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Abstract

Controlling the hydration heat during the pouring of mass concrete is a crucial step to ensure con-
struction quality. Currently, finite element simulation is primarily used to model the temperature
variations during the pouring process. However, significant discrepancies often exist between the
simulated data from finite element analysis and the actual measured data. These discrepancies
can only be minimized by post-adjustment of the finite element model parameters, which is insuf-
ficient for effective construction guidance. To address this issue, this paper proposes an on-site
prediction method for the hydration heat of mass concrete based on the semi-adiabatic method. A
self-made, simple hydration heat testing device is used to determine the adiabatic temperature
rise curve of concrete with the actual mix proportions. By deriving a corrected heat source func-
tion model and integrating a time-varying thermal conductivity function model calibrated in the
laboratory during the cement hydration process, the finite element analysis model is adjusted to
better align with real conditions and closely match the measured hydration heat data. Analysis of
measured data from practical engineering cases and finite element simulation results demon-
strates that this method effectively reduces the error between simulated and measured data. It
provides more reliable guidance for on-site construction and is significant for controlling temper-
ature-induced stress cracks in mass concrete due to hydration heat.
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Figure 1. Schematic diagram of the cement paste hydration heat testing device
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Figure 2. Schematic diagram of temperature sensor arrangement
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Figure 3. Finite element analysis model
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Table 2. Value of the convection coefficient for the cap beam
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Table 3. Values of the cooling pipe parameters for the cap beam
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Figure 4. Results of the hydration heat simulation analysis based on empirical formulas
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Figure 5. Corrected heat source function model
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Figure 6. Thermal conductivity function curve
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Figure 7. Results of the hydration heat simulation analysis based on the corrected heat source function model
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Table 4. Comparison table of simulated results before and after correction of temperature field for large-volume concrete cap
beams versus measured results
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