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Displacement of sleeper (mm) Displacement of sleeper (mm)

Displacement of sleeper (mm)
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Displacement of sleeper (mm) Displacement of sleeper (mm)

Displacement of roadbed (mm)
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Sleeper veritcal load, AV (kN)
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Displacement amplitude of roadbed (mm)

Displacement amplitude of roadbed (mm)
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1.8g/em® BETHDIDIIHMLT, WIARELTHWTWARADEEIX 1.4~15gm’ BETH
B, ETAM, NTARELTRWTWARA QRN 2EHFAKIT 100 0THL LT
100~200kN/m* 2 "ThH 2D LT, BEWOEMFRIEIIE 258 ITRLEFERKD 20~50
kKNm? BETH S, DD, NFTRAMELTHAWTWSBERERAIZ, BEIZ/NOWAREIEIZX
EW, FHITH U T, MEERORE R TITR LBRICHT2NT X NEORBEMEBATKE N,
ZDNEIIZ, NTARDES RAREOBRARRAENRKEVWGE TS, BUHEHENAE LS
LEZHND, DX, HBROBUHZRERZTEMEOERFARKICHAT SO TR, HES
WESMIIKRESZRBEINDEEZOGNS,

Case5 DEL HE No8 DEL SEMEME —E< 5 ELMRER 2.7.28 BL UK 2.7.29 I©
RF. WATHE 1500N OBBIFERM 100 ETEL 5 FUWTFAUNELODOH 2 BATD, W
BEEEMIE5 LU THBMEEINTVDRTFNON S, BEIMERKTZ1To TW2iBETIE
FLSEDZITAHMEBORKEIXCCHEMT 2EMICH SN, ERAEBMETD SRR UEFTE &
HILEL S ENZIZBAMENDLTDEAL, BEWEBNTEAKTIELTOHEDESE
RN EMDMNB, Case5 DEL HE No.7~No9 D, T HTMEMEMBE - STEMNER
2.7.30 IZRY, BLxDESSEHMEAL TV AWMEIIENZBREORETESDEICLSEN
MREENZMN, L—IVHEEE L EBERBSAN—RICLT 220, E<XS5ETEOUTE
DIES D EILEBNE VY, BEITTERMFEO L < 5 EWMERHITE A & R CRBRIZE
EARBOBRTHDDICH LT, EMEFBISRFERORDMNEND 05, [E - BALHE
REZXT U AN —T%#HEIBRERS> TS, —4, B27.31 1< 5 ETMNEME - BEERMA
AR 2R T IR DM AR I E < 5 FOMULIIRIERD 23 BETHHDITHL,
BERORBEMBIIES SEORBEMED 14 BETHD, 202D, T SEXWEER - £
SHLERMTIE, $RUEBKE EHICRBLTNET TR FUHRTH 201 LT, £<5
EWE - BREAHR TS, REEMEHERL TESEAIRIEENK EWEMARBE & 71> T
WBZENTMNDB,
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Residual settlemetent of sleeper (mm) Residual settlemetent of sleeper (mm)

Residual settlemetent of sleeper (mm)
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Residual settlemetent of sleeper (mm)
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0.8 Thickness of roadbed: 4cm
Subgrade: D =85% (1.66g/cm’)

Residual settlement of sleeper (mm)
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(a) Casel Settlement of roadbed by cyclic loading
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2.7.22 Series2 Casel, Case2 #HRLUBFRICLKI2ZEFATE
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Residual settlement of sleeper (mm)

Residual settlement of sleeper (mm)

F£2F NEBERIEZRVN BB ERFLR
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Bg 2.7.23 Series2 Case3, Cased ¥ELEHFICLAIERELTE
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Residual settlement of sleeper (mm)

Residual settlement of sleeper (mm)

Residual settlement of sleeper (mm)

$£28 NAHEEEEBVCBHREMGRR
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.
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2.7.24 Series2 Casel, Case2, Case4 DLEER

Wheel load
1500N 3000N
T T T T T T T T
0.0 E
0.2 .
Case2 1
0.4 o,/ Roadbed: dem (With CA mortar) -
| -~‘.LWm‘.:m;;mvn.ﬁcr.u‘)mmmmmmxngmm:mzrmmrumxrz' 3 1
0.6 k e
i Case3
0.8 - - Roadbed: 4cm (Without CA mortar) |
1.0 - 1
1.2+ -
1‘4 n 1 " 1 i 1 " 1 2 1 2 |
0 200 400 600 800 1000 1200

No. of cycles
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2.7.26 #FMEATINRRICEITHLEE
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Residual settlement (mm)

Displacement amplitude (mm)

£28 NMRREREZBOCBBEERFER

Wheel load

3000N

T T T 1 ¥ I

» : :
...IIF......FlllIIlIllllllllllllllllll.llllllll

1.4 = Roadbed (Unloaded)
16 ® Roadbed (loaded)

I o Sleeper (Unloaded) 1
1.8 o Sleeper (loaded) g
2'0 " L " L L 1 L 1 " 1 1 1 I { . l " ]
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2.7.27 Series2 Case5 #EUEHFICKL D RBATE L EMIIRIE
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30—
caseS

2.5+ .
Fixed point loading 50 cycles Moving wheel loading

2.0 250 cycles n

Moving wheel loading 50 cycles

1.5 |-Moving wheel loading
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Sleeper vertical load (kN)

A o

Roadbed: 4cm with ballast
Subgrade (Gravery sand): D =95%

P S T WU N S SR RSN SRS SN R
60 02 04 06 08 10 12 14 16 1.8 20
Displacement of sleeper (mm)

2.7.28 Series2 Case5 (/NT R hHY) FTE — TR (E< 5F No.g)
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1.0

Sleeper vertical load (kN)

_05 L Il " 1 " | " 1 " 1 " 1 " 1

080 085 090 095 1.00 1.05 110 1.15 1.20
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2.7.29 Series2 Case5 (NS R MHY) WE—ZEHIHER
(£< 5% No.8) EREFENEAR
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Vertical load (kN) Vertical load (kN)

Vertical load (kN)
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2.7.30 Series2 Case5 £ SERME — F < 5 ET[IHHER
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T T
2 Roadbed :
) Beneath sleeper No.8 ]
9 Case5 with ballast h
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2.7.31 Series2 Case5 ¥ < 5 E — B RME (I RHE
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2.7.6 WEANOZEMELVVOTHDRH

Case2, Case3, Case4 DIEMEB L KN O, iRERBIIARID SRBKR TR ETICEC AN OH T
2K 2.7.32 IZRY . CA BNIINEZRTTHRILEBEL TS Case2 & CA BIVFIVEERIT
TR Case3 ZEIRY B &, Case2 TIXHBE 2 AN ELBIEFICEM L TS DXL T, Case3
TIRHESSEEBTFTREMMBEF L TNBHFRDOND, EXSETETICBWTEMNERL T
HEPITHEBNICEEE ST, BRICHBRATNDS, ZHUL, BROZEFIZH CA ENIIED
HENRIRZEZEZRLTWS, —F, BEBEX 10cm @ Cased IZBWNTH, Case2 &FIFKIZHIAZ A
EHRELTHEZEMLTNS Z ENG0 5,

2.7.33 IZRABBAMARID SRBKE TR ETICAELCEZREVTADHMHERT . Case2 T
MIZOKRERZAEVDTANREEL TNDA, BKO LFICH B R ERBEVTHNREL T
W3, MEVTHDREL TNBNEBEEL S5 EDOMNBITITAKERBERIZR SNV, Case3 T
WELSSEDETOVTHNKEL R TNBRTFNIN S, Series] TIIEHIIT K DHEKRD R
BEMEBNKEN 2D, PARBRUOTANMRERM T ENTEZD, Series2 TIIRKDRTHE
EBHRENNI Mo /2728, Seriesl c‘:l:t?'?‘% EOT HOLMITHE T ARV, EEENETOR

Zit, 1em BIBOKTFRICERB L-ER 1.5mm OESOBHEERICOTHHHEERD TN S,
uf%wa‘%ﬁ‘éﬁbi*ﬁ 400mm 2B, i 300mm THY, FIOFIH AT OEREIIHE 1600 ERE, it
1200 BIRTH B0, 1 BFRHZD 025mm L7253, EERENT TIIESORBKEZRFLL TED
DFHIROMBEE LD ZEICL D EEERD D280, SRET1ERO V10 BEETHHTES
EINTWS, LMLBNE, EXS5EUWTEDOKRKEWN Case3 THH Imm, CA TIIIEER
BLTWET7— AT 0.5mm BiBOULTETHZDOT, ZHULOBEEHFET ORELNE
EZO5ND, £z, BREREBELTVWAACT L OEIN02mm THBEDT, ATL DR
L DPEREDORAOH D EEAS5ND,

2.7.34 ICHABBMARIN SHBR TR ETRECEAROTHADHHERT. CA BILIIVE
ZEEL TWV5 Case2 BL U Cased TIIKFOTARIFZELAEREL TV, —F, CAENSY
VB DIZW Case3 TIIELK SEEFTHIBED, £ SEMTEMOKEDTHANELTNSEZ &
Mo, KEDTHDFEEL TS EBITERKD LBERFENIBE TRATNS,

2.7.35 IZRBRBAATD SHBR TR ETORAMOTARHERT. CA TNYIBEHRE
L TW3 Case2 BLU Cased TREAMOTAIIZEAEREL TR, —FH, CAEIFIVE
D72V Case3 TIHEL 5 EWMOETICRABOTHANEFL TWBHETFNLND, FAKOT
BOEFL TWDEBIIHBBNDOLBIRNIBICEEE>THBD, BRNICEEL TWSEA
Wr O AN T W,
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2.7.33 HBROMBEVT A5 (ERAT—3000N1000 EIB#T)
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(c) Case4 (Thickness of roadbed: 10cm, Density of subgrade: D.=95%)
2.7.34 HBADKFOTHNT (HERAT—3000N1000 EE#T)
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(c) Case4 (Thickness of roadbed: 10cm, Density of subgrade: D.=95%)

2735 HBEROBEAMKOTA9H (5RET—3000N1000 B B#T)

149



£28 NRHGEERERAVCBBHEEEEER

2.8 BIBREBEHFEESBROLLE
281 FELHEDHENEEDZES

B 2.8.1 IT Series1 @ Case6 (R&ME7xL, BEIROMEXIEE 80%) DEATHRE 3000N iIZBITHE<
5EWMENERERT, £< 5 EMENHEOEITEMHROEEPOLDOE L 5 E No.8 EH LITE
LTWBEEDETH S, ZITH, #IME 000N O 1 ETHZEZFRUSMEREO 1 EEHEL
T, IRUDHIT 30 BOBEFMERS, KT 30 BOESEN, REIC 30 BOH%EHHE#RNZ
To T3, BEIRERMRIIEATAE FTOEL< 5 ETHEMARIIDOHML, 0.4 FBEITINEK
THEANE LGNS, BREBOE SETIIMESHERMILEAEELET, 2 AFEOEL<S
ETIMELSBEENRFTEDS LTS, UL, BEWEBRNZTY SEELEMICEZUT
EEBITHBOMMENEML, HEIERETWENSB I NI K BRE-DHEMRE FDOEL
5ENZFTAMEQOEANHEMT 22D THBEEZOND, EIAW, ERBMETD &#
MARETOEL S EMESMERITAFITED U, 02 BEIZEN - TIERL TV <, KAHI 8K &
ME2ABOELS S ETIRIWESEENEML, AL 02BEICIHRL TWERNR SN2,
L, BABMEITD EBARETOERIENNICKEL RS, L—I)LHEOREICX
DEETIZMOEL SENWMEESETEEIICRLZEDTH 3. EABMOBICHUOBEMNE
BHEfTd s, BMABETOE S EMESHERIFUEML, 04 BECE-oTWS, £, 2
ARFEOEL S ETIIMESEENFHL, 0.1 EBEICTR-> TS,
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(CA ENFIVEIRL THRBRES 4em, BIKOMEDE 95%) TBITFT2EL 5 EOWENBED
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5 & No.8 DIWE — R & /R Y. FREMNT THEZBEMICENS B2%, BHmED 1500N
T—EDOBEMEBMICBITL TS, BEMEBMTETo T AMITMEL#ME EbicE
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Load distribution ratio

Load distribution ratio
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0-8 T I T T N T T T

—— Sleeper under the loading point
—— 1 span away from loading point
——— 2 spans away from loading point

| Without roadbed
Toyoura sand: D 80%

0.6  Weel load
3000N Case6
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oSetutetytee R et t”

Moving wheel loading Fixed point loading

S e A AL
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Moving wheel loading

OO L 1 H 1 1 " Il
0 20 40 60 80 100
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Toyoura sand: D90% | _, 1 span away from loading point
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| 3000N E : )
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Load distribution ratio
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Wheel load: 1500N 3000N

< >4

v

" . . T T T " . - T . T
Thickness of roadbed with CA mortar: 4cm Case? 1
- Subgrade (Gravely sand): D 95% 4

- Fixed point loading .
«—

Sleeper under the loading point (Sleeper No.8)

1 span away from loading point

03} / (Average of Sleeper No.7 and No.9) 7
- 1
0.2 F
i 2 spans away from loading point
0.1 / (Average of Sleeper No.6 and No.10) 7
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Load distribution ratio
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T

Sleeper under the loading point
(Sleeper No.8) Fixed point loading

/ wl.
mloading point 7]
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Fy T~ . ]
| 2 spans away from loading point ]

(Average of Sleeper No.6 and No.10)

| - 1

0 50 100 150 200 250 300 . 350
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Sleeper vertical load (kN)

Sleeper vertical load (kN)

30 T T T T T T M T 1 T
Without roadbed 1
2.5 1 Subgrade (Toyoura sand): Dr=80% .
i
20l Moving wheel loading 30 cycles .
Fixed point loading 30 cycles 1
15 Moving wheel loading 30 cycles b
L ——
1.0 F Moving wheel loading fil 4
100 cycles ? ;
05+ P i
i
oo LA _
r Case6 Sleeper No.8
-0.5 L L L 1 1 ‘ 1 — ! e
0 1 2 3 4 5 6
Displacement of sleeper (mm)
2.8.5 Seriesl Case6 (BR#E/IL) FE-EMHE (X< 5E Nos)
3.0 T T T T v T T T v T —
Without roadbed case6
2.5 | Subgrade (Toyoura sand): D =80% -
20 -
: Moving wheel loading 30 cycles 1
15+ .
L ;
1.0 | Moving wheel loading 100 cycles /,’}' /41-}
g
05 , |
o
0.0} ey Wi .
" Case6 Sleeper No.8 1
0.5 L 1 . 1 PR | A 1 L 1 ) 1 L
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35

£28 NEREEDNZRVCBHEERG R

Displacement of sleeper (mm)

2.8.6  Series] Case6 (J&HE7x L) WE-— MR
(E< 5% No8) HEKEZD 1
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Sleeper vertical load (kN)

Sleeper vertical load (kN)
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2.5

2.0
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T

—T

T o T L T I v T T
Without roadbed caseb
Subgrade (Toyoura sand): D =80%

Moving wheel loading 30 cycles

% Fixed point loading 30 cycles

Moving wheel loading 30 cycles

ARV
N
- Case6 Sleeper No.8 1
0.5 o 1 A 1 . 1 " 1 : 1
3.0 35 4.0 4.5 5.0 5.5 6.0
Displacement of sleeper (mm)
2.8.7 Seriesl Case6 (RE#27xL) faiEE —ZNIRMER
(£< 5& No.8) HiKRZD 2
3.0 T T T — T T T —
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20 .
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Fixed point loading 30 cycles
1.0 -
05 F 4
0.0 | e — .
Case6 Sleeper No.8
0.5 " 1 S L L ] L 1
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Sleeper vertical load (kN)

£28 NENEERNEAVEBRDEEREER
3.0 v T a T T T T T T
I Without roadbed
2.5 t+ Subgrade (Toyoura sand): D =80% .
20k Moving wheel loading 30 cycles |
- Fixed point loading 30 cycles
15r Moving wheel loading 30 cycles ]
1.0 F Moving wheel loading 4
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—t
0.5 , =
il
0.0 -wmm il i
- Case6 Sleeper No.7 1
-0.5 R 1 R { . ] 1 ! "
0 1 2 3 4 5 6

Displacement of sleeper (mm)

B 2.8.9 Series1 Case6 (B&#&7/xL) ME AR (F< 5& No.7)

Sleeper vertical load (kN)

3.0
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+

T ] v ! ' I
Without roadbed
Subgrade (Toyoura sand): D =80%

2.0

1.5

1.0

0.5

!

A.r“!’)ﬂf,:, Iy

Moving wheel loading 30 cycles
Fixed point loading 30 cycles
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Moving wheel loading
100 cycles

SEvi

No.9
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e

"
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4 5 6

Displacement of sleeper (mm)
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Residual settlement of sleeper (mm)
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Load distribution ratio
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Sleeper vertical load (kN)

3.0

2.5

2.0
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T T 1 T T T T T T T T T T M T N
L Thickness of roadbed: 4cm case9
| Subgrade (Toyoura sand): D =90%

Moving wheel loading 30 cycles

Fixed point loading 30 cycles \\

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Displacement of sleeper (mm)

R 2.8.12 Seriesl Case9 (3§88 dY) FE—ZMHE (F< 5& Nos)

Sleeper vertical load (kN)
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| Thickness of roadbed: 4cm
case9
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i

i Moving wheel loading 100 cycles ‘ / }/H,;
| /U
WLV S I IIII ).

1 1 n | 2 i " 1 L 1 "
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Displacement of sleeper (mm)

B2 2.8.13 Series1 Case9 (PEHEHY) FE—EHIBEFR
(E< 5% No.8) HHARZD 1
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Sleeper vertical load (kN)

Sleeper vertical load (kN)

£2E NRBEERBEHBEE SRR

3.0 - —

" T T y
| Thickness of roadbed: 4cm
25k Subgrade (Toyoura sand): D =90%

20 Moving wheel loading 30 cycles

Fixed point loading 30 cycles
Moving wheel loading 30 cycles

case9 |

1.0 1.1 1.2 1.3 1.4 1.5

1.6
Displacement of sleeper (mm)
2.8.14 Series1 Case9 (#EH Y) FHE — IR
(E<H5& No.8) HHKEZED 2
3.0 T T T T T T
| Thickness of roadbed: 4cm ]
case9
25k Subgrade (Toyoura sand): D =90% i
2.0 -
i
15 F -
L0 | Fixed point loading 30 cycles
ul P
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0.0 |- = .
-0.5 . L - L 4 L
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Displacement of sleeper (mm)
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Sleeper vertical load (kN)
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3.0 T T T T L e T T —T
L case2
25l Moving wheel loading 50 cycles i
L Fixed point loading 50 cycles :
2.0 ‘ '/ Moving wheel loading 50 cycles ]
1.5 | f ]

1.0

0.5

0.0} V Thickness of roadbed with CA mortar: 4cm
Subgrade (Gravery sand): D =95%

-0.5 N RO S S S T S N
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

1

Displacement of sleeper (mm)

2.8.16 Series2 Case2 (CA EINZINHY) WE-—THRHE (F<S5F No.8)

Sleeper vertical load (kN)

3.0

. . r , . T T
Thickness of roadbed with CA mortar: 4c case?2
2.5 |- Subgrade (Gravery sand): D =95% 4

20 .

1.5+ .
Moving wheel loading 100 cycles ’

0.0 0.1 0.2 0.3 0.4

Displacement of sleeper (mm)

4 2.8.17 Series2 Case2 (CA BEIZIHY) HE— THIEE
(£< 5& No.8) HiAKZFD 1
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Sleeper vertical load (kN)

Sleeper vertical load (kN)
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2.5
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0.0

-0.5

0.3

£28 NEBEENER BB ERGGER

Thickness of roadbed with CA mortar: 4cm

Subgrade (Gravery sand): D =95%
L ! " 1

T T 1 T T
Moving wheel loading 50 cycles case2

Fixed point loading 50 cycles

Moving wheel loading 50 cycles \ -1

0.4 0.5 0.6 0.7

Displacement of sleeper (mm)

B 2.8.18 Series2 Case2 (CAENZNHY) HE— TR

(£< 5& No.8) HILARZD 2

3.0 T v T T T v T
Thickness of roadbed with CA mortar: 4cm case2
2.5 Subgrade (Gravery sand): D _=95% 7
20 -
1.5 i
i Fixed point loading 50 cycles y i
1.0 | =
0.5 .
b
0.0 |- .
1
0.5 1 L 1 s L L 1 "
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Displacement of sleeper (mm)

2.8.19  Series2 Case2 (CAENZ I DY) TFE—ZE(IBEE
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3.0 — 77—
L Without CA mortar layer, thickness of roadbed: 4cm
2.5 |- Subgrade (Gravery sand): D =95%

20 Moving wheel loading 50 cycles
Fixed point loading 50 cycles

Sleeper vertical load (kN)

1.5} i
5 Moving wheel loading 50 cycles \v

case3 1

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Displacement of sleeper (mm)

2.8.20 Series2 Case3 (CA ENZ IV IEL) WE—ZEAIHIG

1.4 1.6

(£< 5& No.8)

3.0

T T T T T T T T
| Without CA mortar layer, thickness of roadbed: 4cm

25k Subgrade (Gravery sand): D =95%

20

1.5+

Moving wheel loading 100 cycles

0.5

Sleeper vertical load (kN)

o
o

-0.5 . 1 L 1 . L . 1

case3 |

0.0 0.2 0.4 0.6 0.8

Displacement of sleeper (mm)

1.0

2.8.21  Series2 Case3 (CA ENZ I L) WE—ELIIE

(E<5& No.g) HLARZD 1
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Sleeper vertical load (kN)

Sleeper vertical load (kN)

3.0

F2F NRHEERE BV BREBFERGRR

T

T 1 f T T T
| Without CA mortar layer, thickness of roadbed: 4cm case3 _‘
2.5 L Subgrade (Gravery sand): D =95% .
20 Moving wheel loading 50 cycles -
i Fixed point loading 50 cycles 1
1.5 .
Moving wheel loading 50 cycles \'

1.0 > g prn e i
0.5 .
0.0 4

-0.5 L 1 L ! s 1 N 1 L

0.6 0.8 1.0 1.2 1.4 1.6

Displacement of sleeper (mm)

BJ 2.8.22  Series2 Case3 (CA ENZIIIZL) HE—ZAIHE
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2.5
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1.5

(< 5& No.8) HHLKHZE®D 2

T T T T T BN i T ' ! )
| Without CA mortar layer, thickness of roadbed: 4cm case3 |

| Subgrade (Gravery sand): D =95%

1 n 1 " L n 1 " 1 T

1.15 1.20 1.25 1.30 1.35 1.40 1.45

Displacement of sleeper (mm)

2.8.23 Series2 Case3 (CA EIFZIIEL) TAE-—ZTAIDE
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Load (N)

Load (N)

800

700 |-

600

500
400

300

200

100

500
450
400
350
300

250 [
200 -
150 -
100 [
50 [

0
1.

£o8 NAHERDZRNCBIHEEERER

U ! I T I ' I ' I T T ! T T I 4 T
Cyclic loading test on single sleeper
Toyoura sand D =80%

1 " 1 " 1 ! ! 1 1 1 N 1 1 1 " 1

00 05 10 15 20 25 3.0 35 40 45

Displacment (mm)

(a) WEEIHR (215

5.0

T v T v T T T v T T T v T

= 400N creep
300N creep \ 400N

285N 330N

i 270N 315N \ 300N
i 300N 300N}3_‘¢

e

T

1 1 1 " 1 1 n 1 ) 1

400N (1/10g,) |

0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

Displacment (mm)

(b) &R L BT D E — ZE ALt

[ 2824 FL<H&F 1 KEFICHIFTHREECIEER
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Load (N)

Load (kN)

500

£28

INEVBASEAR R % B\ e iR B e E B AT AR R

T

450
400
350 I
300 -
250 !
200 -
150 [
100 [
50 —

300N 50 cycles

50 cycles

10th

20th

1

30th 40th 50th

285N

270N
50cycles 1

L

150N 50cycles 1
1 \

1.1

1.2

1.3

14

1.5

Displacment (mm)

(a) WE-ZMEKR FEAKZD 1)

1.6 1.7

500
450 -
400 B
350 I
300 -
250
200
150 -
100
50

300N
Creep

S0cycles

300N

315N

50cycles

300N
330N 50cycles
50cycles

400N
Creep

1.6

1.7

1.8

1.9

2.0

Displacment (mm)

(b) TE-RMHER GEARZOD2)

2.1

2825 FL<OHEFNAXBEICHITIRE -ZARHBOILAR
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300N 285N 270N 150N 300N 31SN 330N 300N 400N
t—pt——p — . — . E—_ =

0.0 T T T T T T T T
Single sleeper loading test
05k Toyourasand: Dr=80% i
g
~ 10 .
=
[
E ; :
ko) : : : : :
s 15r f Creep for 18 hours (300N y
3 / | reepgor :OMS(;' );
20+ : ; : : : i 1
Creep for 18 hours (400N) —>
I i : : : ;
D N ER S S S S SR SN S S
0 50 100 150 200 250 300 350 400 450 500
No. of cycles
(a) #PR UEATEIE — J0F BhR
300N 285N 270N 150N 300N 315N
1.1 4'—> ; I - : ; - I<—'—’
1.2 E
. 13F i B
g i 0.00419 mm/cycle
E 14} y : ‘ .
% + 0.00191 mm/cycle
g o . 9.948*10" mm/cycle l
2 6k f 4.613*10° mm/cycle
w | H ]
1.7 F Creep for 18 hours (300N) E
18} 0.0016§ mm/cyc]e;
Lo I : ; 00174;1 mm/cycle,
"o 50 100 150 200 250 300
No. of cycles
(b) MERUEAER —IL TR GERRZD 1)
300N 315N 330N 300N 400N 4OQN
1] e
I 0.00174 mm/cycle
181 .
L T : 0.00193 mm/cycle
. 19} 0.00166 mm/cycle . 6.9016»5*10" mm/cycle -
e | | ;oo :
E 20 = .
= I ; ;
g 21} Creep for 18 hours (400N) — > .
& - ‘ ;
5 22} .
m +
23 ‘ B
L 0.00345 mm/cycle
241 : 0.00414 mm/cycle (strain rate: 1/10¢) 7
2.5 i N i . I N I N l
200 250 300 350 400 450 500
No. of cycles
(c) MR UBATER - L TR EARZED 2)

K 2826 E£L<OF 1 AEFEICHITIERLEHFREEL— LT LR
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(2) 3-D model (Over head view)

(b) 3-D model (Side view)

-D model

(©)2

TTETINE 2 RTETFINICBITABFET I OLEE

.
)

3

X 3.2.1
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z
N
o
<
2
bt
[
a,
[N
2
7]
F701 )] TS— C i e N o] —0—3-D model |....... o
L —=— 2-D model
1000 t . 1 N 1 N 1 L 1 . t . 1

-720 -480 -240 0 240 480 720
Position of sleeper (mm)

(a) Sleeper load

—0— 3-D model
—— 2-D model

0'06 1 " 1 " 1 5 1 n 1 " 1 n 1

Displacement of roadbed (mm)

=720 -480 -240 0 240 480 720

Wheel position (mm)
(b) Displacement of roadbed

Strain of CA mortar (N)

i .| —0— 3-D model }.... 4
I —— 2-D model

1 n 1 " 1 " i " 1 n 1 1 1

=720 -480 -240 0 240 480 720

Position (mm)

(c) Strain of CA mortar

322 FEMIIHIF5 3 RTEITE 2 RTBADOLEER (BERHBIDORE)
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Bimdp 2., LhLiahs, RERTT &I, BIIBANEFTEEHROVTHL L%
ZRUERGREHMBEEICEATLZET, BMICK > TERREEELEI < TD, #
RNEBAHOBVWERNAEOLNDIDBDEEZE5NS,

Series1 Case5 &3 X 2 L — h L 72fEIC BT 5B - RENOV T A7 2B 3.3.517, Cases
2ol — MUEMBTICBITOHE - BKIRKNOOV T A5M%H 3.3.6 BELUE3.3.7 GLAK)
KRS, OFTHIIEARMIEBRLOESS5E No8E LIZH DL EDHHTH S, CaseS, Case8
EDITHBDEEE ST 24cm TH S, CaseS Tid EEF dem AI5RIGEEAR THITEATE W DITHL,
Case8 TIIEHW THRBZEML TS, EE 4om HERKEFURIM &78> TWb, Cases
OMBEOVOTHERS &, AIEOBNERBAONIBIIINEVTHIMILAERELTHEST,
BERTHEOTHNEEL TND I ENFND. —F, Case8 TIIEL SEDETMS K28
BOTHNRELTBY, E<S5EFHB TS EVRBEOTHNREEL THRNWI ENHM 5,
Case5 DKFOTHERZ &, MATRE THE TSRO HROKEOTHNFEEL TWBA, Cased
TRESSHTETTIEVIVTH, ESSEFHBTEROTAHANEL TND I ENTN D,
Case5 DEAMIOVTHERD E, BKEHOBENWIBOEL &5 EPHEICEAMOTHINFRET
SEMMNASNDDITH L, Case8 TIHEEL S EDHMIPE FICKERTAMOTHZNELC TN
5, ZOXDIZRIEDOBEWERBMNTEE L2 Case8 TIIBEBMICE B I N/ EL 5 XDOEEND
THRHICKESEZEL TNEY, AEOBNEBOEFEET S Cases TIRIEBIHICEBINLE
LEEWRLBZVTHOEFMEBINTNE I ENHERTE S,

NS OIS, K 2.6.29~K 2.6.31 IR L BB ERMERIC BT 2 EEMETICE D RD
SNZRBOTAHAMOERE—BL TS, BEBWESBNERIIBIT20TAHMIREOT
#, FEM OO T HAMIIHBE VDT HENIBENNH D, DTHOEMEZTODDIIRZ DD,
IZ Case8 TIHUOTAHDEFTHMNBENER BT TR —HL TWBD, ERICBW TIIEGRER
DFEE OB THUNLHEOT B ZFHT 5 Z EANTERMN o720, FEM IZL DRk 5Nz
OTHDORRERMMN S W TS &, BHOTAHOEPTHEMIC, R LUEBHFICEZREOTH
NEELTNEHDEEZLND,
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$£35 BIREFRFICL DREEAER DT

3[4l s

0.0 S R S Y NSO

0.2

Sleeper load distribution ratio

0.4 Lo
—O— Scale model test
—s— FEM

06— : - '
-720 -480 -240 0 240 480 720

Position of sleepr (mm)

(2) EX O EFHENEX

g 0.00
E
oS 001
LD
e
S
= 0.02
Sy
o
E 0.03
g 0
Q
e
'% 0.04 o Scale model test -
5 —a— FEM
0'05 1 4 I " 1 " 1 " 1 " 1 "N 1
=720 -480 -240 0 240 480 720

Wheel position (mm)

(b) < SELEMDBERH

3.3.1 Series1 Case5 (BEEK : ZAlY 20cm, A8 : MB{LREHE 4cm)
FEM & RERIER DLEE
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EIE HIREFMICL S EEHBRDFFH

—
o

O Scale model test
—a&— FEM (With spring element at the bottom of subgrade)
—4— FEM (Fixed at the bottom of subgrade)

1 " | N Il " 1 i 1 " 1 " 1

b
wn
T

Vertical stress at the bottom of subgrade (kN/mz)

-720 -480 -240 0 240 480 720
Wheel position (mm)
(a) TAEEESE IS N DIRRZ
&
Z, —
S
3 T
Q L
'c L
s [
I
= C
w I
R S
g L
2 W 2SS
- O (X
3 f
') L
= L
DS B
« i
s
Z F —=— FEM (With spring element at the bottom of subgrade
g
§ 3 [ A FEMl (Fixed at lthe bottonll of subgrzllde) .
7 720 -480  -240 0 240 480 720

Wheel position (mm)
(b) THEEEE ARG DR

3.3.2 Series1 Case5 (¥gEK : 8% 20cm, &8 : i8{LIRA% 4cm)
FEM & RERIZRDLEE
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£38 FHREXBAICIZEZHBROTFMHE

O

0.0

e
)

Sleeper load distribution ratio

0.4 —O— Scale model test
—0O— FEM (Toyoura sand: E=SOMN/m2)
—e— FEM (Toyoura sand: E=25MN/m”)
0‘6 1 " | L 1 L 1 —_ |

-720 -480 -240 0 240 480 720

Position of sleeper (mm)

(a) E<SEFRESEE

-0.05

0.00 &

0.05

e
—
o

O Scale model test
015 F —o—FEM (Toyoura sand: E=50MN/m®)
r —e— FEM (Toyoura sand: E=25MN/m")

0.20 1 . 1 . 1 A 1 A ! A 1 . L
-720 -480 -240 0 240 480 720

Displacement of sleeper (mm)

Wheel position (mm)

(b) EKSEXEMDIER

3.3.3 Seriesl Case8 (B&FK : 28 20cm, F&EE . 2 4cm)
FEM & RERFZER DL
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£38 HIRERMBICL 2 BB RO

[ —o— FEM (Toyoura sand: E:SOMN/mZ)
—e— FEM QToyoura s]and: E=25|MN/m2) 1

15

=720 -480 -240

Vertical stress at the bottom of subgrade (kN/m")

()—

0

240 480 720

Wheel position (mm)

(a) THIEERE

Rwal): 47

AU HNENE IR D
B 000 0 PO Q PO ORI .
T e o QB G

Qs O R
i AT

MN/m?°)
MN/m’)

Shear stress at the bottom of subgrade (kN/m”)

T
O Scale model test

-2+ —0o— FEM (Toyoura sand: E=50

| —e— FEM (Toyoura sand: E=25

_3 | { | 1

-720 -480 -240 0

Wheel po

240

sition (mm)

(b) TIEEE Y AR HDIKR

3.3.4 Seriesl Case8 (AR : &H

B 20cm, PB%8 . 1 4cm)

FEM & RERFERDLEE:
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AR S R P B e 207 3 S ez

™
esagen
I

.

T i T

:

__g_

E

p—ti s T T AT

.§-_

(a) Vertical strain

0.0001

- 0.00012

000008

-0.00012

-0.00016

(b) Horizontal strain

PR SRV W L

ﬁ:‘ 0.00035
A

Al

(c) Shear strain

3.3.5 Series] CaseS FEM I8T33 T A9 (R : BiHF 20cm, IRAR : S8{LIRER 4cm)
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SHAD S~ BIND A0 s WG VAN ABRDI TA-TG Vi) ALNE

0 HH SEen R

. i
¥ e RE

(a) Vertical strain

-
B
i
T

(b) Horizontal strain

PHME -AD BWE 800 Sra) WEQ 1L AIRD FATE UsG) wTH

B &
Er

(c) Shear strain

3.3.6 Series] Case8 FEM ICHITA VDT H D (FREK : BiFEF 20cm, A : BB 4om)
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$£38 FHREFENICK DHEREBROF

R S NS S i AR el

Onitpait Set: MSC/NAS
Contour: PIan:.Y

H
3

s—fa—ft—1¢
g

H

Outpant Sct: MSC/NASTRAN ‘vn‘ll
Contour: Plate Top X Normal Isu-n{

(b) Horizontal strain

| -nm‘ns -
| £

[ ? i

—- E
| 1

Ot Sci: MSCNASTRAN Coe 20| |
Contour. Plate Top XY Shear Strain |

(c) Shear strain

[ 3.3.7 Series] Case8 FEM ICHITAVOTHANTHDIEAR (29 —DRRVANIIHEE)
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F3EF BIREZMAICL S EEEBROFE

3.4 BIICKZELNARMOHE

BB BN ZTD SHBANOEIS N AMNEIRT 54, HEERIZBWTERHOFMNEE
T5E, BRUOTHBAKREL BRI EWDNTVNEY, AMEICHBIT 2BEWERNERICEL
T, BEIWERN & EABHOLTEZ BT 2 EERABMICBI D TEOHMNNI NSz,
Iz, ERNSRMOBRENERO—DELTHEELTWSEEZ5NS., MESHEOEIL
KEBEMHMEOH D OEEBIZDONWTIISE 2 BETERE(TORD, I TRIESHOEEICHET
BEREITI.

ERICBWTHSERNOER T OLHMEEERD D ZENEE LN, FERNOAMERD S/
DIZI, BB o, KEGH, BAKMEN T, 2RET20END S, FAMRICBITE8BE
WEHEHER TR IHERICBWTRHEIR o, ERAEIET 14, ZREL TWBEM, KEEH o
W IFBIEL TR, LML, KERS o, ZRIETSDITI3MBRICO— RV ERE LRV
RS hhnkd, THhEAOHFEENERERICEEBES Z 5WRENENH D, A TIIERT
DHMEEEMET B DTS, HERN o, ERARIEH T, NEREFIHTT-RLTNDEZ
LEMABLELET, MTERNSERANDAMETDEERD D Z&EE L. BITITBNTII,
B S ZERBE SRRSO MEZEGX, WENBEHL THWHREFEERL 2,

B 3.4.1 ITHBPLODOELS S5 E No8 BEFICBIT S, BIKERENSDHFEE 10cm DALEICBITS
BABLUEIRIOKE S L#BMTHROMEOBERERT. £k, 3.42 IZFRICABIZBIT 28
BWNIREEA b, CEWEEROMBZRT .

AL ORI N dem ODHFARICDNT, EKS5TETIBID2EFRNOFMELTORETEH
3.4.31TR T REFITIFEBEFLDOEL 5 ENo.SE FIZBIT S, BIKEEH» 5 DFES 1cm, 10cm,
20cm DEERL TWS, BEICIZERROMEBEZRLTBY, FRADHAIERESIL, FEHA
IZBITD, BREMOBENICHESIETLERL TS, B 3.4.4 ITIZAKIC, £<5& No8 & No.9
OFMBICBITLEISHERLTNS, FX5E No.8 BEFIIBIZEINHDOEEZIZERT S &,
FERIRZEMN S DIES lem OEFWABTIZZEA EERATDOFRMELL THWRWN, EE 10cm,
20cm EFEWMLB TREISHDOAFMBETFEILL TS, —F, £<5E No.8 & No.9 DHEIERIC
BUIBERNERZE, BEKRKREMNSDES 1em DEWNLE THEHA E K EIHOHBNELL
LTWBZENDMND, S 10cm, 20cm DFEWMLE TIIERADEIREII/NE <D, £<5
E No.8 EFICRITHEIREMFEEICL> TV,

LA EDRERNS, ERAHROEKRIIIEHMICEBINZE SEOMEBNEEL TS T
ERONDE, EXHZTETORWVIBTREDE ELNSBEINDARANIEN TH S0, £
IHOFRNIIFEALERIRELR WV, —F, 2 AOEISENSBAIMREIND £ 5 EPRIER
T, BELSENSIERT2INNOEIENBIIROMBICE DAL, ERHOHMAEET
%, BEIEO XS ICHERATHIAE b2 EGENICETT 258 I8N OB EZERH O HR
CEETIN, ShETIIEENRESSEEBL URAINEEIND 2D, HITEWEBTOE
ISSIDHRNEER A Z X LT E O L D BGFEERRRLEEZ NS, BEHWICEBESNE
SSEQOERENERSOLBVICLVMERINE LS, HIBREFENIE TIXERHEEROHEMIZ
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£3E HREHEMIICKL S EEHEROTMH

EHRNCEM SNBSS ERBITREM, ZOXIRENIETRERNOEEEEEF /NS <
50, WTRBICHEADEEITNIEREZFRWEEASNS. TRNHRDEIREDZE
IZDOWTI, SRERABEFICLD, EENECRMZTOLEND D,

L)
BRONGEORURCRONCRTNEND

T
14 + ©  Maximum principal stress, O, ]

12: * Minimum principal stress, O, |
10 -
gtk

6 F

Stress (kN/ml)

4+

2+

.
" 1 n 1 I 1 " 1 1 1 1 i 1 2 1 i 1

0 2 .
-600 -480 -360 -240 -120 O 120 240 360 480 600

Wheel position (mm)

B341 BRKERHNO  HLORNELN O 4,
(BRMRE X dcm, < HF No.8 ET, BAKES 10cm)

(=
FENCRONCRENCNONCDNEND

e i 1
o) L i
7 0.8

e} L |
Nt

= 06F J ) i
/b\n - OOO OOO

o'" S %

3 Mﬁ 0 OOQ%%D ]
_2_5

‘m 021 b

0.0 L~ — .
600 -480 -360 -240 -120 0 120 240 360 480 600

Wheel position (mm)

342 Ejjﬁwgﬂgﬁﬁ ¢ mob
(BBHEE S dem, X< H5E No.8ETF, MAKEZ 10cm)
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£35 FIREFMBHICLSBRERHBROFF

l i |
C
(] [¢]
Scale of vector
5kN/m’

3
(o) [0 [i] [z [13]

—_

R—m H T—

Depth 1cm of subgrade( beneath sleeper No.8)
1 " 1 A 1 I 1 n 1

-480 -240 0 240 480
Wheel position (mm)
(a) Direction of principal stress (Depth 1cm of subgrade, beneath sleeper No.8)

Y

|
[s] [¢]
Scale of vector
SkN/m’

—_—

e

Depth 10cm of subgrade( beneath sleeper No.8)

1 " 1 2 1 " 1 " 1

-480 -240 0 240 480
Wheel position (mm)
(b) Direction of principal stress (Depth 10cm of subgrade, beneath sleeper No.8)

(e
D@0 E 0060 @@

Scale of vector

5kN/m’

s e

3
[o] [0 [1] [12] [ig]
— T T

Depth 20cm of subgrade ( beneath sleeper No.8)
1 1 n L L 1 I A

-480 -240 0 240 480
Wheel position (mm)

(c) Direction of principal stress (Depth 20cm of subgrade, beneath sleeper No.8)

343 FEMBIFICLDELSE NoSDETICHITAERNDOKEZLETDAR
(Case5 : #ALIBBEE X 4cm)
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| T— ‘ ]
s (4 (5] (o] (] B4 [9 [0 [ [
Scale of vector
5kN/m’

_,..,,,,,M\\\\\\\\\\ //////////mm.

Depth 1cm of subgrade
(Between sleeper No.8 and No.9)

1 " 1 " 1 L 1 L 1

-480 -240 0 240 480
Wheel position (mm)
(a) Direction of principal stress (Depth 1cm of subgrade, between No.8 and No.9)

(

CNORCEE

Scale of vector
5kN/m’

—_—

L...-*m\\\\\\\\\\\\ ///////////m—*-

Depth 10cm of subgrade
(Between sleeper No.8 and No.9)

1 " 1 n 1 n 1 A i

-480 -240 0 240 480
Wheel position (mm)
(b) Direction of principal stress (Depth 10cm of subgrade, between sleeper No.8 and No.9)

()

) [ G [ ) BE (9 [ [ [
Scale of vector
5kN/m’

e —

s

Depth 20cm of subgrade
(Between sleeper No.8 and No.9)

2 1 " 1 n 1 " 1

-480 -240 0 240 480

Wheel position (mm)

(c) Direction of principal stress (Depth 20cm of subgrade, between sleeper No.8 and No.9)

3.4.4 FEMBHICEDE<SS5E No8 & No.9 DREICHBIFBEINDKESLFDAM
(Case5 : 3B{LIZ#EE X 4cm)
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EIT FHREZMTICSL S BREEER O

35 FRZ7IbaroU—rDOTH

ML OREICBWTT AT 7N NI Y= OUOTHERNWTHAERERET 25
BEBATEH2HITE, FEMICEKOD T A7)V a2 ) —NDUOTHERBELSHEETHI &
MTEBLZEERAEL TR IENEELER D, JITREMERICBOLDTHRILEEDT AT 7
VR ) - BIZEYU TS CA BENINBOVDTAHIIDNT, ERER EMTEROLKE
fTo7. B3.51 ICKBES 4cm (Series1Case5) DHE ”3‘5@)‘6%5&%*%&ﬁ¥*ﬁ%§%@tt§k%ﬂ?
To CAENINOVTHRIEBWRGHNESSE NS DEEIIHDEEZDETH S, R, Ff&
BIZHMREFTOELS 5E No8 DEL S EHIMOBE T TOTAHNKEL > TND, ERBERT
BELSLEORBRNOEET, EAMBOVTADKEINRIZ>TNSA, FEM DR TIX
ERICBITDELEMBOVOT HDOEHWRENESNTNDE, EXSLEEFTOTHANAEL,
EL S EFHMBTOTHAVNS NE NS FHMAIIER N T-BL TS, B 352 KKBEEX
E CA ENVINDOUVTHDOREETRT . CA TNIINDOUVTHOERBEIEMRETOELSE
No.8 DELMMBOFEHETH D, ERERDHFNPLPLEBREIIIH L TUOTAOELLENAEN
EHTH2H, MR FEM TOTHRBEFMTES LHWTES,

Series2 ICHBW TN T A M EHREBE L= Case5 IZDOWT, EREBITICHBITS CAENIYILOVT
BEHBUHERZR 3.5.3 ITRT, Series2 TIIHEL S EDOMELSHERIZIIS DENKENS
72728, FEM TIRERICBNTHIESNEZE SEORELEFE L S EITHTHHMMESE L
TAN LG EETo2e NTARERBLTNAEAIE, CAEBINIIDLICEEF 5EEZH
BLEBAELERERD, BWEAETOEL 5E No.8 DFLETFTIROTHORKENREL TS,
ZOBEMIEBRBEREBIERT—RLTED, < S5EF No8 B TFTORKEIZDONTIE, EBRE
REBIHRIIHBH LIS R LTNE, LMLANS, ERIZBWTEL 5 EFRIETEMKO
T HOEL 2MEMIE, BT TRENRD D,

B 3.5.4 ITEMERICBITHEMMELEL CA BN INDOVTHOEBRERT., CAEIVIINDOD
T AL Seires2 DERICBITZ2BHABETOEL SEFETIIBII2BAEERL TS, CA T
ZNDOOTHIWMEICH LU TRFIEML TWB I ERbhd, ZH&D, CAELIINDOOTH
BISHMHWEICH L TRETH 2 Z ENHERI N E05, FEM BITICHB W TR LR %
ANBZELERYTHDIEEZ LN,

LEDOBRFHERKL D, BEBMMITICES FEM ZH W52 & T, BMAE FICECTNWAET R
77NV haZ V= EOVTHEIMET DI EIIRETH D LHMTES,
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£38 FHIREKEBAICL HBREGERO

l Position of loading wheel

Sleeper Sleeper Sleeper
No.7 No.8 No.9
80 T v T T T T T - T

" | —0— Scale model test
60 | —e— FEM

/i‘\ -
N
i )
8
b
o
g
<
O
Gy | 4
[S)
g 0
g | T J
v

-20 -

I} Thickness of roadbed: 4cm
-40 1 . 1 N 1 . . . 1
-120 -60 0 60 120

Position (mm)
351 HEIRERE FEM ICHIFH CA BN GZ NV T HDELE
(Series1Case5 : F{LRRHEE X 4cm DIHE)

80—
2 b O Scale model test | |
2 . | ° o
5 | Thickness of roadbed FEM ]
‘g 0 OO
i I 4cm
50 |- R e e e e -
Q i O
L’a 40 o e et ee e e e e e e easieeaeanstetaseeesaneaneeratearaseeatnannnraennen e nnannen
£ [ n
S 7cm
:g 3() F ................................................................................................. ]
' 1
2 e ol (:m
[} B 4
S 10 e O et -
s . .
wnn 0 L P s Kl N N N . | " s N
0 5 10 15

Thickness of roadbed (cm)
352 HEIRERL FEM ICHEFD CAENSNOT HODLLE
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Strain of CA mortar (W)

Strain of CA mortar (W)

H3E FIRERMBTICL DBRBHEROHE

l Position of loading wheel

Sleeper Sleeper Sleeper
No.7 No.8 No.9
150 T T T T T T T T
—o— Scale model test
100 | —e— FEM |
50 + _
0
50 - \/ i
‘With ballast
Thickness of roadbed: 4cm
-100 ! . 1 . 1 : 1 N 1
-120 -60 0 60 120

Position (mm)

K353 #HEIRERLE FEM ICHIFTS CAEIZINDTHDLEE:
(Series2Case5 : SE{LIEBBE X 4ecm, NS MDHBIES)

500

400

300

200

100

Thickness of roadbed: 4cm

Ballast
—O—  none
—O—  none

Scm

Density of subgrade (D)

85%
95%
95%

Maximum strain at the bottom of subgrade
Il " 1

1500 3000
Wheel load (N)

354 HERRICBIZ2EREES CAENLINVTHOBR
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E£3F FHREFFICKL D EL RO

36 FEMICLZBBEEEEIVBBEIMOZEICEHT 5185

B 3.6.1 I FEM KBWTHRRBREZI 2RI BZEED, CAENIINOVTH, £ 5EMRE
AR, ERREAM, BKKREENM, BRER@HELS, THEDRERDOEZRT, &
BE X1 dem, Tem, 10em D 3T E L, EBAREIL Series] DRBEBRDOFMFICEHOE THRE &
O CA TN )VE% 3500MN/m’, B FEORERENE L/ BRI ERAE % 1000MN/m’, ¥
K% 50MN/m* &L TW5,

CAENINDUOTHZERD E, BENEVNBEEDHDN, OTHNKRELIR>TNSE I ENHH
5, CHIIEBERTESNZERERABETH . T, T S EMESHERIIBBRNENS
BOHMPPKRELR>TNS, ZHIT, BBENEVWHPEITRMENKREZLZRD, PUEOERN
NHZNZ1DWMERDHEINT, BHWAETOEL SEICMENEFTE2DTHS. i
DNWTH, HAERTHSNZEMERKRTH oz, —F, BBRRABIVRKRERTOESIIHE
BBBNFEEDANNEL 2> TS, BRRABICTHERORERNIZDNTHEENE
WIBEBDOFWNSK22H, THERTERBRBEIICXI2EBEVINST N, ZERIIBOLTRIEIN
EHEEORA, BEORBREBICERT2IX5DFICLD, BARLENR SN 20,
FEM O#RMEERTHE, BBEEIICL5THERICBITHHEIRNDOEIIBNTH B0,
ERTEDELZFET 572DICHEREICKEEDOB VR EZER T 2HENH > LEZZ 5N,

B 3.6.2 IZ FEM IZBWTHBRAIEEZE(LI®ZLEZD, CAENINOVTH, £<5EME
SR, BREAEEN, BRRRERM, BRXENS, THEEGHORRERYT, BEESIZ
4cm &L, BBERIMEIIERE THONERERAOICHYT IO REER(LEEE. TAT
7 har s ) — NEDOERAEIL 3500MN/m* T—& & L7z,

CAENINDOVOTH%ERD EBRBREIMENBAEDHDN, OFTAHNKELL>TND T EMD
M5B, £z, £< 5 EMESHERITHEBBENTENHEEOANKELLZ>TNS, Zhid, BE
NEVWERICES SEMESHEENKEL 2B I EEAMRIC, BBROMTRIENAZL< 2D, 8l
BOEENMH SN ZDRMENFBHINT, BHRETOEL SEXWENEFTEI2OTH
5, BEEEORNMNERS E, BEBMEO/NINTI—AIZBNWTEMNNKEL ZoTWBEY, B
PR TIIESBRAIEIC L B BALOZEII/NE <725 T3 81T, BRSNS 200MN/m? & 50MN/m’
DT —ATIRIFEAEENRE SNV, BRREOINS, BLUIMHEROLIITDONT H KRR
RtE DR EIIIEREIT/NE N, T, BRICBIEOEWMEIZRWTS, BRICERTHRID
BANINEINWT EEZRL TS, INKD, BREBEROBIMEZBMEE2ET TIRBROERE
HEMHETIHRNMNENEEZIOND, LA, BRMEIELTT AT 7V ba> ) —F
Tl <#&Ha> s U—rZRANEEL TS, BROBEINFAL THNIIBHHERMNIC LD
BROMLTERDEZIHEVDRELRSBNWEHAIZNS,
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Strain of CA mortar ()

Displacement at the surface of roadbed (mm)

2

Veritcal stress at the top of subgrade (kN/m")

U

40 |-

30

Roadi)ed

—0—10cm |
—e— Tcm

240

-0.01

0.04 | Roadbed i
~—0—10cm
L —e—7cm
0.05 —&—dem |
006 1 1 " 1 —_—l 1 1 A
-960  -720 -480  -240 0 240 480 720 960
Position (mm)
()
s DB WEEEEE MMM E W HE
= T =T T T T T T

Roadbed
r —0— 10cm
20 —e— 7cm b
—&—4cm
25 L L L L L L L
960 -720 -480 -240 0 240 480 720 960

Position (mm)

3.6.1

£ 3

- = -3

=

BIRE AR IC K 5 B FER D FF T

Displacement at the top of subgrade (mm)

2

Vertical stress at the bottom of subgrade (kN/m")

Sleeper load distribution ratio

0.0+ i
021 4
04} 4
Roadbed
0.6 —0—10cm |
—eo—7cm
—&—4cm
0.8 i 1 1 L 1 - L
-960 <720 -480  -240 0 240 480 720 960
Position (mm)
Y
OEGEHE G EE MM MNGE
-0.01 T T T T T T — T

004k Roadbed |
—0—10cm
I —e—7cm
0.05 A— 4cm
0.06 1 1 1 1 . A 1
-960 -720 -480  -240 0 240 480 720 960

Position (mm)

15 B
Roadbed
—0—10cm
W0r —e—7cm |
—&—4cm
25 1 1 i B — "l 1 1
-960 -720 -480  -240 0 240 480 720 960

Position (mm)

FEM [CL B BREE & DFZECB T SR



Strain of CA mortar (W)

Displacement at the surface of roadbed (mm)

N

Veritcal stress at the top of subgrade (kN/m")

£I3E FARERBICS SEEHEROE

]

100 +

120 :I

T T T
Young's modulus of roadbed 0.0l i
~—0— 1000MN/m° —e— 200MN/m’ —2— 50MN/m’ °
g
=1
S 02} E
5
=)
=)
=2
°
04 g
B
2
Bt
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