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Behavior of Model Pile Embedded in Expansive Soil
with Magnesia Oxide-Based Refractories
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Abstract

This study explores the performance of pile foundations in highly expansive soil, incorporating magnesium oxide-based
refractory materials. A controlled model chamber, housing a fixed pile, was utilized to induce ground expansion through
fused magnesia (FM). The investigation focused on measuring the vertical displacement of FM-sand mixtures and the
axial load on the pile in relation to depth and time. The study varied the amount of FM content (FM,) at 30%, 50%,
and 70%. The upward movement exhibited an augmentation with increasing FM,, tapering off with depth as accumulation
progressed toward the mixture surface. Compression and tensile forces were both evident along the pile for FM, at
30% and 50%, while only a tensile force was observed at an FM. of 70%. These results offer valuable insights for

the analysis of pile behavior within FM-sand mixtures.
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9] ¢F=(Compression)¥} Q1% K Tension), F= Z|H}9]
Al(Settlement)2} §-7|(Heaving) = Q15}o] st 4
dgle] wiaol wel Fuinbaele A EL oy
gFo WAk 1 % WE A olF Al §717h
skl Abare] Hek o] WAlslo] Wikol Aol
Funlaelo] YES QuAlE on g
(Burland et al., 1977; Fellenius, 2017). ©|&|gt Z|Hk] §
7oz Qg F2E0 Yole AlA 3I3toA HE
|31 Q) o mH(Charlie et al., 1984; Mokhtari and Dehghani,
2012; Li et al., 2014), oJo]l B4 =|Hkof A o] T 7|
Zof #al we o7} 23wl QK Xiao et al., 2011;
Dafalla et al., 2017; Shin and Lee, 2023).
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Table 1. Degree of expansion according to soil properties

JIY|<5(Magnesium hydroxide, Mg(OH),) &2 4=3}3}+=
o Me(OH),9] H3hi= MOt} oF 228 A 2 7o
2 U4HA Ut Amaral et al., 2010; 2011). 23}A o0&
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zo|e FF= vE 4= ek olHT wAIH S HlaLA]
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ool whE kel A} EAdof wet At E5E Ftof
o] 2 o] H thPark et al., 2020; Yoon et al., 2021). 3}4]
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A7 oltt.
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) ) Degree of expansion
Soil properties - . .
Low Medium High Very high

Liquid limit, LL (%) (30 30 40 40 - 60 > 60
Plastic index, Pl (%) 0-15 10 - 35 20 - 55 > 55
Fine content, 7 (%) (17 12-27 18 - 37 Y 27

Activity, Ac (=) (075 0.75 - 1.25 > 125
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Table 2, Engineering properties of crushed FM and K-7 sand

Properties Test materials
Fused magnesia, FM K—7 sand

Mean particle size, Dsp (mm) 0.21 0.163
Coefficient of uniformity, Cy () 57 2.1
Maximum void ratio, €max (-) N/A 0.6
Minimum void ratio, émin (-) N/A 1.041
Specific gravity, Gs (=) 3.41 2.64
USCS classification SP-SM SP
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Fig. 1. Particle size distribution curves of crushed FM and K-7
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Table 3. Properties of FM—Sand mixtures (compiled from Yoon et

al,, 2022)
. FM contents, AM. (%)
Properties
30 50 70
Unit weight (kN/m®) 16.87 17.27 17.85
Swelling pressure (MPa) 0.07 119 451
Swelling strain (A V/V, %) 28 55 78

Note: V' = Volume of the mixture
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