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Influence of Yellow River sand on the mechanical properties and
microstructure of cementitious materials

HAN Lu', ZHOU Aiping', SUN Ke*, WAN Tiantao’, SUI Gaoyang’, GE Zhi*, ZHANG Hongzhi*"

(1. Shandong Yellow River Bureau Binzhou Yellow River Bureau, Binzhou 256601, Shandong, China; 2. School of Qilu
Transportation, Shandong University, Jinan 250002, Shandong, China; 3. Shandong Provincial Water Conservancy Survey and
Design Institute Co., Ltd., Jinan 250013, Shandong, China)

Abstract: In order to study the influence of Yellow River sand on the properties of cement materials, the sand was used to prepare
mortar by replacing cement partially. Then, the effect of different sand content on flowability, setting time, and mechanical
properties were studied, and the influence of Yellow River sand on cement hydration process, phase composition and microstructure
were analyzed through microscopic tests. The results showed that the Yellow River sand shorten the setting time and reduced the
fluidity of slurry. The activity index of Yellow River sand on the 28th day was 66.5% , indicating that it played a physical filling role
in improving the matrix strength. CaCO, in the Yellow River sand provided nucleation sites for cement hydration and accelerated the
early hydration process. CaCO, also reacted with C;A to form monocarbonate (MC). And the Ca( OH), participated in the above
reaction to form hemicarbonate (HC) , which inhibited the transition from ettringite ( AFt) to monosulphate ( AFm).

Keywords: Yellow River sand-cement composite system; liquidity; activity index; cement hydration; microstructure
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FROFESIER 10 um SR abdRikEe 28 d iEPERE L 2 578 kg/m’, Fb 3 L 4> B A 584.7 m’/kg I
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43 #1 ( thermogravimetry-derivative thermogravimetry , A 17.33.46.81 104 wm, ZFESCRR[ 11 ] 0045 25 o]
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Table 1 Chemical composition of raw materials
R %
Al O, Sio, CaO Fe,0, SO, MgO HAw
7K 11.870 27.49 47.800 2.780 3.350 4.530 2.18
B[RV 14.169 65.65 7.455 4.214 0.061 2.711 5.74
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Fig.1 Particle size distribution of cementitious materials
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- Fig.3 Microscopic morphology of Yellow River sand
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Fig.2 Phase composition of cementitious materials %ﬁ%ﬁ( SEM) R,
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Table 2 Physical performance test data

FRUERSIE BT R 5R E/ MPa

i WIBEERT ]/ min LBt} [E]/min Wit shE/mm
3d 7d 28 d
Ref 195 245 245 17.8 28.3 443
SC30 178 227 237 11.2 18.2 29.4
SC40 167 221 221 9.8 17.2 25.6
SC50 161 203 210 8.8 15.3 22.8
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Fig.4 Hydration heat test results
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Fig.5 Phase composition of Yellow River sand-cement system
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Table 3 Quantitative phase analysis of mortar for 28 d

o B 1L %
Ca(OH), CaCO, C,S C,S AFt AFm HC MC MS SiO,
Ref 27.00 35.09 22.17 14.36 0.23 0.18 0.87 0.12 0.13 0
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Fig.6 Thermogravimetric curve
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Fig.7 Derivative thermogravimetric curve
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Table 4 Percentage of mass loss in three stages

Bk b4/ %
R F
BERERI R P17 100~200 °C  400~500 T 650~760 °C
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Table 5 Percentage of calcium hydroxide and chemically
bound water
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Fig.8 Micro-morphology of Yellow River sand-cement matrix
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