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1. INTRODUCTION

Owning ability to absorbing water, paper sludge ash (PS ash), a
sustainable material, PS ash can successfully stabilize soft clay in
a short time. By considering the water absorption performance of
PS ash, strength characteristics of the clay treated with PS ash can
be assessed through the modified water content instead of the
measured water content.

2. INVESTIGATION METHOD

The Ao clay slurry was stabilized by PS ash at different addition
ratios, 4ps, identified as the ratio by weight of the PS ash to dry Ao
clay. The treated clays then were cured in sealed condition with
different curing periods at a room temperature of 20 °C and for
different curing periods. The consistency and strength
characteristics of the treated clay then were investigated by a series
of tests for the liquid limit, plastic limit, water content and cone
index according to the JGS 0122, 0141, 0711 and 0716. Details of
mixing ratios and curing conditions of treated clays for tests are
shown in Table 1 and 2. In addition, using the method proposed by
Phan et al., (2021), the water absorption performance of PS ash,
W, was determined as shown in Table 3.

3. EFFECTS OF PS ASH ON CONSISTENCY PROPERTIES
As shown in Fig. 1, the liquidity index, /., of PS ash-treated clay
decreased as the Aps increased, indicating that the fluidity of the
treated clays disappeared gradually with the increase in Aps.
Furthermore, Fig. 1 shows that /| decreased as ¢ increased. The
fact reveals that the change in W, causes the treatment
performance of PS ash change with the increase in the curing
period even under the sealed curing condition.

4. EFFECTS OF PS ASH ON STRENGTH PROPERTIES
Fig. 2 shows the correlation between the cone index, g., and
liquidity index, /i, of the treated clay, in which /i was obtained
from Aps = 5%, 10%, 20% cases for the PS ash-treated clay with
wo = wr. The g~/ relation of Ao clay with various water contents
was investigated to perform a comparison. It was discovered that
the g.—/ correlation of the PS ash -treated clay was similar to that
of Ao clay, in which ¢. increased significantly with the decrease
in /i, particularly when /i, became less than 0.12. As shown in
Fig.1, [ depended on not only the addition ratio, 4y, but also the
sealed curing period, ¢. Therefore, it suggests that the g. may be
influenced by the Wy.

When a PS ash is added to soil, part of the free clay-water is
absorbed by the PS ash and behaves as restrained water and
therefore cannot interact with clay particles, as shown in Fig. 3.
However, for the water content measurement based on JGS 0122,
the water content was measured by adjusting the temperature to
110+£5 °C in the drying oven such that the restrained water
evaporated (disappeared) together with the free clay water. In this

Table 1. Conditions of treated clays for test of
consistency characteristics

Initial water content  Addition ratio, Curing period,
of Ao clay, wo (%) Ars (%0) 4
_ 5,10,15,20 3h,3d,7d,284d
Lo =) 25 3h,3d,7d

Table 2. Conditions of treated clays for cone index tests

Initial water
content of Ao clay,

Addition ratio, Curing period,

wo (%) Aps (%) t
40.7 (wo=wL) 5,10,20 3h,3d,7d,28d
61.05 (wo=1.5w1) 25, 50 3h,3d,7d
81.4 (wo=2w1) 40, 50, 60 3h,3d,7d,284d
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case, the measured water content, w, and soil behavior did not Table 3. Water absorption performance of PS ash, Way
match. Therefore, w was modified by considering the restrained
water as a solid rather than water. The modified water content is
denoted as w* herein. The measured water content, w, and
moditied water content, w*, can be expressed as Eq. 1 and 2,

Curing period 3h 3d 7d 28d
W (%) 53.3 107.8 109.4 109.4

. 4
respectively. o et lm‘“‘ Free clay-water | m°,
w=—T 4100 (1) Absorbed water | | | Absorbed water |
mg +m,, PS ash PS ash
m, —m
wh=—e Tl 100 (2)

mn, + m,, <+ My

In addition, the Aps and the Wy, of the PSAS can be expressed After PS ash-treated

respectively by the Eq. 3 and 4, respectively. PS ash mixing PS ash mixing clay after curing
Figure 3. Absorption of free water by PS ash in clay
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Combining equations (1) to (4), the w* (in %) can be calculated T . 4, $ Agsly 9
by the following equation: sl | PS ash-treated clay|_|
) — 1 ! O wy=wp
l(l_,_ﬁ s W S5l ! O W= Lsw, ||
W= 100 leO 100 100 %100 (5) :3 L : A wg=2w
L4 P (4 g4r . 1
100( 100 gt | o
. 23 : "
The correlations between the g. and the the simplified liquidity Sl | -
index, /1, and between the g, and the modified liquidity index, Iy, 2t | g
P . ‘ o
are shown in Fig. 4 and 5, respectively. The /"L of the treated clay ’ [ ! o N
is calculated by the Eq. 6 using modified water content, w”", of the I o ﬁ o A
treated clay together with the liquid and plastic limits of Ao clay 0 ! . === 28K,
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instead of those of treated clays. The /1 of the treated clay is
calculated by the Eq. 7 with using measured water content, w, of
the treated clay together with the liquid and plastic limits of Ao

Simplified liquidity index, I
Figure 4. g. — "1 of PS ash-treated clay
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It is obtained that the g.—/*. relations (Fig.5) is better and more Bowp=w
reasonable than the g.—/". relations (Fig. 4). The scattering in

q.—I*. relations is also smaller than that in g/’ relations. The

G owy= 15w
O wy=2w

Cone index, g, (kPa)
S
T
1

I*_ at which g, began to significantly increase depended on wy. o s

The lower the wy, the higher was the value. In particular, in the 3k :
case of wo = wr, g. increased significantly as /*_ decreased below .1 2 ]
0.12. This tendency is similar to that observed in the I;—¢. relation o o

of the treated clay with wy = wp, as shown in Fig. 2. The two s a " . -
relations were similar even though /*_ was calculated using the w, | Ay w%f ‘ i

and we of Ao clay instead of those of the treated clay; this might U5 a0 05 00 os 10 15 20 25
be because the Aps of the PS ash was relatively small. However, Modified liquidity index, 1%

the similarity between the two relations emphasized the
importance of considering the water absorption performances of
PS ash in evaluating the cone index development of clay treated
by PS ash.

5. CONCLUSIONS

Based on test results, it was discovered that the increase in the g. of the treated clay is reasonably explained by the change in its
quasi-liquidity index, /"1, which was calculated based on w*. These findings suggest that if the Wy, of a PS ash for a specific
curing period is evaluated and the free water content of the treated soil is calculated using Wy, then the ¢ of the treated soil can
be assessed based on the modified water content w".
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