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SUMMARY
A major goal of this project i1s to develop a unit of train vehicles for accelerated
replacement of existing open-—steel-plate—girder railway bridges. Through this

project, a few sub-goals can be archived:

» Increasing a driving speed of trains as well as riding quality and safety.
= Accelerated replacing construction with minimum environmental disturbance.

= Exploitation of a new market of accelerated replacing construction.

This projects have conducted several researches to archive the main goal:

 Analyzing trends of related technologies and patents
= Development of superstructure
- Designing optimum superstructures with concrete and steel
— Static and dynamic tests
- FE analyses with various train speeds
— Manufacturing a sample superstructure
= Design and manufacturing crane-vehicle
- Design and structural analysis of a crane-vehicle
— Laboratory test of accelerated replacing construction
* Development of adjustable bridge bearings in vertical direction
» Economic evaluation of the suggested accelerated replacing construction
— Cost analysis of construction
- VE and LCC analysis

The results of this project can be used for:
= Replacing of existing open-steel-girder railway bridges
= New constructions of short span railway bridges
Adjustable bearings can be used for other fields such as MAGLAB bridges

= Providing basic data for expand this project to replacement of long span

railway bridges
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2h. Abke] FaAd

(1) T1 CAR : A WIS A FX7HA] o|&st7] 93 2=
(2) T2 CAR : 7] &g wAE 93k I Qo] A= 25k
(3) T3 CAR : 7] #Hu HA £ o]F3st7] 9Igk &
4) FFdu g iz} - Algtus 2 7S AP AR & 7F AFo R olFS fske] A
F U AXE HdS o] &ste] o]sshe= A
(3 21] A< A4
T1 CAR / T3 CAR
3 A w4 A8
A 18 ton 28 ton
Ey 60 ton 60 ton
Al 15,000 21,090
(A=Al A =474 A v
AAHETE A 15910mm 22,000mm
2k =] 1,585mm 4.500mm
P 3,180mm 3,180mm
27 @ 860mn @ 860mm
= RCTD= RCTD=
IA=A 1,800mm 1,800mm
AA7] =o] 830mm 880mm
up, A8 4L KS(3=r2kdt2), KRS(Z =% F714), KRCS(3H= 2 =FAF2), =4 +24
TS wan, A @ REAL B X5 84, T DL VE 7eaEe s SIS AFES
dH o2 s QA vEHYPS AL}
v, AR&Z27
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- 97ex : —35C ~ 50T
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£ 9% | 4% | B e
%E’f‘,%Ea‘%E—'%MaxMinMax1\/ﬁn1v1ax1vﬁn75
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9 =
7%] ;4 2413 | 225 | 1380 | 124103 | 86413 | 3605 | -26056| 0503 | 0197 |OK
T
v |F @
A 4 2413 | 2304 | 1380 | 126411 | 4414 | 7247 | -24472/| 0514 | 0258 |OK
P
Bl o
. 2413 | 2331 | 1380 | 40048 | -31432| 4126 | 0010 | 0165 | 0135 |OK
1
4%
2473 | 2375 | 1380 | 31576 | -26011 | 6860 | 4573 | 0137 | 0114 |OK
7tZ R
9 %
A 4 2413 | 2386 | 1380 | 126261 | -96.097 | 2916 | -0642 | 0511 | 0231 |OK
T z o}
Y |4 g 2413 | 2386 | 1380 | 127032 | 50665 | 38718 | -19949| 0515 | 0257 |OK
P
B
24713 | 2409 | 1380 | 72062 | 99830 | 1.8&H5 | 0039 | 0292 | 0248 |OK
9 72X
AR
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[¥ 261] SEHE A7HA%)
o
44988 | gAY e |
8 | ¢ | &% .
N I = .
%E’f‘,%?—:‘,%EﬂMaxMinMax1\/ﬁn1v1ax1vﬁn7§
3}
9 =
7%] . 2413 | 2325 | 1380 | 9185 | -39264 | 87 | 0906 | 0377 | 0169 |OK
T
v |F %
A 4 2413 | 2325 | 1380 | 90517 | -36739| 0530 | 1990 | 0366 | 0159 |OK
P
Bl o
. 2473 | 2313 | 1380 | 63646 | 36743 | 66004 | -1.19%6 | 0537 | 015 |OK
3
A%
S 24713 | 2374 | 1380 | 56129 | -3b828| 6272 | 8500 | 0232 | 0163 |OK
[ 262] T2 E A3}
R N 3% %A~ S
A e | A E
Max Min fR Max Min fR | I=eH
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T|A d
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E | g
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7hER
1| Az
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7 2 A
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! E
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2
NN
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[3 263] Y|=2HE Z3(A%)

FH=E A S S
oA 4 E
Max Min fR Max Min fR D
T j ; -3.668 5.376 9.044 43556 -5.376 48932 | 112MPa OK
Y |5 <
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E | €W
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7R R
5 | AR
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7t2 5
[ 264] AR HE 23}
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(1) F7h 24 9 ey

Oh) TR 44 FYxAe] mE BYu] AL 59 #ARNS B wAG] HEF
AP FE A :

oz dasty ol = 3 WA G SN E FUFE

@) ANA By

b
7h Ao - 71E 12mE FFast 12mE FH0A AP

[2¢ 257] A n wddy

(b BA=H ANy wF 27bd Feel e FAEY BY W 5w B3¢
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T4 FARS, A FAVEE) vl
(th) @A Moving Force analysis, Mode Analysis (3D Shell &4 d)
(&) A KTXaEEAa, steds 5 A &ds8t5
m SiliiE [l T T N ol I T T T T T T 1=
‘ e TR T E T
o- Bl g-o-ouTRED. Rl o5
(29 258] gt AA o - gA2=F A st=d Ak
(mh) A% 0 10-200km/hr (10km/hr 7+4)
(vh) A A
O siA g wge] AAss 9 Alsksel o 3 vl
pass Original New H 3}-8-(%)
AAss A3 (mm) 10.93 6.29 -42.45
Atets A 3 (mm) 0.9548 1.83 91.66
@ 1fFxlEs v
Mode Original New
1 13.61 21 12.79 %1
2 17.42 31 20.83 1
3 30.77 212 44.64 EIE=a=
4 32.68 H| & ¢ 49.75 32
5 50.76 22 53.48 32
® F=U9d s4SFHs7E5E, |9 ) &4 v
N Original New
a T
2= (km/hr) A4 (mm) AEEG) 4 (mm) AEEG)
10 8.27 0.02 4’71 0.01
20 8.33 0.12 4772 0.04
30 8.43 0.20 471 0.04
40 8.37 0.18 472 0.05
50 8.21 0.10 473 0.05
60 8.45 0.24 4.77 0.06
70 8.57 0.32 4.83 0.08
80 8.38 0.23 4.84 0.12
90 8.38 0.15 495 0.15
100 8.56 0.34 5.04 0.18
110 8.28 0.28 4.83 0.12
120 8.71 0.48 4.96 0.16
130 9.18 0.84 4.80 0.11
140 8.42 0.36 4.87 0.15
150 8.19 0.23 492 0.17
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Speed (km/h) Speed (km/h)
- = o= 2~
(@) AEY 5447 b) A0FY £AAENEE

[2% 259] £=8 S48 HE

D2g 74 vlal ((ISO #7F 715l A VAL(Vibration Acceleration Level(dB)) % €)

VAL = 201og(ai) [dB]
0

a: ZAAY AF7EE A&7 0ms @ m/s)
175 B Ns7&EEdd sy
78 agas | Y
G 1) (@B (VAL/dB) (VL/dB)
E sl=7d () - 0.9 756
7|E9 3= A 153 53 81.6 76.3
e 3Fs 4D 5171 .1
vl-& 1/ -
NEW 33l 6‘]—%— ZEN) 11.0 1.0 530 57.0
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(5) TYPE 3(L~7.0m) ¥ 4H3
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2) &9 A

(7h TYPE 1(L~134m)

SR E

Midas %

= L

4 INPUTHH o2 &3k}
(]
& o
| ©)
(]
S g 250
S
o
\ \

[ 270] 2} Te] A

Fv O 268 2 i 2709 2o dHATE
=

(2 - m)
S Area Asy Asz Ixx Iyy Izz
e 0.6713 0.4400 0.3000 0.0324 0.1090 0.0266
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(‘b TYPE 2(L~10.14m)

b wAe] A g guAsE 29 269 2 % 2713 2ok 9@uAsE FEANA G
Midas 734 INPUTg O 2

220

250

800
360

220

800
7h A H

[1¥ 269] 9 A

(2 - m)
T = Area Asy Asz Ixx Iyy Izz
A H 0.4833 0.3333 0.2000 0.0096 0.0332 0.0194
(th) TYPE 3(L=7.0m)
ZF B x4 @ dwASE 29 270 2 % 2729 Ao dwASE FERALEA Q]
Midas 7+%814 INPUTZ o &2 ¢ &3k}
o
8‘ S
= S 250
[{e] C\.I‘
S
N
800
7h A H

[2d 270] 9 A+

- 120 -



(% 272] 7 o] A

(9] : m)
T & Area Asy Asz Ixx Iyy Izz
A 9 0.4085 0.3067 0.1500 0.0050 0.0144 0.0175
at, a% AH4
(DA 2] stF o] F 2.73% o] A3k
h 1AZsts > dY AsS st AHgsd
(W) ol LS-2 isgstse olssteo® Alstalsith
(th gzl 93t T4 D3tz S8dd TAATE w3 o= stk
(ZAAF 1 = 45-12/45 = 43911741.010%)
(EHIAIES] T2 Hateg nyste] Ashy, Hagde A28 45 BdAEs shA] e¥al
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[% 273] 3l 2H4
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e z |
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(28 271] +xaA
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(‘b TYPE 2(L~10.14m)
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@ PS ZAM(KS D 7002 SWPC 7B, A& & Alo]d Z3A))
-2 7 :Dpt =152 mm
- ©EA 0 Apt = 1387 mrf
- =% Fput = 1900 MPa
- SHEAE  Fpyt = 1600 MPa
- B35 Ept = 200000 MPa

W BE &H0] dojt & Algals AdelolAe] 3
- 38449 1 04 x fck = 20 MPa
- 38089 1 05 x Vfck = 354 MPa
@ 74989 : 063 x /fck = 445 MPa
A A2 22 for = 0.7 x fa x/(Ab'/Ab - 0.2) < 1.10 x fci
- IYAEY A &4 WA B for = 05 x fek X/ (Ab'/Ab) < 090 x fck
©)
ep 1A HoleH 0.9 x fpyt = 1440 MPa
W Az & ARl 5833 07 x fput = 1330 MPa
€ AFESks AEllA ] 3883 ¢ 08 x fpyt = 1280 MPa
3 eHAE
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(7h TYPE 1(L~134m)

[3 2771 915 Ad9] SH3E

VAS
= u A 9 PS A -
% < 5 %A
1 fsw 1.787 -1.826 0.000
2 fps -1.723 11.678 -978.476
Al 0.064 9.852 -978.476
7 -1.581 22.00 £1330.00
seaE
o OK OK OK
3 bl 1.254 -1.235 -4544
4 fal 0.000 0.000 0.000
5 fll 6.199 -6.107 -22.470
6 fsh 0.061 -0.411 1.938
7 fer 0.150 -1.017 4791
8 frgb 0.000 0.000 0.000
9 frgs 0.057 -0.389 1.831
Al 77184 0.694 -996.930
7% 22.000 -3.536 £1280.00
SEHAE
o OK OK OK
[ 278] 9= AYY] PSAAA 114 A SHHERESE )
ST T1 T2 T3
AZIES (EA) 6 6 6
PCT (kN) 1049.719 1072.584 1073.646
Ap (m2) 0.00109 0.00109 0.00109
fps (MPa) 964.150 985.151 986.127
71 £1280.00 +1280.00 +1280.00
SHAE
] O0.K 0K 0.K
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(3 279] =5 Adle] S99

7 7}
= u 19 PS Z3A) W 3
Gl 3k &
1 fsw 1.787 -1.826 0.000
2 fps -1.723 11.678 -978.476
Al 0.064 9.582 -978.476
7 -1.5381 22.00 +1330.00
$EYUE
i OK OK OK
3 bl 1.268 -1.249 -4.594
4 fal 0.000 0.000 0.000
5 il 5.580 -5.497 -20.226
6 fsh 0.061 -0.411 1.938
7 fer 0.150 -1.016 4788
3 frgb 0.000 0.000 0.000
9 frgs 0.057 -0.389 1.831
Al 7.179 1.291 -994.740
7 22.000 -3536 +1280.00
SHHE
] OK OK OK
[3E 280] 5 AT PSHEAR 10 Al SHAERNESHS H)
T = T1 T2 T3
H] 11
AR (EA) 6 6 6
PCT (kN) 1049.719 1072.584 1073.646
Ap (m2) 0.00109 0.00109 0.00109
fps (MPa) 964.150 985.151 986.127
7]+ +1280.00 £1280.00 +£1280.00
$YFE
I OK OK O.K
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T A SEHAE g w3 588y pEo A2 o= ¢ g Rst= A LHERSE
[3E 281] A" 2 A 03 A SHAE Ay} 89
5w 7Y PS Z3A) e
A 3k < 7 A
i = 7.784 0.694 -996.930
9J5AY OK
THHE 22.000 -3536 +1280.00
. A9 7.179 1.291 -994.740
WEAY OK
SHAE 22.000 -3.536 +1280.00
S T1 T2 T3 H] 11
fps 964.150 985.151 986.127
9)5AY OK
SHAE £1280.00 £1280.00 +£1280.00
fps 964.150 985.151 986.127
WEAH OK
SHAE £1280.00 £1280.00 +£1280.00
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(‘b TYPE 2(L~10.14m)

(% 282] 9= Ay $&HEAE

L . A9 PS 7 B
4 q 3 o % A
1 fsw 1.523 -1.563 0.000
2 fps -1.475 15.191 -957.772
Al 0.048 13.628 -957.772
7% -1.581 22.00 +1330.00
$EE
v OK OK OK
3 bl 1.492 -1.465 -4.636
4 fal 0.000 0.000 0.000
5 fll 8.290 -8.142 —25.768
6 fsh 0.052 -0.539 2422
7 fer 0.172 -1.769 7.951
8 frgb 0.000 0.000 0.000
9 frgs 0.048 -0.496 2.227
Al 10.101 1.218 -975.577
71+ 22.000 -3.536 +1280.00
$EgE
v OK OK OK

[ 283] 915 A9l PSAAN 1 A SHAENE8HS H)

S T1 T2 T3
al
A (EA) 6 6 6
PCT (KN) 1023.533 1052.605 1052.185
Ap (m2) 0.00109 0.00109 0.00109
fps (MPa) 940.099 966.801 966.416
7| +1280.00 +1280.00 +1280.00
DR
7 O.K O.K O.K
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[ 284] W= Ade] $EHE

A g PS ZA| .
2
Gl 3t &
1523 ~1.563 0.000
~1.475 15.191 ~957.772
0.048 13.628 ~957.772
-1581 22.00 £1330.00
OK OK 0K
1.509 ~1.482 ~4.689
0.000 0.000 0.000
7.553 ~7.417 23475
0.052 -0.539 2.422
0.171 ~1.768 7.947
0.000 0.000 0.000
0.048 -0.496 2.228
9.380 1.927 ~973.340
& 22.000 -35% +1280.00
i OK OK OK

T1 T2 T3
6 6 6
1023.533 1052.605 1052.185
0.00109 0.00109 0.00109
940.099 966.801 966.416
+1280.00 +1280.00 +1280.00
OK OK O.K
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mol A mizulel o] Arid] Wass s e

Ao SEHE A= iE 2863 2o i
He b Ash 9 A $Egt B SgsEnt Ao goz tewon, PSdds 1l
A SUAE @ Ed 88e gurh 4L gom A Fust Aow ey

N 79 PS 7A i
2 d 3 <A 7 A
_ 4 10.101 1.218 -975.577
QEAY OK
SEAE 22,000 -3536 +1280.00
i A4 9.380 1.927 -973.340
UEAH OK
SEAE 22,000 -3536 +1280.00
T R T1 T2 T3 v 1
fps 940.099 966.801 966.416
9lEAY OK
SEHE +1280.00 +1280.00 +1280.00
fps 940.099 966.801 966.416
=lE OK
SEHE +1280.00 +1280.00 +1280.00
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(th TYPE 3(L=7.0m)

(% 287] 9= Are $&HEAE

AS
o B A Y PS Z3A) W 1
2 &l o o Zr A
1 fsw 0.965 -0.984 0.000
2 fps -1.402 11.685 -921.822
Al -0.427 10.701 -921.822
7= -1.581 22.00 +1330.00
$eAE
v OK OK OK
3 bl 1.112 -1.097 -3.311
4 fal 0.000 0.000 0.000
5 fll 7.068 -6.972 0.000
6 fsh 0.052 -0.437 1.913
7 fer 0.131 -1.095 4.791
8 frgb 0.000 0.000 0.000
9 frgs 0.050 -0.418 1.828
Al 71976 0.682 -916.600
7= 22.000 -3.536 +1280.00
e
v OK OK OK
[3 288] €15 A9 PSAAR 11 A SYHAENRE S H)
T T1 T2 T3
H 11
AR (EA) 6 6 6
PCT (KN) 987.035 1020.232 -
Ap (m2) 0.00109 0.00109 -
fps (MPa) 906.576 937.067 -
7)< +1280.00 +1280.00 +1280.00
SR
Si | O0.K O.K -
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[3 28] W= Ade AR

A g PS ZA| .
2
Gl 3t &
0.966 -0.984 0.000
~1.402 11.685 -921.822
-0.437 10.701 -929.822
-1581 22.00 £1330.00
OK OK 0K
1.124 ~1.109 -3.348
0.000 0.000 0.000
6.696 -6.605 0.000
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[Z2¥ 2.99] Precast Slab mold and (29 2.100] Plate Girder Bridge

Reinforcement placing
. /

[2%] 2.101] Finished specimen(1) [29 2.102] Finished specimen(2)
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[ 2125 AN SPASHYE T2 2 Actuators] A}

17.1m x 520m(L) x [9.0m(=]’3)+5.2m(=3hH](H)

2=
L)
1%

[10.0m+135m](L) x 80m(H) x 2.0m(T)

(=
L)
o

5

142m(W) x 492m(L) x 1.2m(T) (Ex X3}

45m(W) x 21.9m(L) x 5.2m(H)

Actuators
A2 2 (N) Stroke Hydraulic P
(mm) Performance
2,000 70 (+375) Flow rate 561.PM 2
Static
5,000 750 (+375) Flow rate 56LPM 1
250 70 (+375) +80mm at 5Hz/250kN 4
Dynamic
500 250 (+125) +10mm at 5Hz/500kN 4
RLS 250 250 (£125) +12mm at 5Hz/250kN 12
Hybrid 250 250 (£125) +12mm at 5Hz/250kN 4




DA Host Simulink Host Control Room
antrol PC Hardware & Software E:
1 OS5 MS. Win. XP Pro. SPZ(RLS SP3)
Intel Xeon ES410@2 33GH2 (Quard Care)
1GB (51, MHzZ(PC 6671

LabView 86

RL-5 15 L stk ok

S B¢ DaQipdeh | measured dars
[' .l i Hybrid Host Control PC#2 Control PC #3 Control PC #4
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5154 Openzees

Crmdi OVFY Cmdi O
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T 3T
1, P].md.l:mi |hII(lL\'[)’J LLUNL‘\'II]
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!1'dli|L\‘lT|"

r \d
et [ Seramnet] - [Eileiet [ Sermmnct [Etbernet] [Efhemet] e
FlexTest 200 | |FlexTest 100 MTS FlexTest 100 | |FlexTest 100 | | FexTest 100
For RLS For Hybrid | Controller Room For #2 For #3 For #4
(Nodel) {Nocle2)
{ ”lL"L.‘,:‘r\.ﬁz‘:“ | [ "‘f&#&'; st
' =
- —  Pressure
—— Prestue _p——ry —{__Drain
HPU ——{_Dmin__—— pgp L Retun | &
—-—'_, — I'|er Pressure e
Mo — Pilot Returm ]
HIL B 760mm e

[Z" 2105] dE T4 eAdE Ao FA4E

@ AHFAE FANGEL TR A A

3 ¢ Fast FAZ B AFPAAE
25tonf &9 Hybrid &4 ActuatorE A}F&3F T Actuatore] ToAYS 17
21067 Zoh dEZ FAHE As ZEdS B wFy dAg Ho spHEE
Aoz FEAS FA457] 9% AR AE5E A7 98] quick release 7|5
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A7 sks 25tonf

7RIS 0.1-25Hz

71Ek Quick Release”ls
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Frequenc

Piston Rod Acceleration v

¥ (HE)

s. Frequency

[Ba=scea| Sinusoidal Performance Report
M I 5 Customer; KRR Date Created;
I Prepared By: 1S f MTS SPOOL:
Piston Rod Displacement vs. Fregquency
1000
=
=
= 100
T
E
5 _
z < 10
20
=1
=
a
o 1
o ]
2
7]
&
0.1
o1 4 10 100 1000
Frequency (HZ)
Piston Rod Velocity vs. Frequency
10000
i
il
=
= 1000 HEurs
e
g
2
=
8 100 BEEEE
=4
=
=]
"
[N
10
a1 1 10 100 1000

o

o

=

2

B

o

g

=2

=]

4

=]

£

15

o

.01
0.1 1 10 100 1000
Frequency (HZ)
—— 200 kN b 225 kN

Fump |
Model: 505.18 Model: 256.25A05 244 31str
Nominal Rating: B681.372 L/min Nominal Rating: 250 gpm Nominal Rating: 249.1048 kN
System Pressure: 20.68427 MPa Quantity: 2.00 Stroke: 250 mm

The plots above represent a mathematical prediction of system performance. Possession of this

information is not a guarantee that a system will perform as predicted. MTS will not be liable for any
incidental or consequential damages or losses arising from use of this information. Interpretation of the
data and its use are the sole responsibility of the user,

[2¥ 2.108] Actuator Performance Curve
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(7F) Impact Hammer A&, Quick Release A& (Imm A A3}, 2mm A A3 2714
BA)E T3 gre thﬁ%ﬁﬁ_i H 1/d55E A& 29 19 2111,
% 2113, 19 21158 Z2uh af3Es AT E AgE JhE e Aol )
2} t4 2olZ ol 1094Hz~11.13Hz2 EA Ak =3 9xd(1/4, 1/2, 3/4
A2 A=A A9 FFTAIE Sl AmplitudeZ 58 48 PSC vtA2AG el 13k
AR 3k megae a9 2112 19 2114, 29 21163 2t}
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M
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i
' 1
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o

Scceleration (o)

70E-10

60E-10 - 11.13

S50E-10 -

4 0E-10
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2.0E-10 -

Power Spectrum of Acceleration

1.0E-10 -

ll 40.04
. . . 4

Q 10 20

Q.0E+00

Fregquency [Hz) 30 0 a0

(29 2111] 27355 A9 2 3 (Impact Hammer)

- 189 -



B E S|

Power Spectrum of Acceleration
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06
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0.2
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Aoceleratiomn (o)

2.0E-10

1.5E-10

1.0E-10

50E-11

Q.0E+00

1/4

1/2 3/4
2=

(29 2.112] 12 ¥ 2= A (Impact Hammer)

Time fsec)

11.08

1

39,99

10

20 40

Fregquency (Hz) 30

(29 2113] 2/ 57 A2} (Quick Release-1mm)
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Power Spectrum of Acce leration
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(29 2.114] 13 ¥ 2= P2 (Quick Release-1mm)
8.0E-00
10.94
6.0E-00
4 0E-00
2. 0E-09 -
40.02
0.0E4+00
o 10 20 40 50

==t 5 1

Fregquency (Hz) 30

[29 2.115] 27355 Ald43 (Quick Release-2mm)
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0 1/4 142 af4 1
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(19 2.116] 128 ¥ 2= 82 (Quick Release—-2mm)
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(3) #H&]H]

(7hH ¥ 211794, 29 21188 Quick Release A3 E3 9& #AFHE3H]
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0%~1.3%<] #AHEELE YEdE Aoz Addd 5 gt}
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Nember
T

0.9 1.0 1.1 1.2 1.3 14 15
Damping Ratio (%)

(29 2117] # A 42479 G X (Quick Release-1mm)

3:f \

Nember

0.8 0.9 1.0 11 1.2 1.3 1.4
Damping Ratio(%)

(29 2118] #& Al £ 23] A+ X (Quick Release-2mm)
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