IFAM2019 #i# 8 Elfr & RiE s BiRia

SE5YRE I EILIE-G01
& PBi: BE, pHE s, PEIER R L, #RMELH, REREER
TR . WEEFIN. BUELIRE @A T A R A F) 4
—T A K, mPERE AR TR R K E st = B LR, L a Rl L,
! AT R T o EeEE AR, TR ARBIFSEHE. KNEL

) AT MR T 5 TR ST, Je/f A& T a5 E X973 5 H |
3 H AR < B U H A 5 A BRI 30 AR, AR VR et EE O R
' z . Wit A IR fir S i AMEBESRTTEORBIBE TS . 2 DhRE AR TAEA BRI
SIS T 2 WCR, e Rk E KRR A 1, EE R
SRR B, HIBAHGEL AR T I, EFOWIER] 82 W, HiREE 4 8, AR 200 K
i, M SCI. El B ISTP Wisk 150 /i, 7EE PR E=H R RIIFE %,
B H: MEAEHRRERAERA AR
# Z. With the implementation of the China national key strategy, the challenges faced by durability of
reinforced concrete in infrastructure projects present new characteristics, such as severe environment,
construction difficulty, and extended service life. Traditional concrete has been difficult to adapt to the
new changes in the design, construction and service performance of building structures in severe
environments. Therefore, research and application of new technologies for improving the durability of
concrete in such environment are imperative. In view of the above problems, this report focuses on the
key issue of corrosion inhibition of reinforcement. The progress of research on the technology of durability
improvement from the three aspects of concrete surface protection, corrosion resistance of concrete matrix,
and corrosion resistance of reinforcement is summarized. In the aspect of surface protective materials, the
research progress of wet-based or underwater curing coating materials is briefly introduced. The wet-based
curing surface protection technology based on Mannich modified amine curing system and its engineering
application was highlighted in this aspect. As for the corrosion resistance of concrete matrix, the existing
technology with a characteristic of low water-cement ratio and high-volume mineral admixture, the nano-
technology and metal soap waterproof technology are comparatively analyzed. The technology of
hydration-responsive nanomaterials with excellent dispersibility and its engineering application is mainly
introduced. At last, the corrosion resistance of the epoxy coated steel bar and cathodic protection is
analyzed. In addition, the new technology of corrosion inhibitor for reinforcement and its engineering
application are introduced.
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# Z.: In this talk, green process and materials for produce high modulus concrete and high bending
resistance cement-based composites will be introduced. Along this line, the ultrasonic technique has been
adopted in concrete mixing to improve the interface density for high modulus concrete development. The
high modulus concrete developed through the ultrasonic vibration and addition of nano particles will be
discussed on its optimization in materials formulation, dimension stability behavior and structural
performance. Moreover, 3D printing process has been applied to produce sophisticated cement-based
architectural and decoration products. The application of both selective reaction and direct deposition
techniques will be introduced. Recently, it becomes popular to achieve enhanced mechanical properties of
cement-based materials through incorporation of nano particles. In this presentation, advanced cement-
based materials through application of nanotechnology will be introduced. One example is to use cement
to generate 5 nm nanoparticles which is utilized to enhance the mechanical properties of hydrogel. By
adding 5nm inorganic particles in organic matrix, hydrogels with the best all-round performance in the
world has been successfully developed in aspects of strength, elastic recovery and ultimate stretch ratio.
In addition, by adding organic or inorganic nano particles into cement based materials, the flexural strength
of the cement-based materials increased significantly. For cement paste, bending strength is increased by
three times without lowing the compressive strength. Finally, newly developed inorganic-organic
integrated nano particles for lowering hydration heat will be explained on their mechanism and effect.
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f&f J: Hui L1, Changjiang Scholarship Professor at Harbin Institute of Technology.
Research interests include nanomaterials and structures, data science and artificial
intelligence, disaster engineering, etc. She is the Pl of many key projects and
author/co-author of more than 200 Journal papers, keynote lectures and reports,
including one paper published in Science.

& H: Effects of Nanomaterials on the Precipitation and Structure of Calcium
Silicate Hydrates

# ZE. Nanotechnology is now commonly used in material science to improve
material’s properties by optimizing their atomic and microstructure. Concrete containing only small
amounts of nanomaterials has shown to result in significant improvements in compressive strength,
ductility, abrasion, fatigue, chloride diffusion coefficient, freeze-thaw accumulative damage, etc.
However, the intrinsic mechanism of nano-modification is still unclear, which greatly limits the application
of nano-engineered concrete. Here, based on the experimental and reactive molecular dynamics simulation
methods, we investigate the effects of nanomaterial on the precipitation and structure of calcium silicate
hydrates (C-S-H)--the main binding phase of concrete. Results show that nanomaterial with high surface
energy is able to act as nuclei for C-S-H precipitation, resulting in a reduced porosity and uniform
microstructure. More importantly, the poorly crystalline C-S-H is observed to precipitate along the crystal
face of nano-TiO. particles or graphene oxide to form nano-crystalline regions. Due to the difference in
the adsorption capacity of TiO; for various ions, the chemical composition of C-S-H along the vertical
direction of the TiO, surface will change gradually, which will affect the atomic structure of C-S-H. From
the above, we demonstrate that by utilizing specific nanomaterials, the structure of C-S-H can be regulated
at the atomic scale to achieve higher strength.
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