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In their pioneering work, Powers and Brownyard were the first to systematically 
investigate the reaction of cement and water and the formation of hydrated cement 
paste. In the late 1940s, in a series of landmark papers, they presented a model 
for the cement paste in which unreacted cement, free water (capillary porosity), 
and the hydration product (which is porous in itself, that is, the gel porosity) were 
distinguished. They introduced the concept of nonevaporable water (water retained 
in P-dried state) and gel water (additional water retained upon saturation): their 
specific volumes are lower than that of free water, causing chemical shrinkage and 
creating capillary space. Careful execution of experiments resulted in the quantity 
and specific volume of both nonevaporable water and gel water. Powers and 
Brownyard were among the first who employed new theories and techniques such as 
adsorption, B.E.T surface area, XRD, and calorimetry. Critical paste properties were 
measured by extensive and carefully executed experiments, including the amount of 
retained water and the chemical shrinkage associated with the hydration reaction. 
These properties were further related to the content of the four most important 
clinker phases, viz. alite, belite, aluminate, and ferrite. Additionally, the composition 
of the cement paste was related to engineering properties such as compressive 
strength, shrinkage, porosity, water permeability, and freezing/thawing resistance. 
The impact of this standard work is paramount and their concepts and the results are 
used in contemporary cement and concrete science (Taylor (1997), Neville (2000)). 
Czernin (1959), Locher (1975), Hansen (1986), Jensen and Hansen (2001), Brouwers 
(2004, 2005, 2007), and Livingston et al. (2007) presented more detailed discussions 
on the authors’ work, validated and confirmed the key findings using contemporary 
techniques, and also extended the approach to new research areas.
	 Both Powers and Brownyard performed their research at the Portland Cement 
Association (PCA), at that time located in Chicago, Illinois. Information about the 
life and work of Dr. Treval Clifford Powers can be collected, but Dr. Theodore Lucius 
Brownyard seems somehow to have disappeared, no further records of him after 
1948 can be found by this author. 
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	 Dr. Powers received a Bachelor of Arts degree from 
Willamette University in 1925, majoring in chemistry. He 
worked for PCA from 1930 until his retirement in 1965. 
For the next 7 years, he taught, lectured, and consulted 
internationally in the field of cementitious materials 
before moving to Arizona.
	 On the occasion of his retirement, a symposium 
was sponsored by the Highway Research Board, to which 
workers from all over the world contributed. In 1966, it 
was published as the monumental Special Report No. 90 
by the Highway Research Board (1966). 

	 Probably unknown to most people working 
in the field of cement and concrete is that after his 
retirement, Dr. Powers studied “The Phenomenon 
of Inflation.” His unorthodox economic theory 
resulted in the book Leakage: The Bleeding of the 
American Economy (Benchmark, 1996), which has 

been hailed as a pivotal work in the field of macroeconomics. Besides his research 
on the structure of fresh and hardened cement paste, Dr. Powers is also known for 
his mortar and concrete research on consistency, workability, rheology, durability, 
unsoundness, shrinkage and swelling, abrasion resistance, sulfate resistance, frost 
resistance etc. and is author of the book The Fresh Properties of Concrete (1968). Dr. 
Powers won the ACI Wason Research Medal in 1933, 1940, and together with  
Dr. Brownyard in 1948. He became an Honorary Member of ACI in 1961 and received 
the ACI  Arthur R. Anderson Award in 1976. He also received the Sanford E. Thompson 
Award of the American Society for Testing and Materials (ASTM) in 1957.
	 Dr. Brownyard was born in Ensley Township, Newaygo County, Michigan, on 
June 6, 1905. In 1930, he entered The Johns Hopkins University in Baltimore as 
Francis P. Garvan Fellow at Large, and obtained his Doctor of Philosophy degree in 
1934. His PhD thesis is entitled “The Retention of Water Vapor by Alumina,” and in 
this work advanced techniques (P-drying, water-vapor adsorption) were employed 
that were also used later in his work with Dr. Powers and reported in their paper 
series. Dr. Brownyard joined the research group of Dr. Powers at the PCA in 1937, 
where he stayed until 1943 when he was called up by the Navy as a Lieutenant 
U.S. Naval Reserve. He served in the United States Naval Air Transportation Service 
(Navigation) throughout the war years and remained with the Navy until at least May 
1948. The results reported in their paper series from 1947-1948 therefore concern 
their work done at the PCA many years before.
	 In what follows in this special volume, their entire series (9 Parts),  is included. 
The reader is warmly encouraged to read all these nine parts of this remarkable 
landmark publication.

Dr. Treval Clifford Powers;
February 8, 1900, Palouse (Washington),

June 30, 1997, Green Valley (Arizona).
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