J Rec Const Resources 8(1)81-87(2020)
https://doi.org/10.14190/JRCR.2020.8.1.81

Print ISSN : 2288-3320
Online ISSN : 2288-369X

ESUCAHESL SU7io| 2ETUS 0|83 AVIXIS 5T

Evaluation of Self-Healing Performance Using Hydration Model of

Portland Cement and Clinker

- - - *
EALS - A - Rhel®

Sang-Hyeon Choi' + Byoung-Sun Park® - Soo-Won Cha®

(Received February 13, 2020 / Revised March 24, 2020 | Accepted March 25, 2020)

Crack control is essential to increase the durability of concrete significantly. Healing of crack can be controlled by rehydration
of unreacted clinkers at the crack surface. In this paper, by comparing the results of isothermal calorimetry test and
regression analysis, the Parrot & Killoh’s cement hydration model was verified and clinker hydration model was proposed.
The composition and quantification of hydration products were simulated by combining kinematic hydration model and
thermodynamic model. Hydration simulation was conducted using the verified and proposed hydration model, and the
simulation was performed by the substitution rate of clinker. The type and quantity of the final hydration product and
healing product were predicted and, in addition, the optimal cementitious material of self-healing concrete was selected

using the proposed hydration model.
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Mixing Cracking Self-healing
O—m O Reaction process in crack Healing products
Input : Chemical Transport model Thermodynamic

composition of materials : diffusion, dissolution Model

From XRF, XRD analysis

QOPC : CS, C;S, CA, CAF, Na0, KO, LOI

Fly ash : Quartz, Mullite, Magnetite, Na,0,
K,0, Amorphous

GGBS : Ca0, Si0,, ALO,, MgO...

Other : Ca0, ALQ,, ....

(unreacted)

« Dissolution of reactive materials existing '
on crack surface
Hydration  piffusion of ions inside cracks
= Concentration of ions
in the pore solution in the crack

» Reaction products type and quantity
= volume change
« Concentration remaining ions
= Find the suitable products
for shelf healing

Fig. 1. Evaluation procedure of self-healing products
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Fig. 2. Parrot & Killoh cement hydrartion model
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Fig. 3. Governed mechanism in hydration process
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Fig. 5. Cumulative heat release of OPC & Clinker

Table 1. Modified parameters of hydration model

C,S C,S C,A C,AF

K, 15 0.5 1 037

N 0.7 1 0.85 0.7

K, 0.05 0.006 0.04 0.015

K, 11 0.2 1 04

N, 33 5 32 3.7

H 1.5 14 145 1.44
E,(J/mol) 41,570 20,785 54,040 34,087
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Fig. 7. Degree of hydration of clinker
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Fig. 8. Cumulative heat release with degree of hydration (OPC)
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Fig. 9. Unreacted cement and hydration products for SHP-0
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Fig. 11. Unreacted cement and hydration products for SHP-20
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Fig. 13. Quantitative comparison of CSHQ

Mass(g)

b T T T T T T T T
-2 -1 o 1 2 3
107% days

Fig. 10. Unreacted cement and hydration products for SHP-10
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Fig. 12. Unreacted cement and hydration products for SHP-30
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