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@ A3 FHEFol o BRI A Az WA

A3 FATEe (DFAHEAETDEHHAA-DAA52 515, 3ol FH0.



2= st A

A AL AR 7H

=zl
4

3)

%830 o

(10)

P:fdynfc Psta,t

3714

2]
&

Pstat :

¢+

o
No

Ho

fdyn =1+3s :

1.5

f dyn

V> 60km/h, s = 0.167

V' < 60km/h, s = 0.0

fagn = 10




Q) Axugd &F ZAYEARE A4 H7E 7€

Aart s BAsgon, MR 4Y A7)
gakgth T ARIEAE 20ATR RHY FHFVFADFCURE EA & o]
=

Bl dQAY 2hASE Bara T

Tl A= =L(DS804-App29)e] 7ES F8ote F=d=
AT AA7|ZAA AAStE e “ZIYUEAE FA nFe oF A4 HE” & A
=AA A AR ES FHol flor, 7 HEWES ZAYEARET FEE 2=
Ax FART 8RS Fola & AR ARRAES FFAI7I7]
93k 5] ik ddAA T kY AEAAE AAse Ae
© AAAA e AEoIH.

i
il
=]
ofy
2
4z

il
H
ich

m
&

f
>

o

X
i,
N
N
)
flo
it

U DS804oll A AIFH o] om, =
M= olE &8st 20129 "wEdH FAUEAE A8 HEKR C-08090), =4
EAATS e AAsAa, 201439 A

e AETF VY 2AYEAE 484 3

D #LA A= 7daF= (uplift force)

g HLAZGA O FEete FTFH L ok TIEe WHoF FTh

max |E1| < Z,/w 1D
Fz] = qbd,stat F(Lﬂ’ ksta,t’ a, al ) + ¢d, dyn (LF]‘ k

dyn’

a, a1> +5d,sta,tF(LF2; kstat’ a, (11)

’Pd
——min F(LF3;k,,,, a)

+ 5d’dynF(LF2; kdyn, a, al)—i- 100

¢d stat E’YF ¢stut d dyn Z/YF ¢dun

d stat Z’YF stat d dyn EfyF dyn Pd =Tpm P
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b= FLAYD A m - 1
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k,l d| = SD (12)
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F;l = ¢d,dyTI,F(LF1; k.stat’ a, ) + 5d,dyn F(LFQ’ kstaz" a, al) + 1—00 maXF‘(LFB k&tat’ CL)

¢d,dyn = Z’YF ¢dyn d dyn 27F dyn Pd =T & P
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Before Fatigue Test (3 Test)
100 : :
' : 95kN/3.87 drmm
q e =2.238 mm :
. Onas e = 3,875 mm E
S 60 [-Paus=2010MN g [ERRIATST:
@ Prass = 95,025 kN !
5 41 '
w | :
0 : :
0 1 2 3 4 5
Displacement (mm)
1BKN/2.10mm | |20KkN/2 223mm |
(a) SFC
Before Fatique Test (3rd Test)
100 :
dmln .= -I 713 mm 95kN/4.438mm
B0 10 e = 4,438 mm
Z oo | Prne=20.084 KN 6BKN/4.05mm
= Porare = 95,025 ki
(]
5 40
L
20
0
i 1 2 3 4 5
Displacement (mm)
[ 18kN/1.60mm | {20KkN/1.7 13mm |
(b) System300-1
O9 19 FIYEAES dLAZZAE sta-He 28z
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A AANEA RN, dHEAL TS
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10 AAE S gdAZdAA] AAFS 2% 71EAY ¥
72 KR SFC SYSteEL:;?O'l / FRL
, ""' _
S BE P PN

BH 5174 20.97 454 28.9 177038 51% 70)
[KN/mm] (18%) (5.65%) (4.15%) 18.8(H B 5= F)(6%)
ES L EE 20.19 17.15 16.9 21.8(uFEEE 7)
[kN] (7.9%) (7.17%) (10.65%) 19.3(8H 2 512 5)(11%)
2 g 10.84 10.84 14.4 16,08+ 2512 )
[kN] (10.6%) (10.6%) (12%) 16.3(8H 2512 3)(2%)
47]74 &1 %) 3
A7AAAE 42.29 31.93 16.83 25
(ko]
BE+Heal 13 15 13 15
o) ZA[mml] -4/+56 -2/+55 -4/+56
-9 =A[mm] +16(H 7D +18(A1zH +16(H17hH)
A AR =
ARREA zel 50 51 34
[mm]
g | FO R RS0 Rl olEe | w0 SR ke | S #E ks
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A A O O O
H 1 AEH &8




b AuAd B

ey

g H LA AA

o el

&3

A

o}

1
T

aA SR ALY HE A

o] At}

3

272X AA

*

I5R, @<

F+4(KRS TR 0014-

)

15RO A A Al

KRS TR 0014-

=
=

bl L3 ol AZAY AIEA

AR VA 432

=S o

g

Loading flame

Fastener

a9 20 #dAERA AEdE AEH (KRS TR 0014-15R)

P Ade =2k AAE w7t

3]

AArst AL #7

ALA R} 7]
A 10kN/min-&

b AL

S

Fhatet =S A

, 0.9P7}A



352 72A71T 9A LIP7F 2 x5S ZAA0G. ofe] sF-ie] ez
ANzHe) AAGe] By UG PHow 23)e] BH FANFES 4

=2l (mm)

StE (kN)

a7 21 HLAAZEA A2E AFZ23 (KRS TR 0014-15R)

& Arskgh

(b #ALAAZA A CASE

® 11 dLAZ-A A CASE

T & SR A FH3A kR vl a1
Case 1 KR 30 kN/mm 60 kN/mm 3 H oA
o QA A=) T
System 300-1
2 0 kN 0 kN 2 o
Case (SKL15) 3 /mm 6 /mm 3 T
System 300-1
Case 3 ystem 30 kN/mm 60 KN/mm 3 ERE e

(SKL15B)

ST A A A
C 4 20 k k 2 o
ase (ERL. SKL12) 0 kN/mm 50 kN/mm 3 T

_ SFC 30 KN/mm 60 KN/mm 3 Ref.

(SFC 1501) Yang, 2017




(@ Case 1 KRE #HLAZAA=A)

(c) Case 3 (System 300-1, SKL15B) (d Case 4 (ERL, SKL12)

(&) A EEE o

a9 22 AUAEE AgA 2 AR
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THANA EH O E AT v HIABAA 4712 TR A AWAFEA A=
et 2
25 e . 30
20} ) 5y
K 4 K,
’ 20
A 2 1.
< = 15t K/
H g L/
S 10t S
/4 10 7
7k ail fastening | System 300-1 (SKL15)
5r / : : Test 1 i Test 1
/ Test 2 S5+ Test2
/ Test 3 Test3
0 / 1 1 1 O 1 1 1 1 1 1 I 1 1
0 . 2 4 0 1 2 3 4 7
Displacement (mm) Displacement (mm)
(@) Case 1 (KR¥ #HIAZAAA) (b) Case 2 (System 300-1, SKL15)
15 25 —
K7
20 -
10 |- _
é é 15
= =
E E 10
5k
System 300-1 (SKT,15B) ERL rail fastening(SKL 12)
Test 1 5 Test 1
Test 2 Test2
Test 3 l Test 3
0 1 1 1 0 ) 1
0 1 2 3 4 0.0 0.5 1.0
Displacement (mm) Displacement (mm)
(c) Case 3 (System 300-1, SKL15B) (d Case 4 (ERL, SKL12)
40—
] Ky
20
K,
g é Ugplift
B’ Compression
£ 204 4
£
f.
= 404 i
] _I,é‘
-50 .. \e‘
-80 T L — T T T T
-4 -2 1] 2 4 3] & 10 12
Displacement({mm)

(e) SFC (Ref. Yang, 2017)
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AYAIE A3, HIAZZA TFE T2 AEH T mt vAdE AsES Bor,
I A7 BEF Aold AeZ Uyt &, sdAZAZR SFHFE 52 ST o
gAY ATEAS TR AEA AE A IHT Ut o, oo mE FIFH S
g R3] A golRE AT Bart Ao
3) 242
Il A tEHOZE ALgela A= dLAZAHAR FF gk AUAIFEEAHE wiE
o7 oz 1P o] HIAAZAAR AFBi-linearo] Wit o] I EZE A ASH
At
£ 12 gIdAZAEA FFE ol =d
T % K Ks Ks
KR & Range (mm) 0.0~1.0 1.0~2.5 2.5<
Case 1
2 A A 2 X Stiffness (kN/mm) 12.8 6.7 1.7
System 300-1 Range (mm) 0.0~1.0 1.0~6.3 6.3<
Case 2
(SKL15) Stiffness (kN/mm) 17.5 1.4 1.4
System 300-1 Range (mm) 0.0~0.8 0.8~3.8 3.8<
Case 3
(SKL15B) Stiffness (kN/mm) 13.4 0.7 0.7
EsgdAdaas Range (mm) 0.0~0.4 0.4~1.0 1.0<
Case 4
(ERL, SKL12) Stiffness (kN/mm) 57.5 3.2 3.2
Ref. SFCY Range (mm) 0.0~1.1 1.1~5.7 57<
Yang, 2017 (SFC 1501) Stiffness (kN/mm) 15.8 1.5 4.1
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Load (kN)

Load (kN)

50 50
40 - 40 i
30 30 L
20 - 20 +
10 - 2 10 -
k é L
0r - 0k
k g L
-10 |- 2 -l10f
-20 R KR rail [astening -20 B System 300-1 (SKL15)
_ L Linear(stat) 30 F Linear(stat)
30 L —— Linear(dyn) L Linear(dyn)
40 + Bi-linear 40 + Bi-linear
_50 L n L L L n 1 L 1 1 Il L 1 n 1 1 " _50 L 1 L L 1 n 1 1 n 1 1 L L n 1
30020 - 0 1 2 3 4 5 6 7 30020 -1 0 1 2 3 4 S 6 7
Displacement (mm) Displacement (mm)
(@) Case 1 (KRE HLAAH=X]) (b) Case 2 (System 300-1, SKL15)
50 50
40 - 40 L
30 - 30 L
20 20 L
10 - Z 10 L
=) L
0F = 0r
g L
-10 | = -l10f
-20 _ System 300-1 (SKL15B) =20 _ ERL rail fastening (SKL12)
30 | Linear(stat) 30 - —— Linear(stat)
Linear(dyn) F Linear(dyn)
40 | Bi-linear -40 Bi-linear
Ssolb— o Al s -50 T i
3 2 -1 0 1 2 3 4 5 6 71 302 -l OD,ll 2 3 4 5 6 7
Displacement (mm) isplacement (mm)
(c) Case 3 (System 300-1, SKL15B) (d) Case 4 (ERL, SKL12)
404
1 Ko
204
== K, e
é o Uplift
8 Compression
5 j
L.
E ¥ L
]
> 40
A0
B0 T T 1 T T T
-4 -2 0 2 4 (51 8 10 12
Displacement(mim)

(e) SFC (Ref. Yang, 2017)
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2t F2 FEFAAE 1HF FAS A

2aEA S} RaE AEnFd g wdar
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THGREALT wE JHAEA2
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WY 9 ZIEAE A AE J1Ee T AAVES FET gow,
AEIGo] Bgsta olelg MA Hgol W AFHOE oo Utk wpehA B
Aol e 5P 9r ZAEAE ASH AES A FFAASC] A FHaL

M2 199 SAP2000E o] §3te] AN A PPoE JFS HESGL

(D =£]71=([DS804) ¥ E T3 fH=d HF
Arrdel AZwyHozE DS 804014 AAF LF3A g Aurzs muEes)

SAP2000= AH&3ste] Alttd AHE s RUEZS Hlago=HN |42 WY A5

A 5
At dY HIdAAZAE A 2ZHHY FIA8AH)0E RIHIIH oM, F 4
AgE Y-S DS 804014 AAE UIC 602 A3t AESITH #lde ©H 54
GHA 4=7686x10°mm?, TYH2XN}EHE  [=3.055x<10"mm', HLY EAAF
=210GPas AH&3ATE ASS A8 AHEE AX Al2"H o] dstd =d¥ SAP2000
A3 A% A2"ES oty I¥d 2o Hde HasE wddEion, g

48 93 248 Agadd. 7 A deME ndzAes 1HaA
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ZAYEAEE A" wFe] fiAd mdEd glo] aEEHooF & f4RE AH
2 HLAAZA A ALt FI GAdolAe] RREE Rlstr] 98t LF3 ©elsts
100kNS Y TdHF A o A&st92oH, DS 804<F vluE s =34 600mm
of thd HAAAAX FAES 30 ~ 55kN/mm 74A] W3S Fo )4 FPsATt. of
g 28e #AdAZFAA A4 30kN/mmaF 55kN/mmell o gk 2] guke e Yepl o,

7 AQABGH A ME Hr) % Ak B obg) Eo) tehyict.
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313 ALAAREA Aol mE AAH HAd 2 Ha HHEFIAH 1A =600mm)

HLYAZAAZAX 744 (KN/mm)

30 35 40 45 50 55

guperey | SAP2000 | <3336 | -3674 | -37.97 | -39.09 | -4011 | -4106

&N DS 804 | -35.36 | -36.74 | -37.97 | -39.09 | -40.11 | -41.06
Ampe | SAP2000 | 135 1.5 1.63 1.69 1.73 1.74
&N DS 804 | 153 1.55 1.63 1.69 1.73 1.74

471 Boll & g ARl ALAAGH A 0kN/mmel A= tha 2ol 7 dAIR

-

% 35 ~ 55kN/mm 7}A|= DS 804} SAP20000] ojgt i Adxr 5Ld AS & F U

. obg) aRelE AZWARAY 12A)o] 650mmel tiE AAY welw AgEe 1}

ER 3L Qi

S (kN)

#H2l(m)

19 28 LF3 stzoll tigh eldAaA Aol wE =3 wk(650mm)



14 HIAZAZAA G mE XA H HU D HA HFEHA| A A =650mm)
LA ZAAX ZA (KN/mm)
30 35 40 45 50 55
qepme | SAP2000 | 3753 | -38.98 | 028 | 446 | -4254 | -4354
&N) DS 804 | -3753 | -38.98 | -40.28 | -41.46 | -42.54 | -43.54
e | SAP2000 | 159 1.69 173 174 173 1.70
&N) DS 804 1.59 169 173 174 181 1.89
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w23k 91 %)
L | ArTE | " o
T & () AY 9o z2HHY | rd =7
mm
A=)
1 2AH .
Case 1 750 Statics 0~350kN, 50kN&+$] STEP
(950mm)
2¥ A A H .
Case 2 750 Statics 0~350kN, 50kN&$ STEP
(1135mm)
R
2" A A
Case 3 600 Statics 0~350kN, 50kN¢H9] STEP
(1135mm)
2¥ AR )
Case 4 650 Statics 0~350kN, 50kN=+$] STEP
(1135mm)
HZAH A3t
Case 5-1 o
650 2y A A A Statics 0~400kN, (A=A 5})
(1135mm) 100kN©+¢] | 2,9 AY Alst
Case 5-2 o
(FZA 3D
F=At A
Case 6-1 J1L_ % i _HOP
600 2H A A A 325 | Statics 0~350KkN, (H=A 3D
(1135mm) T 100kNSHS) | #,.$2A A3
Case 6-2 -
(FSAshH
HZAH At
Case 7-1 = e
750 2 A AH Stati 0~400kN, (H =23
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(1135mm) 100kNe+-9] | &3 AY Ast
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Measurement sensor installation

Hydraulic
actuator

Ch1l Ch2 Ch3 Ch4
o0

. L
£ 182 28 38 43¢

) ]

C)

Case 1/ Case2/Case3/Case4

ChS Ch6 Ch7 Chs8

]

#y #g 87 #Hg B

B Displacement

Rail fastening (KR-II)
Girder (H-beam)

Girder (H-beam)
A |
Ch9 500 mm
}= =|= =}= =}= 5}4 >
685 mm Case 1 : 8415 mm Case 1 : 950 mm 10050 mm
Case 2, 3,4 : 8230 mm Case 2,3,4: 1135 mm
}4 =}= =}= =}
Case 1,2 : 750@13 = 9750 mm 900 mm Case 1,2 : 750@13 = 9750 mm
Case 3 : 600@16 = 9600 mm Case 3 : 600@16 = 9600 mm
Case 4 : 650@15 = 9750 mm K Case 4 : 650@15 = 9750 mm |
5‘4 =‘4 5‘
10050 mm 500 mm 10050 mm
o 2y AWAY 24 -

A&

9 89 dxw



Measurement sensor installation Hydraulic

Hydraulic
actuator

actuator Case S/ Case 6/ Case 7

B Displacement

Chi Ch2 Ch3 Ch4 Chs Ché Ch7 Ch8
.81 L

]

[]

}< =l< =}< =}< % =}= =}<—>
685 mm Case 5,6, 7 : 8230 mm Case$5,6,7:1135 mm  Case$§, 6,7 : 1135 mm Case 5, 6,7 : 7960 mm 955 mm
}4 =}< =|< %
Case 5 : 650@15 = 9750 mm 900 mm Case 5 : 650@15 = 9750 mm
Case 6 : 600@16 = 9600 mm Case 6 : 600@16 = 9600 mm

Case 7 : 750@13 = 9750 mm |

Case 7 : 750@13 = 9750 mm

|
10050 mm 500 mm 10050 mm

09 90 AEwF BE 2y AYAY 24 - 24w
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Displacement{mm)

Rail Displacement(mm)
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4.0

20
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-2.0
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-10.0

-12.0

6.0

40

20

=]
=]

—+—50kN

—o—100kN
~ 150kN

——200kN

—8— 2506
e 300KN

—4—350kN

1 2 3 4 5
Position

19 93 AY @& H-beam WY

: case 1

L 77 —4—50kN
/ — 150KN
/ // i 200kN
/ / —8—250kN
7 i
—+—350kN
|
1 2 3 4 5 6 7
Position
a9 94 A9 G5 HY W9 case 1

AA1E J27 2h2 750mm
“50kN =100kN = 150kN =200kN =250kN

=300kN =350kN

= (D

%" 95 HLAAEA A

. case 1




Displacement{mm)

Rail Displacement(mm)

HH (mm)
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-100

-120
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—f SSSessa== s

// —e—100kN
—— 150kN

’// i T i 300k
—8— 2506

(f’ ;i T — —— 300kN

f —+—350kN R T

1 2 3 4 5 B T
Position

38 96 Ay @5 H-beam W : case 2

! //7?{ —+—50kN

/ —8— 100kN
/ ~— 150kN

/ / —— 200kN
—B—250kN
% S
—+—350kN
\
21 2 3 4 B 6 7
Position

a8 97 AY d&F Y HEY o case 2
A X|E2 2 7HH 750mm
«50kN =100kN = 150kN = 200kN =250kN = 300kN = 350kN

ZiE (sixD

8 98 #HYAAAX " : case 2
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g 4 —— 100N
I : - 150kN
O -0 200N
—8—}50kN
80 —— 300kN
-10.0 —+— 350kN
-12.0
1 2 3 4 5 6 i
Paosition
19 99 A @i H-beam W9 : case 3
6.0
40
=
20 == 1
E oo —
E —
£ 20 =
T i
E 40 /// —#—50kN  ———
T':. - /// ——100N |
i - 150kN
E_ 80 f7 —t— 00N, =
T '
o —8—250kN
-100 e
430 ——350kN |
4140 ‘ ‘
1 2 3 4 5 6 & 8
Position
¢ 100 AY @& gd WY case 3

K2+ 2 600mm

W (mm)

XIS (#HxD)

19 101 ALAZAA=R HEY : case 3



Displacement(mm)

9 (mm)

Rail Displacement[mm)
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Position

I3 102 A9 @ H-beam WY : case 4

P‘—-"H
,--—:——-—-...__"‘.\
e = _\__“'-s._:‘:‘“
L :'_'.- .
i ot
—a—100kN
- 150kN
—— 200kN
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Position

a9 103 AY @& HY WS : case 4

HZ27 2k e50mm

...... =50kN____ =100kN =150kN =200kN =5250kN. =300kN.__ =350kN

i ()

a9 104 LA AR HS] : case 4
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e e
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£ £70% o E S
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E / ’
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9
8 00
[ (= = GOKN
a P i ——100kN
4 e 150N
_ED —r— ZMN
=i 250kN
—— 300kN
—4+—350kN
-100
1 2 3 4 5 6
Position

I3 105 A9 @ H-beam ¥ : case 5-1

150

100 —

=

Un

(=]
-
g
=

Rail Displacement[mm)
o
o

.’;7 0
—— 250kN

-10.0 —=— 300kN

-150
1 2 3 4 5 6 7 2
Position

a9 106 A o HY =Y - case 5-1

211 7b7 650mm
“50kN  =100KkN  =150kN  =200kN  =250kN  =300kN  =350kN

-0.5

-15
I (HxD

a8 107 YA ZAAX] " : case 5-1




100
—4—50kN
a4 v —o—100kN
-~ 150kN
6.0 —— 200kN
—_ ——350kN
E w0 o 300kN
..E. —+—350kN
t
g 20
o
9
]
2 00
2 i
a i
2.0 \\\\ .
5 |
-0
1 2 3 4 5 6
Position
198 108 AY ©@& H-beam ¥ ¢ : case 5-2
e —=50kN |
50 4 ——100kN |
: / e —— 150kN
40 7 . S0
p = NN —— 250kN
= £ S S :
20 - — - ToosookN
E > g 0y —+— 350kN
¥ o0 + |
]
E 20 e
g lf' “ \\ \“
8 4p -
2 7 N0
E Fo WAL
E -6.0 \\l
80
¥ \
-10.0
-120
1 2 3 4 5 6 b 8

Position

a9 109 Ay i g =Y case 5-2

is

Zot ZHA 650mm
=50kN =100kN =150kN =200kN =250kN =300kN =350kN

B9 (mm)

X9z

a9 110 LA AR HS] : case 5-2



Displacement{mm)

Rail Displacement[mm)

#9 (mm)

15.0
100 —
L . |
5.0 ' -
0.0 .
=== G0kN
—e— 100kN
- 150kN
-50 —— 200kN =
—— 250N
e 300N
—+—350kN
-10.0
1 2 3 4 5 6

Position

I3 111 AY & H-beam ¥ : case 6-1

150

ico

fel,
=]

=
=]

tn
=1

-10.0

-150
1 2 3 4 5 6 7 2
Position

a9 112 A9 @5 ZY =Y o case 6-1

M2t ZHS 600mm
«50kN =100kN =150kN =200kN =250kN =300kN =350kN

TIE(H2D

a9 113 LA AR HS] . case 6-1



Displacement{mm)

Rail Displacement[mm)

9] (mm)

100
—==50kN
50 I N ——100kN |
//.—x'\ L
6.0 7 ——200KN -
/ ATy \\ 350K
- ///“='\\ ——300kN |
: // == 7 \\\ —+—350kN
AP N i ;
20 y, /d SN '
4 o DN |
w0 . ; :{4—— — N “ :
7 X,
20 4 S T
. o
60
1 2 3 4 5 6
Position
19 114 AY @& H-beam ¥ <] : case 6-2
&0 —#—=S0kN |
—o—100kN
5 ~15ORN |
i 20N |
—8—250kN
20 < ——Z00kN |
> 'FUB\ —+—350kN
0.0
-20 .
'\\'
-40 W
6.0 \\¥
8.0 r
-100
120
u 1 2 3 4 5 6 7 2 B
Position
a9 115 Ay 25 #d He] : case 6-2

T 2+ 600mm
= 50kN =100kN =150kN =200kN =250kN =300kN =350kN

& (wixD

9 116 YA ZAAX] He : case 6-2



9 (mm)

Displacement{mm)

Rail Displacement[mm)
o
o
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[ —
.
5.0 -
00
——50kN
—e—100kN
o 150kN
-5.0 —i— 200kN |
——250kN
e 300K N
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Position

a3 117 AY & H-beam ¥ : case 7-1
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—e— 100kN
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Position

a9 118 AY o #Y HY : case 7-1
HZF 7HH 750mm
= 50kN =100kN = 150kN =200kN =250kN =300kN =350kN

a9 119 g YA

I (HRD

AA HH

- case 7-1



Displacement{mm)

Rail Displacement[mm])

9] (mm)

100 T
—t—50kN
a0 —=—100kN |
6.0 |
40
20
0.0
=20
40
-6.0
1 2 3 4 5 6
Position
a9 120 AY ©@H H-beam W : case 7-2
80 T
—H—50kN
6.0 ——100KN
- 150kN
40 e onon
20 —— 250kN =
e 300N
0.0
20 :\\\*
W T
\\li
b ¥ h
-6.0 ‘\\
S Y
\.\\
-10.0 X
-120
1 2 E 4 5 6 7 2
Position
19 121 A9 95 g HY o case 7-2
> HZTE 712 750mm
=50kN =100kN =150kN =200kN u250kN =300kN =350kN
1
05
-
1 2 5 a
05
El
-15
-2
XA (D

a8 122 HYAZAAX] " ;- case 7-2
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Hydraulic Measurement sensor installation
actuator Case1/Case2/Case3/Case 4

B Displacement

Ch1 Ch2 Ch3 Ch4 Ch5 Ch6 Ch7 Ch8
L

Rail fastening (KR-IT)

Girder (H-beam)

685 mm Case 1: 8415 mm Case 1 : 950 mm 10050 mm
Case 2, 3,4 : 8230 mm Case 2, 3,4 : 1135 mm
1 1 1 1
Case 1,2 : 750@13 = 9750 mm 900 mm Case 1,2 : 750@13 = 9750 mm
Case 3 : 600@16 = 9600 mm Case 3 : 600@16 = 9600 mm
| Case 4 : 650@15 = 9750 mm | | Case 4 : 650@15 = 9750 mm |
10050 mm 500 mm 10050 mm

a9 125 A 2 EAE =1 ()

obel 2FE et AMRAE UEiH, fRasd L2399 SAP2000E A8
d 2 AgE Beam 842 A&y on, #AA4 AR AP
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Hydraulic Measurement sensor installation Hydraulic
metuator Case 5/ Case 6/ Case 7 Actustor
Chl Ch2 Ch3 Ch4 Ch5S Ch6 Ch7 Ch8
L B i 1 1 18
£ 03 B B B B .. B B B B o 3P 4P Bs Bo BT B P P B . B B B B BB

Girder (H-beam)

Rail fasteni ]
ail fastening (KR Ch10 Chil Ch12 Ch13 Ch14 Chis

A i ® o i 3
Cho 500 mm Ch16
- T -
685 mm Case 5, 6,7 : 8230 mm Case5,6,7:1135mm  Case 5, 6,7 : 1135 mm Case 5, 6,7 : 7960 mm 955 mm
| o 1
Case 5 : 650@15 = 9750 mm 900 mm Case 5 : 650@15 = 9750 mm
Case 6 : 600@16 = 9600 mm Case 6 : 600@16 = 9600 mm
| Case 7 : 750@13 = 9750 mm L Case 7 : 750@13 = 9750 mm |
| (gl |
10050 mm 500 mm 10050 mm

T3 A4s] 27321 SAP2000S AHE3ste] &d
AYE Beam 842 mddstgon, HYANAZAX = A4 Al Linear links A
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8 . BEAM oi
= 400x400x13x21 2
O o Plate <
g c\-l ’JV 0T HH\HH \L J\H HH\HH \L \7OOX7OOX1OO t((%{ ‘
N 5 d—m Plate Sy [ " " W F_ Pplate
700x700x50 700x700x 100
140 700 140 150. 700 150
1 980 1 1000
a9 129 woj R @ a9 130 w4y 9

@AM A

obe) EE AW mHAW) AST ALY % ALADYH, Avle] AL FHHA®

o] RS VAT FX a4 AuARe 578E $lstel Ao BAASE
HE 7)o e AR Y AA A ST
£ 19 FA84 29 Al
Gz | dH2A W E | BAAS AR
A=
T () (m) Nm | Nmm) |
O 9 KR60 0.0774 3.083e-5 1.860e+11 - Beam
- - - 30 Linear link
@ ALAZAHFA | KR-I
. ) . 2% 131 | Multi
z =z linear link
@ H-Beam(mm) 400x400x13x21 | 0.0215 6.536e-4 1.860e+11 - Beam
Ao e GIdAAdA=el ZFAS 30kKNmMmE AHEstgom, vAds o=
ey 2e 35 WAFAS ol gstel AYAAFN ) nHYS mel stk



Force (kN)

Nonlinear
@ Linear

Displacement (mm)

SERKIE UL I DEEE T
(3% vs A9 FA)

() x84 Case
AWAE mdle] X84 Case= the ®eF 2t

X 20 x84 Case

A2

o FEF

5 - HE st&=74
™ (mm) 9% 4 s
Case 1 750 1H =X A Statics 0~350kN, 50kN®=$ STEP
Case 2 750 2 2| A H Statics 0~350kN, 50kNT+¢] STEP
kA R
Case 3 600 2 AR HA Statics 0~350kN, 50kN©+] STEP
Case 4 650 2¥H XA A Statics 0~350kN, 50kN©+$| STEP
FE5AY Alst
Case 5-1 o
. 0~400kN, (H=A)3hH
| ) = =
S e SRS | J00kNeksl [F 55 AT AR
(FSAlsh
FEAY Alst
Case 6-1 ol
) 0~400KkN, HA=A1s8hH
] B = S
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Rail

Rail fastening system

Concrete slab track Concrete slab track

Railway bridge
Abutment

2% 169 ath R H ARG AHA

- 114 -



O AW ZFAE A3 vs. AF |27
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4] ©]’33}H Bi-linear

AL

&

) 4= HAE A= dLAZAA e HA FAAAALS A8
3 22 G A AE A HEAZZAY Al SR AL A
) Uplift
T 7 Compression
K, K, Ks
Range (mm) <0.0 0.0~1.0 1.0-2.5 25<
KR &
_ g me
A 2 =
LA sittness (N/mm) | A/EA 12.8 6.7 17
AR gk
Range (mm) <00 0.0~1.0 1.0-6.3 6.3<
System 300-1
2o W
(SKL15) Stiffness (kKN/mm) A5 2 175 14 14
A A
Range (mm) <0.0 0.0~0.8 0.8~3.8 3.8<
System 300-1
g2 ne
(SKL15B) Stiffness (N/mm) | A/E2 13.4 0.7 0.7
S 74 gk
Range (mm) <00 0.0~0.4 0.4~1.0 1.0<
ErgdAZ2AdA
A4 geo) me
(ERL, SKL12) | giitress (N/mm) | H/EH 575 3.2 3.2
A7
Range (mm) <0.0 0.0~1.1 11-5.7 5.7<
SFC
A g0 Be
(SFC1501) Stiffness (kN/mm) %) 15.8 15 41
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A AEwE @R ZAYEARE ASAE HAE AV i

(D d=a%d 98 FAHEAE AE4 HE 2A7HEKR C-08090)
Asay BY ZAUEAE A4 AES A% AR 30 Z12KR C-08090)9] 4=
HolsEN e Aestn Atk B ATlAE 7129 BelsEl % Bie AEAA
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a, Agsidel o3 A= AAGAE SolH, dLdAZZA ] HAdE A
K

.

X
off ITHE V& HEuF ©F ZIAYEALE AR HE dAE Ho Fa e

*{ Input data ‘

i

‘ Unit load analysis(FEM) ‘

|

‘ Calculation of rotation and offset of bridge deck end ‘

l

‘ Summation of uplift force of fastening system with safety factor ‘

O HALAZAZA ke
max | Fy| < Z,/7, (14)
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F;l = ¢d,stat F(Lﬂ’ kstat’ a, a; ) + ¢d,dynF(Lﬂ; kd a, (Z1> + 5d,statF(LF2; kstat’ a, al)

yn’

P
+ Oy ayn F(LF; Kiyn> @ a,)+ —2L min FLF3k, ,a)

100 dy
d)d7stat = Z’VF ¢stat (Z)d.,dyn = Z’YF (bdyn
6d’8tat B ZVF 55tat 6dadll77r - EryF 6dyn Pd =Trm P
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[ Start

¥

Input data

¥

Calculation of rotation and offset of bridge deck end

!

Summation rotation and offset with safety factor

l

Static nonlinear analysis(FEM)
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Pcbd = E¢stat XFYF—'— Zd)dyn X’YF (16)
P(Sd = Zéstat ><’7F+ Zédyn XP)/F (17)
Py =mPXy, (18)

- 129 -



AR, b,

Fopgel by 2 AolHe FRALHNE FAsE Aotk 12 AN PEE
AAFWE A WANM BT RF ATFLAENNES S, NAFH YL
238 stzol HelA vhAE B2 fResdde Sdste] AE =EFORA 7

Q) 71& AAZIEA Atd AAVIH vla B AHAS
Oh A4 =g

O sy =2

B ATolA AR MAFAAPU 71E PR viw] 9ste] of
e 45 5P Ay ABAS o AN FAsY A, IS ¢

E4ghe old mo} Pk

3,000 15,000
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719 188 Railway bridge model

3 24 Properties of the girder and track system

Abutment

Item Index
Girder Pre-stressed composite girder,
Rail 60 kg/m (KR CODE)
Sleeper ERS sleeper(RC sleeper), 625mm

Rail resilient pad

Static spring stiffness: 30kN/mm

Rail fastening system

Vossloh System 300 (SKL15B)
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TR A AZTEY o] SAP2000S Algste HEndg EZIAYHEAE @R A4S
FPstg o, wzE Al @Y, AZAAX(multi-linear elastic link)&= 231402

ALdAEdGA = okl I Zo] AFHelM= b= AR Aol disko

30kN/mmE 2t= 238 @ A(linear link)2 2839 om, v oA o= 24
2

o

30kN/mm-& 283k, A AL dALdAZZA A2
st A3HH 24 (O)E A8t dldAZZR o FHEF A2 13.5kN/mE ARE-3}
At (KR C-08080, 2014; Yun K.M., et al. 2016).

40
r : : ° :
30 b 1S S ;, ..................... U SR
I - 30kN/ j
20 . ........... o/ min. -
)
@ 4
(¥ :
= ]
=)
B :
Nonlinear
: @ Linear |-
-40 . i i i
-1 0 1 2 3

Displacement (mm)

Y 190 AE 9 mAxE LA EZdA-A A
(3% vs WY =4)
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of thstel mefsiok Ak AT, B AT Bae ndyY AFEHS ned vy
_]

@ =i A

HEAZGA e HAdE As EAE 1 A= o ddAZAA ] JFEEs
71E0 aejstgist vlastgn. A dAAGA Y FFHL ofef 1" o] TR
o &9 570 AAA HiM Flstdn. @ sty Fal Aol elsh AAgA <
deFee ofe) Eoll UehATH

[
=
>~

Position of fastening system

Rail

Abutment

1% 191 Definition of notation corresponding the position of fastening system

ofef 3E= SAP2000S ol&dt] ©@eEtE LFlel st A Z(30kN/mm), &3
(60KN/mm) Aol thet sl e Fdste] 2 AN ALdAZGA FFHS A
gttt 1Ea wg ARTEe Wy o T
Temp. gradient, settlement and train load)oll thate] whiorx o] FAZLS A4sEA T
A dA AR ANA 28k AT 4EFE S Summation el YERH AT

HIA G Aol e @9lsts LF1o] Zaglyl WiEe s#e g vewWen, 72+ 4
Aol gk @ReA e IAZe TesteEHId Ze #HeE Uit
Multiplication with factor FolAdE A&l 2H&d dsixe FEGAAST 18, 53U
Zhgol el M= 1.3€ 7FEske] Yetidnh Hd sy 2ol d¥E HF dRolA
°] 3|27+ summation Bl WERIAL, 2+ AZAA AR oA FFHE Results &
o Yehi A

= <1AKCreep and shrinkage,
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3t 25 @RSkl o’ I
Unit load Static(%o) Dynamic(%o) | Multiplication with factor(kN)
No. LF1 @Creep/ @Temp./ Sur;lknl)va)tion
DStatic| @Dynamic Shrinkag ora dien; ©Settlement|®Train load| O-Q® | @ | O-® | O-®
&N) | (N ‘
5 0.38 0.12 0.37 0.30 0.33 0.92 0.14 | 0.11 | 0.13 | 0.15 0.53
4 1.08 1.07 0.37 0.30 0.33 0.92 039 | 032 | 036 | 1.28 2.36
3 1.68 2.57 0.37 0.30 0.33 0.92 0.62 | 0.50 | 0.56 | 3.08 4.76
2 0.54 1.83 0.37 0.30 0.33 0.92 020 | 0.16 | 0.18 | 2.19 2.73
1 -5.62 -9.04 0.37 0.30 0.33 0.92 -2.06 | -1.69 | -1.87 | -10.84 -16.46
' | -0.19 0.81 0.37 0.30 0.33 0.92 -0.07 | -0.06 | -0.06 | 0.97 0.78
2' 1.17 2.02 0.37 0.30 0.33 0.92 043 | 035 | 039 | 242 3.59
3 0.88 0.95 0.37 0.30 0.33 0.92 032 | 026 | 029 | 1.14 2.02
4 0.36 0.16 0.37 0.30 0.33 0.92 0.13 | 0.11 | 0.12 | 0.19 0.55
5' 0.06 -0.09 0.37 0.30 0.33 0.92 0.02 | 0.02 | 0.02 | -0.10 -0.05
326 AFE WA RO o7 A
Unit load Static(%o) Dy(r(ZI)nic Multiplication with factor(%o)
No. LF1 Summation| Results
@Creep/ | DTemp./ |®Settlemen| ®Train 3 @ o ® (%o0) (kN)
Shrinkage | gradient t load
5 - - 0.37 0.30 0.33 0.92 0.37 | 0.30 0.33 1.20 2.20 0.97
4 - - 0.37 0.30 0.33 0.92 0.37 | 0.30 0.33 1.20 2.20 221
3 - - 0.37 0.30 0.33 0.92 0.37 | 0.30 0.33 1.20 2.20 3.13
2 - - 0.37 0.30 0.33 0.92 0.37 | 0.30 0.33 1.20 2.20 1.26
1 - - 0.37 0.30 0.33 0.92 0.37 | 0.30 0.33 1.20 2.20 -11.97
I - - 0.37 0.30 0.33 0.92 0.37 | 0.30 0.33 1.20 2.20 -0.01
2' - - 0.37 0.30 0.33 0.92 0.37 | 0.30 0.33 1.20 2.20 2.11
3 - - 0.37 0.30 0.33 0.92 0.37 | 0.30 0.33 1.20 2.20 1.72
4 - - 0.37 0.30 0.33 0.92 0.37 | 0.30 0.33 1.20 2.20 0.85
5' - - 0.37 0.30 0.33 0.92 0.37 | 0.30 0.33 1.20 2.20 0.24
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¥ 27 AAA 4 a=600mm

. _ 7= (kKN/mm)
3t g4
z7AY 59?2 30 35 40 45 50 55
F1 5.79 6.44 7.07 7.67 8.24 8.79
F2 -0.03 -0.20 -0.37 -0.56 -0.74 -0.93
F3 -1.42 -1.62 -1.79 -1.96 -2.11 -2.25
o F4 -1.06 -1.10 -1.13 -1.15 -1.16 -1.16
ji F5 -0.45 -0.41 -0.37 -0.34 -0.30 -0.26
f;l‘ M1 -4.36 -4.57 -4.77 -4.95 -5.11 -5.27
M2 -2.62 -2.64 -2.65 -2.65 -2.64 -2.63
M3 -0.90 -0.82 -0.75 -0.68 -0.61 -0.55
M4 -0.04 0.02 0.07 0.11 0.15 0.18
M5 0.19 0.20 0.21 0.21 0.21 0.21
F1 -9.70 -11.1 -12.4 -13.7 -15.0 -16.2
F2 9.70 11.1 12.4 13.7 15.0 16.2
F3 2.33 2.37 2.37 2.34 2.28 2.19
L F4 -0.61 -0.86 -1.10 -1.35 -1.58 -1.81
z;j F5 -1.02 -1.15 -1.26 -1.36 -1.44 -1.50
Lpo M1 2.89 3.22 3.53 3.83 4.12 4.40
M2 -2.89 -3.22 -3.54 -3.83 -4.12 -4.40
M3 -2.87 -3.03 -3.16 -3.28 -3.38 -3.46
M4 -1.44 -1.41 -1.37 -1.32 -1.27 -1.22
M5 -0.38 -0.30 -0.23 -0.17 -0.11 -0.06
max F 35.36 36.74 37.97 39.09 40.11 41.06
min F -1.53 -1.55 -1.63 -1.69 -1.73 -1.74
sz | max MF 22.16 21.40 20.78 20.24 19.78 19.38
%7 | min MF -4.13 -3.98 -3.90 -3.80 -3.71 -3.61
LF3 | max MS 19.30 18.42 17.68 17.04 16.49 15.99
min MS -4.74 -4.62 -4.48 -4.35 -4.21 -4.08
b 5.30 5.15 4.80 4.50 4.40 4.25
D 3stF =4 LF1 : =09 34 EoAe €58 ZHAIA 0=1%
St 27 LF2 © g oA &S] §=1mm
8% =7 LF3 : &% P = 100 kN
2 AAAi=1 2 3, 4, 59 #zL& F kN)
738 ZHIE MKNm) (MF, 2 ARHE Abo] Aol 9] AHEE) ZHE, Ms: X% ZHE)
AY AR Hol Ao wztg g3k do] b(m)
s HHEEL B, o5 82 Aotk
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¥ 28 AAA 4 a=650mm

) Z=@E) KN/mm)
3% A
=AY 242 30 35 40 45 50 55
F1 5.83 6.48 7.10 7.69 8.26 8.81
F2 -0.26 -0.46 -0.66 -0.87 -1.08 -1.29
F3 -1.47 -1.65 -1.82 -1.96 -2.10 -2.22
F4 -0.96 -0.98 -0.99 -0.99 -0.98 -0.96
e F5 -0.33 -0.29 -0.25 -0.21 -0.17 -0.13
z7
Pl M1 -4.34 -4.55 -4.74 -4.93 -5.09 -5.25
M2 -2.44 -2.44 -2.44 -2.42 -2.41 -2.39
M3 -0.72 -0.63 -0.56 -0.49 -0.42 -0.36
M4 0.05 0.10 0.14 0.17 0.20 0.22
M5 0.19 0.20 0.20 0.19 0.19 0.18
F1 -9.37 -10.7 -11.9 -13.2 -14.4 -155
F2 9.37 10.7 11.9 13.2 14.4 155
F3 1.87 1.84 1.78 1.69 1.57 1.43
F4 -0.80 -1.04 -1.28 -1.50 -1.72 -1.93
e F5 -0.96 -1.06 -1.14 -1.20 “1.25 “1.28
=il
Lo M1 2.91 3.24 3.55 3.85 4.13 4.40
M2 -2.91 -3.24 -3.55 -3.85 413 ~4.40
M3 -2.65 -2.78 -2.89 -2.98 -3.05 -3.12
M4 -1.18 -1.13 -1.07 -1.02 -0.96 -0.90
M5 -0.22 -0.15 -0.09 -0.03 0.02 0.06
max F 37.53 38.98 40.28 41.46 42.54 43.54
min F -1.59 -1.69 -1.73 -1.74 -1.81 -1.89
sz max MF 22.75 21.99 21.32 20.92 20.35 19.95
=7 min MF -4.26 413 -4.00 -3.87 -3.75 -3.63
LF3 max MS 19.44 18.53 17.76 17.11 16.53 16.02
min MS -4.91 -4.72 -4.54 -4.36 -4.33 431
b 5.45 5.20 4.90 4.80 4.65 4.60
1) 8% 27 LF1 @ 0=02) w343 BolAe] 238 maa o-1%
3t Z7A LF2 : 2T EoAe AWML §=1mm
3% =7 LF3 : 3 P = 100 kN
2) AAA i=1, 2, 3, 4, 59 ¥z2E F (kN)
=3 ZHE MKNm) (MF, 2 AAHE Ato] FAoA e AIHER) ZHE, Ms: XA ZHE
g R RG] wralg J3F Zo] b(m)
s WA Ee RO, §F Mg Aol
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BC

BO=[#1 #2 #3 #4]

#1: node number, #2: w-constraint, #3: y-constraint, #4: z-rotation (D:free, |:fixed)
BC=zeros(nnode,4);
for i=l:nnode

BCCi, 1)=i;
end

BC(B,2)=1; BC(6, 3)=1; BC(6, 4)=1
BC(7.2)=1: BC(7,3)=1; BC(7,4)=1
BC(B,2)=1: BC(8,3)=1; BC(8, 4)=I
BC(10,2)=1; BC(10,3)=1; BC(10.4)=1:

Ho =30 dg Ao a3 2o

ol

Load

% F=l# &2 #3 #4]
¥ #1: node number,#2: w-directional load.#3: v-directional load.#4: z-ratation. moment
F=zeros(nnode,4);
for i=l:nnode
FCi,1)=i:
end
F(1,3) = -500: %N

(th A 74
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4
e 7 an AARRL AW FAANAN T & Ak
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X
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a9 202 2709 AE ~xy =
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I 0 0 00
—m D 0 00
I — 0 01 6 00
o 0 00 I moO
0 00—l O
| & o0 0L @9
AA HEmAANA "PAHA = T2 2o}
Logp o 1 o T
UEZEU Ku:EuLK[/uzuKu (30)
o] 7] A
K=L"KL 31)

(& %A=
O AAZAN hE FHVL B

d e B2E W ol1, dy= 017 W9l A Thew o] A

K, K, Jfﬂ] JFI]
K, K, L@J leJ (32)
Kydy, = Fy — Kyd, (33)
Fy = Kydy — Ky, (30
K& 9utroz 7t gdelng 4,2 78 & Uk
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kl 0 _’1‘_1 | 0 - ‘Fix-
0 ‘r‘*_z _'z"z d: = 540,
-k -k k+k _dax B (35)
k(0)+(0)d,, —kd, =F,
0(0)+ kzdzx = kzdsx — L'
—i(0)—k,d,, +(k +k2)a'3x —=F,. (36)
= A A N A4S B P2 e

[‘lz _k: }‘,dh} _ {ij}
&, k+k |, " |E, @

AN
_>|~_l,
Jo
b
lo
E
do
S
o
Lo
o
A=)
-
>
N
4

N
g,
A,
)

| 1 |
dy| _| K& —k, [F?x} |k Rk R\|E,
d_’,}. - i _1 kl ¥ ’Z"_E 117:3,( ) - ]' l F:?:\
| A %l (38)
L 1 1 |
e FLE Fekd

7] HAA dy B 2 389 Tida R, A 149l Ao F, 9 2 %4

R, =—F,—F, (40)
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wka E& homogeneous A ZAANAE AA AHANA WHL7F 002 Fox 3
do] #S w YPHS AFASA, I AHLAHA S FH HAE 7T 5 Aok

@ Aol W7}t 00] obd 7d-$-(nonhomogeneous 73 Al Z71)
219

ol d,y =oskar & w), AlxE] FEALS o A

A 0 I o] J'F“
0 k, -k, dye = 155
—k, —k, k+k, 1 ds, IFM (al)

kK o0+0d, —kd, =F
00 +kyd,, —k,d, =F,
—k 0 —kyd,, +(k + ky)ds, = F, 42

Q7N Fyok Bl e 27 e T owsleh Al wA Bgae dusd, B
Nog Yehd gew 2.

kl f‘”’ [d 2x _ | JFEA' l
& hikla] T REeE) )

A7 FE HL kel v 5 o= oldd v Aotk
Algorithm:
F=F—-K,d i=1.Ni#m
F.o=d
K,; =0, j=1.N
K, =0, i=1.N

m

K, =1

mm
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| % Joint Displacements

Y
e S et n displacement = DX, Dy, Rz
Trans 0. 0. 001013
sy % St i 1.0000 0 |-0.0101  0.00%
. 2.0000 0 -0.00668 0. 0035
%€ Ivint Displacements % 3.0000 0  -0.0032 0.0033
4.,0000 1] 00,0000 0. 0032
Joinl Object 2 ) Juszlrm! 2 5 5 0000 1} 0.0032 0.0032
Trans a. Q. m E. 0000 ] 0 ]
e . o0 * 7.0000 0 0 a
8.0000 1] 1] 0
¥ loint Displacements b4 5.0000 a 0. Do00 0
10,0000 1] 1] 0
Joint Object 3 Joint Element 3
1 2 3
Trans 0. 0. <0032 fxv it
Rotn 0. 0.00332 0,
19 206 A skFel 3 siAd ) Bl (SAP2000 vs. B A2
71 aheA HA 1, 2, 304 AL AN E e on, SAP2000S ©]
23 M ATe B ATNA A4 FHes FudBolAe £2 B HA W7 o
At Y-S AT 714 SAP20003 ZAE LuEFelAe] ALY i
W Golst Wl BE Asfel A= ol w2 ety e & & Uk 4 H
T Fol A gl HANY FFE MU AR S}
obe) 19 sl o WP HelFy A
deformed and undeformed shape
151 undeformed shape | |
— deformed shape
i b
95T PIETTEED
b
P e 400 3 i * o
[ ko] T
(o ]
Pk ; :
Sap2000
A+
-15 1 L 1 1 1 L L
05 1 15 2 25 3 35 4
a9 207 A stz o3 Wy A vl (SAP2000 vs. 2 A4
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Joint OutputCase CaseType u1 uz u3 R1 R2 R3
Text Text m m m Radians Radians Radians
static LinStatic 0l 0| 0 o o 0
SAPZDDU 2 | static [ LinStatic 0 1] . -0.025926 . 1] . D.044444 . o
E-'o-l g'm 3 I static . LinStatic ] I 0 . -0.074074 . 0 I 0.044444 I 0
4 . static . LinStatic - 0 ] . -01 . 1] g 0 |
* 2 lx] [yl «[R
1 0 0 o
Matlab 2 0 -0.0259 -0.0444
HY Z1t 3 0 -0.0741 _0.0444
4 o -0.1000 (8]

a9 210 29 skl o7 s 23 Hln (SAP2000 vs. & A2

@ Displacement 3}z s =4
i e W9 ot REde S F A= 2l H&sith ofd 1¥8-
Ej

2= G g]Z3 SAP2000o) A o] A=

o § . o ,_
5’ il e & S0
A = = - =
— s ]
—y————————
o =% - ¥ —1
] [ e i i
E——. |
SAP2000! 2
1 t 5 % 7 b &
B . 'E 3 o, 5 J'n 2 - 12
A=-0.01m

Matlab 22

a3 211 Axw¥ 94R F5 mdgy v)w (SAP2000 vs. & A2}

49 2 3P Adel UE vH 4 oo el uehigich
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30 A & wF AGe @ 54
A F(md) cHE 22} 2w E(m) A A SN
g 1.54E-02 6.11E-06 2.00E+11
At 12.384 20.3 2.86E+07

siMA 7 AR WeE ofdl I JEhdT F A F dAFeE AE
2 2 9l
SAP2000  H1
Joint OutputCase CaseType u1 u2 u3 R1 R2 R3
Text Text m m m Radians Radians Radians
— static LnStatc o o 0.001544 ﬂl 0.00241 . o :
b static | Linstatic o o| -ooopars| o | 0002434 0
3 =tatic LinStatic o o -0.002%35 o | 00025 0
4 static LinStatic 1] o -0.005475 D! 0.002586 o |
S static LinSiatic o o -0.008056 ﬂ| 000259 0
s atatic LinStatic o o o o | o o
T static LinStatic o o o o . o ] |
! =tatic LinStatic | o o o o o o
9 | static l LinSiatic o o -0.005001 0 S.TE—US. o |
10 slatic LinSiatic 1] o -0.01 1] ; o o
Matlab| @&
1 | .2 - . 3 4
I | ol 0.0019 -0.0024
=2 0O -4 7457 e-04 -0.0024
= 4] -0 0029 -C.0025
4 o -.0055 -0.0026
= o -0 o081 -0.0026
& O 0 O
7| o| o o
3. CF- o o
9 o -0.0050 -0.0075
10| ol -0.0100) o
a9 212 Axusg @G A= fAd I vl (SAP2000 vs. & A7)
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Asn® 9f FAYEAE A8 AE d1F
(D FE&ANA AL 1H3 dagE: A
2 HoAes Aruy dF FIAYEALE ALY AEE Hs SHHLE o] F
HE 4L dBHoE A7 ¢ HEY £ Jde dudEFL NLAT F38
G1EEL TRoE FRHaLFHA Y T sFE A4 REF Fwg oA
F e SHE Axste RES e g8 O89S AA gnEFelA A ¢
nol tetE HAEE Yehz Jon, ThioA BT £ Jde SHS AL

e E T USSP e e

HiojH 2=

Y2, % AH, 25 AN, HEEH
M

L F=8d
20 ==

E— section

- Rail_value (3% FE),
- Girder_value (MO EE)
- Fastener_stiff (HZ2T% FE)

—| Input_value

- Xnode, NODE, ELEM
(EE, L5, 24 A4

-LoadCase(LF), A_Case("E, %)
-BC_left, BC_nght{ZA =)

LFoiE, 217 o)

S

- Unit_load(TrT+oF=)
- Position_Unit_load(3tE
- LF3_force_node(BHE &

-LoadCase(LF), A_Case(ZE,5%)
-BC_left, EIC_right(%'jHl_’EJ'j)
- NODE, ELEM, Position_Unit_load S

e

- BC (dAzY)

BC_condition

- Fastener_force
- (S0, B-ER)
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ol z g, 20 H | <
F42: 2(-), 2(0)
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QEAL: FH(-), (- =
L EEaes 5, 2 |- %
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TEEEEEE
e
9 214 YwElFE BEE: GRSH AL d YR
b Y= H (section &)

H
AHH O] section o= MY (A L wzh), #ld 2, "GLdAZAR G2,
=y 4 9t section e #HY 9
AY, dLAZAR o 3 FRE 235} Input_value 9 dP oz ALgHT)

function [Rail value, Girder_value, Fastener stiff] = section(Rail Girder left,
Girder._right, Fastener)

ol 7] A, Raile gLl &2, Girder_lefte= 2= AY &4, Girder_righty $= AH

2], Fastener= dYAZAX9] F/FE YeRdTH

of\

(‘b 9483 (nput_value
Input_value oA e dd 2 AY, dLAZZA] R} A5 A, HE 3L
(@), &

=]
u
A=uY A 2 A9 HE 2 2, 228 AL

)

3B 2A@D, Ad o, AAXA 5 d¥stel, fBas ANol AgHE

function  [ELEM, NODE, nnode, nelem, Psleep, Peirder, Xnode] =
Input_value(sieep_left, sleep_right, a, al, REsleep, BC left, BC right, GDI, GDZ2, GGap,
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Girder_left, Girder._right)

A7 A, sleep_lefts #Z= Avle] I&E /|, sleeprights 3 Ao & A+, a
= A8, ale By AE 4, REsleep 3 Adel /b 9% ABWEE o}
Bl e, BC lefte &= Aol AA XA, BC_rights = A9 AA=XA, GD1& #=
A7t Aol, GD2& = 73t Zol, GGapd AlFo|S8 AgE Yehdch

—

rr

(th &9fstz el 45 (LF_position <)
LF_position $FFoll A= @9l XA AAZA 2 st YA 52 A4y, 7] ¢

H ARt dejstE =4, AF - TF A4 =4, AARAE JEdol @ 5T

function [LF3 force node, Umnit load] = LF position(Pier, LoadCase, GDI, GDZ, GGap,
Psleep);

o714, Plere ot ¥ w7z-& Yel o, LoadCases @852 F&/, Psleep A&
o] $IXE YERATH

(Zh @95tz sl F (BC_condition <)
BC_condition golA = ©@elsls sz 2 d"89dE AAxE, 23, 94, &95)

< BEE Ao}, BE 5ol i FAxdS AT

B

function [BC, Unit load F, Node_BC] = BC_condition(LoadCase, Pier, BC left,
BC_right, Position_Unit_load, Pgirder, nnode, GDI1, Psleep, ELEM, NODE, Unit_load,
LF3 force_node)

o} 7] A1, Position_Unit_load= T 3st5o] Z&3l= <A, nnode= AH AKX, ELEMS
QAR LF3_force_nodex= ©¢Islzo] 2H&sl= M-S Jepdth
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Fstal, dx FASE M-S TP dRANA 7 GLAZAGH 2H8-E[9X10]=
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-3.0E-02 -3.0E-02
712 (m) 72l(m)
% 234 #S5 A AY HMACERE A4 a9 235 9Y HAGEAE ZA)



ZEE LRI JEEREREE)
matlab Sap matlab sap

2.0E-02 2.0E-02
1.5E-02 1.5E-02
1.0E-02 1.0E-02
5.0E-03 5.0E-03
0.0E+00 0.0E+00
Tl -5.0803 0 1 2 3 4 5 6 -5.0e03 0 2 4 6 8 10 12
R 10602 -1.0E-02

-1.5E-02 -1.5-02

-2.0E-02 -2.0E-02

-2.5E-02 -2.5E-02

2| (m) A2l(m)

%l(rad)

q

2| #H 2 (rad)

a9 236 5 A™ W EH 4D 9 237 d AAACEA A

() AYAA%A Fgede BF Lunels A%

G B mEoA wyste dYAARA g AP AFe Pl HZ @)
AD9} wZHPD, $= U(AQE uldoz 9k ©9)sk% LF1, LF2, LF39] H= 2
T2 stzoll il WA Ar R HYAARA 2 ofy ;e ot o ol
= #= wd 2F(ADO gk SAP20003) 41 4 79} Matlabo.2 7fikgt daelEe] A

S Yetigler, siddse) gk 2a38S HoFa o Hul 2382 LF1_dynamic
AA 2.8%5 Holu, 5 ‘A s|Ae Aol wlS Agkow, 25H T A
7hA -0.02kNo.2 g o2 AT

¥ 33 #= o 22(AD E9lsks &l 414 ZHSAP2000)
Sap2000 (kN)

Position LF1_static LF1_dynamic LF2_static LF2_dynamic | LF3_dynamic
Left | Right | Left | Right | Left | Right | Left | Right | Left | Right

5 -0.01 0.04 -0.02 -0.08 -70.26

4 -0.23 -0.18 0.39 0.20 18.91

3 -0.20 -0.83 0.99 1.84 4.29

2 2.91 4.35 -3.83 -4.91 -14.62

1 -4.67 -6.35 3.06 3.74 -65.59

2’ 1.66 2.71 -0.32 -0.64 -13.68

3 0.71 0.50 -0.21 -0.10 2.99

4 -0.04 -0.12 0.00 0.03 -3.17

5 -0.05 -0.02 0.01 0.00 -1.99
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Matlab (kN)
Position | LF1_static LF1_dynamic LF2_static LF2_dynamic | LF3_dynamic
Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
5 -0.01 0.04 -0.02 -0.08 -70.31
4 -0.23 -0.18 0.39 0.20 18.95
3 -0.20 -0.84 0.99 1.84 4.28
2 2.92 4.35 -3.83 -4.92 -14.63
1 -4.67 -6.36 3.07 3.74 -65.59
2’ 1.67 2.72 -0.32 -0.64 -13.68
3 0.71 0.50 -0.21 -0.10 2.99
4 -0.04 -0.12 0.00 0.03 -3.17
5 -0.05 -0.02 0.01 0.00 -2.00
% 35 #5 ) 2EAD @9sts siAd A rla(xts)
Error rate(%)
Position LF1_static | LF1_dynamic LF2_static LF2_dynamic | LF3_dynamic
Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
5 -2.7% -0.8% -1.7% -0.1% -0.1%
4 -0.2% -0.2% -0.1% 0.0% -0.2%
3 -0.1% -0.2% 0.0% -0.1% 0.2%
2 -0.1% -0.1% 0.0% -0.1% -0.1%
1 -0.1% -0.1% -0.1% -0.1% 0.0%
2’ -0.1% -0.2% -0.1% -0.3% 0.0%
3 0.0% 0.2% -0.2% 0.6% -0.1%
4 -2.0% -0.4% -11.5% -1.1% 0.2%
5 -0.9% 2.8% 1.7% 1.1% -0.2%
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O ®v wZh 2F((PDeo] tigh SAP20003)41 A ¢} Matlabo = 7§k iz &9

MAA} eagS HAFT ok Ao 28-S LF2 staticoll A 14.8% = UER O,

4 A NAM e 2 A AA ] F Az 0.00kNe2 vl 27 TSt
3 36 n2f =d(P) @9t 344 2HSAP2000)

rlo

Sap2000 (kN)

Position | LF1_static LF1_dynamic LF?2_static LF2_dynamic LF3_dynamic

Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
-0.07 | -0.02 | -0.11 | 0.01 | 0.02 | -0.01 | 0.05 | -0.04 | -0.65 | -64.36

043 | -012 | 016 | -0.11 | -0.24 | 0.21 | -0.09 | 0.09 | -4.75 | 20.19

-3.29 | 213 | -422 | 2.85 286 | -2.70 | 3.39 | -3.20 | -13.58 | -14.67

5
4
3 1.69 | 0.14 255 | -0.06 | -0.64 | 0.45 | -1.08 | 0.83 1.99 4.08
2
1

111 | -4.27 | 147 | -5.51 | -2.38 | 2.67 | -2.80 | 3.14 | -65.55 | -65.58

032 | 167 | 0.32 263 | 022 | -043 | 049 | -0.77 | -14.79 | -13.67

-0.03 | 0.68 | -0.05 | 0.46 0.16 | -0.20 | 0.07 | -0.07 | 4.44 2.99

-0.02 | -0.04 | -0.01 | -0.12 | 0.00 0.01 | -0.02 | 0.03 | 23.05 | -3.23

2
3
4
5 0.00 | -0.05 | 0.00 | -0.01 | -0.01 | 0.01 | 0.00 | 0.00 | -58.39 | -2.02

¥ 37 7z AP @95tE 20N daeEls)

Matlab (kN)

Position | LF1_static LF1_dynamic LF2_static LF2_dynamic LF3_dynamic

Left | Right | Left | Right | Left | Right | Left | Right | Left | Right

-0.07 | -0.02 | -0.11 | 0.01 0.02 | -0.01 | 0.05 | -0.04 | -0.66 | -64.40

043 | 012 | 016 | -0.11 | -0.24 | 0.21 | -0.09 | 0.09 | -4.73 | 20.23

-3.29 | 213 | -422 | 2.85 286 | -2.70 | 3.39 | -3.20 | -13.58 | -14.67

5
4
3 1.69 | 0.14 255 | -0.06 | -0.64 | 045 | -1.08 | 0.84 1.99 4.07
2
1

111 | -4.27 | 147 | -552 | -2.38 | 2.67 | -2.80 | 3.14 | -65.55 | -65.58

032 | 1.68 | 0.32 263 | 022 | -043 | 0.49 | -0.77 | -14.80 | -13.68

-0.03 | 0.68 | -0.05 | 0.45 0.16 | -0.20 | 0.07 | -0.07 | 4.44 2.99

-0.02 | -0.04 | -0.01 | -0.12 | 0.00 0.01 | -0.02 | 0.03 | 23.09 | -3.23

2
3
4
5 0.00 | -0.05 [ 0.00 | -0.01 | -0.01 | 0.01 0.00 0.00 | -58.42 | -2.03

E 38wz 2P @9sts sAA A Ha(exd)

Error rate(%)

Position LF1_static LF1_dynamic LF2_static LF2_dynamic | LF3_dynamic
Left | Right | Left | Right | Left | Right | Left | Right | Left | Right

5 0.2% | -0.7% | 0.2% | -1.1% | 1.2% | -1.1% | -1.0% | 0.5% | -1.0% | -0.1%
4 -0.1% | 0.0% | 0.5% | -0.3% | -0.1% | 0.0% | 0.5% | 0.6% | 0.3% | -0.2%
3 -0.1% | -0.1% | -0.1% | -1.1% | -0.1% | -0.3% | -0.1% | -0.1% | 0.0% | 0.3%
2 -0.1% | -0.1% | -0.1% | -0.1% | 0.0% | -0.1% | -0.1% | -0.1% | 0.0% | -0.1%
1 -0.1% | -0.1% | -0.1% | -0.1% | 0.0% | 0.0% | -0.1% | -0.1% | 0.0% | 0.0%
2’ 0.0% | -0.1% | 0.0% | -0.2% | -0.5% | -0.3% | -0.2% | -0.2% | -0.1% | 0.0%
3 1.3% | -0.1% | -0.8% | 0.2% | 0.2% | 02% | 1.1% | 0.1% | 0.1% | -0.1%
4 1.3% | -0.8% | 0.9% | -0.5% | 14.8% | -1.3% | -2.6% | 0.7% | -0.1% | 0.2%
5 50% | 05% | -0.2% | 1.2% | -4.0% | 1.3% | 1.1% | 1.8% | -0.1% | -0.2%

- 172 -



e Fols = wr) 2E(A2)o] thdk SAP20003) A A 7¢} Matlabo & 7|3t &1
g5 At oAES HAF Utk Hul x&2 LF1_staticol A 2.4%=2 UEFSOS
w4 “AAA A EAAE 7R S] -0.02kNe. 2 w9 ZHA] @AY AT

£ 39 = wd 22(A2) @9sts &l A2 ZHSAP2000)
Sap2000 (kN)
Position | LF1_static LF1_dynamic LF2_static LF2_dynamic | LF3_dynamic
Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
5 -0.07 -0.12 0.01 0.05 -0.64
4 0.48 0.21 -0.30 -0.15 -4.64
3 1.73 2.77 -0.58 -1.12 2.01
2 -3.85 -5.35 3.88 4.99 -13.58
1 2.01 3.16 -4.43 -5.93 -65.57
2’ -0.02 -0.46 1.07 2.09 -14.82
3 -0.15 -0.13 0.45 0.24 4.89
4 -0.02 0.02 -0.02 -0.09 23.39
5 0.01 0.01 -0.03 -0.01 -70.67
#® 40 = i 2E(A2) @9t A RO daEd)
Matlab (kKN)
Position | LF1_static LF1_dynamic LF2_static LF2_dynamic | LF3_dynamic
Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
5 -0.07 -0.12 0.01 0.05 -0.65
4 0.48 0.21 -0.30 -0.15 -4.63
3 1.74 2.78 -0.58 -1.13 2.01
2 -3.85 -5.36 3.88 4.99 -13.58
1 2.02 3.17 -4.43 -5.94 -65.57
2’ -0.02 -0.47 1.07 2.09 -14.83
3 -0.14 -0.13 0.44 0.24 4.89
4 -0.02 0.02 -0.02 -0.09 23.43
5 0.01 0.01 -0.03 -0.01 -70.72
® 41 5 ) 2d(A2) @9sts siA A Blu(xts)

Error rate(%)

Position LF1_static LF1_dynamic LF2_static LF2_dynamic | LF3_dynamic

Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
5 -1.1% -0.3% -1.5% -0.2% -1.0%
4 -0.1% 0.4% 0.1% 0.3% 0.3%
3 -0.1% -0.2% -0.1% -0.1% 0.0%
2 -0.1% -0.1% 0.0% -0.1% 0.0%
1 -0.1% -0.1% -0.1% -0.1% 0.0%
2’ -0.5% -0.2% 0.0% -0.1% 0.0%
3 0.1% -0.1% 0.1% 0.1% 0.1%
4 -2.4% -0.4% -0.8% -0.7% -0.2%
5 -0.2% -0.1% 0.5% 0.2% -0.1%
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30.355m

32,000
(PRECOM)

232l SAP2000S AR-&-

69.520m

¥ 239 SAP2000 =2

38.965m(A A % Abo]l A, = ZAFS 30.355mm(F| A A

o] A, A% olgF+= 0.2moltt.

olc}. 2

a9 238 274%F PRECOM AH &
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¥ 42 Aras mdol AlY
oH A QH2ARANE | BAA S AR
A=

T (md (m®) Nm | Nmm |

O 49Y UIC60 0.0768 3.055e-5 2.1e+10 - Beam
- - - A7 26.7

@ LA ZAAA KR-1II Linear link

=7 33.0

@ AY Precom 5.92 17.5562 2.98e+10 - Beam

b s A
S ERES
W

~
BEQAATE DSl 4HY U 4F

£

DEEDEY: w9l A4 B wAE A4 N2 2% uAE 49Y 3L 439 AE

e 33 9 FHzEY o)
« 7 AE}F] BT
o« A, AYADAR | ol e AW L B
A7 8 A AE e 3F 2L T 49
24 o WAA AGAREAS o =
o w9l AFE B ¢4FY | ARAR 49 L g
e 5P B4 U A $YE 9 42 PR
of W HA YR Y A=
- A% 27 « 239 4T 2 959
FEY 44
AHE
a7 240 A HEww 2dof tigk @5 AMRA AE siAdat
() @95 a4
AT Gio] A8t siFel U WAL AN st B oMol @
A3 B A, HAF5eEeS d9stden, A Ay G ddAARZR o A5t
g e ohg w2k

- 175 —



LF1 LF2 LF3

%)
SL SR DL DR SL SR DL DR D
5 1.8 0.7 2.0 0.6 -0.9 0.8 -1.2 1.1 1.3
4 1.5 14 1.9 1.5 0.1 -0.2 -0.1 0.0 1.3
3 -1.4 1.9 -1.3 2.3 3.3 -3.3 3.6 -3.7 1.3
2 -8.9 14 -10.4 1.9 9.5 -9.3 115 -11.3 1.3
1 14 -8.9 2.0 -10.5 -9.3 9.6 -11.2 11.5 1.3
2 ¢ 2.0 -14 2.4 -1.3 -3.3 3.3 -3.7 3.6 1.3
3¢ 14 15 1.5 1.9 -0.2 0.1 0.1 -0.2 1.3
4 ¢ 0.7 1.8 0.6 2.1 0.8 -0.9 1.1 -1.2 1.3
5 ¢ 0.2 1.2 0.1 1.2 0.8 -0.9 0.9 -1.0 1.3

T 44 B9Eo] @ v LA A ) W (SAP2000)

LF1 LEF2 LF3

A
SL SR DL DR SL SR DL DR D
5 1.8 0.6 2.0 0.6 -0.8 0.9 -1.1 1.1 1.3
4 1.5 1.3 1.9 1.4 0.2 -0.1 -0.1 0.2 1.3
3 -1.4 1.9 -1.3 2.3 3.3 -3.2 3.6 -3.5 1.3
2 -8.9 14 -10.4 2.0 9.3 -9.2 11.2 -11.1 1.3
1 14 -8.8 2.0 -10.3 -9.3 9.2 -11.2 11.1 1.3
2 ¢ 2.0 -1.3 2.4 -1.2 -3.3 3.2 -3.6 3.5 1.3
3 1.4 1.5 1.5 1.9 -0.2 0.1 0.1 -0.2 1.3
4 ¢ 0.7 1.8 0.6 2.0 0.9 -0.9 1.1 -1.1 1.3
5 ¢ 0.2 1.2 0.1 1.2 0.8 -0.8 0.9 -0.9 1.3

o714 LF1, LF2, LF3= 4 ©@9sts< yehli™, Sk D A A (Statio 2 53
(Dynamic)e YeRAH. L3 RS #HZ(Left) st5 $12 2 $ZRight) 35 91XE e
=
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(&) Fgxz 9 AxF=
gz 9 AZFF 3 FEFFRY ZAIIA el o3 3)dzte o] A3 Ho] 4
A 4 ok
GA, L}
24FE Iz
o] 7] A,
€ A7IARF AL L: 1 =F Ao
v aEFe] BT E a1 7o) B A
A @] B Lz 3% DR GR2EAE
¥ 45 39 = 9 A7 A o3t 3)HZ
AR | GE3F SGH2AIRHE | S9FF | SHAS | L. | A7
T m | @ (" N Nm | VAT o)
f{f 38.965 5.92 17.5562 24.52e+3 2.99e+10 0.6 0.41
=T
;: 30.355 5.92 17.5562 24.52e+3 2.99e+10 0.6 0.19
T
(mh = FRFF2] sl =30 o3 T s|A
nEF ARFERO AstH LKA wE TR I AHZH¢p)S ool 2]y o] 4
A = At} oln 2= AR 2TV =2 ASE DR T A9, HAY 3° C, F
& -6° Co] & aggoh.
L o, XAt
= —Zx
O 2 h
o] 7] A
L : A3 4o o @AZAAFS(E I ER:1.0e-5, 7Fn:1.2e-5)
At 3T, —67T h: d11
¥ 46 W AT L5zt 93 3 Az
A% . q . . k-1 g
B o A 5 A LE L
2 | & | 38.965 1.0e-5 2.64 - 3C -0.22
< | & | 30.355 1.0e-5 2.64 - 3C -0.17
2 | o} | 38.965 1.0e-5 2.64 - 6C - 0.44
< | o} | 30.355 1.0e-5 2.64 - 6C - 0.34
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Caseb

-0.128

0.128

Caseb
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0.165

Case4

-0.128

0.000

Case3

0.128

0.000
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AN EEL ) EEFFKRL-2012515)E A &3te] GRA ) 7S A
o 9z FP&EE 150km/hrE Fg3t900, A st5S sy Yste] 2+ Az

P= 220kN
~ D=3m W = 80KN/m

(a) KRL-2012 3tz =

Qu=227kN/m

au=80kN/m qu=80kN/m

%V 4

v V%

YVYVYVVYVYYVYYVYVYVYVY | 4 YVYVYVYVYVYY

(b) KRL-2012 57}8t&4 =
8 242 ANZEET LA FFF

i
7~
=
—
D
(e}
—
[\
o
ol

(Zh 2k AAlEstFol ot wah AF 3 o7 TAat
Al - Alsstgol ofste BAE = wz o] 330
A A A - AlEstEe] A1k A, s
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19 243 Feksoll oF dIAA-A AR RkE o] JEFA

() 23 2 B4
2 weelEa BRI A = 9t AY Su i REGAASE 23
3, AAADAN B E5E 18NS 71FOT AEHS BAS] The Eol ek
=
obgf] =+ 7]& KR C-08090) AA|

i,
L
fo
p‘h
ofy
e
29
o
e
b
f
(il
k)
Ll
T
o
B9
v}

49 3t =3 9 BRI 2H) (B9 kN

HAA @ ) €)) @ 6)) () ) @® & Rige
5 0.73 0.79 0.23 0.93 0.30 0.15 0.18 2.59 5.89 OK
4 0.60 0.64 0.23 0.86 0.05 0.02 0.01 2.59 5.00 OK
3 0.38 0.67 0.32 0.51 1.22 0.58 0.61 2.59 6.88 OK
2
1

0.26 1.97 1.14 0.42 3.49 1.67 1.93 2.59 | 1347 | OK
0.58 1.54 1.47 0.92 3.52 1.68 1.94 259 | 1423 | OK

2 0.81 0.88 0.25 1.09 1.22 0.58 0.61 2.59 8.05 OK
3 0.57 0.62 0.25 0.69 0.05 0.02 0.01 2.59 4.80 OK
4 0.35 0.63 0.30 0.45 0.31 0.15 0.19 2.59 4.95 OK
5 0.23 0.42 0.20 0.27 0.31 0.15 0.16 2.59 4.32 OK

() Zelze} A25%, Q) TP ARTE ASE L4, () 27 7129 27 RE5H, @) A +45%

sl
(6) w7 M Ao o3 wzh 4R 3, 6) AL-u T 2EA o] o7k w4 3, (1) AAlEsEl
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83*8

o

Rine:

OK

OK

OK

OK

OK

OK

OK

OK

OK

FEKN)

3.1

2.3

4.2

6.2

6.9

5.1

2.7

2.1

1.6

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.18

& mm | 6 mm | (7 mm
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0.37
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0.37

0.37

0.37

4 %o

0.46
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0.46

0.46

0.46

0.46

0.46

0.46

3 %o

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

@ %o
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0.41
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£5] AxnY TIANEAS B ASH FE P B 4FY n

D @993tz ) vAE 4 (3) HAE A
HEYH
u'l
KR C-08090 il B AT
’e}?fok@l
HAAAZA L AH, 4 | ALdAEARZA Y HE, 4 | dLAZZA Y HF, T4
] 7248 1y 28 19 4 1y
A4 AIAS) AIAS) ®AEAS)
AR 9%
&34 (kN) AFEHEKN) | FAE%) | FFEHEKN) | FEAE%R
5 5.9 3.5 40.7% | 3.1 47.5% |
4 5.0 2.5 50.0% | 2.3 54.0% |
3 6.9 4.5 34.8% | 4.2 39.1% |
2 13.5 8.9 34.1% | 6.2 54.1% |
1 14.2 9.9 30.3% | 6.9 51.4% |
2 ¢ 8.1 5.7 29.6% | 5.1 37.0% |
3 4.80 2.2 54.2% | 2.7 43.8% |
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5 ¢ 4.3 1.8 58.1% | 1.6 62.8% |
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(2) DATA BASE = AA|

b 71EAHH F&

Bl o] B 9] A
o] EID TB_INFO
Ho| E4H 712 H
No. ZHD 128 Aol NULL KEY Hl 1
1 F_DES VARCHAR 20 N PK
2 F_LOC VARCHAR 20 N PK
3 F_LG_TYPE VARCHAR 20 N
4 F_LG_TYPEREMARK VARCHAR 20 N
5 F_LG_LENGTH VARCHAR 20 N
6 F_LG_UNITLOAD VARCHAR 20 N
7 F_LG_CROSSSECTION | VARCHAR 20 N
8 F_RG_TYPE VARCHAR 20 N
9 F_RG_TYPEREMARK VARCHAR 20 N
10 F_RG_LENGTH VARCHAR 20 N
11 F_RG_UNITLOAD VARCHAR 20 N
12 F_RG_CROSSSECTION | VARCHAR 20 N
13 F_EG_LRSPACE VARCHAR 20 N
14 F_RAIL_TYPE VARCHAR 20 N
15 F_RAIL_ELASTIC VARCHAR 20 N
16 F_RAIL_EXPANSION VARCHAR 20 N
17 F_RAIL_MOMENT VARCHAR 20 N
18 F_FTN_TYPE VARCHAR 20 N
19 F_FTN_UPPER VARCHAR 20 N
20 F_FTN_LIMIT VARCHAR 20 N
21 F_FTN_DYNAMIC VARCHAR 20 N
22 F_FTN_STATIC VARCHAR 20 N
23 F_LS_STACE VARCHAR 20 N
24 F_LS_ENDSTACE VARCHAR 20 N
25 F_LS_LENGTH VARCHAR 20 N
26 F_LS_SUPPORT VARCHAR 20 N
27 F_RS_STACE VARCHAR 20 N
28 F_RS_ENDSTACE VARCHAR 20 N
29 F_RS_LENGTH VARCHAR 20 N
30 F_RS_SUPPORT VARCHAR 20 N
N ES
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Bl o] £ 2] A

Hl o] &ID TB_Info_Bridge
Ho] &4 Girder F &

No. ZHED 28] Aol NULL KEY H] 3
1 F_CODE VARCHAR 20 PK
2 F_SIZE VARCHAR 40
3 F_LENGTH VARCHAR 20
4 F_UNITWEIGHT VARCHAR 20
5 F_SECTIONAREA VARCHAR 20
6 F_ELASTIC VARCHAR 20
7 F_SECOND_MOMENT VARCHAR 20
8 F_TCLAREA VARCHAR 20
9 F_EXPANSION VARCHAR 20
10 F X VARCHAR 20
11 F 7 VARCHAR 20
12 F_ M VARCHAR 20

el 2~
Ho) B3 2 A
Hlo] £ID TB_Info_Junction
Ho] &4 AdT FE

No. Z4ED 128 o] NULL KEY H 3
1 F_CODE VARCHAR 20 PK
2 F_SIZE VARCHAR 20
3 F_UPPER VARCHAR 20
4 F_LIMIT VARCHAR 20
5 F_DYNAMIC VARCHAR 20
6 F_STATIC VARCHAR 20
7
8
9
10
11
12

HIES
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Bl o] £ 2] A

E o] EID TB_Info_Rail
Hol £ Rail B &

No. 24D et 4ol NULL KEY Hl 2
1 F_CODE VARCHAR 20 PK
2 F_HEIGHT VARCHAR 20
3 F_HEADWIDTH VARCHAR 20
4 F_FOOTWIDTH VARCHAR 20
5 F_AREA VARCHAR 20
6 F_MASS VARCHAR 20
7 F_MOMENTY VARCHAR 20
8 F_MOMENTZ VARCHAR 20
9 F_SECTION_H VARCHAR 20
10 F_SECTION_F VARCHAR 20
11 F_SECTION_Z VARCHAR 20
12 F_TENSILE VARCHAR 20
13 F_BASE_ELASTIC VARCHAR 20
14 F_BASE_POISSON VARCHAR 20
15 F_BASE_EXPANSION VARCHAR 20
16 F_BASE_DENSITY VARCHAR 20

S= B
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R

Blo) &7 2 A
g o] BID TB_LF1
g o] B4 @985 _LF1
No. Z¥D 1284 o] NULL KEY vz
1 F_LOC1 VARCHAR 20 PK
2 F_SEQ INTEGER
3 F_LEFT_VALUE EXTENDED
4 F_RIGHT_VALUE EXTENDED
5 F_LEFT_VALUE1 EXTENDED
6 F_RIGHT_VALUEL EXTENDED
7
HEES
B o] &4 9] A
g o] BID TB_LF2
g o] B4 @985 _LF2
No. ZYD ety o) NULL KEY H) 3
1 F_LOC1 VARCHAR 20 PK
2 F_SEQ INTEGER
3 F_LEFT_VALUE EXTENDED
4 F_RIGHT_VALUE EXTENDED
5 F_LEFT_VALUE1 EXTENDED
6 F_RIGHT_VALUE1 EXTENDED
7
Qld 2~
Bl o] &3 9] A
gl o] BID TB_LF3
Ho] B4 @935 _LF3
No. ZYD EFY o) NULL KEY H) 3
1 F_LOC1 VARCHAR 20 PK
2 F_SEQ INTEGER
3 F_UNITWEIGHT EXTENDED
4 F_PD EXTENDED
5
olw)
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() FH55 22
"BESEL
Ho]ED TB_LOAD1_D1
EBEEE R

No. U0 = 20| NULL KEY T

1 F_LOCI VARCHAR 20 PK

2 F_SEQ INTEGER

3 F_UNITV_LEFT EXTENDED

4 F_UNITV_RIGHT EXTENDED

5 F_ROTV_LEFT EXTENDED

6 F_ROTV_RIGHT EXTENDED

7 F_SUM EXTENDED

8 F_MAX EXTENDED

9

10

BEpS
"BECEL
Hl o] EID TB_LOAD1_D2
EBETE 5AAF_AAENT

No. Z¥D 1287 4ol NULL KEY Hl1

1 F_LOC1 VARCHAR 20 PK

2 F_SEQ INTEGER

3 F_UNITV_LEFT EXTENDED

4 F_UNITV_RIGHT EXTENDED

5 F_ROTV_LEFT EXTENDED

6 F_ROTV_RIGHT EXTENDED

7 F_SUM EXTENDED

8 F_MAX EXTENDED

9

10

QlE) 2
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@ AH e 2

Bl o] &3 & A
Ho]EID TB_LOADI1_S1
H ol &4 A _A713 3
No. A¥D et 4o NULL KEY ¥z
1 F_LOC1 VARCHAR 20 PK
2 F_SEQ INTEGER
3 F_UNITV_LEFT EXTENDED
4 F_UNITV_RIGHT EXTENDED
5 F_ROTV_LEFT EXTENDED
6 F_ROTV_RIGHT EXTENDED
7 F_SUM EXTENDED
8 F_MAX EXTENDED
e
B o] &3 A
Ho]EID TB_LOAD1_S2
H o] &4 AH 35 _AF GBI AL EA}
No. A¥D e+ 4o NULL KEY ¥z
1 F_LOC1 VARCHAR 20 PK
2 F_SEQ INTEGER
3 F_UNITV_LEFT EXTENDED
4 F_UNITV_RIGHT EXTENDED
5 F_ROTV_LEFT EXTENDED
6 F_ROTV_RIGHT EXTENDED
7 F_SUM EXTENDED
8 F_MAX EXTENDED
e
Ho] &3 A
Heo]ED TB_LOAD1_S3
Hol Ay AA3E 7225
No. 23D et 4o NULL KEY H 3
1 F_LOC1 VARCHAR 20 PK
2 F_SEQ INTEGER
3 F_UNITV_LEFT EXTENDED
4 F_UNITV_RIGHT EXTENDED
5 F_ROTV_LEFT EXTENDED
6 F_ROTV_RIGHT EXTENDED
7 F_SUM EXTENDED
8 F_MAX EXTENDED
S E

- 204 -



o] £ 2] A

Ho]&ID TB_LOADI1_S4
Hol EAH AAsF_deAnFe 223
No. Z4D 28] Aol NULL KEY Hl 3

1 F_LOC1 VARCHAR 20 PK

2 F_SEQ INTEGER

3 F_UNITV_LEFT EXTENDED

4 F_UNITV_RIGHT EXTENDED

5 F_ROTV_LEFT EXTENDED

6 F_ROTV_RIGHT EXTENDED

7 F_SUM EXTENDED

8 F_MAX EXTENDED

Sih= B
H o] &3 2] A
Hl o] EID TB_LOAD1_S5
Hol A H AT _ a4 FA =R}
No. A4D Bt Aol NULL KEY Hl 2

1 F_LOC1 VARCHAR 20 PK

2 F_SEQ INTEGER

3 F_UNITV_LEFT EXTENDED

4 F_UNITV_RIGHT EXTENDED

5 F_ROTV_LEFT EXTENDED

6 F_ROTV_RIGHT EXTENDED

7 F_SUM EXTENDED

8 F_MAX EXTENDED

Qld 2~
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(")) SExg wE
Blo)] &7 2] A
H| o] EID TB_RESULT_1
H o] B4 Elacy
No. 24D 1241 4o NULL KEY Hl 1
1 F_LOCI VARCHAR 20 PK
2 F_SEQ INTEGER
3 F_S_CREEP EXTENDED
4 F_S_GIRDER_TEMP EXTENDED
5 F_S_SETTLEMENT EXTENDED
6 gNS_RAIL_INTERACTI EXTENDED
7 F_S_PIER_TEMP EXTENDED
8 F_D_TRAIN_LOAD EXTENDED
9 F_D_TRAIN_SB EXTENDED
10 F_D_WHEEL EXTENDED
Qg
Bl o) &7 9] A
o] EID TB_RESULT_2
Hl o] &4 %Y g
No. ZHD 128 4o NULL KEY Hl 1
1 F_LOC1 VARCHAR 20 PK
2 F_SEQ INTEGER
3 F_S_CREEP EXTENDED
4 F_S_GIRDER_TEMP EXTENDED
5 F_S_SETTLEMENT EXTENDED
6 gNS_RAIL_INTERACTI EXTENDED
7 F_S_PIER_TEMP EXTENDED
8 F_D_TRAIN_LOAD EXTENDED
9 F_D_TRAIN_SB EXTENDED
10 F_D_WHEEL EXTENDED
11 F_RESULT EXTENDED
12 F_OK VARCHAR
HEES
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Bl o] £ 2] A

Hl o] 81D TB_RESULT_3

o] &4 %=y A
No. 23D Bt 2o NULL KEY Lk
1 F_LOC1 VARCHAR 20 PK
2 F_SEQ INTEGER
3 F_D_TRAIN_LOAD EXTENDED
4 F_D_TRAIN_SB EXTENDED
5 F_D_WHEEL EXTENDED
6 F_RESULT EXTENDED
7 F_OK VARCHAR
8

HEES
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(3) DATA-BASE #AI=

OF 192 AHA HE Z2IO9S FAskal 9= DATA BASES] #A= ot}

CREATE TABLE
VARCHAR{20},

F LG TYPE VARC )
F_RG_TYPE VARCHARI(ZD),
F_EG_LRSPACE EXTENDED,

F RAIL TYPE VARCHAR(20)

F_ETN_TYPE VARCHAR

F L5 STACE EXTENDED,

F LS ENDSTACE EXTENDED,

F L5 LENGTH EXTENDED,

F_L5_SUPPORT VARCHA

F_HS_STACE EXTENDED,

F_RS_ENDSTACE EXTENDED,

F_RS_LENGTH EXTENDED,
UPPORT VARCHAR{20),

_M EXTEMDED,

M EXTENDED,
KEY Index_1 (F_LO

CREATE TABLE {

VARCHAR(20) NOT NULL
F_LEFT_EXPANSION VARCHAR{20)
F_LEFT DEGREE VARCHAR
F_LEFT_LENGTH VARCHAR(ZD),
F_LEFT_HEIGHT VARCHAR{2D),
F_LEFT VALUE VARCH .
F_RIGHT_EXPANSION VARCHAR(ZD),
F_RIGHT DEGREE VARCHAR(20],
F_RIGHT LENGTH VARCHAR(20j,

CREATE TABLE

VARCHAR(|20) NOT NULL,
F_LEFT_SINK VARCHAR{2D),
F_LEFT ENGTH VARCHA|
F_LEFT VALUE VARCHAR{20),

HAR{20),

CREATE TABLE (
VARCHAR(20) NOT NULL,

E_LEFT_ROT VARCHAF

F_LEFT_DIST VARCH;

F LEFT VALUE VARCHAR(

IGHT_ROT W,

F_RIGHT_DIST VARCHA

F RIGHT VALUE VARCHAR(2D),

PRIMARY KEY Index_1 (F_LOC1))
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CREATE TABLE ! {
VARCHAR(20] NOT NULL,

F_LEFT_HEIGHT VARCHAR{2D),

F_LEFT_EXP VARCHAR(

F_LEFT DEGREE V.

F_LEFT DISP VARC

E_LEFT DIA VARCH)

F_LEFT_MOMENT VARCHA

F_LEFT VALUE VARCHAR(20),
T_HEIGHT VARCHA
HT_EXP VARCHAR(20),

IGHT MOMENT VARCHAR(20},
F_RIGHT VALUE VARCHAR(20),
PRIMARY KEY Index_1 (F_LOC1});

CREATE TABLE {
VARCHAR(20) NOT NULL
F_LEFT VLDAD VARCHAR (20,
F_LEFT_VALUE VARCHAR(20),
F_RIGHT_VLOAD VA ,
F_RIGHT_VALUE VARCHAR(2D],
PRIMARY KEY index_1 {F_LOC1});

19 257 DATA BASE #A=

CREATE TABLE {
VARCHAR(ZO) NOT NULL,

F_LEFT_CREEP VARCHAR(20),
F_LEFT_ELASTIC VARCHAR(20],
F_LEFT_LENGTH VARCHAR{20),
£ LEFT_SECTIONAREA VARCHAR(ZD),
£ LEFT_UNITW VARCHAR(2D)
F_LEFT_MOMENT VARCHAR
F_LEFT VALUE VARCHAR(2
F_RIGHT_CREEP VARCHAR|ZO),
F_RIGHT_ELASTIC VARCHAR[20],
F_RIGHT_LENGTH VARCHAR

- RIGHT_SECTIONAREA VA
F_RIGHT_UNITW VARCHAR

F_RIGHT_MOMENT VARCHAR(20],
F_RIGHT_VALUE VARCHAR(Z0|
PRIMARY KEY Index_1 (F_LO

CREATE TABLE |

F_LEFT ROT VARCH
F.LEFT_DIS VARC

F.LEFT VALUE VARCHAR
F RIGHT ROT VARCHAR(2
F_RIGHT DIS VARCHAR(20
F RIGHT VALUE VARCHAR|




CREATE TABLE CREATE TABLE {

CREATE TABLE { Y
NOT NULL,

WVARCHAR{20) NOT NULL, ; 1

VARCHAR(ZD) NOT NULL, s CREATE TABLEl £
INTEGER NOT NULL — Ve . VARCHAR({20) NOT NULL,

EXTENDED, L4V, ), INTEGER NOT NULL
E}':TENDEID, ! ' EXTENDED,

F_ROTV_LEFT EXTENDED, /ARCHAR(20), EXTENDED,
F_ROTV_RIGHT EXTENDED, 1 VA 120}, F_ROTV_LEFT EXTENDED,
F_SUM _E'*..TENDEL‘-_ F_ROTV_RIGHT EXTENDED,
F_MAX EXTENDED, F SUM EXTENDED,
PRIMARY KEY Index_1 (F-LOCL, F_MAX EXTENDED,
F SEQ DESC)): EXTENDED, PRIMARY KEY Ind (F_LOCA,
= = EXTENDED, F_SEQ DESC));
AARY KEY Index_1 {F_LOC1, F_SEQ
DESC]);

EXTENDED,
EXTENDED,
PRIMARY KEY Index_1 (F_LOC1,
F_SEQ DESC));

EREATE TABLE
CREATE TABLE { VARCHAR(20) NOT NULL,
CREATE TABLE { CREATE TABLE { YARCHAR{20) NOT NULL INTEGER NOT NULL
VARCHAR(20) NOT NULL, VARCHAR(20) NOT NULL INTEGER, EXTENDED,
INTEGER; INTEGER NOT MULL EXTENDED, EXTENDED,
EXTENDED, EXTENDED, EXTENDED, F_ROTV_LEFT EXTENDED,
EXTENDEB, EXTENDED: F_LEFT VALUE1 EXTENDED; OTV._RIGHT EXTENDED,
F_LEFT_VALUEL EXTENDED, F ROTV. LEFT EXTENDED, F_RIGHT VALUE1 EXTENDED, (TENDED,
F_RIGHT_VALUE1 EXTENDED, E ROTV. RIGHT EXTENDED, PRIMARY KEY index 1 (F_LOCI, F SEQ F_MAX EXTENDED,
PRIMARY KEY Ind - HOCI, FSEQ F SUM EXTENDED, ' PRIMARY KEY Index_1 (F_LDC1, F 5EQ
DESC), F_MAX EXTENDED, DESC]);
PRIMARY KEY Indes

19 258 DATA BASE #A=
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CREATE TABLE |;
VARCHAR{20),

e

g = 'II

F EG. LASPACE EXTENDED,

F RAIL TYPE VARCHAR(20),

F_FIN_TYPE VARCHAR(ZO),

F LS STACE EXTENDED,

F LS _ENDSTACE EXTENDED,

F LS [ENGTH BXTENDED,

F LS SUPPORT VARCHAR(ZD)

F RS STACE EXTENDED,

F RS ENDSTACE EXTENDED,

F RS LENGTH EXTENDED,

F RS SUPPORT VARCHAR{20},

F BC L1 VARCHAR{

F BC |2 VARC

FBC L1 M EXTENDED,

F BC L2 M EXTENDED,

F BC_A VARCHAR(20),

F BC AL M EXTENDED,

F BC A2 M EXTENDED,

PRIMARY KEY Index 1 (F_LOC1)):

CREATE TABLE :
£ CoDE VARCHAR(ZO) NOT NULL
F_SIZE VARCHAR(40).

F_LENGTH INTEGER,

EXTENDED,
EXTENDED,
VARCHAR(Z0),
VARCHAR(20),
CLAREA VARCHAR(20),
- EXPANSION VARCHAR(20),

F_X VARCHAR(20),

F 7 VARCHAR(20),

F_M VARCHAR(20],

PRIMARY KEY Index_ 1 (F.CODE]}:

CREATE TABLE
J0IE VARCH NOT NULL,
F_SIZE VARCHAR{40).
FLENGTH INTEGER,
EXTENDED,
EXTENDED,
VARCHAR{20),
VARCHAR(20),
F_TCLAREA UARchR(m].

N VAnEuAnian)

F_X VARCHARI20),

F.Z VARCH ki
F M VARCHAR{20]
PRIMARY KEY Indep 1

CREATE TABLE {
VARCHAR{Z0) NOT NULL
F_LEFT_EXPANSION VARCHAR(20),
F_LEFT_DEGREE VARCHAR(20),
FLEFT_LENGTH VARCHAR(20),
F_LEFT_HEIGHT VARCHAR(20).

— e VAL VARCHARI2 O ——————

F-RIGHT_EXPANSION VARCHAR[20]),

F-RIGHT_DEGREE -VARCHARI20],

F_RIGHT_LENGTH VARCHAR{20),
GHT_HEIGHT VARCHAR(20),

F RIGHT VALUE VARCHAR[20),

PRIMARY KEY'Index_1 (F_LOCL]);

CREATE TABLE
VARCHAR{20) NOT NULL,

F_LEFT HEIGHT VARCHAR{20),

F LEFT_EMP VARCHAR

F_LEFT_ DEGREE VARCHAR|

F_LEFT_DISP VARCHAR(20),

F_LEFT_DIA VARCHAR(20),

F_LEFT MOMENT VARCHAR{20)

F_LEFT VALUE VARCHAR(20},

F_RIGHT. HETGHT VARCHAR(2D),

F_RIGHT EXP VARCHAR{20),
F_RIGHT DEGREE VARCHAR{20),
F_RIGHT_DISP VARCHAR{20),
F_RIGHT_DIA VARCHAR{20),
F_RIGHT_MOMENT VARCHAR(20),
F_RIGHT VALUE VARCHAR[2D),
PRIMARY KEY Index 1 (F- LOCL));

% 259 DATA BASE #A=
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CREATE TABLE (

VARCHAR(2D) NOT NULL,
F_LEFT SINK VARCHAR(20),
F_LEFT LENGTH VARCHAR|20),
FLEFT VALUE VARCHAR(20),
F_RIGHT SINK VARCHAR(20),

F-RIGHT_LENGTH VARCHAR(20),

PRIMARY KEY Index_ 1 (F LDCL);
|

F_RIGHT_VALUE VARCHAR{20),

i
xrAHEHARﬁmj NOT NULL,
F_LEFT_CREEP VARCHAR(20),
VARCHAR{20),
F_LEFT_LENGTH VARCHAR(20),

VARCHAR(20),

F_LEFT_VALUE VARCHAR(20),

F_RIGHT CREEP VARCHAR(20),
VARCHAR(20},

F_RIGHT_LENGTH VARCHAR{20)

\ARCHAR(20),

VARCHAR(20),
VARCHAR(20),

F_RIGHT_VALUE WRCHAR(20
_PRIMNRY KEV tnday 1 (F LOCH)
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i 7 & x Railtnalysis | S_FaiMain | uForm_ Flesul | uFom_Cale  uFrame_Fesult_2 4= s
R ailénalysis exe - = mi TFA_Result 2 ] | = 5
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Files Path I e Destioy FR_! ult_2Z = class (IFrames)
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Abstract
The dharacieristic exposure of railway bridges to periodic ive londs makes an understanding of thelr dynanic behavior important 1o
thei dedgn and constrcton. This. isgether widh the bct hat the betarior o 3 rafway bidge i Mectad by s irack sysem. has
of te Aelection ind strass dus o the beading mement wirs
entured and the loeation of the neutrsl 354 of asch section, the asturs frequeney, and the dunpsng 0o were snalymd bar thres
systame: grder arly, ballut trck snd concrete track with various wiliesses of resibence pad of rai fastening systam Compared to
the bt track the concrete track extendad the lacation of Lhe péutra] axis of the Structure by sbout 6% in Lhe spward Srection.
Mersavec the dynamie responsas of the structire inesdy . losd g dramasesly the lasg
ampliude during reSONICE. However, the Samging ratio was the same with and without 3 track system. These redults confim the
Importnce of 3 track systam on the xsentil behaviar of raiway bidges, eupcially when 3 COnCrets Lrack ysam i usd

Keywords
balast rack, imeaa) study, raiway brid
Introduction stiffness of the bridge, but also the muss. They con-

Unlike 2 highway bridge, the dynamic load of passing
trains on a mitway bridgs is rnmsmitted through the
track, and the dynamic response of the bridge varies
with the dynamis behavior properties of the rack ys-
tem. Hence, the sconomic and refiable construction of
u railway bridee rayuires the precise analysis of its
dynsmic performunce ot the design stage. Howerer,
considering the difficulty of reasonable modeling for
the track, i is considerad as second dead load i the
design und the evalustion of the dynamic sthility of
the bridge.

In the case of a hallast track, it is quite difficult to
consider the s iffness during the design, as it is drama-
tically altered by the ballast condition and compaction.
In Japim, & 200 kNjmm of ballast stiffncs is adopled
in the design of ballust tracks, regurdiess of the ballast
thickness. However, it s difficult to maintsin the
applied stiffness of the ballsst track in milway bridgs
design due 1o the loss of slasticity thit accompanies
the plastic deformation of ballsst caused by repeated
train loading. All thess affect the magnitude of the
load transmitted 1o the ruilway bridge (Kores Rail
Network Authority, 2008). It was experimentally
proved that = bulast track not only affected the

ducted static and dynamic tests o o ballast track to
sccurately anslyzc its dynamic behavior (Kim, 2011).
The regubition of the dynamie performance of o
railway bridge shoukd ke done on the basis of precise
analysis (Europsan Commities for Standardization,
2003; Fryba, 1972; Inrnational Union of Raibvay,
2001 Kim et ul,2010; Kwak et al, 3004; Ministerio de
Fomento, 2006, SYSTRA, 1995, Yang et al. 1997). In
other words, exact reprosentations. of the siffness
‘miss, and dsmping ratios of the bridge re mperative.
It has been chserved that the stiffness of the structure
can be increased by 1M4%-23% by the track system
(European Ruil Rewsarch Instituie, 1999 The actual
measured natural frequency of railway bridges lends to
be higher than the designed one. The rgidity of actual
structures does not fall below the designed value and
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slab track at railyay bridge ends. d n that it s necessary

foec of atenes s, the deign is complex because of the many !mI\.ﬂ et oot 1n sddian, s
k£ de the rail

which a special. e fa s installe

was proposed

ssary 10 m‘u e

m.imd by the lincr snal hod. In this

(IF:0.968)

d.
 confirm the réal stifness and the force versus displacement relationship. The 1

that in the lincar analysis mathod.

L. Introduction

Use of concrete slab track has been increasing worldwide
attempis (o reduce the cost of track maintenance and ensure
a stahie ride. A raiiway bridge with a concrete siab track is
sepirated from & protective concrete layer (PCL) and track
concrete layer (TCL) by an intermediate layer, but the be-
haviors of the longiludinal and lateral directions are con-
strained due to the cam plate. In high-speed lines Stted with
siab track, the bridge ends are of special importance because
of problems created by displacement and rotation, as well as
extreme forces in the ral faste
area [1, 2). The rotation of the bridge d

acurvature of the track in the transition area to the abutment
and at the expansion joints on the piers, which additionally
stresses the superstructure in these areas [31. These addi-
tional siresses are called uplifl force and compression force
and can cause breakage of the fastener clip and plastic
deformation of the elastic pad in the rail fastening system of
e bridge end, therehy increasing the maintenance cost. The

concrete slab track servicesbility review of a railway bridge
deck end is classified as rotation and vertical dispiacement (o
deformation of the superstructure caused by various Inading
conditions. The force generated at the rail support point and

of the initial fastening
force o the rail fastener and the plastic deformation it of
the elastic pad [3,4]. Park el al. [5] analyzed the factors
¢ e servicesbiliy of L concrte slab rack r

idge end romtion and used po-

nce degrees. Many
e interaction” have been

deck end [6-8]. Chot [9] used 2 continuows suppart model
anda discrete support model 0 analyze the influsnce of rail
support point spacing and rail r.xsmur stiffness on the force

ce discrele support
an analysis of rail supporl point force according to the
distance between the bridge end rail suppon points and the
distance hetween the bridge support and the last rail suppon
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ABSTRACT

Tn this study. & ponlinear analysis method was proposed to investigate serviceability of rail fstening
system in concrete frack on mhxi ‘bridge end. The serviceability investigation method of the mslemnz
System in concrete track is time consummng and is complex for design because of many

fastening systems. In St i 2l cine whe i expemsive special fastening device is ‘ratalied
due to the stiffiess of the rail fas fening device assumed fo be limear and the a(rxssl\’?deslmmultb‘ the
Linear analysss method Therefore, in this study. the clamping force test was performed to confirm the
nonlinearity of fastener The comventional Hinear analysis method and the proposed nonlinear analysic
‘method were performed for the railway bridze model specimen with concrete tracks, and the uplift forces
aoting on the fastening systems were compared and analyzed
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Some Thoughts on the Nonlinem' Analysis Method for the Concrete
Track Serviceability Review in Railway Bridge Deck Ends

AT
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Abstract

In this srady. 2 acalmesr amabvits method was proposed fo nvesiisate seracesbabity of ral frstenmne system
in conerste mrack at the railway bridgs end The servceability imvestigation method of the fasening svstems
in concrete rack 5 fime consuming and is complex i destgn becawse of fhe many decks and fastening systems
In addtion, diers 15 also 3 cace whers an expenave specal fastenng device & installed due fo the siffvess
of the rail fistaning device sssumed fo be linear and the sxossarve design result by the inasr snalysis method.
Thersfore. in this smdy, the clamping force test was performed to confim: the nonlmeanty of frctensr. The
comvestional inear analysis method and the proposed noclinear analysis method were performed for the rulvway
bdse model specmosm with concrete fracks. and the wplift forces actns on the fastenng systems were compared
and analyzed
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The Effect of Nonlinear Behavior of the Rail Fastening

System on the Clamping Forces in the Railway Bridge

4§

NewvenVan Deug

o
Lee Chang Ju
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Absuner
The mechamical behavior of the fasting system on the clamping fores kas not been fully studied
because of structural complexity. The goal of this research is studying the effect of nonkmear of the
rail fasteming system on the clamping forces in the mailway bridges A oumerical model it propoed
1o analyze the problem of fasteners. The model 1= condurted by wsing 3 code m FORTRAN. In this
study, fastesers are modelled 25 springs. The calowlated results show 2 good azreement with vahues
refered from mamufictwer As 3 relt, the mumerical simolastion i believed o mmdieste an
appromimate valne of clamping force cousidering fhe monknear bebavior of fastening system.

1. Introduction

Rl festeners also known s fastening systems are wsed in railway tmck stmeture 15

fasten the vails 10

the sleepers and 10 protect the
1. und Bamti, P.

load iy

ening system eper by tensiorn Spxin

restlt of the log elust pringe defloction of the e clamp (Li, Q. T. e
n clamps combi mic ftigue strength and
stable eroep resista o i an eseentisl paamcter
relevant to the safety
In this study, th of nontinear bebaviar of the il fastening system on the

clamping

msideresl,

farces in the railwey bridge is o

2. Numerical model

The model of & 2
FORTRAN. In 1his cude the

betwern clarping
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