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Effect of Train Underbody Meandering Flow on Fluctuating Aerodynamic Force of a Tail Car

Takumi ABE Koji NAKADE

This study employs large-eddy simulation (LES) to examine the relationship between meandering flow
beneath the underbody of a six-car train model and the fluctuating lateral aerodynamic forces acting on the
tail car. While previous studies have identified large-scale meandering flow structures and clarified their
role in flow-induced vibrations of car body within tunnel, their influence on the aerodynamic forces of a tail
car in open-air conditions remains unclear. The present results demonstrate that fluctuating acrodynamic
forces on the tail car intensify in synchronization with the meandering flow. Mode decomposition further
reveals that the dominant fluctuating flow structure is an antisymmetric mode, with a frequency close to that
of the meandering flow. This mode generates significant fluctuating aerodynamic force near the tail region.
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Countermeasures for Friction-Induced Vibration in Pantographs
Using Modal Coupling Strength Analysis

Shigeyuki KOBAYASHI Yuki AMANO Yoshitaka YAMASHITA

This study investigates friction-induced unstable vibrations in railway pantographs through modal
coupling analysis. A flexible multibody dynamics model was developed to examine the effect of sliding
friction on natural modes. Coupling strength was introduced as a quantitative measure. The results showed
that under knuckle-backward conditions, increasing friction narrows the frequency gap between the first
and fourth modes, causing instability above a friction coefficient of 0.79. Parametric studies revealed that
reducing plate spring stiffness weakens coupling and suppresses vibrations. Hammering tests and modal
analysis confirmed the validity of the simulations, showing that reducing the thickness of plate springs
decreases coupling strength and mitigates instability.
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Automatic Generation of Maintenance Worker Scheduling at Rolling Stock Depot

Satoshi KATO Tatsuya KOKUBO Taichi NAKAHIGASHI

This paper proposes an automated scheduling method for maintenance worker at rolling stock depots.
Maintenance worker schedules at rolling stock depots are daily plans assigned to teams of maintenance
worker for tasks such as cleaning rolling stock and performing inspection during turnaround operations of
superior trains. The effectiveness of the proposed method is evaluated by comparing the schedules it
generated with actual schedules, and those generated by a mathematical programming method, and a local
search method. The results indicate that the proposed method generates maintenance worker schedules that
satisfy high priority relaxable constraints within a practical computation time.
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YEfERER, INERFEIS, (EEREOARBREELEA TS RWEE, BDEIGUTENT 5.

REFRAEIEDFIEZ AT IORT.

Step2-1:j=1, k=127 5.

Step 2-2 : JPED R TDIEE & /R TTRER A CRIGED THRE T 5.

Step 2-3 : jHIDKFEEH DIEEBITKBEEEGTR2E DL U, k&EEDIEER TR % AEBIERZI L LT
BRET D, BUETANIREREEEEL-ET, k+ 1BBUBROEELDBBRIEN2ESES. 20k
%, k+1 ZELBEOEENMEERTREREROR TR L VBVIGEE, (KRR 2 AT DRHES
FEUEREL, Step2-8 . XERUFNIUE, Step2-4 .

Step 2-4 : 1| ZEDIEEMNOCIEIZ, HHBHRHERET S, HHBBOKR TERHD, ROVEZEFRIERZ]
FVBWNMEEIE, ROEZEDEOEERMS L ORERE 2 BRBHRENER T 502 TESE
5. 2O %, EERTRRIDMEEMTRREROK TRL 28X 256, SEFELFHEHNEZRETSE
BWVEEL, BEBERMISEERTESEMS (0L ZIIRETS. 28, (RERRERIH% CERS
BNREL TV DIHEAIL, FAROLUERITS.

Step 2-5 : ARTEIFEATICPWERRM 2 RE T 5. PHERRERR TR, KEFEGREZ LV BWGE
1, PREERRE & RDVEZELREDIE RS L O BB BRI 2 FWEREREVER T 5072 1TES
5. Tl X, EEATRAMMEEMRERHEROKR TIRA 28X 5154, XERFEREFNERET
XRWVEANS, FWEERREIME T X S8MS (0 BLE) EIFEET 5.

Step 2-6 : (REEIF[ER I ERIEMRIFE 2 3E T 5. HHERREK TRZID, ROEZERIBRZ] L VB
BEIE, ROEELBEDOIEERM S L OBIRSEREE 2 BRERBEVERTE 2072 BSOS,
Tk, EERTRAMMEEMREREROK TRI 2 BX 554, XEFLHHEHNEARRETER
WiHEIL, BEHEREREIIEAE TS SES (0ME) ZITERETS.

Step 2-7 : EFAFENFET 25613, HHBBRFRRZICMERMZRE T 5. MMERRHE TRZID, X
DVEZERIBRREAI & VBB EIE, ROVEZELEDIEERRE], FAREENE, FWrHEfRERE, AR,
HHAEERE 2 MERESEETE 202 BSOS, Z0L X, (EERTRIMMEERERREPD
KT 28X 554, XEEEREHNE AR TIRVGEIE, MERMIZHEER TS SEMS (0
k) ZUEETS.

Step 2-8 1 RIE U 72 jBRED AR & & CMATRR I OBFIIAREA, M TR 2 & L 12, ERBEREZHEE L,
FFEARREEAR L 95, kDHIDOREBOEETHNE, HEFREFHEREDS L, Kb BHWEBIEMNME
WRZEIRT D, XERITNE k=k+12L, Step2-3-\

Step 2-9 : JANRBEDIMTHIUL, WWEEKT TS, IELRTNE j=j+1& L, Step2-2-\.

4.4 EIEFMEHEERE

AIFFETIE, XY R X-0 HADKE L 2 DOEFERIEFERIEEZRET S, XY KL, HIHD
R D X FDEEL, MOMOREATEELER T2 Y EOEEEANEZD. X0 AL, HDIDE
g X EDEEE, MOMORRRIFO®RZER, K, 2 DOEEMOWTNNHEATS.

I EFRIRHERGEDOFI L LT, BEROFI%R 4 1TRT. K41%, AL, BIIO 2 DOIHIE) HTH
e ZDIERF#RT. X4 OEEMRIIXNL, XY ZHEO—FITH S 2-2 RHUZ L > TERINE
PEFREROOFIZ R 5 ITRT. ABIOERT S 2 DDOEE (6M & 10M) , BIEDERET S 2 DDIEE (8M
& 14M) 2 ANE ATV S, FARRIZ, X0 BAD—FITH D 1-0 AT & o THERR I Wz EER#EROF &
E61ZR9. BHED 1 DOEE (8M) %, AHED 2 DD/EERM (6M & 10M) ITHALTW5.
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ARFETIE, EEEUT, 1-1 53, 2-1 5548, 1-0 ﬁ)\, 32 M, 22 MR, 33 %R, 20 AN T
FEREAT L. XY REUIBWT, X=YTHIHEITIE, EERBUIELL W0, BRERIZENT
FHMEERE (2) ~ (4) BLTERRFIVT 1O, @ DO~BDRBIIHFESTHAREMNH D, £z, X#Y
THIHEL X0 FAL, TRTOFMEEZEL BRIV T 1+ Q~ODWEICHFST D HREMEN D 5.

|
BIE av F—{ 12v || 16M |

4 EEROHI

w0 e G
8M|—>| le% 16m | B 8M |1?M ! 16m |

B45 2-2 30 B16 1-0HEADH

5. RF—YZERVET—RRIT1

5.1 HREEAE

REFEOENIMEMIET S720, ERDT =R 2AW/Tr —AAXT 1 2175, ZI Tk, EEJTIHE
MR 2RIz, EROFIEX (Y, EfMEAEZHAVZELRS 10 HoDT—2 A5, R 1IZIIXEE
EHY D5 BADT— 2 DL, EEAEERT. FRRIS, R2 IEXEREELRLD 5 BHDOT— 20
B, FEARERT. £z, BUEROEAMRBER 3 ITRT. ThoDEMRE, HEADRMBIEES
A1 ¥ D B IBEIEUE & EEOIT U 7521, fIHNREOBERELERBUZREL TWED, EANIZIMEBLE

BWEIRREOAR R EREBEHRUZFEL LTS,

BEEAEL LT, BEFERICL > TERUZBBEES A YL, BEAORMHBEEL (v, BEEHGEH
Ej% (Mixed Integer Programming, BATF MIP] ) IZ& VERINABEEZEL 1Y 0, LSIZLVERIN
FEMEEREA A VIIOWT, FHEfEECEEENESVENRGEDEREL K TS, ZIT, LSIF4ET
WANFANERENY) YTk, FRIARE, ERREHEREEEA L, BRERIISVW T2 TOEEROEN
BSUENEERRE L Y A%EH D VLB U 2BE, FRERTIT5FEL LA

EALOEHL LT, 3 SN TOEEMERARD SNT NS0, TRXTOEEERDFEIZENT,
3ATHYIY & U, 3EITIE, CPU A8 Corei7-8700 (3.20GHz), AE Y 16GB D PC % FH\>, MIP DKERIZ
1%, BEEB#EL Y )L/N—Gurobi Optimizer 10.0.0'" Z &R L /.

=1 KEIAT—% (TEELBY) &2 KEIAT—% (FEELRL)
No. YHK VEEARE No. I EZS
1 5 30 6 5 38
2 5 30 7 5 39
3 5 34 8 5 39
4 5 37 9 5 45
5 5 38 10 5 48

&3 EHRBDR

HAMR | o az as ay By B2 B3 Ba Bs Bs B Bs By Bio | Bia | Bz | Biz | Pia
REME | 0.85 | 0.025| 0.1 |0.025 100,000 |1,000| 1 1,000 | 100,000 | 10,000 | 10,000 | 1,000 | 1,000 | 1,000 | 1 1 1 1
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5.2 REREBER

10 HADALT—RIZBWT, EER, MIP, LS, BEFEDEFEDFT, HUBIEENRE L\ MEE
Bon-A8 (REMEVEEE) , BEENSVENSMG2ER L -BKE, £4I1TRT.

TR (1) IFRMOFBMEROFENL, (2) ~ @) IFBEFOERICETHIEETHY, Wih
EREENEERIX 10 BISEWEELEZ LW, ULHL, FEM, MIP, LS IZWITNOIEES 10 Lidi-
TESHT, (2) ® ) IhX WV, FHIMIP IZFRATE (4) D3HER-TEY, fikVE-T\5. 5%
MEERL-L A, SN 3 DOFERETIITRE L TWS Z LB 2. MIP I3EERE/ O
SRFENH B E DD, FRFEITORBIZITEL TH 5, AMETE ZORENRN TS, —HT, X
FETIFOTNOFHEEERS R BERFHENAX S, BT 3) 10 4> TWa. &oT, BEFIET
IX5EEA, MIP, LS LHEL, FHEEROFEL, EBOBRATEE LWERBIEELSI VEBEoNTWS
ZENHERTX 5.

7z, BEENSVERIZGOERBEIE 0 BIGEWWIEEE LW, E&EH, MIP, LS IFW< 20D
FIRETERMNFEEL TS, —AT, BEFETIITNRTT 0 LA->TEY, BEENBVHNSME
FERLUTWRNWI L 2HRATE 5. BRENEVHNFEDOERREDEHRATYH, BREFHRIIMOFIEL
DENTVE V25,

PALEEY, BEFED, 3H5UAT, EAECEERBEENBVFINEGE2FREL, DOBEALY 7
DHEER % FHEAB S ORBLU - EREHATEETH D I L 2R L. LMo T, REFHRIIARRM
BT LUTENTHD L2 5.

®4 FFEO FHEERORRERGAE & BEENSVVERISRGOERBEI DL

5 itz BEENE RIS
(1) () (3) (4) ® ©) @ ® ® @ ®
EEA 9 0 1 5 0 0 3 7 0 0 0 1
MIP 1 0 0 3 0 0 0 0 2 0 1 1
LS 9 2 1 6 0 0 1 0 1 0 0 0
REFHE 9 9 10 6 0 0 0 0 0 0 0 0

6. X&H
ARTl, EMEMOBEEES A VICERZ Y TT, FEEYEDEN PR L2 EE L-H

BERTEEIREL -, EREMOBBEEY (1 YOI, IRV HEL, /EEIER, (FERRE, X
ORRERER 2 D 2 NEAH Y, WREFENL < LV ELHEGERELRIEE 25, 22T, #MKEL
BRCOBEMERFIELERDZ 77— —F 2 AL NS, ERETOEREAEEL §5720, ZHED
Ve LIEFF DPE L AEERR S & OHREREROIRED 2 DICHRL ~FEERE L. EETHET
B 28Iz, EBO 10 BODT—RIZEV T —AAZ T4 2EHU-L 25, 3 HEOFERMET, £
R MIP, LS LR, FHEEEN & < BRENEVERIZGEDER NV, ERNLRBHEEES Y E
ERT%X % Z L BHER L /-,

S41%, BERIOFEERZ I TS, HITEYEOX A VELUIHE > BiElEE L 1 Y OFERIZES
U TAMEBA L EDDIFETHS.
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Zhang, R., Zhang, C., Cao, Z., Song, W., Tan, P.S., Zhang, J., Wen, B., Dauwels, J., “Leamning to solve multiple-TSP with time window and
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Retrofit for Preventing Fatigue Crack Initiation at End Stiffener Using Splice Plate with Bearing-type Bolt

Yoshinori YOSHIDA Kengo ANAMI Yasushi NAGASAKA
Toshio TAKEBUCHI Yusuke KOBAYASHI

One of the typical fatigue cracks found in welded girders of railway steel bridges is observed at the bottom
of end stiffener. Bearing settlement leads to stress concentration and fatigue cracking at the bottom of end
stiffener. Consequently, the necessary retrofits impose a significant maintenance burden. This study
proposes a method for retrofitting end stiffener using splice plate with bearing-type bolt for pressing. This
paper reports the results of static load test and cyclic load test conducted for evaluating the applicability of
the proposed method.

F—U— N HTR, SRR, SERLVE, #BULET

1. [XUSHIC

BEREEDSERBICE T, SNTOXR S BRI TR SEHAEC L2 ehH S ) (K 1) . FEH
XZDFERIZ, HEZEDOIADBIRERPEEENZIVOEEEVIZLY, HEZEDBIZE 10D XS
BB (BATF, XA&ADIR) MELU S Z LT, WA ETHZICKRINT, Ml TRIISH»EF TS
Li2kd V. WHEXHOKEEGIET 2 EODICEEE LRV EIT LB THAEREIETHENMTDONT
WA, FHETEICHORZIIDBREL L) Y v v F 7 v TORDONHEROFIEDETHEIAASO&HE
AELTWS, /2, HHEGEHZL E ORI TR I NATRIE, FROIIICHEEENZILVETEEX
TXAEBEAET I ENTEIRND, TEADBRERYKRS Z P REE 5.

ZIT, XADEZBELEETI, B35 TROACTHEM THROISH 2 EEKT 2 2 & T, BHIHD
FeAE 2 I USRAMT OIE b % X B 1B TR & FIFE U /2 ¥, AREHCIL, ST sEi % YA TR L -3
EafR% VT, F ETOY TROME T CHRM TG KRR 2R T2 L L 617, YTHRET
BORBRRITH U TR LB 21TV, EROERIZBIT 2 Y THROMAMEZRIEL . AT, Zh
SDMERIZOVTIRET 3.

2. XEMRIV b ZRVZR S R T RO

B EHIIN TSR AEE UT, NEOEFMIIETIRERZEL, HTRICAEZDEIEL I LTIt
NEEET 2 HENRH D (K 2) . IR EORAIM THIIT 7 7 VY LBRETEAINTSY, K2b)D

* EEVIEAMAZTE B & SFHERZE
*x  ZEIERE
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ENT 77 VDI FRICEAE T, SENSORAENETEIENTELRY (K 2(c) . XENSDRS
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I BWERTREZSEARTAR E U, B 2D & S ITHEM 2RI L TF 7 7 Y IMEBICH L4 TS P, 4,
BTRTEE T 7 Y VDRIZIETY 7 VIR 2 BA L, HTIRTEHNEEE2ZIHIZEDD L LI,
ENZEU BADHKELET .

3. XRETOETRETS JFURRIM iR DIERZIROIREE

SHAMT OO ST s BB & AR U /- 3 EBRIR & T, WM T CORHEREIREMRIEL /-, AZETIE, Zhon
HERIZDOWTRT.

3.1 HFErERROBE

ABARIE, BRI A R TIRIOER SEPRRINMEENRE L, EFLRIUMMEFERL
TEREOWHE & ETETEEL 2 (K 4) . BTRZFE L 2R BRI OHEIZED 120mm, HRE
Momm THD. BBREANDY THROFZERILEZ K S ITRF. L THRIE 200X 70mm (HRE 12mm,16mm) D
ML L, YTHOMULTIZAWSZERI ME M22-B10T & U7z, SHEF DRIV MILIE, FOERL
A4 REAWTYTIROFRN MLAST S UAMBIZHET U2, XERV MOITHIAAIL, HTHREX
HEAIAREE U7 REET, TIERONY Y —2AWTITHIAL Z LTk V7o /2. XFEARIV N DEEEAHE
MEBETEETITHIAARE, MLILYFIZEDRIL MEDM T 2To72. ZEEICBVWTENY I —
PIMNIVYFEROCTEEREEERITH ZNTE, BELIZELZREITEERT 5~10 HBEETH-
oo TOTENS, EBEDRBY &5 DOXR EOMBREEERIZENTS, BFICE TROBELNARET
HdLEZD.

ABRAOEM L, R ERAMELED ET SV IIEREB UAEERE N LTI, BEEEDERE S
(500kN) %= EFRE U, HEHEICKIVEEIEZ (M6) . BERDZKIE, FEHTSEAMIIn—5—
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ARBOLTHRELOr —A%R 1 ITRT. RAFRERTIE, XADBOKRZ XPLTHRORIN MABDT
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ESHRE
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I T TR R o5~
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case2

3.2 HTORICK B TiRDB KRR

£ 1 D casel IZ2VWT, YTIREIRIERTHM &7\, HHEREOHAM FIHOIGH 2 KT S22k
D, YTHROIGHERINREMRIEL 7. 28, RS THWSIY TR (casel) 1, ZDERDAERITHNS
YTIRICE) B X 2BICHET 5720, 2 BETRRAY TR TEAD 7 27V IVBHEDBA T > TR,
R TS EIEALE % X 8(a)l2, R (P=500kN) DIETEIEE % Y CHRAE TR CHER L /-4
BE2R 8(b)IIRY. Y THRELRIOMRAIM FHOIGHIZINETHRATHY, Y THRELEZIXINEDIE
IS EREISRALTEY, YTIRIC L DFBROMEINMBONT NS Z LR T X 5.
LUTRICKDIRNDOHHEEHER T 572012, B THRETEOEMEFOY TR MRDIGHEZEEL /-, X
THROGTEIEME %X 9(a)i2, SIEEEZ R IOITRT. Y TR FHMOEIIE, Y TROBAEDAE
PYUTHOWRADEIZE > TENELUTWDIEDD, FHESIE-64N/mm? & EMEL 2> TH Y, L TRD
THEATEEANSEDEIRAENHELTVEI b NE. DI ehns, HTHRET7 IV VICHL
UTHILTYUTRTEET 7 I VIMNEEL, HTRNIEHESETEI TSI LNHERTE 5.
HRIA THHZE U 26N DDTIL, SADBOREIZE > TEATE I LB EIND. T2 T, T&AD
BOKXX g (UUF, BRE) 2ZEXTUSHDERBEIEG % HELU 72 (case2) . 28, 33HTHERTDH LI
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METEETH Y, ZADBREDRK X VAN BVEHEEIREBOND Z L Vbh o 7.
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5UEBIZLDEVEHETL 20, YTIRTEADY 7 VIVEBIIEDEMA 21T > TV, B TIRHE TR
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Predicting Tunnel Deterioration via Subsurface Brine Flow at Tidal River Crossing

Takashi USHIDA Takashi NAKAYAMA Kaho KINOSHITA Kenjiro TERADA

Progressive aging of various infrastructure is making maintenance more important. In urban areas, many
reinforced concrete railway tunnels, constructed using the cut-and-cover or shield methods, are beginning
to show signs of degradation due to material deterioration. Cases of rebar corrosion caused by chloride ions
have been reported, particularly in tunnels crossing tidal rivers. Since repeated repairs are often required due
to chloride attack, preventive maintenance is expected to reduce maintenance efforts. This study proposes a
method for predicting deterioration via subsurface brine flow, and demonstrates its application through a
model case.
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#HFEICKITTHEZHAREL L.

UKL E | L
ey T

(a) ERWE (b) kD%
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2.2.1 HBEXRMH
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MR IR FOARB O E T AEY 2 M8E U CHRIOMEZ AV 2, F72, EAM - FRER G ROEED
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M CBSNEKDSFEFIL 50 ~ 100 m THY, IWAKBOIESEE DAL ERL FREDERIMESN-.
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AMETHRE L /-HBOI /7 uBiEEX 7 ITRT. BELEZFOEKENE TS (AT, FEKE) »
SRE A AN ANESRR /L Case a LB/ Case b 2 FRE U7z, BKE & VIV MBEDEKEMENE S (BLTF,
#HFEKE) OBRBARIIFEUTHY, I70BEDTEIZ10mx 1.0m & UT, KELA - hEAMD Y
7 DBADKEAE % 52 7= E N = EE L TEAMDY I OEKFEREEH U=,

X 5 Case b Case a®D
/ /4 & ) )
o %J\{;;;%) X7 g 37 utks
(1m> 1m) (Im 1m)
=
B RS — R ‘ % K B | E— 7/
2 2 : 7 (A7)
s (i’/]’éi'ﬂ:é;}’bt?%:!%r@ (1.0X 10" m/sec) :I o ) @ 7K &
IELIE ik (10X 107 misec) | [ SRR )| B A RE
(EBRD~ o afii) 40m
o [ F
s ‘/ I T 7T ////////‘
) - ‘ — |
WA & 75~ 7 eati) L=430m
6 = OV0ORT—I)ERmERAOENE T BELLMEDI /0O0ME (Case a, b)

Case b 2 fllICBRBERET N LEEREX 8 IRT. AN (a) ICARERETNERTY. 4 HimlNd
WEREZRWT, TFEEE 1681 His - 1600 BRIZHEIL -, R (b) 123 70KESHEZRT. HT
FEALEDKEENBAARIZ—HR U TEY, HEIEICED I 707 — U ORI L RS R A
Bonr., BHEL A7 OFKEBIIAESENCBEHUZELY /NI, I70LRBORI AL
NIZEBEENEL., EKITENSRRIWVERE A MDY 7 UFEKBREIL 57.7 m/year £ IKFEHHD
129.2m/year KW ENISEHINA. F/2, TNODHENERINRVMAMESRNoEHINS Y /1T
BEKREUIBRE A H, KEAMEEIZ 1593 m/iyear TH Y, OKILMEL L7,

+ 2 0.5
K < B
E % PR 37 B B
: I
} P05 E
=>k= .2 m/year = k=57.7 m/year = k=159.3 m/year
Im AKF 1 SR T ] K+ S0 Hi1f]
(a) BRRERETI (b) U OKEDTE NI OFEKERE 4

B8 =o/0OXR5—IUERHTDOBEE (Case b)

PRIEFRTF IR & Vol.40, No.4, 2026 43



SREHAPIERE RTRI REPORT

X/ HERFR IR ENCE D <REGEPA)| & REY B URIVDSIETFRIE

2.3.3 HMBOIE—REEER U TR

BIEHD I VAT — VTR O N 7 0@EKEEE AT, E—ROMEREE2ERL M TEE
TR 2 T U7, FRITSMFIE 3 2 EARL UT, M8 IR Casea, b DFKFEE V-, F/z, HE
D=, IVUEEEZERETIHREIRDANSELDY I OFKEE = EE U7z Case ¢ EEL 7=.
38, HETEABUSRELED 1.0x10%/m, VIV MEA 1.0x10°/m & UT, BAHREIWEN 02, VI

NE730.05 & U 7=,

& — ADREE 100 FERERDEKDHE &R 9 IT/RT. Case a TN S D 2 DD FRERDOFELE %
RS HEEL > TS, ZHIRPOKEIEKDEEZITER Y M FEEROZEE) & U TIIATEIERRED
DFARFETH Y, SREFFDBKRBIVNI VI ENBREEZ 5ND. £/z, Caseb, ¢ TIFET IV T
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Evaluation of Pile Group Efficiency in Pile Foundations without Footing Beams

Ichiro DOI Ryuga NOHARA Takeshi YAMAMOTO
Taisuke SANAGAWA Shuji TAMURA

When designing pile foundations against lateral forces, pile group efficiency is considered when
evaluating lateral subgrade reaction. Pile group efficiency is generally assessed under the assumption that
footing beams or footings are used. However, in some cases, such as pile foundations for over-tracks
buildings, neither footing beams nor footings are used. Therefore, this study investigates the influence of
footing beams on pile group efficiency through centrifuge model tests and 3D elasto-plastic finite element
analysis. The results indicate that the absence of footing beams enhances the pile group efficiency. The
mechanism is elucidated by examining the pile deformation modes and the stress distribution in the
surrounding soil.
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Quantitative Evaluation of Track Characteristics and
Optimization of Resource Allocation for Maintenance

Mami MATSUMOTO Kenya MORI Daiki SAITO
Shuhei KONNO Yousuke TSUBOKAWA

Sustainable management of railway tracks requires an effective investment plan for allocating limited
resources to ensure future infrastructure availability. In order to achieve this, it is necessary to quantify the
track characteristics, establish the target maintenance level for track irregularity based on these
characteristics, and develop an economical track maintenance plan. By applying principal component
analysis, we develop a method that quantitatively evaluates the track characteristics based on various
influencing factors, which are verified using date on a railway operator. We develop a “track maintenance
condition simulation tool” to determine target maintenance levels and optimize the allocation of investment
resources based on the track characteristics and the predicted track irregularity values. Using this tool, we
evaluate the relationship between the target maintenance levels and investment resources through a scenario
analysis.
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