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Analysis of the Internal Forces of the Rail Supports for the
Serviceability of Concrete Slab Track Bridge

ABSTRACT

In this study, the reference values for the internal forces of the rail supports caused by a wheel load, a unit vertical displacement, a unit
end rotation in examination of the serviceability of concrete slab track bridge were obtained. In analysis, the analysis models of which
the rail was continuously and discretely supported by elastic springs were used. The internal forces of the rail supports from the analysis
were compared with the results provided in the DS 804 regulations and agreed with well. In addition, the effects of the space between
the rail supports and the stiffness of fastener on the internal forces of the rail supports were investigated.

Key words : Concrete slab track, Serviceability, Continuous support model, Discrete support model, Compressive force, Uplifting force
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W9l W& Alrz0] 7TeAe Gab 53 S s 21k
G 22 H oA 9] k=2 (compressive force) 2 42 (uplifting
force)ol] theh AR8A AE W 2 7IES S99 FarieEd] DS
804 (2000)E F83te] 283kl Jrik=EdTAldEt 2008).

TUelME ZIHE Alee] AR HES 918 71323724
DS 804 7|50 AAE A=) AFA FFIALe thet Aot
oRkslk 2790 gk AR HE Sl o] wgke] AFol ik
S AaEe] BuEQITH (RS, 2009; BEE7] €], 2009; AdH%
9], 2008).

DS 804 7|0l 23t AR HEE TRl sk 7o) <4
WAl e AETRe] M9E T} SRle 2 el 1R
sk Y AR 9 Ghore] ZHg-Hol ARE-gkA HL e
UEF sh= Hojrk o] HFA HA AR oA 2-8-H
HE TR Z2ad T 54 )4 Z2a9E o]83ly
Y= vk Tt e s Z2ass ARSSEAE tielst
A8 Bdgste] v g Faieithe Al wie E3siaL
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A& A83nt AL T F3kF, T 7R o) B
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FaRle A AR mae) A u AR s
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Table 1. Static and Dynamic Actions on a Superstructure of Bridge

A7 FA) Y e B wE HEE, O ATk A
T2} e wdA 7Pt JA vepdth E32E A%
o] AR AAlE o] A A, B4 sl ofsl HAE=
ek APRTE 2 Ao WY w018k P 2 A
~o] 2kgeo] EAS 318 SIS WA e Sl Blolck o]
A, nEge] gz HYS dovl= 9 32 Table 19
e 4, SAslEoln, nwke] gzt Azl A==
)]

il

e

w19 9 wgle) whgacle wde) g Agshe Al S5
e AR A 70e) 4 TH 9 S RTe) shasle

Tk ek 99l 2 AAAA Bse Age AEgAe)
AR 2 egslse) S8, 99 5o tie 518w
oJsfolof T,

A48 A SR ek ATl Jlserd 24, 44
55 315, U L A e AR ol 2]
of gloms, w3 TR W A V9] S35, W8l e
] Sahaslol ofet el = g e T Egs ()~@)e)
LeRdl uls} o] 283l AU 23to = AR W
E s e ANE 4 Ak

E1 = ¢d¢,stat El@ (Cs7 a, a; ) + ¢d¢dyn, Euﬁ (Cd7 Q, a’]) (1)
+ 5d‘stat Fu& (Cs’ a, a’l) + 6d.,dyn Fu& (Cd’ a, a’l)
Qi
+ 100 Fup(cd, a)
k.= ¢d‘dyn £y (Cd’ a, a1) 2
d
+ (5,1,(1?/" F(,I;(cd, a, al) + WF@(% a)
¢d,stat = Zf}/F QSstat’ ¢d¢dyn, = ZVF ¢dyn (3)
5d,stat = E’VF 6stat° 5d,dyn = E’VF 5dyn (4)

L A, sk I3 vl S
ol %)

047]}\17 d)d‘stat’ ¢d,dyn

Type Static Actions

Dynamic Actions

Axial load -

*Direct acting force due to axial load

Vertical gap

*Pier rotation due to the temperature difference between rail and bridge
* Pier rotation due to the temperature difference between front and rear sides of a pier| * Vertical deformation due to axial load

*Pier rotation due to starting and breaking loads

*Dead loads, creep and shrinkage

End rotation | Temperature difference between top and bottom surfaces of a superstructure

*Settlement of footing

*Train axial load
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Fig. 1. Continuous Support Model of Track ~ Subgrade System
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Fig. 2. Model for a Vertical Wheel Load Application
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Fig. 3. Vertical Reaction Forces of the Rail Supports by a Wheel
Load (100&V) in CSM
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Table 2. Maximum Internal Forces of the Rail Supports by a Wheel Load(100£2V) in CSM

Stiffness Maximum Compressive Force(kN) Maximum Uplifting Force(kN)
k, (KN/mm) a=650mm a=600mm a=550mm a = 650mm a=600mm a=550mm
20 -34.01 -32.03 -30.00 1.47 1.38 1.30
25 -35.96 -33.86 -31.73 1.55 1.46 1.37
30 -37.64 -35.44 -33.20 1.63 1.53 1.43
35 -39.12 -36.84 -34.51 1.69 1.59 1.49
40 -40.44 -38.09 -35.68 1.75 1.65 1.54
45 -41.65 -39.23 -36.75 1.80 1.69 1.59
50 -42.76 -40.27 -37.73 1.85 1.74 1.63
55 -43.79 -41.24 -38.64 1.89 1.78 1.67
60 -44.76 -42.15 -39.49 1.93 1.82 1.71
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Fig. 4. Model for the Vertical Displacement between the Rail
Supports
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Fig. 5. Vertical Reaction Forces of the Rail Supports by the Vertical
Displacement( 1rnm) in CSM
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Table 3. Maximum Internal Forces of the Rail Supports by the Vertical Displacement( 1mmm) in CSM

Stiffness Maximum Compressive Force(kN) Maximum Uplifting Force(kN)
k, (KN/mm) a=650mm a=600mm a=550mm a=650mm a=600mm a=550mm
20 -6.61 -6.80 -6.99 6.61 6.80 6.99
25 -8.02 -8.27 -8.53 8.02 8.27 8.53
30 -9.38 -9.70 -10.02 9.38 9.70 10.02
35 -10.69 -11.08 -11.48 10.69 11.08 11.48
40 -11.96 -12.42 -12.39 11.96 12.42 12.89
45 -13.19 -13.72 -14.27 13.19 13.72 14.27
50 -14.39 -14.99 -15.61 14.39 14.99 15.61
55 -15.55 -16.23 -16.93 15.55 16.23 16.93
60 -16.68 -17.44 -18.22 16.68 17.44 18.22
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Fig. 8. Discrete Support Model

Table 4. Maximum Internal Forces of the Rail Supports by the End Rotation( 1/1000) in CSM

Stiffness Maximum Compressive Force(kN) Maximum Uplifting Force(kN)
k, (KN/mm) a=650mm a=600mm a=550mm a = 650mm a=600mm a=550mm
20 -4.29 -4.21 -4.13 1.05 1.00 0.95
25 -5.07 -4.97 -4.87 1.27 1.21 1.15
30 -5.79 -5.70 -5.58 1.46 1.42 135
35 -6.46 -6.38 -6.26 1.64 1.61 1.54
40 -7.10 -7.03 -6.92 1.81 1.78 1.72
45 -7.71 -7.65 -7.54 1.96 1.95 1.90
50 -8.28 -8.24 -8.14 2.09 2.10 2.06
55 -8.83 -8.80 -8.72 222 2.24 221
60 -9.36 -9.34 -9.27 2.33 2.37 2.36
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Eq. (21) Eq. (20)9]] Wi A= 0 o . 1 A £+6 l,4 .
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M_,—2M+M.,, Q 0 0 0 R R T S
%= k.a &, (22) T
(25)
o] Fo}A\x, Eq. (22)% Eq. (19)e] B3t Aelsha
Eq. 23)% 2 S79) Aol tjg 9% mulE Aol
SRR
Table 5. Maximum Internal Forces of the Rail Supports by a Wheel Load(100%2V) in DSM
Stiffness Maximum Compressive Force(kN) Maximum Uplifting Force(kN)
k, (KN/mm) a=650mm a=600mm a=550mm a=650mm a=600mm a=550mm
20 -33.95 -31.98 -29.97 1.42 1.42 1.32
25 -35.87 -33.80 -31.68 1.43 1.42 1.42
30 -37.53 -35.36 -33.15 1.60 1.37 1.43
35 -38.98 -36.74 -34.44 1.69 1.53 1.41
40 -40.28 -37.97 -35.60 1.73 1.63 1.40
45 -41.46 -39.09 -36.65 1.74 1.69 1.52
50 -42.54 -40.11 -37.62 1.73 1.73 1.60
55 -43.54 -41.06 -38.51 1.70 1.74 1.67
60 -44.47 -41.95 -39.34 1.66 1.74 1.70
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Table 6. Maximum Internal Forces of the Rail Supports by the Vertical Displacement( 1mm) in DSM

Stiffness Maximum Compressive Force(kN) Maximum Uplifting Force(kN)
k, (KN/mm) a=650mm a=600mm a=550mm a=650mm a=600mm a=550mm
20 -6.57 -6.76 -6.97 6.57 6.76 6.97
25 -7.99 -8.23 -8.49 7.99 8.23 8.49
30 -9.35 -9.66 -9.98 9.35 9.66 9.98
35 -10.66 -11.04 -11.42 10.66 11.04 11.42
40 -11.93 -12.38 -12.83 11.93 12.38 12.83
45 -13.16 -13.68 -14.21 13.16 13.68 14.21
50 -14.36 -14.95 -15.56 14.36 14.95 15.56
55 -15.52 -16.19 -16.87 15.52 16.19 16.87
60 -16.66 -17.41 -18.17 16.66 17.41 18.17
Table 7. Maximum Internal Forces of the Rail Supports for the End Rotation( 1/1000) in DSM
Stiffness Maximum Compressive Force(kN) Maximum Uplifting Force(kN)
k, (KN/mm) a=650mm a=600mm = 550mm a=650mm a = 600mm a=550mm
20 -4.21 -4.14 -4.11 1.07 1.03 0.98
25 -4.96 -4.87 -4.8 1.28 1.24 1.19
30 -5.68 -5.58 -5.48 1.46 1.43 1.39
35 -6.37 -6.26 -6.13 1.64 1.61 1.57
40 -7.02 -6.91 -6.77 1.8 1.78 1.74
45 -7.64 -7.54 -7.39 1.94 1.94 1.9
50 -8.23 -8.14 -8 2.08 2.08 2.06
55 -8.8 -8.72 -8.58 22 222 2.21
60 -9.34 -9.27 -9.15 2.31 2.35 235
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Table 8. Comparison with Internal Forces of the Rail Supports by a Wheel Load
Stiffness Maximum Compressive Force(kN) Maximum Uplifting Force(kN)
K. (N/mm) CSM DSM DS804 (A-C) (B-C) CSM DSM DS804 (A-C) (B-O)
' (A) (B) © 1C (%) 1C (%) (A) (B) © 1C (%) /C (%)
20 -34.01 -33.95 - - - 147 1.42 - - -
25 -35.96 -35.87 - - - 1.55 143 - - -
30 -37.64 -37.53 -37.53 0.11 0.01 1.63 1.60 1.59 0.04 0.50
35 -39.12 -38.98 -38.98 0.14 0.00 1.69 1.69 1.69 0.00 0.05
40 -40.44 -40.28 -40.28 0.16 0.00 1.75 1.73 1.73 0.02 0.05
45 -41.65 -41.46 -41.46 0.19 0.00 1.80 1.74 1.74 0.06 0.02
50 -42.76 -42.54 -42.54 0.22 0.00 1.85 1.73 1.81 0.04 4.65
55 -43.79 -43.54 -43.54 0.25 0.01 1.89 1.70 1.89 0.00 10.24
60 -44.76 -44.47 - - - 1.93 1.66 - - -
Table 9. Comparison with Internal Forces of the Rail Supports by a Vertical Displacement
Stiffness Maximum Compressive Force(kN) Maximum Uplifting Force(kN)
k. (N/mm) CSM DSM DS804 (A-C) (B-C) CSM DSM DS804 (A-C) (B-C)
‘ @A) B © 1C (%) 1C (%) @A) B © /C (%) 1C (%)
20 -6.61 6.57 - - - 6.61 6.57 - - -
25 -8.02 -7.99 - - - 8.02 7.99 - - -
30 -9.38 -9.35 -9.37 0.13 0.25 9.38 9.35 9.37 0.13 0.25
35 -10.69 -10.66 -10.70 0.06 0.38 10.69 10.66 10.70 0.06 0.38
40 -11.96 -11.93 -11.90 0.52 0.25 11.96 11.93 11.90 0.52 0.25
45 -13.19 -13.16 -13.20 0.07 0.29 13.19 13.16 13.20 0.07 0.29
50 -14.39 -14.36 -14.40 0.10 0.28 14.39 14.36 14.40 0.10 0.28
55 -15.55 -15.52 -15.50 0.32 0.15 15.55 15.52 15.50 0.32 0.15
60 -16.68 -16.66 - - - 16.68 16.66 - - -
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Table 10. Comparison with Internal Forces of the Rail Supports by a End Rotation

Stiffness Maximum Compressive Force(kN) Maximum Uplifting Force(kN)
k. (KN/mm) CSM DSM DS804 (A-C) (B-0O) CSM DSM DS804 (A-C) (B-O)
‘ GV B © 1C (%) 1C (%) A ®) © 1C (%) /C (%)
20 -4.29 -4.21 - - - 1.05 1.07 - - -
25 -5.07 -4.96 - - - 1.27 1.28 - - -
30 -5.79 -5.68 -5.83 0.73 2.50 1.46 1.46 1.47 0.45 043
35 -6.46 -6.37 -6.48 0.24 1.71 1.64 1.64 1.65 0.38 0.79
40 -7.10 -7.02 -7.10 0.02 1.12 1.81 1.80 1.82 0.67 1.30
45 2771 -7.64 -7.69 0.20 0.65 1.96 1.94 1.96 0.16 0.88
50 -8.28 -8.23 -8.26 0.25 0.36 2.09 2.08 2.10 0.37 1.10
55 -8.83 -8.80 -8.81 0.22 0.17 222 2.20 2.22 0.22 0.92
60 -9.36 -9.34 - - - 2.33 2.31 - - -
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