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Estimation of Unconfined Compressive Strength (UCS)
of Microfine Cement Grouted Sand

J 5 9 Nam, Hongyeop o %+ A Lee, Woojin
o] F 3’ Lee, Changho F 8 & Choo, Hyunwook
Abstract

The unconfined compressive strength (UCS) test through coring is widely used to determine the reinforcement effect
of the ground with grouting. However, the UCS test through coring can disturb the ground, is expensive and takes
a lot of time to prepare the specimen. In this study, the factors affecting UCS of microfine cement grouted sand are
evaluated and an empirical equation of UCS of microfine grouted sand is suggested. It is observed that UCS increases
linearly until 28 days, however, the increasing rate of strength decreases sharply after that 28 days. The W/C ratio
is dominant factor influencing UCS and UCS increases exponentially with the decrease of water/cement (W/C) ratio.
Also, UCS increases linearly with increasing the relative density ranging from 30% to 70% and with decreasing median
particle size. However, in case of W/C ratio=1 and K6 (Ds¢=0.47 mm), UCS is lower than that of K4 (Ds5=1.08 mm)
and K5 (Ds0=0.80 mm) due to filtration effect. Based on the experimental results, the empirical equation of UCS of
microfine cement grouted sand can be expressed as the function of median particle size (Dso), porosity (n) and W/C

ratio.
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Table 1. Empirical equations of UCS of grouted sand

Reference Empirical equation Variables
w —2.0
Dano et al. (2004) UGS, e sand = 40X(_C) W/C
Ozgurel and Vipulanandan (2005) Do | Dro
zgurel and Vipulanandan UGS, puieasana = 6%\ 7, x(Ucs,,,.) UCSpue
. CBR\"™ W/C
Sunitsakul et al. (2011) UGS, puted soit = (].427><(W) CBR
Markou and Droudakis (2013) UGS, uted sana = 1-08(k, )47
bearing ratio; kes=permeability coefficient of clean sand

kes (cm/s)
Note: W/C=water to cement ratio; Dig=effective particle size; UCSyuwe=unconfined compressive strength of pure grout; CBR=california
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10 1 0.1 0.01 0.001 0.0001
2 dAtolA= AR wE 1eked | =9 Grain size (mm)
dzotz=7te Hals THasly] ¢ske] B+ 7 (median Fig. 1. Particle size distribution of the sands and microfine cement
Table 2. Index properties of tested sands
Types Gs Cu Dso (mm) €max €min USCS
K4 2.65 1.19 1.01 1.08 0.71 SP
K5 2.65 1.47 0.80 1.07 0.69 SP
K6 2.65 1.52 0.47 1.03 0.66 SP
Note: Gs=specific gravity; Cy=uniformity coefficient; Dsp=median particle size; ema=maximum void ratio; emn=minimum void ratio
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Fig. 2. (a) schematic drawing of the grouting equipments; (b) grouted specimens
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Table 3. Unconfined compressive strength tests
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Fig. 3. Bleeding of the grout with W/C ratio and bentonite contents

Types W/C Curing conditions Curing period (Days)
K4
K5 1.0, 1.5, 20 30, 50, 70 Submerged 3, 7, 14, 28, 56
K6
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Fig. 4. Viscosity of the microfine cement according to W/C ratio
and bentonite contents
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Fig. 5. Various effects on the unconfined compressive strength (UCS) of the microfine cement grouted sand: (a) effect of curing period;
(b) effect of relative density and particle size; (c) effect of W/C ratio
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