% XX A% XX 4 AR E I IR FROP E L Vol. XX No. XX
XXXX 4F XX A Journal of Civil and Environmental Engineering XX XXXX

DOI: 10. 11835/j. issn. 2096-6717. 2025. 044 e,

JK D 7% I 4 2 RE 45 1 Fnind A PR fE Be 3L 55w Y &

K AR FEF A, ALY W EAE
(1. PE-LEAMFABMFTEREEFTEREFEERS, LA F5 266300; 2.0 A4 T L RKAFLR
B2, i 2501015 3. P4 = B E A ARG, KR 030001; 4. .4 & K% L5 KA F%, % & 250061)

B OE.ARERUATHEEIRFARELE T ZRXARR O ERIRE, KREESFRAT AR
Z 5B EHw AL H AR B R AW ., KRR P B EERZ A R TR Hmt AT o4, A
ARBEERRSEMNZRZAAEFSIRRAKRLKL KE@MEFAT R FLFTRREL R PHERAE
ZEZR BEKEFHAMR,FMNRXMARAEFTHORBZATRE, > RREETRES R R AT R
W, SREAW MERKRME KRR T I 23k R PEREBREHL T W, ZEZ
BN, ZE AR R B Uk B AR B R K IR R A B IR 3% e s R R IR R ) Ao Y A5 B RE K R ML
¥ mm o MK R I g e R AN EME T ik R R GHARD , AETHE T, ¥
BUEMT AR THRETAELA -8 Kikb KR EFT it EAdHmEREHNATH
ey R T A,

KB A REBE KRR, EREN, FESH R TR, AU E

FESES:TUS28 XEKFRERS: A X EHS:2096-6717(XXXX)XX-0001-13

Flocculent structure and rheological properties of cement
slurry and its influence factors
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Abstract: The rheological properties are important basis for the design of grouting parameters in geological
disaster management. Rheological property of cement suspension is affected by many factors, and its
mechanism is uncharted. In this study, the influence of particle size distribution on rheological property is
analyzed. The focused beam reflectivity measurement system was used to measure the chord size and number of
flocculated particles under different water-cement ratio, cement fineness and shear rate, and the rheological
properties of slurry under the same conditions were measured. The effects of particle size distribution on
rheological properties were analyzed. The results show that with the increase of water-cement ratio, cement

fineness and shear rate, the chord size of flocculated particles decreases and the number of particles increases.
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The degree of particle flocculation increased linearly with the increase of time. The yield strength and molding

viscosity decrease with the increase of water-cement ratio, and increase with the increase of cement fineness.

The apparent viscosity decreases with the increase of shear rate and shows a reversible change. The change of

flocculation structure is consistent with the change of rheological properties. The water-cement ratio, cement

fineness and shear rate affect the rheological properties by influencing the flocculation structure. This study

reveals the change of rheological properties from the perspective of flocculation structure, which can provide

guidance for the design and application of cement grout.

Keywords: geological disaster prevention and control; cement slurry; flocculent structure; particle distribution;

rheological property; apparent viscosity
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Fig.1 Particle size distribution of cement powder
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Table 1 Particle size distribution and specific surface area of cement powder

KPEER FHPRLAE/pm D10/pm D50/pm D90/pm D97/pm D100/pm AL/ (m*/ke)
OPC 18.09 3.26 13. 36 39.74 60. 71 115.70 349. 65
MC-1 12.58 2.38 10.71 24.77 26.82 64.47 467. 85
MC-2 10. 55 2.26 7.99 18.48 24.81 37.79 731.00
MC-3 7.22 1.71 5.46 11.91 16. 36 29.91 1028. 80
MC-4 5.74 1.48 4.39 9.74 13.26 23.41 1362.51
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Fig.3 Rheological test procedure
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fineness on chord size and particle number
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Fig. 6 Effect of water-cement ratio on the distribution of flocculated particles (MC-2, Rate=400 s™)
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Fig.7 Effect of cement fineness on the distribution of flocculated particles (W/C=1, Rate=400 s™)
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Fig. 8 Effect of water-cement ratio on chord size and particle number (Rate=400 s™)
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Fig. 9 Effect of shear rate on chord size and particle number (W/C=1)
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Fig. 12 Photos of the actual flocculation structure
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Fig. 17 [Effect of time on the quantity of small and large
particles with different fineness (Rate=400 s™)
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Table 2 Rheological equation and flow pattern of cement
slurry at initial time
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MC-1  t=0.768+0.011 13y 9975 ik
1.0 MC-2  t=2.788-+0.023 02y 998 1  EIHIAk
MC-3  t=6.806-+0.025 69y 9980 EIFIK
MC-4  t=14.660+0. 046 72y 978 3 EIFIK

OPC  t=0.295+0. 005 20y 9995 EIFAK
MC-1  t=0.858-+0.005 93y 967 4 EIUFIK
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2
7
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Fig. 19 Yield strength of slurry at initial time
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Fig. 20 Plastic viscosity of slurry at initial time
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Fig. 21 Effects of water-cement ratio, cement fineness and shear rate on apparent viscosity
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Fig. 24 Plastic viscosity of slurry at different time
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Fig. 25 Change of apparent viscosity of cement slurry at different time
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