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Effect of Expanded Shale Sand Dosage on Hydration and Shrinkage Properties of UHPC
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Abstract; Ultra—high performance concrete ( UHPC) exhibits significant shrinkage deformation due to its high cementitious
content, which readily induces cracking issues. Therefore, lightweight expansive shale sand (ES) partially replaced river sand.
Tests were conducted on the compressive strength, hydration heat release, and shrinkage deformation of UHPC at different ES
dosages. The study investigated the influence patterns of ES dosage on compressive strength, hydration heat release
characteristics, autogenous shrinkage deformation, and drying shrinkage deformation. Results indicate; When ES replaces 40%
of river sand, UHPC mixture compressive strength decreases by only 1.2%; As the ES content increased, the hydration heat
release rate and cumulative hydration heat of UHPC rose, while self—shrinkage and drying shrinkage decreased. Internal relative
humidity and mass change rate also increased. At 40% ES content, self—shrinkage and drying shrinkage decreased by 65. 7%
and 26. 3%, respectively, while internal relative humidity increased by 18. 6%. Steel fibers reduce drying shrinkage deformation
through internal confinement mechanisms but also provide pathways for moisture migration, increasing evaporation and inducing
additional shrinkage. When the ES content is below 20% , drying shrinkage decreases due to confinement effects; above 20% ,

drying shrinkage increases due to moisture evaporation. These findings provide theoretical support for controlling shrinkage
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deformation in UHPC.
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shrinkage deformation
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Table 1 Physical properties cementitious materials

fe2 hfiRise R s Peskik 28 d iEHE

3% /mm / (m?/kg)  / (kg/m®) /% HRE %
7K 20 365 3150 2.4

L7y Y/ 12 542 2 430 1.2 97
TER 2 2 435 2 450 4.7 125
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Table 2 Chemical composition of cementitious materials /%
b5y Si0, ALO; Fe,05 CaO  MgO  SO;  Na,0 K,0
7K 19.6 4.7 3.5 63.1 3.4 27 04 1.3
WK 641 2227 6.7 2.5 0.1 1.2 0.5 0.6
REIK 95.3 1.2 0.3 0.7 0.2 0.4 0.1 0.4
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Fig.1 Particle size distribution curve of cementitious
materials and aggregates
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Table 3 Mix proportion of lightweight aggregate UHPC

/ (kg/m’)
G5 KU ORBIR RR O WRP ES O WEHE K UK
ES00 726 330 264 750 264 13.2
ES10 726 330 264 675 50.6 264 13.2
ES20 726 330 264 600 101.1 264 13.2
ES30 726 330 264 525 151.7 264 13.2
ES40 726 330 264 450 202.3 264 13.2
ESI10F 726 330 264 675 50.6 157 264 13.2
ES20F 726 330 264 600 101.1 157 264 13.2
ES30F 726 330 264 525 151.7 157 264 13.2
ES40F 726 330 264 450 202.3 157 264 13.2
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Fig.2 The influence of ES dosage on the flow expansion
and compressive strength of UHPC
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Fig.3 The effect of ES dosage on the hydration heat of UHPC
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Fig. 4 The effect of ES content on the self shrinkage strain of UHPC
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Fig.5 The effect of ES dosage on the relative humidity inside UHPC
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Fig. 6 The effect of ES content on drying shrinkage
deformation of UHPC
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change rate of UHPC
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