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A Study on the Pile Material Suited for Pile Supported
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ABSTRACT

It is a current trend that the concrete track is applied for high speed railway. In the case of the railway embankment
constructed on soft ground, the damage to concrete track which is sensitive to settlement such as distortion and deflection
could be caused by very small amount of long term settlement. Pile Supported Embankment method can be considered
as the effective method to control the residual settlement of the railway embankment on soft ground. The Geosynthetics
is used inside of the embankment to maximize the arching effect transmitting the load of the embankment to the top of
the piles. But, PHC piles that are generally used for bridge structures are also applied as the pile supporting the load of
embankment concentrated by the effect of the Geosynthetics. That is very low efficiency in respect of pile material. So,
in this study, the cast in place concrete pile was selected as the most suitable pile type for supporting the embankment
by a case study and the optimum mixing condition of concrete using a by-product of industry was induced by performing
the mixing designs and the compressive strength designs. And it is shown that the cast in place pile with the optimum
mixing condition using the by-product of industry is 2.8 times more efficient than the PHC pile for the purpose of Pile
Supported Embankment by the finite element analysis method.
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Fig. 2. Pile Supported Embankment applied to raiload link of
2nd passenger terminal in Incheon international airport
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Table 1, Cases of pile supported embankment in domestic
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Fig. 4. Pile Supported Embankment applied to coastal highway
in China.(Lin and Wong, 1999)
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Table 2. Application of pile material for Pile Supported Embankment in overseas

Type Material No, of application
VCC 25
Drilled shaft CFA 4
Total 29
Precast Concrete 12
Precast pile Timber pile 6
Total 18
Jet grouting (Cement powder) 8
Cement or aggregate injected pile Stone column 1
Total 9

Center | ine

Pavement

0.5m
0.8m
0.2m

Subgrade

Geogrid

DM _columns 2.1m Peat and clay

Fig. 5. Low height embankment reinforced by DM Columns
(Tsukada et al, 1993)
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Table 3. Coefficients of discontinuity spacing, Ksp

Discontinuity Spacing
Ksp
Description Spacing (m)
Moderately close 0.3 to 1 0.1
Wide 1103 0.25
Very wide >3 0.4
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Table 4. Allowable vertical forces for applicability evaluation for various pile materials

Type Allowable or acting force (kN) Remark
Allowable bearing capacity on rock (kN) 1,508 qu_core=30MPa
Acting force on pile top (kN) 1,332
PHC pile 4,020 -
Compressive strength Steel pile 4159 _
of pile material - .
(kN) Drilled shaft 3,016 Fck=24MPa
Aimed pile in this study 2,262 Fck=18MPa
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Type

Collecting place / Manufacturer

Portland cement (type—1)

‘A" cement co,

Crashed coarse aggregate for concrete—57A

“B" Engineering co,,ltd,

Crashed fine aggregate for concrete—A

Aggregates pit, Hobong—ri, Gangwon Province

Recycled aggregate for concrete (coarse)

“B” Engineering co_,ltd,

Recycled aggregate for concrete (fine)

“B” Engineering co_,ltd,

Fly ash (type—2)

“C” power station of korea south—east power co,

Micropowder of blast furnace slag (type—3)

‘D" slag & materials co,

Chemical Admixiures for concrete (AE water reducing agent)

“E” co Itd,

Table 6. Quality Tests and test ingredients for making concrete specimens

Used material

Test code

Remark

Potland cement (type—1)

KS L 5201:2013

Crashed aggregate

KS F 2527:2007

Crashed coarse aggregate 57A
Crashed fine aggregate A

Fly ash

KS L 5405:2009

Micropowder of blast furnace slag

KS F 25663:2009

Recycled aggregate

KS F 2573:2011

Recycled coarse aggregate 25mm
Recycled fine aggregate

Chemical Admixiures

KS F 2560:2014

AE water reducing agent
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Table 7. The features of portland cement by quality tests

List of test Unit Criteria for quality Test result Remark
Compressive strength (28days) N/mm? More than 425 50.5 pass
Fineness cm?/g More than 2,800 3,370 pass
Volume stability (Autoclave) % Less than 0.8 0.08 pass
Setting time (Vicat test) Final setting time hour Less than 10 6.2 pass
Ignition loss % Less than 3 1.9 pass
Chemical composition MgO % Less than 5 33 pass
SO3 % Less than 35 2.2 pass
Specific Gravilty g/cm3 - 315 pass
Table 8. The features of coarse aggregate by quality tests
List of test Unit Criteria for quality Test resul Remark
Crashed—57A Recycled
40mm % 100 100 100 pass
25mm % 95~100 100 100 pass
Grain size 13mm % 25~60 29 29 pass
5mm % 0~10 1 1 pass
2.5mm % 0~5 0 0 pass
0.08mm % Less than 1 02 0.6 pass
Volume stability % Less than 12 3 10 pass
Atltrition rate % Less than 40 21 35 pass
Table 9. The features of crashed fine aggregate by quality tests
List of test Unit Criteria for quality Test resul Remark
Crashed—-A Recycled
10mm % 100 100 100 pass
5mm % 95~100 98 98 pass
2.5mm % 80~100 92 81 pass
Grain size 1.2mm % 50~90 T 62 pass
0.6mm % 25~65 39 25 pass
0.3mm % 10~35 17 18 pass
0.15mm % 2~15 4 13 pass
0.08mm % Less than 7 0.7 6.1 pass
Volume stability % Less than 10 34 8 pass
Table 10. The features of fly ash by quality tests
List of test Unit Criteria for quality Test result Remark
Silica % More than 45 525 pass
Moisture % Less than 1 0.08 pass
Ignition loss % Less than 5 37 pass
Specific Gravilty g/em’ More than 1.95 225 pass
Fineness cm?/g More than 3,000 3,922 pass
Flow value ratio % More than 95 100 pass
Activity index (28days) % More than 80 93 pass

ESHRE 2gE EXXYS 20| M =Mzl e

27



Table 11, The features of blast furnace slag by quality tests

List of test Unit Criteria for quality Test result Remark

Specific Gravilty g/em® More than 2.8 29 pass

Fineness cm’/g 4,000~6,000 4,282 pass

Activity index (28days) % More than 75 107 pass

Flow value ratio % More than 95 104 pass

MgO Less than 10 4.86 pass

S03 Less than 4 172 pass

Ignition loss % Less than 3 0.52 pass

Table 12. The features of blast furnace slag by quality tests

List of test Unit Criteria for quality Test result Remark

Water reducing ratio % More than 10 15.8 pass

Bleeding % Less than 70 57 pass

) ) ) Beggining min —-60 ~ +90 +30 pass

Difference of setting time -
End min -60 ~ +90 +25 pass
. ) 7days % More than 110 120 pass
Compression strength ratio

28days % More than 110 17 pass

Ignition loss % Less than 120 101 pass

Freezing—thawing resistance % More than 80 o1 pass

Table 13, Compressive strength of concrete mix design in case that the number of test is less than 14 or not recorded

Specific concrete strength, f,, (MPa)

Mixing strength, f., (MPa)

Less than 21
Between 21 and 35
More than 35

fu 7.0
fp 8.5
L1f, +5.0

fae)e BEo| Amu] Swols Setolold TS
7M7) Aol Seisht shmst ofe] Sajolojaie 2
HEg AN Aol Ak web &
ot Al dFEA ‘?jf%gi Agdhe 745 AAGA
= o] fredoll ofsf e
P
5 2 2gska Setolol4] el vl
FEEe] WEHE SRlste] Ao Sefolof4] &
ARSI E A&5HA] Lee et al.(1999), Kim et al.

J

A

(2000) 5 Zefolel] T 10l 3t /1 A
elolA] Sefoloh1e] Ak S 50%7HA] AlsHO
SAS Z3N AAE B8 5 PemE ¥ aFldE
Ao Sato|ofa] THEES 50% 8 ALEtAT; T3 Zato)
ofslol F7taom nRse 1t hEe S BaYE

E]Olt

o] £4o] W3l BRlslolrh 3 22 E8 23 2
o) S 27l A9 2azlee] B4 Aslr)t &

Hom A2AIE ERAYA 2009 71 oAt
2] 30% 714 GO MBS Fol FHYE ABL 43
Shsich AV RAVE G Wslo] mhE AF AT Table
149} 2o} BE Aol o] ths) ZATA] WakE Ful

Table 14. Mix ingredients and quality test for preparation of test specimens

No, Replacement ratio No, Replacement ratio No, Replacement ratio

-1 Fly ash 0% 2—1 Fly ash 30%, Blast furnace slag 20% 31 Fly ash 30%, Recycled aggregate 10%
1-2 Fly ash 10% 2—2 | Fly ash 50%, Blast furnace slag 20% | 3-2 Fly ash 30%, Recycled aggregate 20%
1-3 Fly ash 20% 3-3 Fly ash 30%, Recycled aggregate 30%
-4 Fly ash 30% 34 Fly ash 50%, Recycled aggregate 10%
1-5 Fly ash 40% 3-5 Fly ash 50%, Recycled aggregate 20%
-6 Fly ash 50% 3-6 Fly ash 50%, Recycled aggregate 30%
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Fig. 11. Compressive strength for replacement rates of recycled coarse aggregates
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Table 15, Comparison of material cost for general concrete and industrial by—products

Binding material Fill material
Cement Fly ash Blast furnace slag Natural aggregate Recycled aggregate
1.0 0.45 0.73 1.0 0.63
Table 16. Analysis of material cost for mixing conditions
Binding material (%) Fill material (%)
No, of specimen Blast furnace Natural Recycled Cost Remark
Cement Fly ash slag aggregate aggregate
General Conc, 100 - - 100 - 1.00
F30R0SO 70 30 - 100 - 0.91
F30R0S20 50 30 20 100 - 0.88
F30R30S0 70 30 - 70 30 0.87
F50R0S0 50 50 - 100 - 0.86
F50R30S0 50 50 - 70 30 0.81
F50R0S20 30 50 20 100 - 0.83
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Table 17. Optimal mixing condition of concrete pile for Pile Supported Embankment

Binding material Natural aggregate Recycled aggregate
w/B w (ko) Al s/a (kg) (ko) Vo\lfaT?r
reducing
(%) (ko) C A Slag (%) (%) Coarse Fine Coarse fine agent (g)
aggregate | aggregate | aggregate | aggregate
45 3.12 3.47 34 - 4 46 13.98 11,76 552 416 554

Table 18. Allowable compressive strength of pile material for numerical analysis

Type Pile material Concrete strength (MPa) Allowable stress (MPa)
Case 1 PHC pile (type—B) 85 13.05
Case 2 Drilled shaft supporting embankment 18 45

(Aimed pile in this study)
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Fig. 14. Analysis section for pile material supporting railway embankment

Table 19. Soil properties applied to numerical analysis

Type Unit wei3gh1 Cohesigm Internal friction angle Deformation gnodulus
(kN/m?) (kN/m") (degree) (kN/m?)
Embankment 19 0 35 70,000
Soft soil 17 20 0 20,000
Bearing layer 20 30 31 100,000
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(c) Moment distribution along depth

Fig. 16. Analysis results for PHC pile under embankment
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Fig. 17. Analysis results for new concrete pile by optimal mixing condition under embankment
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Fig. 18. Analysis results of bending stress for pile materials
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Table 20. Allowable bending stress and maximum bending stress by numerical analysis

Type Pile material Allowable bending stress (kPa) Maximum bending stress (kPa)
Case 1 PHC pile(type—B) 13,050 3,818

Drilled shaft supporting embankment
Case 2 (Aimed pile in this study) 4,500 3,510
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