CURRICULUM VITAE

Name: Kenneth Alan Snyder
Citizenship: United States of America

Education: Cornell University, B.S.
Applied and Engineering Physics, 1990

University of Maryland, Ph.D.
Physics: Condensed Matter, 2005

Thesis Title:  Energy Localization and Transport in Binary
Isotopically Disordered Fermi-Pasta-Ulam
Chains

Thesis Advisor: Prof. T.R. Kirkpatrick

Employment: 2009 — Present, Leader
Inorganic Materials Group
Materials and Structural Systems Division
Engineering Laboratory
National Institute of Standards and Technology

1990 — 2009, Physicist,
Materials and Construction Research Division
Building and Fire Research Laboratory
National Institute of Standards and Technology

Contact Information: National Institute of Standards and Technology
100 Bureau Drive
Gaithersburg, MD 20899-8615
kenneth.snyder@nist.gov

Professional Societies: American Physical Society (APS)
ASTM International
American Concrete Institute (ACI)

Invitations: May — August, 2001
Département de Génie Civil
Université Laval
Québec, CANADA
Host: Prof. Jacques Marchand



RESEARCH INTERESTS

Concrete Degradation Modeling: Every concrete degradation mechanism is
preceded by transport and reaction within the hardened cement paste phase
of the concrete. The computer program 4sight is a transport and reaction
model that was developed for the U.S. Nuclear Regulatory Commission to
facilitate performance assessment of underground low level nuclear waste
disposal sites. 4sight incorporates the relevant physics and chemistry of acid
attack, leaching, corrosion of the steel reinforcement, and sulfate attack.
Furthermore, these degradation mechanisms are allowed to occur simulta-
neously, thereby incorporating synergistic effects.

Transport Coefficient: The 4sight transport equation separates chemical prop-
erties from physical properties. The self-diffusion coefficient and electro-
chemical mobility of individual ions can be found in reference books. The
tortuous path ions must take through the microstructure can be character-
ized by the formation factor, a material parameter that characterizes the
ratio of the length of the tortuous path through the microstructure to the
length of the physical specimen. The formation factor can be determined
independently from the ratio of the pore fluid conductivity to the bulk (pore
fluid plus solid) conductivity. This single parameter can characterize diffu-
sive transport for an arbitrary number of ionic species in solution. Ongoing
experiments are being developed to validate this.

Entrained Air Void Characterization: The entrainment of small (5 um —
300 um) air voids in the cement paste phase of concrete is the most reliable
means of ensuring that concrete can be immune to the effects of freezing and
thawing. More specifically, the proper combination of total void volume and
air void diameter distribution is required. Presently, the only standardized
means of characterizing these parameters is the ASTM C 457 linear probe
analysis of air voids in hardened cement paste and concrete. Although the
test can be an accurate measure of total void volume, it yields a poor charac-
terization of the air diameter distribution. Techniques are being developed
to use ASTM C 457 data to validate the hypothesis that the air void diame-
ter distribution is lognormal. Moreover, the technique may one day be used
to distinguish between entrained and entrapped air voids, and to determine
how well the ASTM C 457 test was performed.
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BOOK CHAPTERS

Stereology: “The Stereological and Statistical Properties of Entrained Air Voids
in Concrete: A Mathematical Basis for Air Void System Characterization,”
by K.A. Snyder, K. Natesaiyer, and K.C. Hover, appears in Materials Sci-
ence of Concrete VI, pp. 129-214, (Skalny and Mindess, editors), pub-
lished by the American Ceramic Society in 2001. The chapter summarizes
techniques for air void characterization: uncertainty in standard method
ASTM C 457 measurements; the relationship between planar and linear
probe data and the air void radius distribution; thin section data analysis;
the geometrical accuracy of spacing equations; and the estimation of the
protected paste volume.

ISBN: 978-1-57498-069-1

Modeling Moisture Transport: “Modeling Ion Transport Mechanisms in Un-
saturated Porous Media,” by J. Marchand, E. Samson, K.A. Snyder, and
J.J. Beaudoin, in Encyclopedia of Surface and Colloid Science, published by
Marcel Dekker (2002). The chapter is a thorough exposition on the appli-
cation of the Richard’s equation to modeling moisture transport in porous
media. Specifically, it formally expresses the meaning of the field variable
representing moisture content. Moreover, it formalizes ionic transport in
relationship to moisture transport.
ISBN: 9780824707590

Modeling Transport and Reaction: “Modeling Degradation of Cementitious
Materials in Aggressive Aqueous Environments,” by P. Le Bescop, B. Lothen-
bach, E. Samson, and K.A. Snyder, in Performance of Cement-Based Mate-
rials in Aggressive Aqueous Environments, pp. 177-218, (Alexander, Bertron,
De Belie, editors), published by RILEM TC 211-PAE (2013). The chapter
thoroughly describes the physicochemical approach of modeling transport
and reaction in cementitious materials, with an emphasis on incorporating
phenomena associated with aggressive environments: multiple species, high
concentrations, and moisture transport.

ISBN: 978-94-007-5413-3
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K.A. Snyder, K.C. Hover, K. Natesaiyer, and M.J. Simon, “Modeling Air-
Void Systems in Hydrated Cement Paste,” Microcomputers in Civil Engi-
neering 6, 35-44, 1991.

K.A. Snyder, E.J. Garboczi, and A.R. Day, “The Elastic Moduli of a Sim-
ple 2-D isotropic composite: Computer Simulation and Effective Medium
Theory,” Journal of Applied Physics, 72 (12), 5948-5955, Dec. 15, 1992.

A.R. Day, K.A. Snyder, E.J. Garboczi, and M.F. Thorpe, “The Elastic Mod-
uli of a Sheet Containing Circular Holes,” J. Mech. and Phys. of Solids, 40,
(5), 1031-1051, 1992.

K. Natesaiyer, K.C. Hover, and K.A. Snyder, “Protected-paste volume of air
entrained cement paste. Part 1,7 Journal of Materials in Civil Engineering
4, 166-184, 1992.

K. Natesaiyer, K.C. Hover, and K.A. Snyder, “Protected-paste volume of air
entrained cement paste. Part I1,” Journal of Materials in Civil Engineering
5, 170-186, 1993.
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“Percolation and pore structure in mortars and concrete,” Cement and Con-
crete Research 24, 25-37, 1994.
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High Performance Concrete,” Wiss. Z. Hochsch. Archit. Bauwes. (Weimar) 40,
139-142, 1994.

. K.A. Snyder and J.R. Clifton, “Measures of Air Void Spacing,” Wiss. Z.

Hochsch. Archit. Bauwes. (Weimar) 40, 155-157, 1994.

E.J. Garboczi, K.A. Snyder, J.F. Douglas, and M.F. Thorpe, “Geometrical
percolation threshold of overlapping ellipsoids,” Phys. Rev. E., 52 (1), 819—
828, July 1995.

D.P. Bentz, J.R. Clifton, and K.A. Snyder, “Predicting service life of chloride-
exposed steel-reinforced concrete,” Concrete International 18, 4247, (De-
cember) 1996.

K.A. Snyder, “A numerical test of air void spacing equations,” Advanced
Cement Based Materials 8, 28-44, 1998.

D.P. Bentz and K.A. Snyder, “Protected paste volume in concrete: Extension
to internal curing using saturated lightweight fine aggregate,” Cement and
Concrete Research 29, 1863-1867, 1999.
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K.A. Snyder and T.R. Kirkpatrick, “Influence of Anderson localization on
the mode decay of excited nonlinear systems,” Annalen der Physik (Leipzig)
8 (Special Issue) SI: 241-244, 1999.

K.A. Snyder, C. Ferraris, N. Martys, and E.J. Garboczi, “Using impedance
spectroscopy to assess the viability of the rapid chloride test for determining
concrete conductivity,” Journal of Research NIST 105, 497-509, 2000.

R. Barbarulo, J. Marchand, K.A. Snyder, and S. Prené, “Dimensional anal-
ysis of ionic transport problems in hydrated cement systems - Part 1: Theo-
retical considerations,” Cement and Concrete Research 30, 1955-1960, 2000.

K.A. Snyder, “The relationship between the formation factor and the diffu-
sion coefficient of porous materials saturated with concentrated electrolytes:
Theoretical and experimental considerations,” Concrete Science and Engi-
neering 3(12), 216-224, 2001.

K.A. Snyder, X. Feng, B.D. Keen, and T.O. Mason, “Estimating the elec-
trical conductivity of cement paste pore solutions from OH-, K+, and Na+
concentrations,” Cement and Concrete Research 33, 793-798, 2003.

E. Samson, J. Marchand, and K.A. Snyder, “Calculation of ionic diffusion
coefficients on the basis of migration test results,” Materials and Structures
36, 157-165, 2003.

K.A. Snyder and D.P. Bentz, “Suspended hydration and loss of freezable
water in cement pastes exposed to 90 % relative humidity,” Cement and
Concrete Research 34, 2045-2056, 2004.

K.A. Snyder and T.R. Kirkpatrick, “Wave localization in binary isotopically
disordered one-dimensional harmonic chains with impurities having arbi-
trary cross section and concentration,” Physical Review B 70, 104201, 2004.

E. Samson, J. Marchand, K.A. Snyder, and J.J. Beaudoin, “Modeling ion
and fluid transport in unsaturated cement systems in isothermal conditions,”
Cement and Concrete Research 35, 141-153, 2005.

K.A. Snyder and T.R. Kirkpatrick, “Energy transport along Fermi-Pasta-
Ulam chains containing binary isotopic disorder: Zero-temperature sys-
tems,” Physical Review B 73, 134204, 2006.

K.A. Snyder, Z.Q. Lu, and J. Philip, “Long-term monitoring strategy for
concrete-based structures using nonlinear Kalman filtering,” J. Phys. IV
France 136, 191-200, 2006.

D.P. Bentz, C.-J. Haecker, M.A. Peltz, and K.A. Snyder, “X-ray absorp-
tion studies of drying of cementitious tile adhesive mortars,” Cement and
Concrete Composites 30, 361-373, 2008.
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D.P. Bentz, K.A. Snyder, L.C. Cass, and M.A. Peltz, “Doubling the service
life of concrete. I: Reducing ion mobility using nanoscale viscosity modi-
fiers,” Cement and Concrete Composites 30, 674—678, 2008.

D.P. Bentz, M.A. Peltz, K.A. Snyder, and J.M. Davis, “VERDiCT: Viscosity
Enhancers Reducing Diffusion in Concrete Technology,” Concrete Interna-
tional 31(1), 31-36, 2009.

D.P. Bentz, K.A. Snyder, and M.A. Peltz, “Doubling the service life of con-
crete structures. II: Performance of nanoscale viscosity modifiers in martars,”
Cement and Concrete Composites 32(3), 187-193, 2010.

J.W. Bullard, B. Lothenbach, P.E. Stutzman, K.A. Snyder, “Coupling ther-
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26 (4), 609-622, 2011.
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reduce effective diffusivity in mortars,” Journal of Materials in Civil Engi-
neering 24 (8), 1017-1024, 2012.
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crete,” Journal of Materials in Civil Engineering 25(8), 1097-1106, 2013.
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“Electrical Resistivity Measurements in Cementitious Systems: Observations
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Research Board 2342, 90-98, 2013.
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curing and viscosity modifiers on resistance to sulfate attack,” Materials
and Structures 47 (4), 581-589, 2014.
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