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Study on road performance of solidified soil with engineering waste sludge
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(1. Shaoxing Traffic Engineering Management Center, Shaoxing 312000, Zhejiang, China;

2. Research Center of Coastal and Urban Geotechnical Engineering, Zhejiang University, Hangzhou 310058, Zhejiang, China)
Abstract: To investigate the road performance of solidified sludge as a subgrade fill material, this study conducted
laboratory experiments and field tests to assess its strength, compaction characteristics, and resilient modulus. By
focusing on a highway subgrade filling project in Hangzhou, on-site tests were employed to analyze the compaction
degree and CBR value of the solidified sludge subgrade under various water contents and vibration times. Subsequently,
laboratory static-dynamic tests were conducted to analyze the strength of the solidified soil subgrade under dry-wet cyclic
effects. Additionally, the changes in resilient modulus of the solidified soil subgrade under cyclic loading were
investigated to provide a comprehensive evaluation of its road performance. The findings reveal that the addition of
4% cement and 4% lime achieves a compaction degree exceeding 96% and a CBR of 9%~10% in solidified sludge.
Moreover, under environmental dry-wet cycles, the unconfined compressive strength of the solidified soil initially
experiences rapid decline before stabilizing. After ten dry-wet cycles, its strength reaches 0.60 MPa, meeting the
requirements of first-grade highway specifications. Furthermore, at 96% compaction degree, the resilient modulus of the
solidified soil subgrade exceeds 156 MPa, with minimal impact from dry-wet cycles. Consequently, the resilient modulus
satisfies the design criteria for the subgrade.
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Fig. 1 Solidified soil mixing Fig.2 Paving construction
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Table 1 Physical and mechanical properties of sludge dried soil

PR AT IR/ %
<0.005 mm 0.005~0.075 mm >0.075 mm

B KZRol% RKRTFHEp(gem’) WibRo /% BRwy/% BB,

16.1 1.61 38.1 27.1 11.0 17.6 56.8 25.6

x®2 EARUFERS

Table 2 Chemical composition of quicklime

% CO;, CaO MgO SO;

B/ % 3 78 3 1

®3 KRHIEARMEREIER

Table 3 Basic performance indexes of cement

, , PUHTIRE/MPa PR/ MPa
4T (80 um)/% I/ (g/em’) R A/ (m/kg)
3d 28d 3d 28d
2.5 3.13 375 5.4 9.1 23.5 48.6

(CABBRFBOHITE) (JTG D30—2015) " A0 (4
2 REME B % 5 T4 R MUY (JTG/T 3610—2019) 1
MIESEEE . CBR %548hs, HiRfEhrink 4. £ 5

H Al v o e B fE AR i, REESH K6 Fiw.

£4 FEBHABESETE"
Table 4 Compaction standards for different grades of highwaysm]

. JESEE Y%
e it P& PRI LA T ¥R % /m —
A, A N =. VWA
FR 0~0.3 >96 >95 >94
TSR 03~1.2 >96 >95 >94
%8

kR 1.2~15 >94 >94 >93
TR >1.5 >93 >92 >90

0~0.3 >96 >95 >94

T ¥5 T B

0.3~0.8 >96 >95 -




86 o o4 202541 H
*5 TEIEAER CBR FRgE"
Table 5 CBR standards for different parts of fill materials'”
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R 0~0.30 8 6 5
B, o REZE 0.30~0.80
ERIR s 5 4 3
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i B, P REZE 0.80~1.50
g 4 3 3
FRE ., RERE 1.20~1.90
B, b REZM >1.50
T s N 3 2 2
FRE., REZCM >1.90
R 0~0.30 8 6 5
T A5 T7 s H B, REZE 0.30~0.80
T EEIR N 5 4 3
FRE. REZM 0.30~1.20
*6 TMRMERBERRAE"
Table 6 Unconfined compressive strength standards (sl
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Fig. 5 Relationship between CBR and the compacted water
content of samples at 96% compaction degree
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Fig. 6 Unconfined compressive strength of solidified soil
under different dry-wet cycles
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Fig. 7 Resilient modulus of solidified soil under different
dry-wet cycles
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Fig. 8 Cyclic triaxial testing system
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Fig. 10 Resilient modulus of solidified soil under different
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