAIRE L 72 3.
7272 L, KL FEEE— e faaE v 13 e b, =A1R%
REMZ RN, SAREREE 6 572 08BMLT
b, MEDH & BEDODM DICHERFARE % BiC 6 7208
XHEBZZrZEFRSRW. %D, EHEKEE @ 25 o
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Fig.2 Risk Trajectories for Different Stochastic Property Cases
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S A BRI S % KL A

NTET B HERED, BT LB ETO M — 2 20ET
e EEWRT 2HDOTIERN. AT, ZoZ4M
T RUERNCHREES 5.

Fig.3

3. VRIERICEITZRENESEOES
—RICHIFHED S & L 13 Ra D, B TERSI NS T
AL) R 7R, BRITERDUE HEIC B\ TR IR
AR S0, RENESTENRAL LR WES, Rk
IRf i & R L 72BR1, @R DRERE & ORI EE D
AT BAMREMNED D 5.

Z AT, —MIE Y R 7 FHlliZ R A A E 12 RIE
BHS 2 A FRED 28 AT 5.

pi(X) = EVaRo (p14+1(X)|F7) “

ZZT, p () B ITBI BB Y R ZIEE, 7 X
Mt ETOERESEZRT. CoMEICXD, DA HEE
Hx2EZR LoD, RENEEMER TN Y R 2 5
ME[REL 72 5. ARWIZETIX Z DIEEE SHEKEE o 1281
% Tterated EVaR & FEX.

4, BEVIalL—>3ay

RETFEOEWEZMIE S 5 720, RC KK H#MED
EATEBEZNRE LBES I 21— a vy RERMLEY.
AN T, HILETIEMABIBUKET 25 D L IRE
L, MR Z 6 iR e L CE L. SBT3 &
fiEE N, DREEDH%E N, ~ N(u,02) & L7z,

TERFFE DRI 2RI T 5720, BEOMREEY L
T N(u,ac?), N(bu,o?) BZFEL. ZIT, SRR
PEIAEE 310 & OTRBEEEHFTE D KL FElfE Dk (Q||P) =6 %
W72 T LI NTRARa b ZFRELTz (a=7.68,b=1,32).

Ziuc kb, FEHEHB X UTREED VY R NG X
ZBrEYT ARSI 2L — a Y TCHEEL.

FHmLEE Y LT, BEDMIcH-S< Y 2 7l (True Risk:
HEDMEEDDME L TEHEKE o 12813 Iterated
EVaR T#Hi), MEDIZE-IL YV R 7 {E (Nominal Risk:
{SHE/KYE @ 1281 % Iterated EVaR TaMili), B X I oM
HEEME 6 EA LR ETFIE (Proposed Method: K HE
o’ W28} 3 Iterated EVaR TaHii) 12k 2V R Z7EEZEHL
7z. Fig2 ITHEDMIITN L2 2T - DH0S R 555
GOV RIHERERT. r=0RHICEH T % &, Nominal
Risk (& True Risk & L& U s/ NEEAT & 72 2 (EFIHIERE X
Nd. 2L, Proposed Method i True Risk 1238 W E
25 Z2TEY, PIHEETERFSICET %) X 7 FHEiOH
IEXIR DR X 7.

BT, MEDE BEDODM & OTEEEEIIN§ 2 KE S
MraeSEmil . Fig3 IZ@MEREZRT. FED 0I5
BB RZL 2 — A TlE, MRREEDBEICRE < RWiEsic
BWT, ETHEREZEOY R 7E%E FH35HMEE2 5 2, &
R OFHTZHERE S 2 Z e PR EIN. ZORRIE, 7
TR DS IC K E  RVEIPIICBWT, RBEFEIT
MOTMEDOFELEUNKBL, 2N MY R 7 §HiiA
ARETH B Z L BRLTWVWA.

5. BHDIC

AWFETIE, RO RHEFIEDE B2 EEKEDR
YEANZHLT 2 MR A, B X ORI EME LM 3
Iterated EVaR #$2R L7z. AFIEX, 90O EZH
IREID DEEERTRE R TE TV R 27 FHliNG]AIA T & ¥ % AT HE
&35, 5%, KL EBEOIEEREOER, EET 57
AR EDO KR E XD FAHEREEFTMANG 2 2 HEDTHT,
BLUOREFEOEBNEEIENDFEHAIHETDH 5.
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Massively Parallel Bayesian Inference for Fault Slip Estimation Accelerated on
GPU Supercomputer (Proceedings of Symposium on Applied Mechanics)
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R B (RO - HUEERT)

We developed a GPU-accelerated method for massively parallel Bayesian inference and used it for estima-
tion of fault slip. Bayesian inference enables robust parameter estimation and uncertainty quantification but
requires extensive Monte Carlo sampling resulting in high computational cost. Although massively parallel
solutions have been proposed for CPU-based supercomputers, their computational pattern is not well suited
for GPU acceleration. In this study, we developed the methodology that works efficiently on GPU-based
supercomputers and evaluated its performance on the supercomputer Miyabi. It was shown that the proposed

OABHEEATIARER BANFEESR

implementation achieved 42.1x speedup per node compared with the CPU version on Fugaku.

1. EL®IC

BT — X 0 BRI BE R E T AN T X — X B HEET
LMENTIE, 2L ODFICRONZEBERBHTH S,
TR =R EERER Y LTI, ZOMRSMHERD BN
A ZHEEmE, BT — X C EATERERE LT RE R HEE
PHREL L, X SICTHERMEERIIC LD EEEDEWE
BRIV TEZERRFETHL. —H, TRX—X
ZERISEROBFERIEET Y T ALY Y Y U IRRETH
b, ZE (LIZLIZ 10 FLlLE) OEf#fT %2 ES 27058
A NPWDTRKENVEWSHERDH L. ZOFHEaX b
WCHHLE 2720, 28D > AR 2 WA FEIT
TRFEDRBEINTVWS., EELIZINET, WHEHE
WHLETZLITY RLCHSE, Z—R—a VP a—&E
EDEWRNTHEN R Lz TEAFIN A4 XHam) 1R
L, BHLZHET T LONA IHEEIZBWT, ZOFME
ZRLTWAD,

SEEB X ORMARDZR— ¢ —a ¥ a2 —&TiE, CPUY
HE LT im0 iEBEHEEL £iD GPU OB ER &
72, GPU DHRERIEA L7z, X5 IXEERNA HERD
REPHFENZ. L, BEED CPU IR
BAFF R A XHERDOBEFTFIETIX, FIERENNE SR
—THH, GPU DB FHE T E RN 72 FITH K
THotz. I TAMZETIE, GPUICHE L-Fike ket
L, GPU Z—,%— 2 ¥ ¥ 2 — & Miyabi 1B\ T ZDIEEE
PRREET 5.

2. Fi&

FRUEEZ, HREHTFT—XdroWES A XY 08
FUWREHE EOTRD 01 s BHEE T 2 N4 XWRITTH
5. YA B 2 BORBEGE RS, ML —
TTODF YT TEITV, 0 DRETHIA DT BRI
W, WL —FT o RBEELEs DI TV VI %E{To
TRIALERZFHMES 2. MEOY > TV 2, AiFE
BIZ5# L 7= Sequential Monte Carlo (SMC; Alg. 1) W, 6
DH YTV ZEMPL 7t X[T, s OF S v AF
GPU 2L v FETHFHLT 3.

FTREFHEaZ M, s O mutation IKBWT, ¥ %
Hamiltonian Monte Carlo (HMC) {2 & D BEH13 2 B 5 h»
%. Alg. 212, Ching & Chen (2007)? 1250 < BEF: D CPU £
HEO7LITYVALERYT. 2T, pids; & RESE

Algorithm 1: Sequential Monte Carlo

input : Samples from the prior distribution
output: Samples from the posterior distribution
y <0
while y < 1 do
Resampling according to likelihood;
for each sample do

| Mutation by MCMC (in parallel);

Synchronize processes;

Yy < v+Ay;

NZ MV, Nie W& s; @ HMC BHIEEL, N, & 1 [EO HMC
BB ZRT Yy THTH 5. N, 1&, BFDH> T
YA XN, 8RB X5, BV ILOLEIIZIGTTHD
YToHh3., FTERHED —2ME G's; DEITH-R7 T
NMETHZ. ZOFETEN BTN IR 3
7%, ALy FEIOEREEICL D, GPU Tids; 1B L
TAFIFIEERITS Z e LW, Z 2T GPU [ D%
T, Y Y TNV T Npwe ZE— L7273 ) XD B4R
AL, ZOHE, si DLV—T"% j k DL—T ORI
§j]v6‘§, ‘7\DV7§§QS= [S1 SNS], P = [Pl PNS],
D' =[d ---d]EBATRILT, Alg. 3DX5ICKENh
5. ZOEBIZE Y ARmAIEIEES N, FEI -V
FEITH-ATHIRE G’S 72D, GPU 2 L 7= %25t Hihd
AZEHERND . Npoe DIEIE, EBEOT7 SV — a5
HIZBWT, BENEHEZ LIV XL LAETHEZILE
R L7295 2T, Npowe =3 WCERELT. ZOEBEICIDE
THEEBUIH 3 FISEINT 225, GPU O E W IiFIME % iE 2
L 7= AT O FES R L 5.

E7 V5 —2aiZBVWTSBLLG DY A XFZ
LA (1000 x200), (200x200) FLEE & BRI/ X <, H—
7t X Tk GPU OFFHEEFEL T7IEHTER V. £
T, B St 2D H — % [E— GPU L TRFFET
3" % Multi Process Service (MPS) % 3& A L T GPU F|ff®X %
M kX7,
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Algorithm 2: Original HMC for CPU

for each sample s; do
for j=1,...,Ni.do

fork=1,... ,N.do

L §i —8;+CpiAt;

pi — pi+(d' - G's;))Ar;

Algorithm 3: Modified HMC for GPU

for j=1,..., Nmovw do

fork=1,...,N.do

S «— S+ CPAt;
LP(—P+(D'—G’S)AT;

3. EEEETE

REFIEOMREE M3 3 72 OFUESEERIC DWW TR
3. TRTOBIEFEERIZA—8— 2 > ¥ 2 — X Miyabi TH
L 7=. Miyabi (&% / — FIZ NVIDIA GH200 Superchip %
| HIBH T 2 GPUR—ZADRA— =AU a—RTH5.
HOWMIEY A X MY &3ROS ERE L THIREF D&
T —XEERL, ZOWHHTEIT- 7.

F3, MPSIZ & % IGPU H7zh O 7 vt 2%
N3 728, Miyabi D 1 / — KEHWT, 1B % SMC %
10 18721347 5 Mini application THREFHEiZ/T -7z, Z Z
T, SMC DY > FiL¥ A4 XiE Ng = 960, N, = 1000, HMC
H—=FNVDEENE Npove = 3, N =50 & L7z, Fig. 112,
Tat 2R r 115 32 ETE(SBLGEOHERMS
X UEMMREE TR Y. EOMHREEEE D L G'S OHEHE
EHEREITRRI TR 2 2 e TR L. Fat 2B 16
BV THRADERE 13.40 TFLOPS 2515 54, Tensor Core
% R 7 (RS EE R TE B RE O 20.0% (MY F 2 EiEEED
R -,

[} 0,

tgﬁz_ 16.7% 2227 16.0% %@
£ e
LL] 0 T T T T T T 0 n-‘

1 2 4 8 16 32
MPS Processes

Fig.1 Mini-application performance on one Miyabi node.

Gray bars indicate the total elapsed time. Black
lines indicate the effective GPU performance and

its ratio to the FP64 Tensor Core peak performance.

BLT, 28 — FE WA CIERE S
NEDENEET 5720, E7 TV r—>a yEFHCBWT
Weak scaling 7 A b % 5ZJfi L 7z. Mini application DFEHIZ
Hox 1 /7—-F¥dib 16 7arxTHFLL, 3>
P4 X% Ng =960%x /— L, N, = 1000 & L7. Fig. 2
12, /—FE%E 125 128 TR EIGE O ERM
E, 17— FrHMEY URIFHEIRz2 RS, 128 /—F%
T 92.3% DML ZHERFL TB D, Ny = 122880 I23E

E2EIGAANREY YR Y L/ EBEEMRICANFHEER

FTAKRBEY > ) I B A EMESHER I N

1.0
100.0% 99.6% 95.3% 95.3% 93.2% 93.7% 93.2% 92.3%

Elasped Time
(hours)
S
(9)]
1

e
o

T
1 2 4 8 16 32 64 128
Number of Nodes

Fig.2 Weak scaling from 1 to 128 nodes on Miyabi. Gray
bars indicate the total elapsed time. The numbers
above the bars indicate the parallel efficiency rela-

tive to the 1-node case.

Miyabi @ 128 / — F & RSt DM 2 BT D CPU 3
TiTo5 e, EED 1024 7/ — FEHWT 35 KMZ2EL
COMBLIHET S, AGPUFEEIZ ) — FHzD 421
EoE#ELEER L TWS. Miyabi ¥ EEHOMT1 /—F
DG EHREEMEELZ 197 TH D, GPUHITOTF
R & b, HEmMERELL R B2 EE bR S .

4. BHDIC

AWFETIE, Wi TXD DN XHEEZIRIC, GPU
A—=R—a V¥ a— & ETEBUFINA XHEHEITS Fikx
8L L, Miyabi Z W TZOMREZFHME L7z, FHEEH—
WO B XD TNT Y XL %G L, MPS 2GR L
T GPURNHR%RA LXE3 22T, BEDCPUEHEL I
WLT, /—Fdzh 210 beER Lz 2
b, $ERIX GPU BTEIZAA ZTH » 2B H| N A
% GPU L TERRICEITTEZ e BR L. AFE
1%, XA XHEEROMMOICHICIZ, 7YYy I T—X[H
LR LM REL R Y, SO/ N BT 2 KIET 5
AT D GPU SATICERM TH 2 EZ BN 5.

SIEE L AR, BRACIELR HPC B Rk (JCAHPC) H34E
fitg 3 2—r8— a2 ¥ 2 — & Miyabi DFFEEFREHWTE
MEXAE U7z AU, SRS TEE) BUERAIN I
Iaron MEEI WCXZHMBORFES I 2L —va >
DFEFEILTE & R FTEEAT 72 BB JPMXP1020230213)
O—BRr LTEMINEDDTY. £/, AFEO—HIZ,
A——a vV a—& IEE OFHEBEROIEMEZIT, 5
ML % L7z GREZES | hp230203, hp240217, hp250230). A
7213 ISPS BT EE 23H00213, 25K21686 DB #5213 7=
DTT. ARIFFEIE, IST XIMRIFFEEPEFE T v 75
2\ JPMISP2108 D% 21T 72 DTT.

BE
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Fast and Energy-efficient Multi-wavefield Analysis Method and its Application
to Internal Structure Estimation
(Proceedings of Symposium on Applied Mechanics)
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Hideaki ITO, The University of Tokyo
Tsuyoshi Ichimura, The University of Tokyo
Kohei Fujita, The University of Tokyo
Lalith Maddegedara, The University of Tokyo
Muneo Hori, Japan Agency for Marine-Earth Science and Technology
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We developed a multi-wavefield analysis method for a densely coupled CPU-GPU environment, achieving
7.81 times faster than conventional methods. By training a neural network using the results, we built a surro-
gate model capable of evaluating 3D structural characteristics. This approach enables 3D inverse estimation
39 times faster than direct simulation, making high-resolution digital twin construction practically feasible.
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1. [FLC®IC
HHOLIVZ VR EEEREED S 720, EifflizT
IRV A ERERPRDOLNT NS, TIXILY A VR
PHEET 2121%, HBSHSFEBMHEY O L 5> REKRKRR
2B 2 3 KENFHREDHEEN AR TH S, Rz, &
HIHEADISEOERIE Y, BETFT LV ETOHEHEE %
B L TSRS 2 #HEE § 2 PIEN R TH 5. 2ok
e B RO HE 72 2 D NERE O HEE I I EHE IR
VBRSO RBNCEN S 3D AREZRE (FEM) OBEANE
MTHB. LarL, ERBEEE CRBEZFEE L -85
FENTI T2 2R BERU LR ETH D, FHEa R OfE»
B S RS 72 N RS HE R 13D CTIREETH 3. B 213,
1km U5 DEF AT 5Hz ETOMREMRILE T 3858, K
THEBEOBTZHT XA L RXT v FIE-TET LR
FoRE sk, X512, ANBEORMEICKIEL 2 WEH
DIRFNEM: e.g. BEBIREIZ <2 b)) ZHIHT 372012
i, ZEOAN T —RBRWEBRBPBREY 5. £,
H— 7L TOMMREA T EHEINZe LT, R
HZBWTEARBZBOETAEHETZ 2 ditEa R b
READICHEARIEZ2ER S, INWo0HERZRE Z,
AKMETIEILULTO 7 Fa—FTiEtia X OHIEEX 3.
D) ITEDFEMOBFERIC X ) A[EEIC 7 o 72 CPU-GPU
MoE#R T — XX ETEH L, CPU & GPU Ot HE
ICE D Z AN — 2T BIEEOHEEERICTS. i)
DI BN T — 2 b2 —F L%y VY —2
(NN) R—2DH¥ a5 — b ETFLREEL, NEHEEDH
EENRINATS.

2. BHES CPU-GPU REICHIT28REZ T — X[EKE
ENIERRAT
AR TIE, UTOREHMEAROEAERITL, &
MIRED X — > BB X8 722 7 — A DN 2 RN
FITT 5.
duy

62ui 0
— — — | Ciiki— | = [i- 1
P i ox; (C jki ax,) fi ey

ZZT, pIFEE, u BN ML, 3R, x; 13220

FERE, cijn V& 4 BEDBEME T > VL, £ i3S INT L ER
3. ZEEER I, BHERRMEIROE T A LRI E
FIE SRSt O I U /- PR R BRI X % FEM %
W3, £7-, BRREDITIE, CFL &R § 2 K%l
HOHIFIZE RN T 5728, Newmark D B iEEHAT 3.
FEROFER, BEALRT Yy STHRITER 2 &
AL (CG) RIC & h RKIBRNCIRL Z e TIThbh b, BiToR
MV 27 8 B RIEY oN—Dh#IZIE, CPU-GPU R0
EA T — RELEDRE R REBEEIEH L7 a3y X
LD BEA L. ZOHETLITYXALTIE, CPU_LETO
CG EOWIHATHI Y GPU ORI RKIEY LoN— %
FRSEITS 2 2 8 TEEPOE T R F —FR I @ HIA]
HEIC 2 3. KRi2, RIEY W oN—PN T3 Element-by-Element
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mum error and (b) maximum error in test dataset.
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maximum error.
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Separation and Evaluation of Different Deterioration Factors using Latent Class Hazard Model
(Proceedings of Symposium on Applied Mechanics)
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Mao KOZAKI, The University of Osaka
Kodai MATSUOKA, Railway Technical Research Institute
Kiyoyuki KAITO, The University of Osaka
E-mail: m.kouzaki@civil.eng.osaka-u.ac.jp

In infrastructure systems where the failure of any single component results in the loss of functionality of the
entire system, the system-level failure risk follows a series structure. In such systems, understanding and
managing the characteristics of rapidly deteriorating locations is particularly important. This study develops a
statistical deterioration prediction method that explicitly incorporates characteristics affecting only rapidly
deteriorating components as explanatory variables. Specifically, focusing on rail bonds in the railway field, two
different deterioration processes are represented using a mixture exponential hazard model with latent classes,
and the model parameters are estimated from inspection records.
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Table 1 Estimation results.

Class 1 Class 2
(high-anomaly) (low-anomaly)

T, - Mixing ratio 0.0844 0.9156
Br1: Constant term 0.0399 (0.84) 0.0526 (5.56)

Bra: CV55-280
Brz: CV55-500
Bra: CL100-1000
Brs: CL70-1200
Bre: Track irregularity
Br7: Transition curve -0.0444 (-1.90)
Brs: Curvature 0.1194 (3.95)
AIC 9460
Wald statistics are shown in parentheses.

0.0594 (1.26)
0.0484 (1.02)
-0.0354 (-0.72)
0.0476 (0.88)
0.0290 (0.44)

-0.0408 (-4.26)
-0.0458 (-4.81)
-0.0447 (-4.62)
-0.0358 (-3.62)
0.0095 (1.01)
-0.0024 (-1.04)
0.0222 (7.42)
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Fig. 1 Observed and predicted numbers of anomalies.
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A Study on Factors Influencing Mud Pumping Occurrence Using Logistic Regression
(Proceedings of Symposium on Applied Mechanics)
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Yuto TSUDA, Railway Technical Research Institute
Kodai MATSUOKA, Railway Technical Research Institute
Mami MATSUMOTO, Railway Technical Research Institute
E-mail: tsuda.yuto.56@rtri.or.jp

The minimum of vertical track geometry data was decomposed into wavelength bands using continuous wavelet
transformation to examine components related to mud pumping. The relationships between mud pumping and
amplitude of vertical track geometry for each wavelength, train velocity, rank, and track alignment
(tangent/curved) were examined. Logistic regression analysis was conducted to evaluate the effects of vertical
geometry, train velocity, alighment, and rail joint presence on mud pumping occurrence. The minimum of
vertical track geometry, train velocity for each 25 m segment, and rail joint presence were confirmed to be

statistically significant for mud pumping.
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Fig. 1 Distribution of 25 m segment minimum track
geometries with/without mud pumping for each wavelength.
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Fig. 2 Relationship between train velocity and the minimum
track geometries with/without mud pumping.

Table.1 Hyperparameter estimation results by maximum
likelihood and p-values.

Bo B B2 Bs Ba
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