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Winner of the Giatec Award for Best Paper
Nanoscale origins of creep in calcium silicate hydrates
Ali Morshedifard, Saeed Masoumi, Mohammad Javad Abdolhosseini Qomi
Synopsis
The authors propose a novel three-staged incremental stress-marching technique to study
nanoscale longtime phenomena, speciﬁcally creep, in atomistic simulations. The stressinduced time-dependent behavior of C-S-H was investigated by the application of a chain of
aging shear cycles at the nanoscale. The model results showed a stretched exponential
relaxation in the ﬁrst stage. When fully relaxed, C-S-H was found to behave viscoelastically
upon further loading, which the authors described by the standard solid model. By
progressively increasing the interlayer water, the time-dependent response of calciumsilicate-hydrates was found to exhibit a transition from viscoelastic to logarithmic creep. The
results of the study bridge the gap between theoretical atomistic simulations and
nanomechanical experimental measurements, which paves the way for the design of reduced
aging construction materials starting from the nanoscale behavior of the material.

Shortlisted Papers

Resistance of concrete to diﬀerent exposures with chloridebased salts
A. Ghazy, M.T. Bassuoni
Synopsis
The authors study the behavior of concrete exposed to diﬀerent de-icing salts (NaCl, CaCl2,
MgCl and CaCl2 + MgCl2) under two diﬀerent environmental conditions (constant low
temperature and wetting/drying (W/D) cycles), using mass change, expansion, relative
dynamic modulus of elasticity, x-ray diﬀraction, chloride permeability and environmental
scanning electron microscopy equipped with energy-dispersive x-ray. The results clearly
highlight the stages of deterioration associated with diﬀerent exposure conditions and the
inﬂuence of ﬂy ash and nano-silica in mitigating the deterioration. The results also show the
form and morphology of calcium oxychloride and magnesium oxychloride formed under such
exposure. The results provide clear guidance to transportation agencies on the use of speciﬁc
types of de-icing solutions that are detrimental to concrete (such as CaCl2 + MgCl2 and
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CaCl2). The study also indicated that the restrictive limits on ﬂy ash in concrete serving in
chloride-laden environments may produce concrete less durable than alternative
noncompliant mixtures with higher ﬂy ash dosages.

Quantifying the swelling properties of alkali-silica reaction
(ASR) gels as a function of their composition
Asghar Gholizadeh-Vayghan and Farshad Rajabipour
Synopsis
The authors present a study in which alkali-silica reaction (ASR) gels were synthesized and
tested to investigate the eﬀects of chemical composition (Ca/Si, Na/Si, and K/Si atomic ratios)
on the gels’ free swelling strain and restrained swelling pressure. From the results, regression
models were developed linking the gels’ composition to their swelling properties. The results
show that Na/Si and K/Si monotonically increase the swelling strain. It was also found that
increasing Ca/Si up to 0.23 drastically reduces the swelling strain and higher Ca/Si has
modest eﬀect on free swelling. The restrained swelling pressure was found to increase by
increasing calcium up to a pessimum Ca/Si level; this pessimum value was found to relate to
the alkali content of the gel. Finally, the results show that the restrained swelling pressure
also increases by increasing the gel’s alkali content, while a pessimum Na/Si ratio exists in
the range of 0.85- 0.95. The results clearly advance our understanding of the mechanical
properties of ASR gel and provides insight to novel methods to mitigate ASR through,
perhaps, manipulating the gel composition and properties.

Anion capture and exchange by functional coatings: New
routes to mitigate steel corrosion in concrete infrastructure
Gabriel Falzone, Magdalena Balonis, Dale Bentz, Scott Jones and Gaurav Sant
Synopsis
The authors propose a calcium aluminate cement (CAC) formulation containing NO3-AFm to
serve as anion exchange coatings that are capable of binding large quantities of Cl− ions,
while simultaneously releasing NO3- species, which are known to be corrosion inhibitors. The
study quantiﬁes the chloride binding capabilities, experimentally and through thermodynamic
calculations, and ion-diﬀusion coeﬃcients, through impedance spectroscopy, for a series of
hydrated CAC formulations containing admixed Ca(NO3)2. This data is then inputted into a
multi-species Nernst-Planck formulation, which is solved for a typical bridge-deck geometry
using the ﬁnite element method to compare the service-life of concrete with such coating to
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traditional portland cement systems. The results indicated that Cl− scavenging CAC coatings
can signiﬁcantly delay the time to corrosion compared to traditional OPC-based systems for
the same cover thickness. This opens the door for new options for repair/rehabilitiation
coatings for chloride-laden environments.

Mitigation of Alkali–Silica Reaction by Hydrated Alumina
Tiﬀany Szeles, Jared Wright, Farshad Rajabipour, and Shelley Stoﬀels
Synopsis
This research introduces the use of pure hydrated alumina, Al(OH)3, as a cement
replacement to mitigate ASR. Samples containing 20 and 30% Al(OH)3 cement replacement
were used and studied through ASTM C1293 (concrete prism test), pore solution extraction
and analysis, thermogravimetric analysis and microstructural analysis through scanning
electron microscopy. The results showed that Al(OH)3 can mitigate ASR through: (a) reducing
the pH and alkalis in concrete pore solution, (b) consuming and reducing portlandite and
dissolved calcium in the pore solution, (c) reducing silica dissolution and damage to
aggregates at high pH. The results pave the way for new ASR mitigation methods that can be
very useful, considering the trends and forecasts on the availability of ﬂy ash, slag, and
lithium admixtures; which are typically used to mitigate ASR.

Performance of high-volume ﬂy ash concrete in marine
environment
Edward G. Moﬀatt, Michael D.A. Thomas and Andrew Fahim
Synopsis
The authors present the durability performance of concrete incorporating high-volumes of ﬂy
ash (with replacement levels of 56 or 58%), exposed to a harsh marine environment for 19 to
24 years, with various types of normal density and lightweight aggregates. The investigation
included rapid-chloride permeability, compressive strength, chloride proﬁling, visual
observation and microstructural characterization using scanning electron microscopy. The
results indicated that high replacement levels of ﬂy ash greatly increased the resistance to
chloride-ion penetration. The results showed that high-volume ﬂy ash concrete blocks with
light-weight aggregate showed signiﬁcant surface deterioration. It was found that the
decreases in chloride penetration in concrete containing high volumes of ﬂy ash signiﬁcantly
outweigh any reported decreased in chloride threshold. The results provide insight to the
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industry on producing concrete that can attain satisfactory service lives in such harsh
conditions.

Remote sensing of concrete bridge decks using unmanned
aerial vehicle infrared thermography
Tarek Omar and Moncef L. Nehdi
Synopsis
The authors explore the potential application of unmanned aerial vehicle (UAV) Infrared
Thermography for detecting subsurface delaminations in concrete bridge decks. A UAV-borne
thermal imaging system was used to survey two concrete bridge decks. The inspection
process involved the acquisition of thermal images via low altitude ﬂights using a highresolution thermal camera. The images were then enhanced and stitched together to create
a thermal image for the entire bridge deck. Image analysis based on the k-means clustering
algorithm was utilized to segment the images and identify objective thresholds. The results
were validated using data generated by hammer sounding and half-cell potential testing. The
ﬁndings showed that UAV with high-resolution thermal infrared imagery oﬀers an eﬃcient
tool for precisely detecting subsurface anomalies in bridge decks. The proposed method
allows more frequent and less costly bridge deck inspection without traﬃc interruption. This
should enable rapid bridge condition assessment at various service live stages, thus aiding
parties interested in condition assessment and repair/rehabilitation.

What is the role of water in the geopolymerization of
metakaolin?
Sungwoo Park, Mohammad Pour-Ghaz
Synopsis
The authors answer the question regarding the role of water in the geopolymerization of
aluminosilicates and within the structure of geopolymers. Speciﬁcally, the study investigates
the role of water in the geopolymerization of metakaolin, a low calcium aluminosilicate. This
is done through measuring the evaporable water and performing thermogravimetric analysis,
Scanning electron microscopy, cyclic desorption and absorption isotherm determination and
the total amount of pore water through Nitrogen drying. The results showed that, as far as
the formation of the geopolymer gel is concerned, water only provides a reaction medium.
Based on the experimental ﬁndings, the authors proposed a conceptual model for the
microstructure of metakaolin based geopolymers, in which the geopolymer gel forms the
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main skeleton of the material with inclusions of silica residing within it. The hydroxylated
surface of silica is hypothesized to account for the non-evaporable water with physically
bound water being held within the ultramicro pores on the surface of silica and the free pore
water sitting within the micro and macro pores of the main aluminosilicate skeleton.

Electrical resistivity a measure for concrete chloride diﬀusion
coeﬃcient
M. Shaﬁkhani and S.E. Chidiac
Synopsis
The authors examine the relationship between electrical resistivity and eﬀective chloride
diﬀusion coeﬃcient, experimentally, using 28-day-old self-consolidating concrete (SCC)
mixes. The variables studied include the volume fraction of coarse aggregate, water to
cementitious material ratio, total cement content, and cement replacement level of
supplementary cementing materials. The results indicated that the electrical resistivity is
inversely and linearly proportional to the chloride diﬀusion coeﬃcient with the proportionality
constant depending on the w/cm and silica fume content. The authors proposed
proportionality equations to estimate SCC chloride diﬀusion coeﬃcient using the electrical
resistivity. This, in turn, leads to a less expensive and quicker alternative test, for the
industry, to measure chloride diﬀusion coeﬃcient.

Assessment of Joints in Concrete Pavements Exposed to
Diﬀerent Winter Conditions
A. Ghazy, M.T. Bassuoni and A.K.M.R. Islam
Synopsis
The authors used forensic evaluation to classify the source of joint damage and identify
aspects contributing to joint deterioration of regional roads (chloride-based salts are directly
applied) and residential streets (salts are borne by vehicle tires) in Winnipeg, Manitoba,
Canada. Cores were obtained from these roads and were tested for: absorption, rapidchloride permeability, mercury intrusion porosimetry, air-void system characterization,
scanning electron microscopy, x-ray diﬀraction and diﬀerential scaling calorimetry. The
results revealed that the cores collected from regional roads had high intensity of
microcracks and most air voids (both small and large) were ﬁlled with various levels of
secondary depositions compared with the cores collected from residential streets. The
authors explain the deterioration by a combination of physical and chemical aspects, due to
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the interaction of salts, freezing/thawing cycles, and wetting/drying with the hydrated paste.
This provides insight to transportation agencies on the reasons for concrete joint degradation
and possible mitigation/rehabilitation strategies.
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