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Abstract The RAR (Reinforced Abutment for Railways) is an economical abutment to reduce the settlement of a
transitional zone and horizontal displacement of an abutment by constructing backfill before the abutment. In this
paper, the performance of the RAR depending on the pile installation was evaluated using 2D (Dimensional) finite
element analysis and compared with the existing abutment (with 5 rows pile). Numerical analysis showed that
increasing pile installation is more effective in reducing horizontal displacement and earth pressure than settlement
of the transitional zone. The horizontal displacement and earth pressure of the RAR was approximately 26~37% and
59~83% compared to the existing abutment by changing the pile installation. More pile installation led to a greater
reduction of the horizontal displacement and earth pressure of the RAR. In addition, the horizontal earth pressure of
RAR is influenced considerably by the reinforcement, pile, foundation, and stiffness of the ground.
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Fig. 1. Procedures to construct RAR (a) Foundation (b)
Backfill (c) Abutment
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Fig. 2. Analyses section of existing abutment
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Fig. 3. Analyses section of RAR(2 row piles)

Table 1. Analyses cases

. Elactic modulus of
Case no. Pile rows .
sandy soil layer
1 10 MPa
2 20 MPa
1
3 30 MPa
4 40 MPa
5 10 MPa
6 20 MPa
2
7 30 MPa
8 40 MPa
9 10 MPa
10 20 MPa
3
11 30 MPa
12 40 MPa
13 10 MPa
14 20 MPa
4
15 30 MPa
16 40 MPa
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Table 2. RAR Foundation specification

Pile Rows 1 2 3 4
Foundation

. 2
Length(m) 3.7 3.7 39 5
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Table 3. Material properties
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Pile rows

()

. Unit Weight Cohesion friction angle Elastic Modulus . .
Materials Model (N /m3)g (MPa) © s (MPa) Poisson’s ratio
Upper subgrade Mohr-Coulomb 19 1 35 80 0.3
Lower subgrade Mohr-Coulomb 19 20 25 60 0.33
Gravel Mohr-Coulomb 20 1 40 80 0.25
Cement treated gravel Mohr-Coulomb 21 50 40 120 0.2
Sandy soil Mohr-Coulomb 18 1 30 10, 20, 30, 40 0.35
Soft rock Mohr-Coulomb 23 300 35 1,800 0.28
concrete Linear elastic 24 - - 24,000 0.2
Reinforced concrete Linear elastic 24.5 - - 30,000 0.2
Pile Linear elastic 20(2D) - - 47,000 0.25
Reinforcement Geogrid J=1,000kN/m (Design tensile strength = 60kN/m)
Steel frame Plate EA=1.46x105kN, EI=1.542kN-m’
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Table 4. RAR horizontal displacement relative to existing abutment
Elastic Horizontal displacement of RAR Horizontal displacement (mm)
Modulus existing abutment (RAR/Existing abutment ratio)
(MPa) (mm) 1 Row piles 2 Rows piles 3 Rows piles 4 Rows piles
-18.2 -15.6 -14.0 -13.1
10 MPa 506 (36%) (31%) (28%) (26%)
-10.5 9.5 -8.6 -7.7
20 MPa 284 (37%) (35%) (30%) (27%)
-7.4 -6.9 -6.3 -5.7
30 MPa 197 (37%) (35%) (32%) (29%)
-5.7 -5.4 -5.1 -4.6
40 MPa 152 (B7%) (36%) (33%) (30%)
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