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The Method to Select the Optimal Particle Size of Earth by Optimum Micro-filler
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Abstract

The purpose of this study is to suggest optimum micro-filler experiment method to select the optimal particle size of

earth for using in earth construction works and test this suggestion through compressive strength measurement.

According to the results of selecting the method to choose the optimum micro-filler mixing of earth and sand,

three-stage filling(plate tamping) showed relatively high results and so was estimated to be the proper filling method.

According to the results of optimum micro-filler experiment of earth and sand by the maximal sizes of sand, between
80% and 90% showed the highest result values. The larger the maximum size of sand was, the lower the addition ratio

of sand was in optimum micro-filler mixing.

According to the results of compressive strength experiment by the particle sizes of earth and sand, 90% in the
addition ratio of sand showed the highest results, and so tended to be similar to the results of unit volume weight

experiment.
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(b) 3-phase of earth

(a) state of natural earth

Fig. 1. 3-phase and state of earth
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Table 1. Classification of earth particle

clay | silt | sand

pa”(ﬁ]l;flze 0 ~ o002 ~ 004 ~ 5

particle
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Table 2. Experimental factors and levels

factors levels methods
. 100:0,90:10,80:20,70:30,60:40,50:50,
carthsand | .60 30:70,20:80,10:90,0:100 | 11
Ist one-stage filing (non tamping), unit volume
test | tamping | three-stage filing (hand tamping), 4 weight
method | three-stage filling (hand tamping),
three-stage filling (plate tamping)
o 100:0,90:10,80:20,70:30,60:40,50:50,
carthisand | 60 30:70.20:80,10:000:100 | 1
2nd maximum it vol
size of 5mm, 2.36 mm, 1.12 mm 3 unt . ume
test weight
sand(mm)
tamping three—stage filling (plate tamping) 1
method
. 100:0,90:10,80:20,70:30,60:40,50:50,
carthisand |60 30:70.20:80,10900100 |
E— flow tes.t,
3rd | size of 5mm 1 Cos‘ilrfestsﬁve
test | sand(mm) LrEngtn,
High unit volume
igh
strength 15% 1 weight
lime
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Table 3. Properties of earth powder

SiO; AlO; Fe:O5 CaO MgO K0
574 30.31 6.78 0.86 0.86 3.36
water | specific size(um) 0~2 | 2~75 | B5~150
content gravity

1.67% 255 content(%) 214 | 748 38
2) FE7 BEA
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A= AP WE FAL BEGE FRARZAE A

Table 4. gradation of Jumunjin standard sand

size(mm) 0.15 0.3 0.6
content(%) 17 96.7 1.6
3) AL
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A AR ANY RS Agstaod Beld 542
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Table 5. Physical properties of sand

maximum specific | fineness water water
size(mm) gravity | modulus | absorption(%) | content(%)
5 2.63 247 0.22 145

size(mm) 0074 | 015 | 03 | 06 | 12 | 236 | 5
content(%) 24 144 | 313 | 267 | 197 | 55

Aol AR HEt Qw Ao vs) WE FE B
o e QoK Ul CAAIA A
gatglom, Beaety 542 oY %

Table 6. Properties of High Performance Lime

s Tt o st [y [ dnt
5,969 5:50 820 2.5 2.74
SiO; AlOs CaO MgO SOs etc.
26.10 13.31 4551 6.13 6.71 2.24
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Table 7. result of Isf experiment
1 2 3 4 5 6 7 8 9 10 11
| mixing jumunjin standard sand 0 10 20 30 40 50 60 70 30 90 100
T ratio (%) earth powder 0w | %0 | 0| 0 60 50 40 0 0 | 10 0
desi| mixing |Jumunjin standard sand 0 200 400 600 800 1000 1200 1400 1600 1800 2000
& qu?g?ty carth powder 2000 | 1800 | 1600 | 1400 | 1200 | 1000 | 800 | 600 | 400 | 200 0
. | one-stage filing (non tamping) | 7559 | 7869 | 8614 | 9680 | 10307 | 11542 | 12781 | 13587 | 14142 | 13979 | 1397.9
€ voLIJLTg]e three-stage filling (hand tamping) | 806.9 | 830.7 | 961.2 | 10748 | 11798 1311 1460.8 1578 16195 | 16475 | 15164
i Weight | ipree-stage filing (hand tamping)| 7957 | 8545 | 9353 | 10531 | 11352 | 12583 | 13952 | 15043 | 16227 | 15793 | 1522.2
| ® three-stage filing (plate tamping) | 891.4 | 954.7 | 10295 | 11289 | 12422 | 1378 | 15413 | 16914 | 17668 | 16628 | 15755
140 Journal of the KIEAE Vol.13, No.6 2013.12.
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Fig. 2. experimental results by tamping method
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Fig. 3. state of earth mixture with various content of earth particle
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Table 8. unit volume weight by maximum size of sand

rr;tli):)l(ri) quar;]g(tl;g(%) unit volume weight(g/L)
earth | sand | earth | sand | Smm | 2.36mm 1.18mm
100 0 2500 0 866 866 866
90 10 2250 250 919 940 944
80 20 2000 500 998 1017 1013
70 30 1750 750 1087 1136 1129
60 40 1500 1000 1216 1244 1218
50 50 1250 1250 1365 1371 1358
40 60 1000 1500 1531 1538 1517
30 70 750 1750 1699 1731 1655
20 80 500 2000 1857 1832 1791
10 90 250 2250 1868 1835 1782
0 100 0 2500 1790 1768 1697
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Table 9. result of 3rd experiment

mixing ratio(%) w/m flow compressive| unit Yolume
o strength weight
earth [sand| HPL | (%) (mm) (Mpa) (g/L)
1 1100] 0 | 15 39 107 1.72 866
219 |10 15 38 108 1.40 919
318 |20 | 15 34 110 1.19 998
4 17 |30 15 30 111 1.19 1087
5160 | 40| 15 28 112 1.20 1216
6 | 50 | 50 | 15 24 110 1.7 1365
7 | 40 | 60 | 15 21 111 2.69 1531
8 |30 |7 | 15 17 109 4.16 1699
9 120 | & | 15 15 110 6.59 1857
1010 | 90 | 15 13 110 9.11 1868
11 0 |100 (| 15 14 119 6.03 1790
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