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Abstract: In the context of sustainable civil infrastructure development, the reuse of waste soft soil with high
moisture content as engineered fillers presents both environmental and economic advantages. However, critical
technical challenges exist during the stabilization and modification processes of waste soft soil, i.e., a large number

of soil aggregates with diameters much larger than 10 mm and difficult to sieve are prone to occur, thereby which
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seriously hinders its large—scale and efficient application as a filling material resource. To overcome this limitation,
this study investigated the feasibility of expanding the particle size of aggregates in improved filler soil during the
modification process. A series of laboratory tests were carried out, including the unconfined compressive strength
test, water stability test, California bearing ratio test, and resilient modulus test, to investigate the influence of soil
aggregate particle size and curing agent dosage on the road performance of modified filler soil. Based on the
experimental results, a calculation formula for the theoretical dosage of curing agent required for the preparation of
improved filler soil with the target particle size aggregates was derived, which provided theoretical reference values
for the mix proportion design and optimization of modified filler soil in engineering applications. At the same time,
pilot tests were conducted to simulate the on—site conversion of a large amount of waste soft soil into modified filler
soil under actual working conditions, and the operation effect and application potential for the filler pilot system
were evaluated. The laboratory test results indicate that the increase in the maximum particle size of the aggregate
will have a negative impact on the road performance of the improved filler soil. To ensure the road performance of
improved filler soil, the maximum particle size of aggregate can be appropriately expanded by controlling the dosage
of curing agent. If the maximum particle size of the aggregate is expanded to 25-30 mm, the dosage of curing agent
is recommended to be controlled at about 4%. Under higher dosage of curing agent, the maximum particle size of
aggregate should be controlled at 20 mm below. According to the derived formula, it is calculated that when the soil
was completely wrapped by the curing agent, the theoretical dosage of the curing agent required when the maximum
particle size of the aggregate is expanded to 15, 20, 25, and 30 mm is 6.63%, 5.87%, 5.10%, and 4.13%
respectively. These values exhibit a high degree of consistency with the results obtained from laboratory test. The
pilot test results demonstrate that the filler pilot system can effectively improve the production efficiency and is
suitable for handling large quantities of waste soil materials on site, exhibiting better adaptability for larger particle
size aggregates. Although samples produced via secondary lime mixing treatment of waste soft soil with high
moisture content using the filler pilot system show lower CBR and rebound modulus values than those produced by
manual mixing treatment, they can all satisfy the specification requirements. In conclusion, the study suggests that
when improving waste soft soil with high moisture content through secondary lime mixing under the premise of
meeting the specifications of subgrade fill materials, appropriately relaxing the particle size of aggregates sieving
and optimizing the dosage of curing agent in combination with theoretical calculation can significantly enhance the
treatment efficiency of waste soft soil and the production capacity of soil materials, which can provide a reference for
the application of improved fill soil in engineering practice.

Key words: improved filler soil; particle size of aggregate; waste soft soil with high moisture content; dosage of

curing agent; pavement performance
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Tab.1 Physical properties of the soil used for test
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Tab.2  The decreasing amplitude in unconfined compressive strength of each sample after normalization treatment
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Tab.3 The decreasing amplitude in CBR of each sample
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5 KR FF B0 2% A1 K 2 3 K R
Ja A A K b e L2 A A o EE I

5 I i 4 LA [ [ 3R A B KREA% 7K 8 T4 ik
36, R ARG R 2, AT FR I HIAE 6 4T
A7 RRE 60 2% BRIk ] 44 70 0 4 B 2 S R I T =
22 IV R ] 44 7] 56 A L B (A0 K b R T R KT
i BCFSMEE IR EE M, .

O 56 BT FH R 8 3K - 1 %5 5 R 1.65 g em ™,
KA E AR B @ B E T E ARG @~ 6D T H 1
SRR 6 BT , B A SR A e KRLAR 43 0l R %2 15
20.25.30 mm i F7 75 K Ve H L B & N 6.63%.
5.87%+5.10%+4.13% , 1 A £ & 5 10 2 P50 BT 15
KVEBEIE L, Ui B AT HE S AR B B
HEAXBEAR G, 25 B, S5k TR
I FH A AT DA 25 R B, AT G LT S Ak
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Tab.4 The decreasing amplitude in rebound modulus of each sample

T, : : I LAk o /9% : :
2% K e 4% KB it 6% K g5 ik 8% 7K e 45 it

15 — — — —

20 3.39 3.04 6.93 8.02

25 9.11 10.00 12.85 14.52

30 12.28 13.70 20.52 24.95
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Tab.5 The proportion of soil aggregate in each particle group under the condition of different maximum particle sizes of aggregates

j P 8 Pl B2 A1 L%
BARERAZ 15 mm PIRAEEIRAR 20 mm RRBIRAZ25 mm  PARMEIORAE 30 mm

7 (25,30] 0 0 0 7.14
6 (20,25] 0 0 14.41 7.19
5 (15,20] 0 11.78 10.08 7.27
4 (10,15 11.27 9.95 8.51 9.28
3 (5,10] 20.65 18.22 15.59 15.58
2 (2,5] 16.75 14.78 12.65 27.71
1 <2 51.33 45.27 38.76 25.83

®6 ARHARGERAKFBXEAEKRESENERITHEE
Tab.6  Theoretical calculated values of cement dosages required for

samples with different maximum particle sizes of aggregates

i/mm A Jem? M, /g M, g a, 1%
15 2190.38 6.83 3.12x10°7 6.63
20 1939.26 5.94 3.06x10° 5.87
25 1687.27 5.1 3.03x10° 5.10
30 1 364.86 3.94 2.89%10°7 4.13

4 Hitikee

J& 7 L HURHME A R G AT DUBLUL SE B TR I
MBI S0 70 IR BB RS 4 TP, U R 3k fE
il LB E 5 T TRE A B A SH R AR RS N T,
REA R A B B R 2R

R 7L T A BRI R G870 Al AR EE 10 ¢
BN 4% 7K e i) A 7] SR A di RORE AR IR 7 B o)
Jt 5 AU T80, B B S 1R AR i RORLAR K, Ab PR
I )R AE o A LE T R AR B KR4 15 mm ()

120

100 |

80

60

CBR/%

40

20 25 30
LEIUS N e
(a)CBR

E6

15 P SRR R 2 40 A B ] AR B KR AR 20,25
30 mm J& 7 LRI B 8] 5 465 T 7.69%19.63%
27.85%, Kb B AL e W AR T o R, 7 i 2 RN B
RIOTEIL N » 455 75 18 T RE S bR S TR sl A 28 ] , ]
DA A S RME H il R G A R 57 R IR A EE K
L LU T PN K o
Wik 6 Fros , A 58 HR R (1 CBR 5 (R L8
AR A5 & R A 19 CBR 5 [R] 5 &
Ak A B om B, B o R SRR RE
CBR 5 [B] L5 5 359 i ] SR A s KOREAT: 1) 398 K 17 s A
R®7 ERMEPIRREFGLAIE 10 tREFR KR AR
B3+ + R E A
Tab.7  Time required for the filler pilot system to process 10 t of waste

soft soil with different maximum particle sizes of aggregates

PR IR R SORAS /mm RG] s SRR T R EE /9%
15 377 —
20 348 7.69
25 303 19.63
30 272 27.85
200

—
n
[«

o 42 /M Pa
S

50

ZiEESTN TXE
(b) [ 5 AL i

i 5 ERIX LRI

Fig.6 Comparison of pilot test and laboratory test results
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