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Analysis of Settlement Characteristics and Strength of Cement Mixing Ratio
for a Backfill Material at a Railway Abutment

oF A H' Yang, Sang-Beom 3 3 g Choi, Chan-Yong
g # Kim, Nak-Kyung A Kim, Tae-Kyun
Abstract

Backfill materials of rail abutment were commonly composed with cement treated aggregate, general aggregate and
soil. The friction angle of cement treated aggregate increased up to 40° or more due to strength enhancement. However,
30°~35° of friction angle was typically applied for in-situ condition. This phenomenon could cause over-designing,
therefore, it is essential to determine reasonable material properties of cemented treated aggregate. In this study, a series
of CBR tests and circular model tests have been conducted for cement treated aggregate, while changing cement mixing
ratio. Based on test results, characteristics of settlement and strength have been analyzed quantitatively. The settlement
of cement treated aggregate decreased with the number of cyclic loading and aging period. In addition, The strength

increment ratio in CBR test increased up to 13~16 times at 28 days aging.
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Table 1. Properties of test materials

Compaction test

Grain size analysis

Materials OMC Pamar Maximum size 0.08 mm Absorption ratio of
(%) (kN/m°®) (mm) pass rate (%) Coarse aggregate (%)
Aggregate 7.7 21.90
3%Cement treated aggregate 7.6 21.93
75.0 5.2 1.1
4%Cement treated aggregate 7.6 21.95
5%Cement treated aggregate 7.5 21.98
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Fig. 2. Structural drawing of circular model test setup

Category

Content

Test design speed and axial load

- Design speed : 200 km/h

- Axial load 250 kN, Wheel load 125 kN
- Wheelbase 2.5 m
- Distance between centers of bigies 11.2 m

% Speed impact rate :

1.6 (Rail joint : 1+0.5V/100, Continuous wdlded rail : 1+0.3V/100)
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Table 3. Test condition of circular model test

No. Test name Content cement Curing period (days) No. of cyclic loading Note

1 COAO 0% 0 500,000

2 C3A0 3% 0 500,000

3 C4A0 4% 0 500,000

4 C5A0 5% 0 500,000

5 C3A7 3% 7 500,000

6 C4AT7 4% 7 500,000

7 C5A7 5% 7 500,000

Table 4. Test condition of CBR

Category Content cement Curing period (days)
Case 1 0% 0 3 7 12 28
Case 3 3% 0 3 7 12 28
Case 4 4% 0 3 7 12 28
Case 5 5% 0 3 7 12 28

Table 5. Parameter ¢, ¢ of each backfill materials

Materials Vertical stress (kPa) Shear stress (kPa) Cohesion (kPa) Internal friction angle (°)

100 103

Soil 200 160 35.7 32.95
300 233
100 109

Aggregate 200 187 33.5 37.21
300 261
100 121

Ce?ge;rte;ﬁaeted 200 206 36.0 40.38
300 291
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Table 6. Settlement (mm) and settlement ratio of cyclic loading

No. of cyclic loading (n) ‘ 100,000 200,000 ‘ 300,000 400,000 500,000
Settlement (mm)
COAO0 2.31 2.36 2.41 2.56 2.61
C3A0 217 2.19 2.19 2.20 2.21
C4A0 1.04 1.04 1.06 1.12 1.12
C5A0 0.89 0.91 0.94 0.97 0.98
C3A7 1.57 1.58 1.59 1.65 1.66
CA4AT 0.69 0.74 0.78 0.84 0.85
C5A7 0.49 0.50 0.51 0.52 0.52
Settlement ratio (%) from based on COAQ

COAO0 100 100 100 100 100
C3A0 93.94 92.80 90.87 85.94 84.67
C4A0 45.02 44.07 43.98 43.75 42.91
C5A0 38.53 38.56 39.00 37.89 37.55
C3A7 67.97 66.95 65.98 64.45 63.60
CAAT 29.87 31.36 32.37 32.81 32.57
C5A7 21.21 21.19 21.16 20.31 19.92
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Table 7. Settlement reduction ratio

) i Content cement
Curing period Note
3% 4% 5%
0 days 15.3% 57.1% 62.5% ] ]
Based on 500,000 cyclic loading
7 days 36.4% 67.4% 80.1%

Hwl FINSMHZL AHE S8 HIE0 e 2= &

1]
Qﬂ
Jm
0x
AL
Jx
w
o



Strengh increment per %

240 T N T T T T T N T \ T

20 F |—m— Strengh ratio of1%)| .

Mixture ratio, %

Fig. 8. The CBR value on Cement treated aggregate with the 1%
cement
5.4 B
2 dtelAs drut] FRAfel tisto] it
NEE B A5t E4L Hesiglon, O@E%
g ol gsto] AlME it FYTIS Fof whE
Eay % %kxﬂ,zi %7}3}%_ 3

(M

@) ¢

36

wrf FEH AR AE PAEE A

Aut 2R, BARS] URupEZES 32,95, 37.21°, 40.38°
2 AME ePgHeE e yinbzte dute
AREEE oF 23% © A UERET

IuF B W) e Y] 44K o R

Hpgshe whel AWE QP A eE BAls whEskE

- =T

>

of wg skl sEstH, PRl whet sk
T fasiglnk 2k TAE Ve o Meke2 3%
ARIE A "HZA7F FA8 74T} 5 23.9%

A 0 71+
, A8 7Y 71Z20 2 20.8~65.8% Ué\_é}
ShFe AUl ZA= 0.4mm, 3%AHE SH A

0.06mmO.Z AAF Egjom, aut %—Z‘ZH
Fo| 3NAHE YA =

3R
.ﬂ
t i o

jaial

st=XIBtEssl=2d A32& M9=

“

2 FASAHRY] At A
O%_‘i}Oﬂ% Ant 24 9 AHE PA = E ZA 7}
AHE haeFoll whet CBREES] Afol7} 2] oFo
AT 3 AHE A 2] EEA(3%,
4%, 5%)°] CBRgto] 1.5u0) Z7Fek3ITt. oFgAl
7ro] ZJapstoll what A 28U7kA] 1.5~8.74l2] CBR
ol S7¥etock Aw 28U 7= =2 UdkaA of
H] AHE b2 2]E ZA(3%, 4%, 5%)°] 7+
= 13ufjof|A] 1612} CBRELO] S7Isk= 2 €4l
Ack =3k AEAA7|EAA AASHL = S
©] CBR 497 7kl 80Xt oF 7.8~9.18) =t}
AHIE P A sl ZAHY] keRtolA 12} 3} o] %

ol)l

Olf
-

ml> Jk&‘

F7HA1Q A3} T2 RRASE WA T A
HIE 3 nlgo] 4%7t A3k S, FESAe] &
FEL T 3%7F A A0 BHlshr.

£ 0F8 (References)

. Bowles, J. E. (1979), “Physical and Geotechnical Properties of Soil,

McGraw-hill Book Company, USA.

. Choi, C.Y., Kim, HK., Chung, K.Y., and Yang, S.B. (2015), “Train-

Structure Dynamic Interation Analysis of The Bridge Transition
Considering Track Irregularity”, Journal of the Korean geotechnical
society, Vol.31, No.9, pp.29-38.

. Kim, K\Y., Park, HK., and Jeon, J.S. (2005), “Strength Characteristics

of Cemented Sand and Gravel”, Journal of the Korean geotechnical
society, Vol.21, No.10, pp.61-71.

. Korea Rail Network Authority (2013), Guidelines of Track Maintenance.

5. Lee, K.H., Jang, T.Y., Hwang, T.J., and Song, Y.S. (2011), “Strength

10.

Properties of Subgrade Soil Modified by Cement”, Journal of Korean
Society Of Hazard Mitigation, Vol.11, No.5, pp.141-147.

. Lee, S.W,, Jeon, B.J., and Kim, J.W. (2004), “Analysis of Cha-

racteristics in Low - Shrinkage Cement Treated Base”, Journal of
Korean Society of Road Engineers, Vol.6, No.2, pp.61-70.

. Min, T.K., Hwang, K.M., and Park, G.H. (2001), “Soil Stabilization

with Lime and Chemical Additives”, Jowrnal of the Korean geotechnical
society, Vol.17, No.4, pp.145-151.

. Park, S.W. and Ji, J.K.(2006), “Comparison of Mixing Methods

for Stabilizing Subgrade Soils”, Conference of Korean Society of
Road Engineers, Vo0l.2006, No.10, pp.193-197.

. Ronald L. Terrel, Jon A. Epps, Ernest J. Barenerg, Janes K. Mitchell,

and Marshall R. Thompson (1979), “Soil Stabilization In Pavement
Structures A User’s Manual”, FHWA department of transportation
washington, D.C. 20590.

Sato, Y. (1997), New railway Track engneering Mechanics.

Received : June 23", 2016
Revised : August o™ 2016
Accepted : September 12" 2016





