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Abstract This study evaluated the construction costs of 11 design cases to decrease the horizontal forces applied
to an abutment. They include two kinds of abutment types, which are used to improve the backfill materials for
reversed T-shaped abutment and geosynthehtic reinforced abutment for railways (RAR). In the first economic analysis,
the internal friction angles of the backfill materials were increased from ®=35° to ®=40° and 50° for a reversed
T-shaped abutment. The second analysis examined cases with the design of a geosynthehtic RAR. When the friction
angles were 40° or 50° after improvement of the backfill material, the reduction in the construction cost of the
abutment was not as large (2.0-3.9%), even though the horizontal forces on the abutment were decreased by 18-48%.
However, in the case of applying the RAR, a maximum cost reduction of 30% was achieved by decreasing the
horizontal force to zero. The cost reduction results from the decreased wall thickness, base slab size, and the number
of pile foundations for the abutment, as well as changing the material.
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Fig. 1. Procedures to construct RAR[2]
(a) Small foundation, (b) Backfill, (c) Abutment
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Fig. 2. Design drawing of reversed T-shaped abutment
(a) Front view (b) Section view
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Fig. 3. Design drawing of RAR
(a) Front view (b) Section view
Table 1. 11 Design cases
Friction angles Base slab
Case No. © s Abutment types lengths
(m)
| Reversed T-shaped 65
15 abutment
2 .
RAR 65
3 52
4 Reversed T-shaped 6.5
2 40 abutment 2§
RAR
7 5.2
8 Reversed T-shaped 6.5
l90 50 abutment 2 i
RAR _
11 5.2
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Table 2. Coefficients of earth pressure

Coefficients of Rankine Coulomb Mononobe
earth pressure -Okabe
Reversed
Friction T-shaped 0.271 0.251 0.323
angle = 35°| abutment
RAR 0.261 0.261 0.356
Reversed
Friction T-shaped 0.217 0.202 0.264
angle = 40°| abutment
RAR 0.239 0.239 0.276
Reversed
Friction T-shaped 0.132 0.125 0.169
angle = 50°| abutment
RAR 0.172 0.172 0.216

Train [oad = 35 khN/m"
Track load = 15 kN/m”

=
=
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Fig. 4. Analysis of horizontal earth pressure using RAR
design program

Fig. 6= UlFnazt Bistel RAR A& & i
o] Fgsl= FHESS A A, ATy )
W epzzho] 3500 4] 4009} 5002 7k w] Lol
Sl FHELS Hd A 80%9F 49% 2, A7 Al 82%
9} 52% % adhE Ao YERLTE RAR atoA=

2
A}
A}



ERysE By deadel 344 B}

QIR AART, AART L FHEGS) 2483}
wgo 2 o Agste] WAl g5k SR
AAE R WA S $ GHe 0oz AR
8 1
.._._K | —— Backil
I |
7 = || Track
demid |
6 [ — —Train
_____ |
[ S——— | - - - Reinforcement
E _____ : tension
£ 17 I
v | ---.d |
T
_——— a1
3 _____
2 _____
O
0
-20 -10 0 10 20 30 40 50 60
Horizontal earth pressure and
Reinforcement tension(kN/rf)
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Fig. 7. Section forces at the bottom of abutment
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Fig. 8. Maximum vertical reaction forces per a pile
(a) Normal (b) Earthquake
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Fig. 9. Maximum horizontal reaction forces per a pile
(a) Normal (b) Earthquake
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Table 3. Stresses on steel pipe piles (Units : MPa)
Normal Earthquake
Friction Abutment Base slab
angles(°) types lengths(m) Bending | Allowance Shear stross Allowance | Bending | Allowance Shear stross Allowance
stress level level stress level level
Reversed
T-shaped 6.5 116 12 164 21
abutment
35
6.5 53 2 97 10
RAR
52 58 3 103 11
Reversed 6.5 103 10 151 19
T-shaped
abutment 52 120 13 168 23
45 140 80 217 124
6.5 53 2 97 10
RAR
52 58 3 103 11
Reversed 6.5 84 7 132 16
T-shaped
abutment 5.2 9 9 145 19
50
6.5 53 2 97 10
RAR
52 58 3 103 11
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Table 4. Stresses on PHC piles (Units : MPa)

Normal Earthquake
Friction Abutment Base slab " I I i I 11
angles(®) types lengths(m) Bending | Allowance Shear stress Allowance | Bending | Allowance Shear stress Allowance
stress level level stress level level
Reversed
T-shaped 6.5 -5.4 1.8 -11.3 3.1
35 abutment
6.5 6.4 0.3 0.5 1.4
RAR
5.2 6.4 0.4 1.0 1.6
Reversed 6.5 3.1 15 -8.9 2.7
T-shaped
45 abutment 5.2 -5.3 1.8 -11.4 33
0.0 1.2 0.0 1.7
6.5 6.4 0.3 0.5 1.4
RAR
5.2 6.4 0.4 1.0 1.6
Reversed 6.5 0.6 1.0 -5.5 23
T-shaped
abutment 5.2 -0.7 13 -6.6 2.7
50
6.5 6.4 0.3 0.5 1.4
RAR
5.2 6.4 0.4 1.0 1.6

% Bending stresses : (-)Tensile, (+)Compression.

Table 5. Construction costs (Units : 10,000 won)

Friction Backfills Total
Abutment types angles Abutment | Piles construction Items of cost down
© Gravel Geogrid costs
Reversed
T-shaped 35 4,977 6,760 2,414 - 14,151 By design code
abutment
Reversed 13.880
T-shaped 40 4,706 6,760 2,414 - . W 10% (Wall thickness)
V2.0%
abutment
Reversed 13.610
T-shaped 50 4,435 6,760 2,414 - ’ W 20% (Wall thickness)
V3.9%
abutment
W 20% (Wall thickness)
9,902 V¥ 20% (Base slab length)
) 3,860 3,016 2414 612 ¥30.0 W 20% (No. of piles)
W Application of PHC piles
4, SAHH| Hlu 24 = glow drHge.
471 A= ATE w9} RARW ] SA
H|E H|aL 249k A= Table 59k 2tk TH 5 ZA=2
- [ —
&
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