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Abstract - The purpose of this study is to analyze the dynamic characteristics and the dynamic stability for the application of the
complex partial girder for railway bridges. The complex partial girder is a girder in which a box girder is applied to the support
part and an I-shaped steel girder is applied to the central part of a span. The complex partial girder has been applied to road
bridges, but it has not yet been applied to railway bridges, and basic studies on dynamic characteristics and dynamic stability for
application to railway bridges are insufficient. A finite element model of a simply supported complex partial girder railway
bridge with a span length of 60 m was established, and a static analysis applying a KTX design train load and a dynamic analysis
applying a numerical 3-dimensional train model with multi-degree of freedom were performed. The dynamic stability was ana-
lyzed by comparing the vertical deflection of the bridge, the vertical acceleration of the deck slab, and the distortion of the track
calculated from the structural analysis with the limit values for ride comfort and running safety presented in the Korean Design
Standard (KDS). As a result, it was concluded that the complex partial girder can be applied to railway bridges with a span of 60 m

and has sufficient dynamic stability.

Keywords - Complex partial girder, Railway bridge, Ride comfort, Running safety, Dynamic stability
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Fig. 1. Illustration of complex partial girder
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2. A= w7 FAWF A i@ KDS FA7|E
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EIof|49] 5 S AEStoloF it AAKE Vo2

Al (1)@} o] AP sk 4= Qe
Vo =1 X Sesr (1)

o]7] A f= BEFAS Eaf Agsl= A
(Hz)°)1L, Sy -RREFAZHA (AR S-4732) 01 KTX
T&FA}O] H-9- 18.70 mo| T},
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Table 1. Deflection limit for ride comfort

Aoz Abdd Zd) ARG KDS ol AAE 43
(span length)Z} Al I (design speed)©f mHe} 4 2] =]i= A
227 A 3HgH(Table 1)Ec} Zfotok g},

. EATERAo] 48 A4S

lalmax < 0.5 ¢ (3b)

7|4 g= SRS EE Uttt

A= HEH (out-of-plane distortion)o]] Tt FHHH A
A=E REAeIFS TN} Y BAAsFoRe H )
43} 4 QASHE-S BT B 0 = A
E(cant)9] T} Zo|(FHH Y HSKF =3 my SR
o2 AR}, of7|4 HED A% v 2Lt 2} o]
Q1] 142 Sfelatet. KDSUoA A Aok HEH A3t
ZE Table 29} 2t}

Design speed Span length L (m)
vkmh) | o 55 25 30 35 40 45 50 55 | 60-75 | 80-95 [100-120
270 < V<350| L/1,500 | L/1,500 | L/1,600 | L/1,750 | L/1,900 | L/2,100 | L/2,200 | L/2,350 | L/2,500 | L/2,200 | L/1,900
200 < V<270| L/1,300 | L/1,400 | L/1,500 | L/1,600 | /1,700 | L/1,900 | L/2,000 | L/2,100 | L/2,000 | L/1,700 | L/1,400
V<200 | L/1,100 | L/1,200 | L/1,300 | L/1,500 | L/1,500 | L/1,400 | L/1,300 | L/1,200 | L/1,100 | L/800 | L/600
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Table 2. Limit for out-of-plane distortion in railway track for PX|o| 2T Y EZISAH EATHH 7.5m-12.5 m 7

running safety HA T 12.5m- 15 m —",L{P% chH el R 2 A Za%] 0]
. Limit value for the ratio of Fo| At FTHFS Wt HH k= 1-3 TH(tapered I-section),
i g e 15 m-30 m FHE 1Y DO P4,
(mm/m) (mm/3m)
For static analysis | V<200 1.0 3.0
using design 23121 ool
train load V> 200 0.5 15 4. R4 wdl
For dynamic analysis
using moving train load 0.4 12 4.1 0 =gl
WG RO AT T A= A F-] SHF-EHA O] 2
3. BautAA Y A g ] E7} S5 U T, B T, T se) LY o
H, TG0 - T tisto] 242 Figs. 3(a)-3(d)2F o]
2 A9 i o ERHEAAY Hrud AiPY 7PEsIRith vl B AL flEe] ol A, A9 =

5

60 m2] T4 2] P49 WFO R A Fig 2@)=7h e BEFUSA MYsIALH, BWA ] Hg g 71
e B AT (FAH)O AR 9 Sh0] HRES B Sholch Tuuso] A 85k AT v A4k st
olFm, £ A0 AL e HA A0l 74L& 7m  5-0] FE, XA WO REE 13.75m Hol 7 A7) X4
0|1 712 X 0] 7+4-2 5 mO|t}. Fig. 2(by= S HHLE S H o 2 Z0l51A] 28319} Eok 9 H Z41710] Ag]= 3 mo]ch
0 J2 A YREVIEOR0m- 7S mPHLARE R B A4S Fig 302 2ol FHHor, 4o
) 60.0 m ,
| [Top] |

AL P LT

2.5 25

[Bottom]
(a) Plane view

Box section with Box section | Tapered I-section

bottom concrete slab .
I-section

3.95m

—
=
o
]
P

| 75m | som |25m| 30.0m [25m| som | 75m |
I I

(b) Longitudinal section
Fig. 2. Assumed geometry of complex partial girder for high-speed railway bridge

| 7,000 ‘ | 7,000 ‘ ‘ 7,000 ‘ ‘ 7,000 ‘
e e errreee D o e eseserer= oV S — 350
Webs =] Flanges Webs | \Flanges Webs = Flanges Webs = ——] Flanges Flange 1.500 ‘
3,800%38 3,430x75 3,800%38 3,430x75 3,800x38 900x75 3,800%38 650%x75 Web / 400%18
B 1,500 14 %g ZOUT%E
ottom -4 - L 4
slab 3,000 3,000 3,000 3,000
2,976x25
(a) Box section with . (c) I-section for tapered . .
(b) Box section (d) I-section (e) Cross beam (f) Rail

bottom concrete slab section part

Fig. 3. Dimensions of cross-sections for an assumed complex partial girder for railway bridge (Unit: mm)
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WFO 2 0] 0.2 mof| YA|SH=S 75kl o, Q153 &)
AO] T4 Ao 9] ARl L5 mo |k H| Y Hig A2 A
YN YA ZE R QG5 o) AXY A= WS
SF 9 W AHIGEO &2 3.0x107 N/m, AZH3EC & 6.0x10” N/m
o, AR E Al v A vk 2 5.0x10° N-s/m, A&
HgEO & 7.5x10° N-s/m=Z 7Y 5F )

A7) HE0] gk E/J|<= Table 39 F 2|53t ©17]
Al p= G, Eas BAS S A, n SHAREAA IS
& ZAE e Ao et A 2] S/ AIS(E,/E. ) A
AR, I= 1S3l gt FHAHYE, [+
of agstal TS Avh= Fof gk %‘ﬁzx}E‘%ﬂ

AR g0l B oL Al A= ol ek o
I HEo]

TZ 3459 E(nodey= AT, HY€ K 7H2Ho =
Aol ARAIZT. Eet H P T4l Ak AR
At RS E o] it Aol 7Hd = E(dummy
node)E B X| o HtH(Fig. 4).
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A, ¥4 9 7I2RE JElE= 9452 TA1S 9F
5111 3D Hl(beam) 345 28513} Fig. 5= At 8.4, €
U 34 Y IIEE QA0 HiXE PUER HojErt T
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WAoo 7 A FHFOR 5 m 7S FiL 9l

™, 32 (rigid link)> SYF2Z 0.6 m A4S =

42 KTX 1&gaF 2d

A A A LT KTX QA5 2 A7 &
KDS®9] KRL-2012 o] AA-L HZH2}F515(design train
load)S 2-85}1H, Fig. 63} 2t} B2 IA515-2 A 251
o|ng F7AQl FA A 1#slY] fJote], RE B}
Sl (1 +1,,) =3t9] skttt o714 SAA S L= 4] (4)
S et

5m
15m
s T4 T TRLL @
/ e Girder node ¢
Lw I = e o
o}71A, L= P01, SAA S 1, 05T 231 0.671H
Fig. 4. Nodes and connections in a cross-section o} 2h2 gto|t}
Table 3. Properties for sections
Section Gomy | @ |"CEB | an |y | mh |
Box section with bottom concrete slab | 11,336.26 210 7 1.2591 1.9190 3.4096 2.5834
Box section 10,772.54 210 7 1.1533 1.9132 3.4086 2.5834
I-section for tapered section part 11,559.04 210 7 0.9088 0.0264 2.3596 2.7057
I-section 11,892.75 210 7 0.8338 0.0154 2.0219 2.5256
Cross beam 7,849.13 210 N/A 0.0354 2.3x10°° 0.0122 0.0002
Rail 7,849.13 200 N/A 1.0000 1 3.22x10° | 5.24x10°

.....................................................

Fig. 5. Elements for a bridge model in plane view
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YoM A 1l 22 AEES Q3 AE &, H85=d

O Ty

3m

60 kN/m

Z=3)
Fig. 6. Design train load: KRL-2012® 251, skEAoF A2 9] 4= W JLX 8|4 HH-E Table 49
Helato] Lot A A% EE 350 kmh I5i9ic

E3 A RSO T 3 A 7] B A
SFolz B Ao A] AL 100 knvh32E] 390 kvt
A 10 kmvh 7H& o] Hol, 271408 164 sHo
23E POt YASES BRI

S8 A TSR KTX BAFSHES power car(2),
power passenger car(2%), passenger car(15%), key car(15f)
2 749 % 2039 CH9E 3349 B2 4] B (umer-
ical 3-D train model with multi degree of freedom)ZA] A
gsjick

Fig. 72 @Ate] 783t @2k Ao L FAIS HolFm, o, 795 514

Figs. 8(a)-8(d)~= ZIZF power car, power passenger car, pas-

senger car I key car®] ZHo|A HE= A8 S YER Y, WFO N {A=L I JAEEE AYSH] Q8f 1184
Fig. 8(e)= Ag9] FJHol A vt AR =5 e A& okt 7] o2 HE 3t 17}, 23}, 3

=

2} @ 43} GRS 782 2.96 Hz, 3.19 Hz, 3.73 Hz @

11.86 Hzo|t}. o 7] A] 13} T8RS~ A l:ngH 3797

= =237 33} P 9AESTF A HA B EY T 9AESY
tH(Fig. 9).

1~42} 157 F<p0] tf- 8ok 1~42F AAEEE 2] (1)°]

O Enta AT e wgo gt o208 W APESHA, 143 AAG == 22V, = 199.45 knv/h,

5. 5% 84 9 SAAAA

b))

51718

Vehicle: 25,673 kg Vehicle: 25,673 kg Vehicle: 42,758 kg Vehicle: 54,916 kg
A bogie: 3,018 kg A bogie: 3,018 kg A bogie: 3,076 kg A bogie: 2,446 kg

A wheelset: 2,104 kg A wheelset: 2,104 kg A wheelset: 2,104 kg A wheelset: 2,048 kg
Total: 32,899 kg Total: 32,899 kg Total: 52,146 kg Total: 68,000 kg

Power car I Power passenger car Passenger ear\ Key car \ Passenger car Power passenger car I Power car
: OJIO;
13 m‘ m ‘3 m‘ m
5.02m 14m 6275m 18.7 m 18.7 m 18.7m 18.7m 18.7 m 6275m 14 m 5.02m
I

T \ \ \ T I
387.19 m

Fig. 7. Dimensions and properties for numerical train model

# > 3 f [P

Z@ks,. 5y Z: Z,3ks,. &, Z, 0
& Xe
A, @%@ EFON0 '
z, 72 zl, Z3)\ z!,
by ‘ ‘ i hy M., Jx.
(a) Power car (s1de view) (b) Power passenger car (side view) hy 1%% gﬂ M, Tx;
(n+1)th car i nth car i { — Qb
i T My, I R, 1 Oxw
L 2a
k2 c2 |2 Ky €5 ; Z \:':'Ll
o % ] T
W%@%ﬁkmu@%®a -
(c) Passenger car (side view) (d) Key car (side view) (e) Front view

Fig. 8. Degree of freedom for numerical 3-D train model
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Table 4. Check list and type of analysis for ride comfort and running safety

Dynamic . . No. of Type of
stability Cnggis s et lfoed loaded lane analysis
Ride ) ) Design KTX train load 1 Static analysis
fort Vertical displacement : - : - :
comio Numerical 3-D train model with MDOF 1 Dynamic analysis
Vertical displacement Design KTX train load 1,2 Static analysis
Running Vertical acceleration | Numerical 3-D train model with MDOF 1 Dynamic analysis
safety Out-of-plane Design KTX train load 1,2 Static analysis
distortion Numerical 3-D train model with MDOF 1 Dynamic analysis

(a) 1st mode shape (2.96 Hz)

(b) 2nd mode shape (3.19 Hz)

(¢) 3rd mode shape (3.73 Hz)

Fig. 9. Mode shape and frequency (Hz)

V.2 =214.65knvh, V,,5=250.82 km/h @ V,,.,=798.34 km/h
o|t}. AA&E 9] 1.181Q] 385 km/h Y& S0]9= 1-33}
PAE L} oo th-8-5k= 1172555 Table 5] {5}
Aot SAR HE 9 FYMAY HES A SH A
A& 199.45 km/h, 214.65 km/h, 250.82 km/h S 2315}
ofof gt

Table 5. Mode frequency and critical speed for 1st - 3rd mode

Mode Frequency (Hz) Critical speed (km/h)
Ist 2.96 199.45
2nd 3.19 214.65
3rd 3.73 250.82
A7 AE
SR AES 98] BeuHa e A wgo] EXAXSE

FE PRI B L AR XA mde o
AAstets B2 02 A AZ ARG AP sk

FEDAoIS-S DAl stoRs s oz e g
AXAYZES Fig. 10(a)2h o] B3l whet 4] Ko 2 et
0.1, Table 10f] wHet AP A2 A3 AeH4EQ] 24 mm
S A5 02 vehfglet 2o A= AZE 19.54 mmct

ES AT GA 421 BEE GRS e B4 64

432 L) =2 4307 A6 (B A 1693) 20204 129

O ZHE A H F ] ARAR-ZES Fig. 10(b)2} 20| &
A4 o] ufet A A0 ehfQLom, Table 10] ufet
A ALY AREES AN O 2 eIk o] B¢
o) 2} AHA YL 13} YASER A BL_AFS
off thet AL L) 199.45 knv/holl A 9.88 mm L, o] 2} 7
AFe 0] 9.81 mme] Hof A=A 0] 3%} AALE(R
HA ¥ S L7 S0l e YA ) 250.82 km/hof|A]
H]—}\ﬂg}oﬂq.

27 0 2 HHa L A2 9ol T
ol A2 4 Y grEo] BF KDY Algghch Ao e 53k
2 7120 Histe] QS0 shigsteict

F3od RS gJ5lel REIAEEL TR %
AABFSIE A 0% Wk ARG AP AL
27} Fig. 11(a), Fig. 11(5)2} 0] 7 ufet 4] 402
e 2L 4] ()] whet A3 KDS™ A3k 100 mmE:
A0 2 ekl TAAISTSHE 749 H) Al X gke
19.54 mmoO] T (Fig. 11(a)), BRI EF1= 742 2bgst ] o
A7k 2635 mmArkFig. 110)). TEbA EZARE
%05 WS o) A1 A Agto] KDS™ Adghict 2o
B, Q117 go] Tt et L Qb o] sl
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Vertical displacement (mm)

25 —&— Analysis [
—— KDS limit
-30
0 10 20 30 40 50 60
Span (m)

(a) Displacement along with span
from static analysis
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60

—e&— Analysis
—— KDS limit

50 | 54.55

40

30 o—o

20

10 | L —~

0

Max. vertical displacement (mm)

100 150 200 250 300 350 400
Train speed (km/h)

(b) Maximum displacement versus train speed
from dynamic analysis

Fig. 10. Vertical displacement

-20
-19.54

-40

-60

Vertical displacement (mm)

—e— Analysis

-100 —— KDS limit H
0 10 20 30 40 50 60
Span (m)
(a) One lane loaded

0

-20

26.35
-40

-60

Vertical displacement (mm)

—&— Analysis

-100 —— KDS limit
0 10 20 30 40 50 60
Span (m)
(b) Both lanes loaded

Fig. 11. Vertical displacement along with span from static analysis
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O
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3 A7 = Fig. 49] 7Md e E9] AAZMEER
sttt W I8 SR GRG0 IHE wEF AT
AA 7] H RG-S Fig. 120]] 4] A0 2 Yehgle
o, £33 E # =] sfgot= KDS9] A7k Algtgl
0.5 g(=0.4905 nvs’)S A4 02 YepfQlct.

A AA7IE = QARG SRl whet A St
o= AeRS Btk w4 ARG MR E F
F| AL A& 390 km/hol|A] TAYSH= 4.80 m/s* T
whEhA] W] A A7k 9] HYighEo] KDS® Ag
FEGFO DR AA7IEE o TFF FHPAG L S
o]t
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A FASFEE DR 2 B SRR 54
S SaystoT. MEY 4L Fig 139 0 Spow
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o ©9}= mm/mo]|tt.
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Fig. 12. Maximum vertical acceleration

. Fig. 13. Out-of-plane distortion of track
versus train speed
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B —e— Analysis E —e— Analysis
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Fig. 14. Out-of-plane distortion obtained from static analysis
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Fig. 15. Out-of-plane distortion from dynamic analysis
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