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Changes of the shear strength and pore structure for solidified sludge after
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Abstract : To investigate the macroscopic strength changes and the underlying microscopic mechanisms of solidified
sludge (SS) after crushing and remodelling, which enhances the engineering applications of crushed and remodeled
solidified sludge (CRSS), a series of direct shear tests, scanning electron microscopy ( SEM) analyses, and
mercury intrusion porosimetry ( MIP) tests were conducted on both SS and CRSS to examine the effects of curing
agent content, pre-curing age, and post-curing age on the shear strength characteristics of CRSS. Furthermore, the
microstructure and pore structure characteristics analyses were performed to explore the intrinsic mechanisms
underlying the shear strength changes in CRSS. The results indicate that the shear strength of the initial CRSS
increases with both curing agent content and pre-crushing curing age. The internal friction angle of the initial CRSS
is comparable to that of SS, ranging from 25° to 50°, while cohesion decreases significantly, varying from 20 kPa to
125 kPa. The shear strength of CRSS primarily originates from the friction and interlocking between soil aggregates,
where higher aggregate strength corresponds to a greater internal friction angle. As the post-curing age increases,
soil aggregates and the pores between them in CRSS are cemented and filled with hydration products, resulting in a
significant increase in cohesion while causing minimal changes in the internal friction angle. In SS, the pore
structure is predominantly characterized by small pores with diameters ranging from 0. 01 pm to 0. 10 pm and
medium pores from 0.1 pwm to 1.0 pwm. With increasing curing agent content and curing age, medium pores in SS
are progressively transformed into small pores. In CRSS, the volume of small pores decreases significantly,
accompanied by a notable increase in large pores with diameters ranging from 1 pm to 10 pm and fissure pores
larger than 10 wm, while the volume of medium pores remains largely unchanged.

Keywords: solidified sludge; crushing; remodeled solidified soil; shear strength; pore structure

WA 2025-03-10;F A EH: 2025-03 -28; MEE X BH: 2025-04-16
P48 B & Ml : hitps://link. enki. net/urlid/23. 1235. 1. 20250415. 1650. 002

E4WmA . EEHEAUEHR(2022YFE0105000) ; E F A L ER 234 (52325803)
EE®E A THIC(1985—) B B #1400

BEESE . MM ,230402020009@ hhu. edu. cn



%6 1

T, A AR YRR A S T 5T 9 B e FLBR A AL A AR <117 -

VEAESK | B K IR BRI TR 2 TR, FR
AR E R ER IR Y, XS R B &
AR BIBMAL, AT RAA 1K, Bk & 85 SRR
R, SR A S 0 HE 37 A T vk ) T 1638 N7 XY A At
2 G RS K RECRD ) A AR N
HA WAME, 0% 5, A& 7 8 KGR B WA
BRI R IR R A ke z — 7 EAHF
FERMP AERE SRR B A B AR R 58 5
RA, W RS B0 UM T AR A Y, itk
SR S RFRON AL L, BRT, 56T AL
TR ASTE A DL R R I 5T B AR
BT (B AE TR S Fe b, B A A
Z RN B S 2y sg e B R il an, sz A
(B RN 23 [] b A BR 1, 672 A U8 A [ AR B 4k 5 8 it
TANRERIAE 1 oAk, 1 Ak 4 A e R A,
IR 5 ] P A I R S M A R 25 5, R L4
[l 4k £ BRI WA 52 7 | I B 25 45 4 55 b L 2 [) 1Y
AT 22, 25 5 7o A R - R 2445 [n) it | v
AT ARBRER T e IR IR A R 5T B HOR
VEAE NG S HE S vh e 2R A 7 [ A A B 15 T2 75 LA
BT AT R SR G T, TR R R
W g 40

KT EHEEL SRR, HtE B 8
ZoSCHRIC Ak, 70T ik 2 90 £ RO WF ST AR N B D AE
W, H AR BB IF R T A 58, Sato
A0 F K PR e AT [ A A B %o 1 e R o
+ 19 7 2 P RE AN SRR R FIF T, ik T i R
¥ AR R R 7 FE B IR A R RIS M IS T
TR B 98 - TC M BR BT ik B 5 26 SR I R R f 2
W] AE G . Shinsha 2500 R T [ 4k 1 AR 1 e P
R B 7 v A& TR M o 2D = A 0K, 3 o T
SRS WFSE T W T O 0 R R S R
il JKIEB R L FER R, E N, REE
YA R R AR B ST T Ak i A R
J B0 e R 4 O R LA R A v VI ) i S B
R, A IR R EE YA 4 B BT S AR B A
[F A - 8 T T AR R 3P 00 X B M 6 I e 2 ]
KU AR I 94 T8 e ) 4 AR 9 9 X
DN FR TR RR I KRR e LK T 4 Ji 5 R v T T
e Y o e A O M 1B Al D [E1 PR 1 g L
B 500 PR Y S, DA R JE KR R B LA B T
18 B 4 S A (14 s 512, L[] P, 2 384 1 56 5 454
Ko L AR 2 b T e 98 4 1 2 W
FI2 e R SRR R R A BL o A T, 6T
T 9 0 TR B GOV R 20 0 7 A R R RF 5T
XD | HIUA HBF5E R 2 5% K R A g [ 4L )
M/ R FH Tl 5 s BE T AR 7

NI AR SR AR PR ZH T 1) Tl i 6 [
AR (GCP) X iR WA JE FEAT [ Ak, I 38 5 % [ 4k +
AR B 98 4 T i — & 9 1 57 1L 56 | 49 9 AL
(scanning electron microscope, SEM ) & J& 7K i 50
(mercury intrusion porosimetry , MIP) , iff 5% [# 4L 5] 5
(o) BRERTIRIE I (2, ) LLRJR FR R (1)
X [E] A A B T B 98 Ji 70 0 i B8 I GOUE AL R 45 4 7
AE R FE I | 43 A o 99 - e 3 0 B2 A8 Ak 9 1K
SRAILHR , LA A 351 4 A 06 1 1 o 9 - FE BBy 3 [ 55
7 T2 8RR Ak

1 R B

1.1 RIERRE

I8 FT R It R ( dredged sludge , DS) B H 5
LR LT A TR R T S e T AR Y
PR T, T8 R8T 3 1, t e nl F0iZ ik e J&
TR 1, 1 AR g e ih £, R 5 /R
SCHOECRLEE A BT AR I TP 4k ( < 0. 075 mm)
FH N 88.5% ,FHRLE (1 <0.005 mm) A 17.5%
WAl 2 s 3k 2 i, Hodp Sio, | AL O, H
Fe,0, W& 000 61.63% 19.51% F16.87% , 3
B ELAT R KO R R IT, eAh it de
LR SR 6.81% . O AR HHL
s BAR K I KA 7, BELIE Ca( OH), 457K Ak
YA B, A S S0 DL K BB SR A3 ek
ERAKYCXE AR 2 T B AR . i, AR SR AR
TR A (A28 Tl R s S [ AR R GCP 1E 73R
KRS

F1 RETHOMEER
Tab.1 Parameters of the test sludge sample
sokR, WML WRR/ VAPERSEC  HE FLBRK AAURS
% % % Ip G, e /%

85.68 36.34 23.44 12.90 2.678 1.391 6.81

100 - A
Rk kL
d<5 um b um<d< 75 pum

: 88.5%

80 -

60 -

40 |

NTIERLARE 43 /%

20 -

0.1 1 10 100 1000
Rz d/um
3 W T AT T B

Fig. 1 Grading curve of test sludge
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Fig.2  Shear stress-shear displacement curve of initial CRSS at

different curing agent contents
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Fig.3  Shear stress-shear displacement curve of initial CRSS at

different pre-curing ages
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