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Comparison of Construction Cost and External Stability of Railway Abutment
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ABSTRACT

The railway bridge abutment subjected to the lateral earth pressure is a sensitive structure that is affected by backfill materials,
installation methods, compaction, and drainage system and so on. The several design loads for the bridge abutment design
consist of traffic loading on bridges and vertical & lateral force due to surcharge load at backfill. Especially, the lateral
earth pressure of design load components is important and considered in the design of geotechnical engineering structure
such as bridge abutment wall. The determination of cross section for abutment is finally determined with calculating external
stability and member force of abutment wall structures. In this study, the abutment wall height is 12m and the optimal
cross section of abutment wall has been determined that satisfies an external stability for abutment structure through friction
angles of 35, 40, and 45 degrees of backfill materials. The external stability and member force of abutment wall with friction
angle of backfill materials and were calculated and construction cost of each abutment wall structures was compared. It
found that the construction cost was reduced from 2.2 to 8.4% with friction angle of backfill materials.
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Table 1, Strength properties of embankment materials on the conventional railway (Korea Rail Network, 2013)

Kind of soil (USCS) Condition of sail Unit weight (kN/m°) Friction angle (°) Cohesion (kN/m?)
GW, GP Compaction 20 40 0
Good of grain size distribution 20 35 0
SW, SP
Bad of grain size distribution 19 30 0
SM, SC Compaction 19 25 Below 30
ML, MH, CL, CH Compaction 18 15 Below 50

Table 2. The design properties of embankment for stability analysis

Embankment deep zone (Surface zone)*6
Engineering classification on the | Regular, Earthquake, Rainfall )
Rainfall (80% = S 100% R Il (ST = 100%
Category geotechnical (St ¢ 80%) ainfall (80% T ( b) ainfall (St = b)
it (kN/mo)le (kN/mY)] @ [t (kN/mi)|e (kN/m)] @ [t (kN/m)|c (kN/mY)| @
) G, G-S, GS, G-F, G-FS, GS-F*
Soil 1 Hard rock muck Fissilty weakness 18 6(3) 45(40) 19 3(1.5) 45(40) 20 0(0) 45(40)
S, S-G, SG*2, S-F, S—FG, SG-F*3
Soil 2 |Hard rock muck fissility strong Soft 17 6(3) 40(35) 18 3(1.5) 40(35) 19 0(0) 40(35)
rock muck Very soft muck
Soil 3 | GF, GF-S, GFS, SF, SF-G, SFG*5 16 6(3) 35(30) 17 3(1.5) 35(30) 18 0(0) 35(30)
) ML, CL, MH, CH, OL, OH, QV, Pt, MK,
Soil 4 VL VHL VH2 14 20(10) 25(20) 15 10(5) 25(20) 16 10(5) 25(20)

* 1 G-F, G-FS, GS—F that have organic fine particle will use ¢, ¢ of Soil 2.

* 28, S-G, SG that have a good of grain(v, 210, KU, =,/U,)

will use ¢, ¢ of Soil 1. For the rest, it is Soil 2

* 3 S—F, S-FG, SG-F that have silt or clay fine particle will use ¢, ¢ of Soil 1,

* 4 Very soft muck that have proceed weathering, sediment and viscosities will use ¢, ¢ of Soil 4
* 5 SF, SF—G, SFG that have organic fine particle will use ¢, ¢ of Soil 4

* 6 () means value of embankment surface, only there is same value using about rt,
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Table 3. Design assumed condition of test structure

Category Contents
1) Upper form : PSC Beam—L=25m

Design status 2) abutment form: Reversed T—shaped abutment

3) footing form : Spread footing

1) Con'c: Fck = 27MPa, Ec = 8500 3v/(ick+8)=26,702MPa
The Using 2) Steel: fy = 400MPa, Es = 200,000MPa

material 3) Bridge bearing: Pot support: Bearing frictional coefficient = 0,15, Soil weight: yi = 20.0kN/m’
3) Back filling: Unit weight = 20,0kN/m°, ¢ = 35, 40, 45°
1) Dead load:

a) Con'c: 2.45 kN/m®, Upper Fixed load : 6019.68kN(Double track)
2) Live load: KRL—2012 (Standard)
3) Earth pressure
a) Regular: Coulomb coefficient of active earth pressure
b) Earthquake: Mononbe—Okabe coefficient of active earth pressure
¢) Foundation module
@ N-value: 50, @ angle of shear resistance: 42°,
(© Friction coefficient of Foundation bottom(u): 0,532, (@ attaching force: 0

4) Impact load: I, = 1.44

" VL=02

5) Start and Breaking load

a) KRL—2012(Standard train),

b) Not rail expansion joint: +6L(kN)(1 rail)
6) Earthquake load

a)k, =0,11(Ground type I)

b) Vertical load: Upper fixed load=3,009.840kN

¢) Horizontal load: Upper fixed load X Friction coefficient of Bridge bearing

Design Load
—0.18

1) Structure(abutment) stability review
a) Design standard of safety factor
Stability review @ Minimum of overturning: 2.0
@ Minimum of sliding: 1.5
@ Standard of bearing capacity : Allowable bearing capacity(6B00KN, 900KN) below

Table 4. The design load set for Structural Analysis of the target structure

LOAD CASE Load combination

1 1.35 Dead load+1.6Earth pressure

2 1.35Dead load+1,6Earth pressure+1.4Continuous welded rail longitudinal load
3 1.35Dead load+1.6Earth pressure+1.4Single track train load(No Impact)+1.4(Start+Brake)+
Factored 1.4Continuous welded rail longitudinal load
load 4 1.35Dead load+1,60Earth pressure+1.40Single track train load(No Impact)+1.40(Start+Brake)+

1.35Temperature load

5 1.35Dead load+ 60Earth pressure+1.85Single track train load(No Impact)

6 1.60Dead load+1,60Earth pressure+1.60Single track train load(No Impact)

7 1.0Dead load+1,OEarth pressure+1 OEarthquake load

1 Dead load+Earth pressure

Dead load+Earth pressure+Continuous welded rail longitudinal load

2
Service
load 3 Dead load+Earth pressure+Single track train load(No Impact)-+(Start+Brake)+Continuous welded rail longitudinal load

4 Dead load+Earth pressure+Single track train load(No Impact)-+(Start+Brake)+Temperature load

5 Dead load+Earth pressure+Single track train load(No Impact)

6 Dead load+Earth pressure+Earthquake load
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Fig. 4. Standard abutment section (Cutting/embankment)

Table 5. Condition with friction angle

Spread footing
Category
Scenario—1 (Embankment) Scenario—2 (Cutting)
=35 1-1 2 -1
® =40 1-2 2-2
d =45 1-3 2-3
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Table 6. The results of safety factor

Category Overturning Sliding Bearing capacity
Scenario 1, 2—1 Regular 458 2.56 1.4
(®=35) Earthquake 2.66 179 168
Scenario_1, 2-2 Regular 490 3.02 1.37
(©=40) Earthquake 2.70 1.99 163
Scenario_1, 2-3 Regular 512 3562 1.36
(®=45) Earthquake 2.73 2.20 1.59
5.4 - 4.0 p 1.50
H 35 — 1.45
; /D/ 'ii a3 ; 1.40 .
L 48 & 2
ch (g 2 Ecg 1.35 F\—‘(
4.6 e >
A 1.30

2.0

35 40 a5 35 15

Internal Friction Angle(Deg.)
(b) Sliding

40
Internal Friction Angle(Deg.)

(a) overturning

Fig. 5 safety factor graph with friction angle (regular)

Table 7. The decrease/increase ratio of safety factor with ¢=35

35 40 45

Internal Friction Angle(Deg.)

(c) Bearing capacity

Category Overturning Sliding Bearing capacity
Scenario_1, 2—1 Regular - - -
(®=35) Earthquake - - -
Scenario_1, 2-2 Regular Increase 6.53% Increase 15.23% Decrease 2.92%
(@=40) Earthquake Increase 1,48% Increase 10.05% Decrease 3,07%
Scenario_1, 2-3 Regular Increase 48,05% Increase 49.15% Decrease 23,53%
(D=45) Earthquake Increase 2.56% Increase 18,64% Decrease 5.66%

Table 8. The result of the member force by factored and service loads

Catedor Normal force(kN) Horizontal force(kN) Moment(kN/m)
gory Factored load | Service load | Factored load | Service load | Factored load | Service load
) Moment maximum 430,03.17 31,685,792 10,387,042 6,593,261 40,319,843 24,696,684
Scenario 1, 2-1 Aoial Torce
(0=35) ) 50,697 27 31,685,792 9,251.817 5,782,386 27,319,135 17,074,459
maximum
) Moment maximum 41,404,606 30,505,116 8,454 107 5,375.820 35,604,217 22,172,781
Scenario_1, 22 Aial force
(®=40) ) 48 80819 30,505,116 7,423,672 4,639,795 24,406,634 15,254.146
maximum
) Moment maximum 39,465.42 29,073,183 6,888,070 4,397.047 30,921.773 19,522 591
Scenario_1, 2-3 Aial force
(D=45) ) 46,517.09 29,073,183 5,857,635 3,661,022 20,166,330 12,603,956
maximum
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Table 9. The decrease ratio of the member force with ©®=35

cat Normal force(kN) Horizontal force(kN) Moment(kN/m)
ategory - -
Factored load Service load Factored load Service load Factored load Service load
Moment maximum - — — — — -
Scenario_1, 21 -
(d=35) A><|a|l force _ _ _ _ B B
maximum
Moment maximum Decrease Decrease Decrease Decrease Decrease Decrease
Scenario 1, 22 3.86% 3.87% 22.86% 22 65% 13.24% 11.38%
(®=40) Axial force Decrease Decrease Decrease Decrease Decrease Decrease
maximum 3.87% 3.87% 24.63% 24.63% 11.93% 11.93%
Moment maximum Decrease Decrease Decrease Decrease Decrease Decrease
Scenaﬂoj’ 2-3 8.96% 8.99% 50.80% 49 95% 30.39% 26.50%
(©=45) Axial force Decrease Decrease Decrease Decrease Decrease Decrease
maximum 8.99% 8.99% 57 94% 57.94% 35.47% 35.47%
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Table 10. Production quantity of each standard abutment with friction angle (embankment/Cutting)

) friction angle (35°) friction angle (40°) friction angle (45°)
Category Standard Unit
embankment Cutting embankment Cutting embankment Cutting
Backfill m’ 3234.641 1929393 3240854 1886, 751 3249138 1844109
c 1 25-27-15 m’ 341,430 341,430 329,442 329,442 317.454 317.454
oncrete
25—-16-15 m’ 10,528 10,528 9.856 9.856 9,184 9,184
Plywood3size m’ 236.820 236.820 236.820 236.820 236.820 236.820
Mould Plywood4size m’ 56,520 56,520 55,440 55,440 54,360 54,360
Plywood6size m’ 3.180 3.180 3.120 3.120 3.060 3.060
Ms; ;f‘encfﬁgie Complex TON 34,599 34,599 32,557 32,557 20,026 29,026
Falsework Steel pope m? 278.040 278,040 278.040 278,040 278.040 278.040
SPACER Vertical m? 293.340 293,340 292260 292,260 291180 291,180
installation Horizontal m? 102120 102,120 95,460 95,460 88.800 88.800
Rear waterproof Asphalt m 111,180 111,180 111,180 111,180 111,180 111,180

Table 11. Construction cost of standard abutment section

Category Cost (W/m) Increase/Decrease (W/m) Increase/Decrease (%)
. . =1 ] 35° 95,400,302 - -
Bankingsection =771 oo 93,273 421 —2,126,881 Decrease 2.2%
Scenario—1
Spread =3 | 45° 90,152,939 —b,247,363 Decrease 5.5%
foundation . . 2—1 | 35° 78,118,810 - -
Cutting s.ectlon oo | a0° 75,345 089 —2.773,721 Decrease 3.6%
Scenario—2
2-3 | 45° 71,550,347 —6,568,463 Decrease 8.4%
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