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Dynamic Compression Tests of Aluminum-alloy Structure for Railway Vehicles Considering Buckling and
Shear Fracture

Keisuke NAGATA Tomohiro OKINO Jun-ichi TAKANO

Two types of impact compression tests were conducted to investigate the crushing characteristics of a
double-skinned aluminum-alloy carbody structure used in a conventional railway vehicle. One of the two
tests is an overall compression test in which the overall specimen’s end face is compressed. Another one is
a local compression test in which part of its end face is compressed. As a result of the tests, buckling was
the main cause of failure in the overall compression test, whereas shear crushing was the main cause of
failure in the local compression test. Finite element analyses were conducted in which several material
rupture laws were used to compare with the test results. According to the comparison of the analyses and
the tests, the results of the analyses applying the ESI-Wilkins-Kamoulakos model agree with those of the
tests.

F—U—R I EWEE, TIVI=ULAEE, EMEAR, AIRERMEN, RO
1. XU®IC

BOETI, S8 L EROTAREFIC LD BYIDBEL, BYIEEYIRENESE DEAF ORI Z2E
DREAIZ LY, BENE L DEZENE U BEIEROBEIE, 1987 FDF 700 4H>5 2016 FIZI3HY 100 4
BTFUK. ULALENS, BEUHENSOBEEOIEAZIC LY BIEROFRET 2 TREMEIIHIR I 1T
57, HFEEAORIFRINTIEHEELZLMLRETTOILIFEBRLEZ OGNS, SEETL HEH
DEZEYF ) A4 (FENS, EELE, FEEES) IS BEIN, Ih6 2 EHEARTHEENICHAE
THILIIREETHD LMo, BITICKDMFANERTHY, BEREEOEHEEH 2 BELEHTX
LI ETIVEEET 2 Z L NEEL 35, BRNOIERERAITREEG THOONDDIXFEIIAT VLR
HELE RS, ROTTNI =Y AASEBEREETHD. INSITERMRIOMEIRE, MTRED:E
WG, BEREENASSERDLD, TNENWVREOEREELMEITET TV TEBERT IHENDH .

| PN D TE SIS | B AR RS T OB 28 % SR IS U= 2 LT, EICAT VL AREEAEE
ENEE UAHEREITONG VY, —F, 7IVI o A4E8EEES IZE T 2 EEREOMRINE, FIC
EHET 2 T RICEBINTVSD, TS IFREEBICERE L /2 T AV F — RN, & & \WIZRTEEETX
BB 2 ERRIEE L U, ZRIEL I 2BEL TV VY bbb, BEWIZEE S5
DOEERE G U BHINI L A LT, EREEEROEERE 2 FMICAT L 2B60E, o
AF VIBEDFREBERICEB UAERIcL EE-oTEY 9, BEEEIXNA-EH CEICAVGhE XTIV
AF UG ENE L UERIIERINT, I 5ICITBYERENE L UHERERI N TORODMN
EETH5.

E/z, BUERORGIEWT, EROFRTOERRIIZEICHAY, KEIEEHEITEET 55

* ER AR ERRERRE

8BRS Vol.39, No.10, 2025 1



FOEHTIERES RTRI REPORT

X /| ERESIUEAMKRIEEZRUZEHEERAY VI =0 AGEEM OB RERRRER

D& D ITEEEEDAVEHFE CHEME 2 T SR T TR, BEEDER L OEZED L 5 12 #
FCHEEHE2AETIRANEZO6ND. BRICEML 22 212 &) FERBERTMO—E2H 6T
TABBIENE C2-FHAHY 7, BYIEREOEREEDEIRE L ST T 2201218, ENEE
EEWRIZRSG T, TAMMIEE — RDEUSHEOEEMEREICOVTEEZERT ILENH .
—HT, VIV =Y LAASMBOEREMRERICET S Cld, fRe 2Mral (BErHIEETIV) 258
HAINTOWBRNTHS. BT CORMRIOBERFIL LT, HEHEMZE T IVEFETH SHELEERD
TAEBMEICUZE VY, HDVITEEEERRIIEEMRIFROR A RBER, RETHILE2ETIMEL
7= Gurson-Tvergaard-Needleman model® (BATF TGTNmodel] &\ 5. ) Z#@EAL LMY Y BNEIFS5Nn5. &
AW, RFTCHEAT NSRRI DWW THRIE — BARE 2 R U0 6 3l R I 2 Ridd e <,
F72, SEIOBRETNETH DL AMBHEE — NI U TEMRBEREIEES RINTORWRLTH 2.
AIFFETIE, BYEREOEH 2T TXL5 7N I =Y A4S EEREET T IVOBEL2BIEL,
ZORIEREL LT, 7IVI=Y LAEEIME UTOEEREH 2ILET L0, ¥TNVAFUEEELETS
EE A OEEEH (A6005CS-T5, EBRA) 2T, EHOEmSt CEHREMRRE EML, BRI
MOBEEWEE DAL 6T, FAMBERENC OWTEHLMNI L. 72, RREBROERMENT & £
U, SBRER B L 7=, BEET T, EEOBME % LEBRET U, &ERESRG COEREIESEA
DHEZRTDLLEIT, HHAIDEEIZLY, BEERS LOTANREZFTNICERTES L
BRUZz. ATIISTER 10 26 212, —EBICMES LOBEL ZHNEEBNT 5.

2. PIVEZD LAGERMOBERERR

2.1 EEREMEEROBE

AEEEMERBRTIE, 7IVIZVL2ASTMEERAAE Us (K1) . ARTITZOFMEEIZET 5,
AREEGFRAED SBRF R /B U CHESIRABR 2 EME L, EEW MRS 2 IEEL T\ 5. &8 o~F
FEILIE < %9 380mm, EX 19 90mm, BT 17 300mm THY, BEIIN 2kg THD. AELREMmERERTIL,
VNI =T LAEESEMPBEANIICERE I WS BEOBGIIOVWTEREBET O LNEETHDH L E X, Tt
DEWTE % EMET 254 AT [2FERESE] 20, ) BIO—HOlE2ERT 254 T (BT
FEMESE] &\, ) D2 XM THEREEML 72, 2EREMSRE T, S %2 EBE I BRIIABERTII
F—8, Bl T2ABREBORNEEBZDIL0S, BHO—EE2YML, EMFEEL/ N LA —
7, BEMSETIE, RBREEBAT2EESEICEV TSNS X 510T5/20, REBREDHIHICT
VI = LGSR (AS052, EX 5mm) &AL, 4, RERMEEERT 25 ISFHEE&ETH Y,
BRI, AT, 71 FHBEEWERT RO /K EER G ESAEE 2 A\ /2. EEOMEII S
11 DeBYTHD. HESE (VA URRELRERE ED D L 140kg) DOF HEHEEIICIZT AIFRE &
B SV TEBERHY, 75V TRBEHNT I L TIAMIRIZOTAIINE-NEEBINS. 75V
TEBOWEEMBT S22k, BERINZOTATINF —PEHESEDEE T AL —IIEH#X
N5, 75 TEBOBBEIISU CHEERE LT LN T, EHEEEORAMEIIN 10ms TH
5. RBRAREEBNDOERAELHEABEOMICRKREL, BREELEWRTH I LIzLY, HEREFITH
UEBEEL AR5 I LN TE 5. MBREEDWIICITANREENH Y, EFERD— Rl 41 (PCB #,
Model 205C) %4+ U C, EEABENEY FF 5T 5., HifkEE, 0— Nel L EHERREDNERRE
X 2 12R9. AUREEDRENC L —9—Z 415t (Keyence &, LK-GD500) #EXY ¥, L —¥—%EEAHE
DUREIZRA L, FREEOERMEHEL -, EMEEIMER T S BIIEESEDIRE & BRIk & 23

BEMRME S Vol.39, No.10, 2025 2



SREHAPIERE RTRI REPORT

X/ EESJUEAMIRZ SR UENEERMA Y LI =V AGEE M OERERHR

LTV IENn5, BEAGENDEMERBRIEDEAM L AR UK. SFEMESETIE, REMED Fi % FE
FIREICEM X TREB L, MIRICEEAELMN 10ms THEX Y. —F, BiEMRSHETIE, #fijikz
EZEREITEY (1) 72 £T, #1386 10m/s TEERGE (BEMRSGARE) ITEHEI Y. 49, m&k
e &R EEEHEICBV AT ZFETH - 20, 2EERRETOTFHRBREERL L5, A
BRAR D Rl AR & 85 U 72 RO ABD BRI RIS E & RIZTRIREMA R I N, 20720, 2&FE
Madelr CIMEEAEADIY) T 2 MR U7z, RERATORBREDZR BRI EZ X 3 ITRT. SWEMRESRYE,
BFrEMERG L &, BBRENEREMRET SERICETEENE T OEHT XX —IIN 7k THY, FHE
[EXEREI ORI, BEAEOEEIIRADT 5. ABRIISRERESRY, BiEMSELE 3 REL
U7z, RABROT—& L a1—&— (NEC =&, 7 A=T—ZRA2300) DY > 7V v 7 REHEEIL 100kHz
U7

IRERERM [ERTEEfMESRAE
| mukEz | | mmas | | @eas | e | AS0521RH |

B<AHE #B<hA

B12 MWAEE, O—FELEEHEARR B3 EABRADRIENRS
OIERR (RFRERESRE)

2.2 EREWEARERSLUEER

FUOHIZ, KX TOFEERE (LITFRIC [FE] v, ), B, ZASIOCEEDERITOWVTE
T AEDEERT— R IVOHEAIDOMEREL U, WEOBENIULS LA - ZBEORZIZ 0 L Uk, &
7z, B0 COBEREEDNBLEEMORRE Uk, BEIEN (EFF) OMOICLVERL, WE, &
LB L OHEIZDOWT, 1kHz DO—/NA T 4 VR (RIEBIVEHIE) 2177 EEROEESEDE
L, EERERID 1ms EOEEDFEIIETERL 7.
2.2.1 ZAREHERM

A& 2 DFHEBKIZOWT, WROBZIEZR 412, EMRORER 5 IZTNTIRT. WTNDRE
&, HBREDAIRCEEEMNEL . BE 1 S XIO0HE 3 TIE, AHREERIORET CEEDERIZMHEVK
BHNEL, FBREO—IBIW L 2—7, HE 2 TRINSDOREENMEEESERMDOIHTTEL 2. K
ERHPEUBAER, EEAHES JOEEMARE LHREOHDIMARBOZEIZLY, REILICELL

8BRS Vol.39, No.10, 2025 3



SREHAPIERE RTRI REPORT

X/ EESJUEAMIRZ SR UENEERMA Y LI =V AGEE M OERERHR

L7zbEZ26h5. HBRMKRTHE R I V&L, iR GMR/AR) O 5 bEEZEFIAE U - ERrd
—8 (X 5 hEABETRULER) , L0 T7OMIRES (K 5 hRaHE TR U LER) Tho
7z,

DEI, RFABRNSBONSAE - BT AT ——ZARE K 6 IR, BEOZMIL 2.1 HiTil
e B V=Y B TOHEME, ERTAINF—IHELEMNTES UETHS. AE 1 TIIHE
BLOEMIZ ) A ZINBA U720, ) A ADOFEEZIT M- ZEKEDAERELTRLUTWS., &3
BCOEREERE, RARNE, RAEHKIINY—, &AZEN, BLIURTHRE L ZRBREOEHE LR
LIZE DD, AREIX 294N GAE 3) , HAZALL50.1mm, mAZH T AIVF -1 737k, AR
VY INy I8 (BAREMMN SHBRBOEHE LB U ZME) 138 2mm (WFThEHE 2) THhok RE1L
~RE3 LY, RRBORKHNLETEIL 47~48mm L2, TEMN KN TET ULBEDO L —9—ZfL
SHCOLEMDPIEMBELIFF—HU . 28, RE 31220 TE, BAEA LY ERBREDEREDH K
SWERE o 20, ZHUIEHRD L B Y BN S L CRBEBEOEREDHIE FENERS ZLIZk5. K6
IZRT LT, BE 2 OWEEICEBOE—IBASNDD, Jhid, BROERIZE Y H-RERNE
CllzhtEZ6N5.

—MMAEE

(c) Bl - s (d) BFZl - 10ms
B4 FROBFZIE (2EEHESRY, &\ 2)

B5 EMEROFR (2ERESRMY, 5%&2)

8BRS Vol.39, No.10, 2025 4



SREHRIERES RTRI REPORT

X/ EESJUEAMIRZ SR UENEERMA Y LI =V AGEE M OERERHR

O aromamye B TR j =1 HERER (2AEHESRE)
250 [\ H®2(9.95m/s) — N - -
\Eaarosams - 63 REL | #E2 | #B3
= o /§<\ 5; A B [mls] 988 | 995 | 959
X 3 sl [
i \/\ o -\“i ‘3 B ATTELKN] 276 275 204
100 LT / 3 [ Zi' BAZHT 2 IVF—[K]] * 7.37 6.69
v o P [ 3
50 ST SR (L—F—EHAOATEL | | ]N BAZAL[mm] -* 50.1 477
Y [(EEEO—FELADAZEN ] || — —
0 : - e ) 0 B DEFEE[mm] 47 48 48
0 10 20 30 40 50 N N .
Zfi[mm] * O— R B LTV —F—BREFAD ) 1 XIBAD
E6 fE - TREIRINF—-ZAEHR (DEERESRME) e, RLTORL,

2.2.2 [SFRERESRMF

A& 1 OHBREDOIROKZIEZX 712, EMEROMRER 8 I TIvRT. HEMKIL, EEMARE
CEEAR U - EFHEEOENRS L O TMERRICERE U, EEAREOAE L #M L 2ERrTiE, HEA
BEOARIZES>T, TAWBEREEFIHERIN. TIVI 2 AGSMBIOEEO§TAINNI NI &I
&Y, BEAREDOEAIILU CHERAREME & OBMEFT T AWBEL, */-REEEIVEERE
B OBEMEFHEEICERLAEZEDEEZ OIS, HE - BRI ANF——EfudhigeX 9 1L, &HET
DERAHERE, BAWE, BAERIANF—, GREMASIUORBRROEFEEZR 2 ITELDD. &
RITEIL 158kN GAZE 3) , BAZALL 780mm AFE 1) THorz. BBETELAEATY VINY &
(389 Imm TH - 7. BEIZHED BISHLIRIZEL D8 DD, RAEMDERIX 80mm THY, HAM
HIIEAB ORI 2. 2FEMRSME L B U TRRFEAVNI WD, HEAKBE L OBRMEEIN
I, BEEPBAICELEZIENRREEZ 6D, MENRKEITEL TH S DORTE - ZAHRDE
FNRBICIVERDED, ZNIEHABECOREFROEEICLDEDEEZOND.

(@) Bl - ms

(c) BZl - 11ms (d) BFZl - 20ms
E7 FARDBXRIFE (BrrEfEsRMG, #HE1)

8BRS Vol.39, No.10, 2025 5



SREHAPIERE RTRI REPORT

X/ EESJUEAMIRZ SR UENEERMA Y LI =V AGEE M OERERHR

8 EMEROMIRN (BFrEHRESRM, #&1)

180 - E ERTALE— 8 2 HBER (BrrEfMESRMG)

160 Biroemy — - 7

140 H3(9.55m/s) 63 AEL | &2 | B3
EEE 5 l EaY- e dea | 9.84 9.62 9.55
W =0 ‘3 B ATTEKN] 154 148 158
* e °d BAREWIANVE—[K] | 674 | 675 | 586

:z f " BARZAL[mm] 78.0 728 70.0

0 < 0 AEREDOER E[mm] 77 72 70

0 20 60

@
o

40
i [mm]

B9 #E - BRI ——K(udhiR (SrrERESELE)

3. EREEEROBERET

3.1 EREBROBIE
EREMEREBRICOWT, BRI EERL 2. BITET VORISR 2 10 (&MFEfkESE) LU 11

(BErrEMESRE) (ORT. HEBRERITY s VER2 AOTHREBEEARL LT, BEABES I —Felid
VU FEREAWTHMEARE UTETIMMEL . BREHEIIOWTL, 2FEMRSFETIE, EREHED
S = ke UCTETIMEL =, —7F, BATEMSRETIE, SEBROEREEANREICAIE T 5 Hix &
REHEOHIREEEEALHREE) VI TEREL, MR LTETIMELA. BITET VDAY Va2
1 AL, SBOEEKETNADEAEEZEERL, 10mm 22HEL U7z, HEBRAEDE 7T IWKIZE O TIIA RN
ERLTEY, Bk SIEMAIDMET 7 51 7V VIELU ERIFHIRU 72, 2 EfESREITEE 2 2,
BT MG SRR OERAPLE L BRIETHOHBEI e TNENT — AR T A DETIVE U 28,
B EfESR M CORDFZIE (K 7) THE 1 DERERUEZDE, SEEAATDTRESIZLVHAES
DN TERN S22 LI2& D, 2REMSFEDOETINTIE, BESES LOEHEABE LHBRKDRH
DIEARBNEZEHET S LEZ N, BEAEAIDREIMR 2 EROHBREIRIZEDE
Foo THIZXY, BEGEAITHER I NAEREFR 2ETICE VW TEEHRL .

10 BRETIV (SfFEHESRE)

VIV = ©EEEM OEBEMREEE & BT 556, EUREAI 28R 5 Z L NEEL 5.
HIREREEANT CHEIOM & HIE § 558 DR LT T MEFEL LT, HIROHLENEDTA

8BRS Vol.39, No.10, 2025 6



SREHRIERES RTRI REPORT

X [/ EESSUEARRRZZ B ULENEEmA 7 VI =) A EEM OB RERESER

RIEEL T2H1E AT TOTAEE] &\WD. ), BROEXDMEEND S RIEITE L ZBRICHET & HIE
T 251 GIRERRICOAEHNEL S /D 2N TEX S, DT MRERDRAE] £\, ) Ehi%
Foh, LYBEMRETIMEFEE LTI, BIRO GTN model DIEh, O3 AHEE S L QG Z8hE DR
e U THErO 3 A% &3 Johnson-Cook model'®? ENEIF 55, KITHIZE Y Y TlE, 7NV =ULEEM
BHIH LT GTN model %5#MH L, BEERABGERNONTI A —XEFE L. —HTNT A—RDBE
IRFRIEICER U CITBEEMEABRDIRETH Y, AW TIL GTN model DNT A —X 2 FEICFAET D &
NHREETH D L EZ 5N/~ £7=, Johnson-Cook model #E A 3154, EEHOIGH MBS THEKOT
AERD B -DODMEAERE BRERT 2 HENHD. TIT, AETIE, NIA—RDRENEZ T
&% ESI-Wilkins-Kamoulakos (EWK) model IZEB U7z, Zhud, XHOERE I CERIZET %R
FEEL TV = Wilkins DMEZE L 2 E 7V (Wilkinsmodel) 2% L IZBEXNAEDTHS. RA)D LI ITE
HEBKEIST (0,) BOBIOREISS (s; 7272 Us >s,>s5) BT, THEhDEEEKL TE
BED 25tH T 5.

D= f (1 _m )a (2 — max (zi,zi))ﬁ de )

ZZT, Pym» @, BIZ EWK NIRA=RTHY, ZNTNEKERS DBMERSNIEKERD S JOMREIRS
RO DEDIEE AR ARFFETIE, 20D EWK model &2 U, ERROEMRERIERE B LRAS A
HIRENGA=Z(BAEREDT ABLORFEAROY A) & ED~. KT THWZ EWK NIA—=4(A
FIUTZINGA—=BING VN —INH BN ETE L7 ME) I TN E NPy, :384MPa, a:-2.34, £:1.47 TH 5.

RERFHTTIE, EWKmodel (2 & ZHEHrEIE (BAF TEWK ¥IE] &5, ) ftt, IRERBADREIE (BEHs|
RRBRNORMEZRIE) , BIUOVTAHE (BEHEERABRNSFEE L /-E (0.162) D, 05 H LT 0.6
B ENTNBHEICRE U 3EDET ) 2k, HEREEL -,

3.2 BRBITERSLUER
3.2.1 2FEMmERY

EWK ¥I5E, iRERADRYE, BLT0THYE BE: 0162, 058K0°06) (AT, TOTAHHE]
DK FENE X OBEISBIEE R T) 1Tk DRMTHER, 2o CITHBRER HE2) IOV, WE
— AR E R 12 12, BT AV X — — ZAIER 2 X 13 12, PR HE % B 14 1R T, U9 AHIRE (0.162)
LB TIFEULSER L2 20 S, K14 (c1) ITIFEAD 52mm R TORRERU 2. RERD
RYES LU EWK HIEIZ & 2887 TlE, PR RERER L B —B 2IEA MR I 1z, BT, RER
DRYNEIZL DT TIE, BRABMUIHREBER L IZIE—FL, BTN ——ZARIEEAAY 36mm
IET D ETIRF—HMIT DR R0/, 72720, BBRCIIERS LY 7 ORI IRER S THETASFE L
7208, WRERAREEIZ L B CIRBERDOBINIEL A CFE LR - /2. WETHEDENZEDL S
FRITIE R L B RENIRZ B ZER L UT, 2RERESRETOR Y EREZERDZE LW EFT TOAF
ELTEY, IhSDEBERN2EDEMERICKIETTHENWNI N2 EZ 65N5. EWK HIE
X BT, —HOERMEM L2812k, RBRLVEEMIERTHERL o2 LMALE
M6, EBRKIZRERIKTAE U 2 SO TIEH S HER U 2 TRY L EX 5N, RAEMDEEMN
UNTH2Zehnot, ERETARBETHD LEZOND. OTHHEIZL DT, B R
MOREL-BME (0.162) & AN UMER, BABMANEKRL LS I EHIHRINZ. OFTAHETIS,

BEMRME S Vol.39, No.10, 2025 7



R ERFHRE RTRI REPORT
#X /| EESLUEANRIEEERUEIEERRA T IV I AR S OEERERLR

RUOBEMTHIEE TV & B LU TR BICERIHR T 2 -OEHEIIVNS L, BERNLVERBLZEE X
5hd. —H, OTARHEDRHES 05 B X006 & UEEIE, RABMIHBRERIVEREI LSS
DD, FRERCHER X N/ATIIREBD OMEYT, EBESFERINA, OFAUEIC L BT CREBREFZD
ERE— REERT 520121, HEEERARBRCRE L 20§ AHEDORIEDK 3 EUEDELERET S
DERDH L, B, OFTHHEIZE BB TIIAAULBEICL ST, ZAIH 10mm #1325 Z LIk
HENAXLSEHULTOED, ZHIRET VDAY ¥ av4 X (] 10mm) IZHIEL, BEREAHET L~
BRICBERENE U -0 EZ 6N,

200 —dEmERGE)  —EWKHE S amemaE2)
- —EEEbEE OEHAE(0.162) 7 —EWKHIE o
~ OTHUE.5)  -- UTHUE0.6) o | —EEmrEE '
28 OFBHE0.162) 7
S Ts VFHHE(0.5) -
< W | - UTANED0.6)
S50 >4
& %,
100 g ----------------------
PN ———
50 B ey
0 0 10 20 30 40 50 60 70 0 0 10 20 30 40 50 60 70
Zfir[mm] Zfilmm]
oA n ke
E12 fErE-ZAEhR (SERERYG) E13 ZERIRIVF——-ZAHR (SAFRERESRE)

L

(a) EWK¥IE

_———

(c2) OFTHEE (0.5)

—

S ooS
e

=
e
e

(d) BBRIGR (5 DHEE)
14 FARDLEE (SEERERE)

3.2.2 [SFrEMESRH

EWK HIE, WERADEYE, SLCOTAHE (BE: 0162, 055 X0 06) IZLDEMBITHER, 26
CIZBHBRER GA&E3) 1ToWT, ME 2R E2X 1512, BRI AV F——ZAR %X 16 12, iR
DHEZH 17 ITRY. OFAHE (0.162) IZX M TIFELSER LI NS, K17 (c1) ITIFEAL

8BRS Vol.39, No.10, 2025 8



SREHAPIERE RTRI REPORT
#X /| EESLUEANRIEEERUEIEERRA T IV I AR S OEERERLR

M 82mm R TORERLU 2. EWK HIEIC L BT TlE, EERABEIZIR > TEULTAWE, &%

LROEREFN L ERINAE, BATMIIOWTS, RERITHL T I%DEEDEHENIZHY, Z0D
WE - AR RERL /2. BRI AVF — —EAERIE, 26008 70mm (3£ 5 ETIRF—HKL 7.
—%, WERBDREEIZL DB T, EHRABEIEML 2B UNDEY THITERAEL, BAN
BENFR I NRER Lo 72, Zhid, EAMEBENEZOREZRLIZFEES U RWERE— RTHY,
EHERIGELU W EAREREEZ6ND. U9 AHIEIC L BT T, BIED 0.162 DHBAEIIERES
%52 Ll L/-—/T, BiMEZL 06 ITERELLBEIE EWK HIEIZ L DT L EBLIL 78R L
IR0tz FEILEIET S, BIER 0.7 IZERE LGS, HMITERASEEL, BRIIMRERDRHEIZLS
AT LHRBLS BAER E 0o 2. EWK HIE S L UIRERADLHE I L 2T CHE U 2, AL 15mm TD 2D
ODOFMEDE— 1%, HAFE 3 DHBRTIEASNLN o720, HF 1 OFRBRTELZEY—7 HAF 1 Tl
17mm : X9 2&MR) IS TEeEZ SN,

—RER(EE3) —EWKHIZE ¢ — A RERGAE3)
160 —iREEEE OTHHE(0.162) T —EWKHE
140 ~ OTHUE(0.5) -~ OFHHE(0.6) Co | —EEAYENE P
. 20 - OTHUE(0.162) T
n '|_'5 — UdHHE.5) P
(o W - DT HHE0.6) Rl
J 4 | _4\4 e
P i
S {Iﬁ 3 7
v l‘:}-\: L
I g# 2 -
1
0 " :2'0 - :l410 T 6‘0 - "'sjo - ‘qoo 00 20 40 60 20 100
Zfirlmm] Zefirlmm]
15 HE-TEhs (SrfEmESRLE) E16 ZTRIRINAF—-ZAhiR (FrrEfERYE)

(c3) vFHHIE (0.6) (d) HBRER A& 3)
B17 FARDELE: (RFRERESRA)

8BRS Vol.39, No.10, 2025 9



SREHRIERES RTRI REPORT

X /| ERESIUEAMKRIEEZRUZEHEERAY VI =0 AGEEM OB RERRRER

3.2.3 BIREREROEE

321 HTRUZSHREMESME, BL0 322 HORUZBAAIEMSIMEIZOVT, TNTNORBRERS &
USRI 28 U 72358 OBHREINER L, &AEM, mARE, EHI AT —8 LUHBREORIR
D4 EETEELUTRIITRY. BRI ANT I, H—OBMTOMER KT 5720, SREMESET
3Bk GR&E 2) TORAKENM (50.1mm) BERTO, FFFEMESME: CIIRERARHEIZ & 28 TOR
RZERL (60.7mm) RERTOEEZ ZNENGEML 2. ERPICHNEX TRUZEDROBIEIL, FERERIC
NI HEEERT. R 3HT, ABREREDEZEENRE/NIVEBE2AERTRUA, 28, OTAYHE
(0.162) 1= & BfHr TlX, BFATEMESMES L U2 EMESM L& ©ITEAA 100mm 2 B2 TEREER L
7-8, >100 LE U /-.

*=3 HRERSLURERZER LI5S OBIRBIER S DL
(a) ZAREHERG
BAZENL BARIE 50.1mm B COER T3 F— FIZN
[mm] [kN] [kJ]
AR & 2) 50.1 275 7.37 -
EWK ¥E 55.6 (+11%) 248 (-9.8%) 6.02 (-18.3%) RERFER & —3
RERARYE 50.4 (+0.6%) 248 (-9.8%) 6.72 (-8.8%) WL EIFRER X Y
0.162 >100 248 (-9.8%) 2.34 (-68.2%) (B4 52mm BRI . .
B— EENRWHIE XN LIk ) EEIERI N
05 | 67.2(+34.1%) | 248(-9.8%) 5.22 (-29.2%) HEER L —
0.6 | 61.6(+23.0%) | 249 (-9.5%) 5.49 (-25.5%) HERER L —H
(b) BFFERESRM
BAZENL BARE 60.7mm B COEH T3 ILF— FAR
[mm] [kN] [kJ]
HERER &3 70.0 158 5.21 -
EWK ¥HIE 76.6 (+9.4%) 146 (-7.6%) 5.26 (+1%) HBRRER L —3
TRERINT
R RYE 60.7 (-13%) 146 (-7.6%) 6.30 (+20.9%) Z;%Zii Fﬁgz s UZZL I CRER X e
(Ziz 82mm FHTDIRIL)
0.162 >100 110 (-30%) 1.47 (-71.8%) TAMIE : MR I /-
R BRI
O3 HHE TAMTIRE BRI N
0.5 | 98.8(+41.1%) | 145 (-8.2%) 3.98 (-23.6%) T —
0.6 | 84.8(+21.1%) | 146 (-7.6%) 4.58 (-12%) MR Eﬁygif hr
BB © EAHNCHERR I Nz

3.3 BIEME— R CERAIANSHEIRRIOEE

3.2 HiTld, &FEMESMES & OB EMESEO BTN CHEA T 2 BRI & 2 EOZEEDZ 1l % TR
U7, TNEDFERMNS, TV = A& OEEEH & FUEMRT TELE T 5 L THEA TS A
IZDOWTCEHE T 5,

OFAHEIZL BT OVT, KRR SRIEZFATHENIIRE LZBE, Ay Yat A AN
10mm Tld, ZFOMEIXEBRDOHELHEMIO AD 3 ELULEOBMEL &Y, FE-ZEAHIRICE T SREITR
BRI L TNI Ko 72, REBDRYEIZ L BB TIE, 2FEMRIED LD ICEICHITERE—R
MWEU BBE LB ZEMEON/—FHT, TAWBIEEZRD ZeNTEI RV EVHERINA. EWK
HIBIZ K BETTIE, BANBLIUHISICLDBEEZER TS I LAHRAIN, BICBEAERESGD &
T, BMEOBEMNEL D &5 REEEHDERTEN L EZOND.

LEZERE 2, BMEBCOBMMENEL S Z EMVEE I NI BAIIMRERDRHEIZLBBEHFRET IV

BB R & Vol.39, No.10, 2025 10



SREHRIERES RTRI REPORT

X /| ERESIUEAMKRIEEZRUZEHEERAY VI =0 AGEEM OB RERRRER

BIREYI TR, BB T2FMRET VPR ETH S, ETMEFRE LT, FlRET LD
HCIRHIRIA 57 EWK model T, #MEHEN 2 &0 /-EEEHHEHRTEIHILeRLEZ —F, 2KFE
MESRMED & 5 IR DIRBI N ERE L2 5 RWGETIE, IRERDRHEIZL BTN ENTHELEZS
N5, OFTHHEEIZEBEITIE, WITNORETEZYLHERMESNWRER L Lo 72,

4, F&H

TV = AEEHERES ICHVO NS X TINAT VEMOBREMEEH 2 IEET S Z L 2 BT,
BEBOEMREREDE & CHEEEMRREERL, BEEREHDOALST, TAWMBESEHIZOWTHH
SMIT U7z, 61T, EEAROBIMEN 2 EM L /2. BIEN T, EHROMERIZERAL, ThThod
RBREHETOILICLY, CTANBREEHEEZR TS HBMAIZRL .

EREMERBRTIE, MR EEREL 250, B LUHMEEO—% BRI EMRE L 72&E0 2 &4
REML . 2REMREGTIE, BITEEEENETHY, FELERULERS LTV 7ORITREBS
D—ERCTEM DR U 7=, —F, BFTEMSRE T, GEARE LEML ZEFmLEOERS L0 70
RS ICEEE U, EEABEOMIE &2 L 7~ Ef Tk, EEABEDHERIIE-T, TAKBEL-. &
FVEERGE DY OEFELUMIEH L Bh - TR E UT, T3 = AGESMEIOET O3 AHVN
IV LILLHENEZ OND., BEEMEABROBIMETORER, 2REMRRG T, 2FNICEEE
FMMEREL 72728, BEMTRINRIZTHEIINIWEE 2 Sh, IWERDREES L U EWK HIE I & D@t
THELZEMME O N, TREANC O AHE BT 25813, Bl RABRER» SFE U 7 EWrHE
O3 ATIRHETRZENMEONT, ¥ 3 BULOEZRETOIMENHS L emLi. —7F, BEMES
HD XS ITEAWIHEE — ROEUBHEIE, 07 AHES L UIREEDRHUEIC & 85 Tldt AR
BEEBRTET, EWK HEIZL D7 T, TAMMES JOREEH & EBYICHERTES I L 2N
U7z,

518, 7V = ©AEESBEMMEE DT T VIZE VT EWKmodel B8R L, 7V U AEE&RIE
RS DEEZEE ZHSNIL T A#HTH 5.

X

1) HOE BARECT LESE, FREE, 51125 BB L 2 BU1EZREROBREE (BhEEmDOEEZ 2 MEEHRDME),
BHAMMESIRSE, Vol.8l, No.829, 2015

2)  HEPRTE, KHEEE, EEEAZ, JB)IEORER, IMATEEL : BUMESR SRR O KR TG EREDOWERE ITRIZ T ETME, AR
B SESCEE, Vol.85, No.869, 2019

3) I, LARREA, KBEE, EHEKES, PREZ B~ 7V =0 ASSHR B & VW88 EGA T AL E
TRUNEHT DRSS, HAMMRERIRSCE A %, Vol.70, No.697, pp.187-193, 2004

4) NI, (LOEsE, FAEEE  SREEIA T ) I SSREERIIEE 2 I U /- R B SERR & BUEARITIC & 2 ERERET,
HAME SR CE AR, Vol.74, No.737, pp.154-161, 2008

5)  AWEXR FAHEBE, )RR, Py, W08 @ goEsEmme JERRIEED T 3OV X RIVEHETE BEHEET VEE
RAUEEBEY I 2 V—Yay) , BAREWESHREE AR, Vol.78, No.793, pp.9s8-112, 2012

6) EEEM, FENAIE, BEEER BRI & A\ - BRE EIRE RO B R SO RF A MMRETME, HABERIRYX
£, Vol8l, No.821, 2015

7)) EWMZEEELS RA2014-10 I AMRESGERNSE EiHRE SEIEN BUEESRR, 2014,
https://www.mlit.go.jp/jtsb/railway/rep-acci/RA2014-10-2.pdf (ZHEH : 2025 #£9 B 10 H)

8) V.Tvergaard, A Needleman, “Analysis of the cup-cone fracture in a round tensile bar,” Acta Metallurgica, Vol.32, Issue 1, pp.157-169, 1984.

PEM RS Vol.39, No.10, 2025 11



R ERFHRE RTRI REPORT
#X /| EESLUEANRIEEERUEIEERRA T IV I AR S OEERERLR

9)  J.Davenport, W.Xu, M.Wilson, D.Zangani, “Modelling of crashworthy welded joints of aluminium railway carbodies,” Conference paper of
WCRR2006, 2006.

10) kS, WE AR, S SAMTRIRE ZE U SEERA 7 LI = LSS OERERRR, HAMERRE,
Vol.87, No0.903, 2021

11)  ERERZ  IEREREOEE 117 KEERAEERMAES, RRR, Vol79, Nod, p47, 2022

12)  G.R.Johnson, W.H.Cook, “Fracture characteristics of three metals subjected to various strains, strain rates, temperatures and pressures,”

Engineering Fracture Mechanics, Vol.21, No.1, pp.31-48, 1985.

8BRS Vol.39, No.10, 2025 12



NI PEEA BB SHAN AR Vol.39, No.10, 2025

et RS

RTRI REPORT

B/ L —IVEOEMIEC#HIANYICHERALE
Y EOY BRARIC K9 S EHETFIE

BlfT s hE R/E

Evaluation Method for Flange-Climb Derailment Focusing on
Contact Position and Transverse Creepage Between Wheel and Rail

Shoya KUNIYUKI Kimihiko NAKANO

This paper proposes a new method for evaluating the running safety of railway vehicles against flange-
climb derailment, focusing on the contact conditions between wheel and rail. The method uses two key
variables: lateral contact position and normalized transverse creepage, defined as the ratio of transverse
creepage to the wheelset angle of attack. Through vehicle dynamics simulations under various running
conditions, the relationship between these variables and the running safety was investigated. The results
show that the transit domains for the loci of these variables differ significantly between derailment and non-
derailment cases. This paper provides fundamental insights into the development of advanced safety
assessment techniques for railway operations, taking into account the detailed wheel-rail contact dynamics.
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Development of Grouted Ballasted Track for Existing Shinkansen Asphalt Roadbed

Kazuki ITO Narita TAKAHASHI Takatada TAKAHASHI

One way to reduce maintenance costs for ballasted track is to replace existing lines with grouted ballasted
track. When forming the grouted ballasted track, the voids in the ballast bed are filled with a cement-based
grout material to create what is known as a pre-packed concrete bed. In this study, we proposed a design
method for laying a grouted ballasted track on an existing 40-year-old asphalt roadbed and confirmed that
the safety requirements regarding the destruction and fatigue failure of asphalt roadbeds and pre-packed
concrete beds were satisfied.
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A Study of Infrared Coating Thickness Measurement Method when Repainting of Coated Steel Bridge

Tatsuro SAKAMOTO Sho YAMANAKA

Repainting of coated steel bridges is performed manually, and construction management is required to
prevent variations in film thickness. However, the coating thickness measurement equipment used on site
measures film thickness locally, which makes it difficult to measure a large number of points over a wide
area. The purpose of this paper is to determine the applicability of a film thickness measurement method
using an infrared camera. To this end, we report the results of the evaluation of the optical properties of
coatings applied to steel plates with various surface profiles and the results of a study on the material
composition of coatings suitable for this film thickness measurement.
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A Method of Predicting Rail Creeping and Track Buckling Using Wide-area 2-D FEM of Railway Tracks
Based on GIS Data

Fumihiro URAKAWA Tsutomu WATANABE

This study developed a horizontal two-dimensional static elasto-plastic FEM analysis program for rail
track. The validity of the developed program was confirmed by comparing it with an existing one-
dimensional analysis model. Additionally, it was found that the developed program was able to analyze the
behavior prior to track buckling and the buckling temperature Ta with the same level of accuracy as the
existing buckling analysis model. Furthermore, corner breakage in curves was a problem in the analysis
using GIS line data of railway. Therefore, we proposed a smoothing method in which corner breakage was
replaced with a circular arc of radius R and then moving average was performed, and confirmed its
effectiveness.
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A Method for Estimating Bridge Girder Deflections Under Resonant Condition
Based on Drive-by Measured Track Geometries

Kodai MATSUOKA Koji HATTORI

In some high-speed railways, considerable cost and labor are invested in-situ bridge deflection
measurements to appropriately manage resonant bridges during train passage. In this study, we propose a
method for estimating girder deflection of resonant railway bridges using drive-by measured track
geometries. Analyzing the dynamic response of resonant bridges could show that the deflection is estimated
from three peak values in the difference of track geometries between the first and last cars. Numerical
simulations and field verification on a high-speed railway showed that the proposed method can accurately
estimate maximum girder deflection, with an error margin of less than 0.5 mm.
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