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Abstract - Currently in this country, a bridge structure for the LRT (light railway transit) is designed and constructed based on
specifications from foreign vehicle manufacturers or existing design codes for a heavy railway transit, due to the lack of domes-
tic design codes for the LRT. Therefore, in order to design and construct the structure for the LRT more efficiently and econom-
ically, it is necessary to establish the design standards for exclusively LRT structures reflecting the domestic environment and the
characteristics of vehicles in operation. In this paper, a numerical study is conducted to investigate the effects of various influ-
ence parameters on the longitudinal loads to a bridge structure when an AGT vehicle with rubber-wheels is braked and accel-
erated. For the purpose of the study, flexible mutibody dynamic analysis is performed using a commercial finite element analysis
program, ABAQUS. The numerical analysis results shows that the acceleration and braking load is influenced by the acceler-
ation position, the braking position, the running speed, and the coefficient of friction between the rubber wheel and the running
surface of a structure.
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Fig. 1. Step-type braking function®
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Table 1. Acceleration and braking loads in design codes!"**
Type Track Bridge
KR C-08080 KDS 24 12 20
- Passenger and freight - Passenger and freight
A: 33 kN/m/track (L <33 m) A: 25 kN/m/track < 1,000 kN (L <30 m)
B: 20 kN/m/track (L <400 m) B: 15 kN/m/track < 6,000 kN (L <400 m)
Korea |- Passenger only - Passenger only
A: 25 kN/m/track (<33 m) A: 0.75%25 kN/m/track < 1,000 kN (L <30 m)
B: 15 kN/m/track (<400 m) B: 0.75%15 kN/m/track < 6,000 kN (L <400 m)
- EMU, LRT - EMU and LRT only
A: 25 % of vehicle load A:(0.27+0.95L/Lv)T
B: 25 % of vehicle load B: (0.27 + 1.00L/Lv)T
UIC 774-3R Eurocode 1 Part 2
- Conventional and high-speed
A : 33 kN/m x Lab < 1,000kN
B : 20 kN/m x Lab < 6,000kN
Europe |- Freight
A: 33 kN/m x Lab < 1,000kN Same as UIC 774-3R
B: 35 kN/m x Lab
- EMU, LRT
A: 25 % of vehicle load
B: 25 % of vehicle load
Railway Structure Design Standards Railway Structure Design Standards
— Track — Steel Composite Structure
- High-speed (Shinkansen) - High-speed (Shinkansen)
A: 2(0.19+0.76L/Lv)PO A: (0.19+0.76L/Lv)T
B: 2(0.20+0.80L/Lv)P0 B: (0.20+0.80L/Lv)T
Japan | conventional (locomotive) - Conventional (locomotive)
A:25% of loco. axle load A:25% of loco. axle load
B: 25% of vehicle load B: 25% of vehicle load
-EMU, ICR -EMU, ICR
A:2(0.25+0.95L/Lv)P0 A:(0.25+0.95L/Lv)T
B: 2(0.27+1.00L/Lv)P0 B: (0.27+1.00L/Lv)T
AREMA
USA - Conventional
A:200 L
B: 200+ 17.5L

A: acceleration load, B: braking load, L: axle load length for acceleration load, train length for braking load (m), PO: static wheel load (kN), Lv: Length of a

vehicle (m), T: axle load (kN), Lab: Length of load (m), ICR: Internal Combustion Railcar, loco.: locomotive
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Table 2. Acceleration and braking load calculated based on cur-
rent design codes

Design load (kN)
Type
Acceleration Braking
Korea 358 358
Europe 180 180
Japan 358 358
USA 250 200
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Table 3. Braking forces by braking locations

Braking position (m)
Type Reaction
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Loaded 63 | 56 | 58 | 58 | 58
Braking
force Unloaded 19 | 22 | 27 | 30 | 21
(&N Loaded +
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120

‘—0— Right ~—A— Left —#— Right + left ‘

100

%0 .\././.\.
60 — + 3

40

20 A_/r//"’a\‘

20 40 60 80 100
Braking position (m)

Braking force (kN)

Fig. 8. Braking forces by braking locations
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Table 5. Braking forces for increasing static friction coefficient

Velocity (km/h) Static friction coefficient
Type Reaction Type Reaction
30 | 40 | 50 | 60 | 70 05(06]0.7|08|09]|1.0
Loaded 52 | 57 | 58 | 63 | 58 Loaded 39 | 58 | 78 | 98 | 118|138
Braking Braking
force Unloaded 8 | 12| 20 | 22 | 27 force Unloaded | 19 | 27 | 35 | 44 | 52 | 60
(&N Loaded + (&N) Loaded +
oace 60 | 70 | 78 | 85 | 85 oace 57 | 85 | 113 | 142|170 | 198
unloaded unloaded
120 250
‘—o— Right —&— Left —@— Right + left ‘ —4— Right —&— Left —@— Right + left

100
80 ./././'_'
60 N/M\
40

I

20 40 60 80 100
Velocity (knvh)

Braking force (kN)

Fig. 9. Braking forces by vehicle velocities
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Fig. 10. Braking forces for increasing static friction coefficient
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Table 6. Braking forces for increasing decay coefficient
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Fig. 12. Friction function utilized in analysis
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Table 7. Acceleration forces for different locations

Decay coefficient ) Acceleration position (m)
Type | Reaction Type Reaction
0.05|0.075| 0.1 |0.125/0.15(0.175| 0.2 20 | 40 | 60 | 80 | 100
Loaded | 58 | 35 | 22 | 13| 8 5 3 Loaded 4 110 | 71 | 83 | 46
Braking Acceleration
force | Unloaded| 27 | 18 | 12 | 8 6 5 4 force Unloaded -6 | 55| 76 | 50 | 111
(kN) (kN)
Loaded + Loaded +
unloaded 85 |53 133 |21 |14 ]| 9 7 unloaded -10 | 65 | 146 | 133 | 157
100 250
—— Right —&— Left —#— Right+ left ‘ —— Right —&— Left —@— Right+ left
80 200
z Z
g 3
5 60 5 150
& g
'—?%D 40 § 100
& §
20 < 50
0 0
0.050  0.075 0100  0.125  0.150 0175  0.200 20 40 60 80 100

Decay coefficient

Fig. 11. Braking forces for increasing decay coefficient

Acceleration position (m)

Fig. 13. Acceleration force for different locations
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Table 8. Acceleration force for increasing static friction coeffi-
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Table 9. Acceleration force for increasing kinetic friction coef-

cient ficient
Static friction coefficient Kinetic friction coefficient
Type Reaction Type Reaction
05]06|07]|08|09]1.0 0.1/02(03[04]0.5
Loaded 84 | 83 | 83 | 82 | 82 | 81 Loaded 41 | 62 | 83 | 104|123
Acceleration Acceleration
force Unloaded | 50 | 50 | 49 | 48 | 48 | 47 force Unloaded -16 | -2 | 50 | 101|153
(kN) Loaded + (kN) Loaded +
oade 134 [ 133 | 132 | 131 | 129 | 128 oace 26 | 60 | 133|205 | 276
unloaded unloaded
250 400
—o— Right —&— Left —@— Right+ left ‘ —— Right —4— Left —8— Right + left
200 300
£ £
§ 150 E 200
§ L e e N  S— 'g
g 100 § 100
< 50 i & & 2 A———a <
0 -100
0.5 0.6 0.7 0.8 0.9 1.0 0.1 0.2 0.3 0.4 0.5

Static friction coefficient

Fig. 14. Acceleration force for increasing
static friction coefficient
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Kinetic friction coefficient

Fig. 15. Acceleration force for increasing
kinetic friction coefficient



6.2 &

o] =wolA= =T Al Al Bt A IES

(

B8 9 PRG0N AT 4BAE SN B
o) LRAEY AGT Aeo] LHE wFo] sto] A%

|

Ol

0
-

3% % A5 550l e charet v s A g 5
k. i pasels AT} oot g A2 mae)

() Asste2ASA2 78t A 7phgrs A
Al Agstl o, g w7t BhE 9121 80 m A
A 71 2 Alsshso | By st 2t Alssha2
AgoHE2] 12 % Aol sF ks A& eIt

() Asote gy A FRE=7H ALSE S
5o, 60 km/h oo A= T o)} S7FSHA] &
= A0 2 UBth Al o2 et 285
= AuASY 277t 571 E APEH R F
7Vohe A 0= YEls o w, mpalgt=0] ZHAA| 7}
715 7|ska5A 0 & Faskelt

(3) A5t A, AE A7 T Wt B d S
5 3A dAst o 7 9 1L °
21100 m A[FgoNA 7H ZA THAESHATE ESHA|
A7 1A w2t} Hol A5 WY Sh= Als
S5 Alssksol Hls G4 22 37]7HAEeE A
O 2 et At AlEohe-2 Aok 21.8 %
o] sigot= A= UEHHT

(4) Al5okeS npaRkrol 485 AubEAlSe] =2
7| wisto] wheha] 3 S A s A 0= UE
woun, supASe] 7|7t F71ESE AgE e
2 Ik A2 = et

(5) oA olgsto] APgHE A Al sote T E Y
2 W= AA7IE(358 kN)2| 25 %, F-H ng AA7]
Z(180 kN) 9] 49 %, v]=+ W& A A 715200 kN)2J
44 %01, |t Al5ole2 U 2 U2 A
712358 kN)2J 44 %, 74 15 A 7]=(180 kN)
9] 87 %, U] W AA| 7] 2250 kN)2] 62 %<1 A
O & YEHT

(6) FA| A& Boto] AP Xt Al- Al 552 =
9] WA 7]E0] H]sto] R 2 glo|}l oL, A
EolsH U= A5 sl B A Uit E5] =
et 29| HA7|E0 B9 vl=at {2 AA17]
Fof| Hlste] S F Ao| & Ho|IL Qo HE FF
T 71 A Al ol FE e 2 a7} Sl

ot
1)
T

Az - A - HR

(7) AV3E A ASHFL TRAF I of A TE

° %3
70| PHEE Y RS A7 A0 I wrt Az

A AF e A% 22 E
G5t 77 Wasit

2R 2
=

=R EN TS AT “EA A st
3 ARE 172 E A A712 /EH20RTRP-C146000-3)”
20199 % S5 E TS 2] 4L ot 5 eiTto]
o o]of ZAL= U ek,

_ur_ﬁ,

Z 31 53 (References)

[1] Shin,J.-R., Lee, A.-H., Park, J.-1., and Shin., .-J. (2013)
A Field-Test Study on the Dynamic Factor of Elevated
Structures for Rubber-Tired Light Rail Transit, Pro-
ceedings of Annual Fall Conference of the Korean
Society for Railway, KSR, KSR2013A205 (in Korean).
Jung, J.R. (2013) A Study on the Decrease of Lateral
Acceleration Depending on Speed-up of Rubber Tired
AGT Vehicle, Master’s Thesis, Seoul National Univer-
sity of Science and Technology, Korea (in Korean).

[3] Jeon, K.-S., Lee, U., and Yun, S.-H. (1999) Dynamics of
an AGT System Light Rail Transit with Rubber Tires,
Proceedings of Annual Spring Conference of the Kore-
an Society for Railway, KSR, pp.135-142 (in Korean).
Kishan, H., and Traill-Nash, R-W. (1977) A Modal
Method for Calculation of Highway Bridge Response

[2

—_—

[4

—

with Vehicle Braking, Civil Engineering Transactions,
Institution of Engineers, Vol.CE19, No.1, pp.44-50.
[5] Kim, D.-K., and Yang, S.-C. (2010) The Effects of Brak-
ing of Trains and Roughness of Rails on the Dynamic
Behaviors of Bridges, Journal of the Korea Institute for
Structural Maintenance and Inspection, KSMI, Vol.14
No.5, pp.93-101 (in Korean).
Machida, F., and Matsuura, A. (1983) Dynamic Re-
sponse of Concrete Railway Bridges, I/ABSE Proceed-

[6

—_

ings, International Association for Bridge and Structural
Engineering, Vol.7, pp.53-68.
[7

[)

Srinivas, V., Ramanjaneyulu, K., Saravana Kumar, K.,
Parivallal, S., Kesavan, K., Ravisankar, K., Lakshmanan,
N., and Iyer, N.R. (2013) Evaluation of Longitudinal
Force on a Railway Bridge Based on Strain Measure-
ments, Experimental Techniques, Springer, Vol.37, pp.

Shpzsle] =8 A32A AR (EE A1653) 202014 4Y 125



3}

Shs
2

fol

%

ol

nEAE A A A AFOE AT L)

55-67.

[8] Bettazzi, G.C., and Dumét, T.B. (2014) Analysis of the
Braking Longitudinal Force Considered by NBR7187
(2003) Through a Case Study, Ibracon Structures and
Materials Journal, Instituto Brasileiro do Concreto, Vol.
7, No.5, pp.801-816.

[9] Kwark, J.W., and Chang, S.P. (1997) The Dynamic Be-
havior of Highway Bridge Due to the Braking Action
of a Moving Vehicle in 3D, Journal of the Korean
Society of Civil Engineers, KSCE, Vol.17, No.I-6, pp.
897-908.

[10] Yun, H.S., Kim, M.-C., and Han, S.C. (2005) Develop-
ment of Train/Bridge Interaction Analysis Program
Consideration Braking, Proceedings of Annual Fall
Conference of the Korean Society for Railway, KSR,
pp.1177-1183 (in Korean).

[11] Shin, J.-R., Lee, A.-H., Park, W.-B., Lim, C.-S., and Cho,
G.-H. (2013) The Effectiveness Analysis of Design
Code on the Scale of Elevated Light-Rail Structures,
Proceedings of Annual Spring Conference of the Kore-
an Society for Railway, KSR, KSR20135244 (in Korean).

[12] Shin, J.-R., Lee, A.-H., Park, J.-I., and Shin, I.-J.
(2014) A Field-Test Study of the Design Standards of
Elevated Structures for Rubber-Wheeled Light Rail
Transit: Braking Force, Journal of Korean Society for
Railway, KSR, Vol.17, No.2, pp.133-139 (in Korean).

[13] Oden, J.T., and Martins, J.A.C. (1985) Models and Com-
putational Methods for Dynamic Friction Phenomena,
Computer Methods in Applied Mechanics and Engin-
eering, Elsevier, Vol.52, pp.527-634.

[14] Savkoor, A.R. (1986) Mechanics of Sliding Friction of
Elastomers, Wear, Elsevier, Vol.113, No.1, pp.37-60.

[15] Henry, J.J. (2000) Evaluation of Pavement Friction Char-
acteristics: A Synthesis of Highway Practice (NCHRP
Synthesis 291), National Academy Press, USA.

[16] Dorsch, V., Becker, A., and Vossen, L. (2002) Enhanced
Rubber Friction Model for Finite Element Simulations
of Rolling Tyres, Plastics, Rubber and Composites,
Taylor & Francis, Vol.31, No.10, pp.458-464.

[17] Wang, H., Al-Qadi, I.L., and Stanciulescu, 1. (2014)

Effect of Surface Friction on Tire-Pavement Contact
Stresses During Vehicle Maneuvering, Journal of En-
gineering Mechanics, American Society of Civil Engin-
eers, Vol.140, No.4, 04014001.

[18] Korea Rail Network Authority (2017) Track-Bridge
Longitudinal Interaction Analysis (KR C-08080), Korea
(in Korean).

[19] Ministry of Land, Infrastructure and Transport (2018)
Bridge Design Load (KDS 24 12 20: 2018), Korea (in
Korean).

[20] Union Internationale des Chemins de fer (2001) Track/
Bridge Interaction Recommendations for Calculations
(UIC 774-3R), France.

[21] European Committee for Standardization (2003) Eurocode
1: Actions on Structures, Part 2: Traffic Loads on Bridges
(EN 1991-2), Belgium.

[22] Railway Technical Research Institute (2012) Design
Standards for Railway Structures and Commentary -
Track, Japan (in Japanese).

[23] Railway Technical Research Institute (2009) Design
Standards for Railway Structures and Commentary -
Steel Composite Structure, Japan (in Japanese).

[24] American Railway Engineering and Maintenence-of-
way Association (2019) Manual for Railway Engineer-
ing, Chapter 15: Steel Structures, USA.

[25] Korea Rail Network Authority (2016) Railway Design
Standard, Korea (in Korean).

[26] Chae, S., Yoo, Y., Park, Y., and Choi, S. (2018) Dynam-
ic Response Analysis of a Ballastless Steel Plate Gird-
er Bridge Due to a Rail Joint, Journal of the Korean
Society for Railway, KSR, Vol.21, No.11, pp.1104-1115
(in Korean).

[27] Rhee, 1.K., and Roh, Y.S. (2015) Dynamic Analysis of

Railway Structures Using Multibody Contacts, Journal

of the Korean Society of Hazard Mitigation, KOSHAM,

Vol.15, No.6, pp.293-299 (in Korean).

Kwark, J.-W. (1997) The Effect of Vehicle Braking on

a Bridge, Computational Structural Engineering, Com-

[28

—_

putational Structural Engineering Institute of Korea,
Vol.10, No.4, pp.30-33 (in Korean).

8 %F: A o= JAE(LRT, light rail transit)?] 5442 WFF et dA71%0] 9l i
A 7120l FFE ol thiet Sl 71E2 o838kl o] th 2 wFEo] BHo] A3l 53351

e RE CEEEREC REEE
A4HT AAE B B a8

#o] 3L AR 4 02 AMSH] S T ST 28 59 AW Aol ERE 1 AV E o] R g Aol o] i

9,
>
rir
K}
o2
21',
ro,
;Y
iy
10
rE
ot
=2,
=)
I
f=d
—d
Wi
du
ofl
>
Q
._]
10
>,
2
of
o,
=1
ot
=2,
ny
P
ol
il
N
jur)
L
&
[e)

Feoll mAls 9 T2 dFE =+

O O
oAt A9 FH2Z fI5te] &L= T3 ABAQUSE °]&3t0] fFatEAls A 54 st et A5 4 23} A4 3t
K

FLAASAA, FH4E, 15 Lo A 719] nFEAS: 50

801 : Al AIE, LRT, AGT, T4F o5, 2T

1A 25t

126 SFR7FL2ERs] =07 327 AR5 (B A/1655) 20204 49



	고무차륜 경전철 차량의 시 · 제동으로 인한 교량의 하중 효과 분석
	Abstract
	1. 서론
	2. 차량의 제동이론
	3. 시 · 제동하중 설계기준
	4. 수치해석
	5. 수치해석 결과
	6. 결론
	참고문헌(References)
	요약


