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A Study on the Development of Flowable Fill Materials for H-pile
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ABSTRACT : Nowadays, H-piles are usually used as temporary retaining walls, and sometimes buried in the ground after construction.

The purpose of this study is the development of flowable fill materials that are easy to fill holes of retaining wall structure and

minimize friction during pulling out H-pile. The first test was performed to decide mix proportion that is reasonable for purpose,
in the second test, direct shear test was performed to get pullout resistance between flowable fills material and H-pile, and one

dimensional consolidation test was performed to analyze the compressibility. In the test result, it showed that flowable fill material
mix proportion is 350-450% of water, 70-100% of cement and 70-100% of sand based on the bentonite weight.

Keywords : Flowable Fills, H-pile, Bentonite
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wpar W/B = HIEYO|E | 534 Flow
(%) (g (g (8 (mm)
#1 250 750 300 - 85
#2 300 900 300 - 145
#3 350 1,050 300 - 180
#4 400 1,200 300 - 190
#5 450 1,350 300 - 220
#6 250 750 300 30 85
#7 300 900 300 30 155
#8 350 1,050 300 30 205
#9 400 1,200 300 30 205
#10 450 1,350 300 30 245
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kol 5~20% WA= 229 g AES Ayt E-wlEL
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H 6. NHE 2o 2 253t Mol YSASLYTAE Zat
A= gl Hjj3h) : 79 : 149 _ 289
(B:C:W) AEAE(kPa) | AN MPa) | UFAE(kPa) | BAASN(MPa) | UFAE(kPa) | BAAF(MPa)
1 1:03:35 72.1 3.93 101.31 3.35 169.51 8.27
| 2 1:05:35 76.62 3.48 122.9 7.31 181.29 8.06
3 1:07:35 97.18 5.78 213.42 6.78 337.08 11.36
4 1:1:35 159.02 7.62 274.1 12.66 359.72 16.59
1 1:03:4 49.27 3.93 106.8 3.01 88.64 6.56
I 2 1:05:4 60.27 6.78 110.09 3.35 137.08 6.79
3 1:07:4 99.13 7.31 146.2 3.48 238.05 11.96
4 1:1:4 147.77 7.62 193.63 5.78 239.81 14.88
1 1:03:45 48.07 1.9 67.54 2.66 121.51 5.23
- 2 1:05:45 51.08 4.26 81.93 3.01 161.29 7.26
3 1:07:45 64.79 347 142.28 43 223.30 7.63
4 1:1:45 106.01 4.7 182.73 5.05 249.68 9.23
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(a) Al2|=I (b) Al2I=I (c) Al2l=n
J2 2. AHE S ME fS8 MBS YSYFZE d=
20 20 20
w i & - 7% - .72
t ||*m s ||Fm : ||Fm
o1 815 2o
E 10 E 10 4 % 10 4
E E E /—/_/
éa 5 5 1 0,’0———0/0 E': 2
0 0 T T T T 0 u T T
03 05 07 10 03 05 o7 10 03 0. 07 10
CB C/B c/B
(a) Al2|=I (b) Al2I=1 (c) Al2I=11
J8 3, AHE o mE |33 MBS ByASs J2m
7. Zef SR ME RS M2 LYY YEZzet BYAS Aot
79 149 289
Hi gk Hfghu] . . .
N (BSCW) Y2 LR YE= B L7 B
(kPa) (MPa) (kPa) (MPa) (kPa) (MPa)
#1 1:05:1:35 97.40 6.53 174.23 18.40 290.56 17.95
#2 1:07:1:35 98.20 6.05 156.23 14.22 266.66 15.36
#3 1:1:1:35 104.65 6.96 22531 18.34 335.68 21.95
#4 1:12:1:35 112.56 9.12 237.21 19.68 374.20 21.96
#5 1:15:1:35 112.56 9.56 343.20 21.44 523.69 23.01
#6 1:20:1:35 159.56 11.70 395.13 23.23 601.24 29.23
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H 8 YSUSYCTNE Zn Y 7 Med MY MY
Al g 7d 149 28 ImZog|smzolg|10mZdo|g | 15mZod| 20m ol
. R I S o B = I B B - e Rl Rl
= BS:CW) | A= | A | = | A | A= | A | (MPa) | (kPa) | AZEH | AYY | A A& A=
(kPa) |(MPa)| (kPa) |(MPa) | (kPa) | (MPa) (kN) (kN) (EN) (EN) (kN)
#1(1:0.5:0.3:3.5| 24.77 | 2.84 | 74.81 | 7.32 |130.28| 9.25 9.25 | 65.14 | 12593 629.64 | 1,259.28 | 1,888.92 | 2,518.56
. #2(1:0.5:0.5:3.5| 45.52 | 4.43 |107.16 | 993 |156.79 | 11.30 | 11.30 | 7840 | 151.52 | 757.62 | 1,515.24 | 2,272.86 | 3,030.48
#311:0.5:0.7:3.5| 98.82 | 523 |160.35| 13.21 |224.78 | 13.39 | 13.39 | 11239 | 217.30 | 1,086.48 | 2,172.96 | 3,259.44 | 4,345.92
#4]1:0.5:1:3.5 | 9740 | 6.53 |194.23 | 14.49 |266.66 | 1536 | 15.36 | 133.33 | 257.80 | 1,288.98 | 2,577.96 | 3,866.94 | 5,155.92
#1(1:0.7:0.3:3.5| 36.50 | 3.64 | 84.79 | 9.23 |160.01 | 15.82 | 14.92 | 80.01 154.66 773.28 1,546.56 | 2,319.84 | 3,093.12
- #2(1:0.7:0.5:3.5| 67.07 | 524 |121.46| 11.32 |167.35| 1693 | 1523 | 83.68 | 161.78 | 808.92 | 1,617.84 | 2,426.76 | 3,235.68
#311:0.7:0.7:3.5| 85.38 | 5.64 |154.12| 14.93 |237.92| 17.33 | 17.05 | 11896 | 229.93 | 1,149.66 | 2,299.32 | 3,44898 | 4,598.64
#4|1:0.7:1:3.5 | 9820 | 6.05 |176.23 | 16.29 |310.32| 20.19 | 20.19" | 155.16 | 299.92 | 1,499.58 | 2,999.16 | 4,498.74 | 5,998.32
#1]1:1:0.3:3.5 | 36.96 | 3.93 |101.92| 933 |164.80| 17.75 | 1548 | 82.40 | 159.30 | 796.50 | 1,593.00 | 2,389.50 | 3,186.00
#211:1:0.5:3.5 | 6791 | 5.66 |14599| 12.93 |195.57| 21.02 | 17.79 | 97.79 | 189.00 | 945.00 | 1,890.00 | 2,835.00 | 3,780.00
3 #3|1:1:0.7:3.5 | 127.39 | 7.13 |219.21| 13.36 |285.27 | 21.53 | 21.53" | 142.64 | 275.72 | 1,378.62 | 2,757.24 | 4,135.86 | 5,514.48
#4| 1:1:1:35 | 15935 | 9.12 |249.61 | 17.33 |346.20 | 2525 | 25.25" | 173.10 | 334.58 | 1,672.92 | 3,345.84 | 5,018.76 | 6,691.68
#1]1:0.5:0.3:4 | 23.83 | 3.09 | 45.06 | 441 | 85.70 | 8.03 8.03 42.85 82.84 414.18 828.36 1,242.54 | 1,656.72
. #2]1:0.5:0.5:4 | 49.56 | 3.71 | 84.25 | 7.27 |101.23| 11.93 | 11.93 | 50.62 97.85 489.24 978.48 1,467.72 | 1,956.96
#311:0.5:0.7:4 | 79.92 | 5.08 |127.56| 842 |187.67| 12.92 | 1292 | 93.84 | 181.44 | 907.20 | 1,814.40 | 2,721.60 | 3,628.80
#4| 1:0.5:1:4 | 94.63 | 549 |167.87| 11.26 |203.63 | 15.49 | 14.49 | 101.82 | 196.88 984.42 1,968.84 | 2953.26 3,937.68
#1]1:0.7:0.3:4 | 29.27 | 328 | 5220 | 5.39 |102.18| 11.10 | 11.10 | 51.09 98.82 494.10 988.20 1,482.30 | 1,976.40
ul 2 #211:0.7:0.5:4 | 62.60 | 3.99 | 9643 | 696 |125.62| 15.02 | 14.02 | 62.81 | 121.39 | 60696 | 1,213.92 | 1,820.88 | 2,427.84
#311:0.7:0.7:4 | 117.77 | 5.18 | 14458 | 9.97 |244.86| 16.99 | 1599 | 122.43 | 236.63 | 1,183.14 | 2,366.28 | 3,549.42 | 4,732.56
#4| 1:0.7:1:4 | 11621 | 591 |146.96| 13.92 |250.10 | 18.63 | 17.63" | 125.05 | 241.70 | 1,208.52 | 2,417.04 | 3,625.56 | 4,834.08
#1| 1:1:03:4 | 3435 | 338 | 72.01 | 4.76 |109.87| 14.93 | 1393 | 54.94 | 106.16 530.82 1,061.64 | 1,592.46 | 2,123.28
3 #2| 1:1:0.5:4 | 61.95 | 505 [101.51| 7.92 |129.78| 17.02 | 16.02 | 64.89 | 12550 | 627.48 1,254.96 | 1,882.44 | 2,509.92
#3| 1:1:0.7:4 | 119.24| 635 |173.78 | 10.76 |247.59| 18.93 | 17.63 | 123.80 | 239.33 | 1,196.64 | 2,393.28 | 3,589.92 | 4,786.56
#4| 1:1:1:4 | 13640 | 748 |202.71| 11.96 |287.39 | 21.36 | 21.36" | 143.70 | 277.78 | 1,388.88 | 2,777.76 | 4,166.64 | 5,555.52
#1]1:0.5:0.3:4 | 16.51 | 2.42 | 49.88 | 247 | 72.61 | 6.50 6.50 | 36.31 70.20 351.00 702.00 1,053.00 | 1,404.00
. #2]1:0.5:0.5:4 | 32.07 | 322 | 61.26 | 499 | 90.85 | 7.16 7.16 | 45.43 87.80 439.02 878.04 1,317.06 | 1,756.08
#311:0.5:0.7:4 | 59.24 | 522 |110.14| 6.94 |160.81| 11.48 | 11.48 | 80.41 | 155.41 777.06 | 1,554.12 | 2,331.18 | 3,108.24
#4| 1:0.5:1:4 | 8344 | 6.7 |117.01| 9.03 |174.66| 12.96 | 12.96 | 87.33 | 168.80 | 844.02 | 1,688.04 | 2,532.06 | 3,376.08
#1]1:0.7:0.3:4 | 24.34 | 3.16 | 56.53 | 433 | 89.18 | 8.32 8.32 | 44.59 86.18 430.92 861.84 1,292.76 | 1,723.68
ml 2 #211:0.7:0.5:4 | 41.12 | 433 | 71.36 | 533 |111.14| 11.25 | 11.25 | 55.57 | 107.46 | 537.30 | 1,074.60 | 1,611.90 | 2,149.20
#311:0.7:0.7:4 | 87.29 | 693 |124.83 | 7.48 |180.32| 14.82 | 14.82 | 90.16 | 174.31 871.56 | 1,743.12 | 2,614.68 | 3,486.24
#4| 1:0.7:1:4 | 101.90| 7.89 |125.09| 892 |197.51| 1523 | 1523 | 98.76 | 190.94 | 954.72 1,909.44 | 2,864.16 | 3,818.88
#1] 1:1:03:4 | 24.64 | 3.02 | 6795 | 430 | 91.85 | 9.33 9.33 | 4593 88.78 443.88 887.76 1,331.64 | 1,775.52
3 #2| 1:1:0.5:4 | 4438 | 439 | 9234 | 722 |129.88| 1523 | 1523 | 64.94 | 12550 | 627.48 | 1,254.96 | 1,882.44 | 2,509.92
#3| 1:1:0.7:4 | 88.38 | 6.53 |150.04| 9.46 |203.43| 1693 | 1693 | 101.72 | 196.67 | 983.34 | 1,966.68 | 2,950.02 | 3,933.36
#4| 1:1:1:4 | 11056| 7.3 |170.01| 9.96 |234.52| 18.58 | 18.58" | 117.26 | 226.69 | 1,133.46 | 2,266.92 | 3,400.38 | 4,533.84
SUFAE VAT 9 29 63 17 7o YERhS DEGFA=ON A AME-HELO|EH|(C/B)7F B AJHl4]
ok Al2)= 19 49 11 62 S/BE C/Be] uhE 53} A o2 JFE vHS AT S Sk
A9 Y= ez A] B = Q5] OBV S7HdS Cher2 Bf-fl = o] ER|(S/B)2h A E-HIELfo] Ev]
= GSAE7 Ao S8 2oy 29 79 S/B (C/B)7} Al A= Y-S 19 84 a9 9] et
3 C/Bo| ThE {53 A YFA=AAE d=5U4= Hglet Al2|=19] 49 19 89 C/Bfl mhe -5} A%
e vl Ao Frpsigloy a9 69 YSYE Ao} AHE-HEV o] EH] GSA3E T ZolA & 4 315
Ao Blsl 71&717F A9k o2t A2 Al 119} o] A[HIE-HIELo|EH7}L S71eHE e A7t dFe
AlE] = MM = 2l 4= Qlek. wfeha §-53F 549 2 S7Fekglch 2oy T 99] mej-dlE o] Enlof whE
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