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New Publications
Volum' 3 of the Antarctic Bibliography is available
at $6.00 from the Superintendent of Documents, U.S.
Government Printing Office, Washington, D.C.
20402. The 491-page publication, edited by Geza
Thuron y i, contains 2,000 abstracts grouped into 13
major categories, with author, subject, geographic,
and grantee indexes appended.
Volume 13 of the Antarctic Research Series, a
monograph by Patricia Kott entitled Antarctic Ascidiacea, was published in May. This 239-page publication is available at $16.50 from the American Geophysical Union, Suite 435, 2100 Pennsylvania Avenue,
N.W., Washington, D.C. 20037.
Folio 11 of the Antarctic Map Folio Series is entitled Distribution of Selected Groups of Marine Invertebrates in Waters South of 35°S Latitude, and

was prepared by A. W. H. Be; H. Boschma and T. P.
Lowe; J . S. Bullivant; E. W. Dawson; J . H. Dearborn
and J . A. Rommel; R. K. Dell; S. J . Edmonds; H. B.
Fell and S. Dawsey; H. B. Fell, T. Holzinger, and M.
Sherraden; M. W. Foster; S. R. Geiger and C.
Brahm; J . W. Hedgpeth; N. S. Hillman; D. E.
Hurley; V. M. Koltun; P. Kott; D. L. Pawson; A.
Ross and W. A. Newman; and D. F. Squires. The
40-page, 29-plate folio is for sale at $10.00 a copy
from the American Geographical Society, Broadway
at 156th Street, New York, New York 10032.
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Testing the Feasibility of
Using Concrete in Antarctica
DON W. BARBER'
Office of Personnel Operations
Department of the Army

The post-IGY antarctic program of the United
States has involved the construction of larger, more
complex, and more permanent facilities, requiring a
continuing search for improved construction methods.
Such a search must take into account the economics
of construction in terms of both manpower and materials, and should include an examination of the usefulness of locally available materials.
While the use of indigenous materials is generally a
sound principle of construction economics, it is made
more imperative in the Antarctic by the brevity of the
shipping and construction season, by the difficulties
—and occasionally the uncertainty—of sea transport,
and by the great distances involved in importing
materials to most points. Unfortunately, the-re is little
that nature has provided locally for construction on
the Antarctic Continent. Ice and snow have been used
as construction materials at Byrd Station, forming the
station's walls and roof, and for snow roads between
McMurdo Station and Williams Field, but at the stations built on relatively ice-free sites—McMurdo,
Palmer, and Hallett—such conventional, imported
materials as wood and steel have had to be used. At
those locations, and most notably at McMurdo, a
major problem has been the preparation of foundations capable of supporting large structures.
Problems of Earth-Fill Foundations
To date, earth fill has been used for foundation
pads at McMurdo Station, 2 which is the site of the
largest Deep Freeze construction effort, but obtaining
the fill is a very slow and tedious process. One visiting
engineer likened it to a strip-mining operation in
which "bulldozers labor up the steep (up to 50°)
surrounding hills, turn around and come grinding,
sliding and bumping down with blades lowered. In a
good day's work, they manage to worry loose about 2
or 3 in. of cinder y soil." 3 The inadequacies of this
Formerly on the civil engineering staff of the U.S. Naval
Support Force, Antarctica.
' Hallett is situated on a sandy point, and its modest-size
buildings rest on timber foundations. At Palmer, considerable blasting of the native rock was required to level
the construction areas, on which foundation pads of
crushed rock were prepared to support timber foundations.
(See Antarctic Journal, vol. II, no. 4, p. 142-143.)
'Joseph Wilkinson in Engineering News-Record, December
1968.
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procedure may be better appreciated with knowledge
of the fact that the foundation pad for the recently
built personnel building required an estimated 4,850
cubic yards of fill.
Although earth-fill foundation pads are perfectly
adequate structurally, there is a second major shortcoming in their construction: considering the short
(4-month) construction season, the time required for
the pads to consolidate sufficiently to support a structure is unacceptably long. The standard derived from
experience is one year.
Concrete Data Sought
Consequently, a different method of providing the
building base was sought, and the possibility of using
concrete naturally entered into consideration. Although
there has been some use of concrete in the Antarctic
by expeditions of several nations (Fig. 1), a preliminary review revealed little published information on
the subject. Thus, in Deep Freeze 68, the U.S. Naval
Support Force, Antarctica requested the Naval Civil
Engineering Laboratory (NCEL), located at Port
Hueneme, California, to investigate the feasibility of
using concrete at McMurdo Station.
Among the more important questions that NCEL
was asked to consider were the following: (1) Were
the local aggregates suitable for use with Portland
cement? (2) What would be the optimum mix (admixture, types of cement, etc.) incorporating local
aggregates? (3) What, if any, unconventional equipment would be needed for mixing and curing the
concrete? (4) What were the parameters for mixing
the concrete at McMurdo—minimum ambient tensperature, temperatures of mixing water and aggregate, etc.? (5) How could the concrete be cured in
the shortest possible time consistent with good qualities of structural strength and durability? (6) What
are the effects of direct contact between concrete and
permanently frozen ground (permafrost4 ) ?
Slight discussion of just the last of these questions
may give the non-engineer some insight into the
number of factors to be considered in the study as a
whole. Since water decreases in volume upon
changing from the solid to the liquid state (it is one of
the few substances that does), the thawing of permafrost can cause surface subsidence, with dramatically
serious structural effects (Fig. 2). Therefore, great
care must be taken in the construction so as to avoid
disturbing the thermal regime of the ground. Such
disturbance may originate from several sources. Heat
radiated or conducted—perhaps through the foundation—from the building's interior is one potential
The origin of this term and the effects of the phenomenon
are reviewed by Troy L. Péwé in Permafrost and Its Effects on Life in the North (Oregon State University Press,
1966).
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Photo by Archer P. Church, Jr.

Figure L At Britain's Argentine Islands Station in the Antarctic
Peninsula, concrete has been used for foundation posts and
paving of paths.

.\ at eel ii s arch Council of Canada
Figure 2. Damage done to a house in Canada by permafrost
subsidence.

Ph ate (en rt ny A

-_

-

oc

/

50
4C
30
20

7
13

7

14
AGE (Days)

28

Figure 3. Typical temperature-rise curves in concrete for three
types of Portland cement. Type numbers are explained in Figure 4.

source, making the relative conductive properties of
the various types of concrete a matter of importance.
Another source of potentially troublesome heat is
inherent in the nature of concrete as a temporarily
plastic material. As the Portland cement binder in the
concrete reacts with the mixing water, heat of hydration is produced. (In concrete, hydration is a combination of gel formation and crystallization.) This heat
of hydration can cause an appreciable temperature
rise (Fig. 3), the magnitude of which depends on the
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type of Portland cement used (five are recognized),
the size and shape (i.e., the volume-to-surface ratio)
of the cast in question, and other factors. Moreover,
heat of hydration continues to be generated for some
time (Fig. 4). This heat can be dissipated through the
surfaces of the cast, but as this happens, the outer
layers of the concrete unit contract against the
warmer core, with a resultant tendency toward
cracking if the temperature differential is too great.
Thus, the contact of recently cast concrete with permafrost may have deleterious effects on the structural
strength of both the concrete and the permafrost.
The natural weathering process that is perhaps
most destructive to concrete is repeated freezing and
thawing. Fortunately, daily temperature variations
passing through the freeze point are less likely to
occur in the Antarctic than in many more-temperate
climates. Nevertheless, it appeared advisable to increase the freeze-resistance of the concrete by
adopting the standard cold-weather concreting practice of air entrainment. (The entrapped air provides
space for expansion should the mix water freeze
before it is taken up in hydration.)
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Figure 4. Heat of hydration for three types of Portland cement.
Although Type Ill produces the most heat, it is the best choice
for antarctic use because (a) heat is advantageous except when
the cast is in direct contact with permafrost, and (b) rapid
curing limits the period during which external conditions are
critical.
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Work in the United States

The Naval Civil Engineering Laboratory initiated
its study in Deep Freeze 68 by shipping some 10 tons
of antarctic aggregates to the United States. The
aggregates were tested, using the procedures of the
American Society for Testing Materials (ASTM), and
found to be more than adequate for use in concrete.5
Laboratory work at Port Hueneme produced satisfactory concrete mixes both with and without the admixture of calcium chloride, which accelerates the
hardening process and thereby reduces the period
during which the concrete must be protected from
freezing. (The addition of salt lowers the freezing
temperature of the concrete, but at the expense of its
strength.) Concrete cylinder strengths in excess of
3,000 psi were obtained after 3 days of curing at 50°
to 60°F. Such cylinders were subsequently frozen
and thawed with no loss of strength.
In one test, concrete was made in the NCEL cold
chamber at 22°F. using dry components at that temperature and water heated to 170°F. The resultant
mixture had a temperature of approximately 60°F.
and acceptable plasticity. After 3 days of curing at
50° to 60°F., the strength was tested at about 3,000
psi.
Additional cold-chamber tests were conducted to
simulate conditions at McMurdo. These included the
placement of test sectiojls of concrete in specially prepared frozen ground to determine the effects of conNCEL Technical Note N-bOO, Concrete for Antarctica—
Aggregate Mix Design for the McMurdo Area, by J. R.
Keeton and N. S. Stehie (December 1968).
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Figure 5. General view of test site. Note protective wooden hoods
to permit curing at elevated temperatures.

U.S. Navy Photo
Figure 6. Tests also involved taking cores, casting cylinders, and
making thermocouple measurements.
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crete heat upon the ground and the effects of ambient
cold upon the temperature of concrete in the hardening stage. Strength tests of cores taken from the
hardened concrete at selected time intervals gave generally satisfactory results.
In the early test, the concrete was prepared with
Type 111-A Portland cement, which is an air-entraining, high-early-strength cement, but this did not
entrain sufficient air. Later laboratory test batches
were therefore made with Type III (high-earlystrength) cement and an air-entraining agent that
was added during mixing.

Dr. W. D. McElroy New NSF Director

Field Tests
Concurrently with the conduct of these laboratory
experiments, a test series was designed for accomplishment at McMurdo during the 1968-1969 austral
summer. The field-test program involved the placement of 10 test sections of two types (8 footings and 2
on-the-surface slabs) in an area adjacent to the fuel
storage tanks in the pass at the foot of Observation
Hill (Fig. 5).
The aggregate for the test sections was obtained
from the "Fortress Rocks" quarry at McMurdo by the
Public Works Department of Antarctic Support Activities. The planned program called for on-site
testing of the aggregate for sieve grade, specific
gravity, absorption, and moisture content. The fresh
concrete was to be tested for slump, air content, and
unit weights, while the compressive strength of the
hardened concrete was to be determined from 3-inch
diameter cores taken at 2, 3, 7 3 14, and 28 days.
A primary objective of the field tests was to determine the optimum curing time by observation of the
interaction between the heat of the concrete and the
cold of the permafrost. Accordingly, the test program
provided for the collection of air- and ground-temperature data and the determination by thermocouples of
the temperature differential between the permafrost
and both the fresh and the hardened concrete (Fig. 6).
While the field-test data are as yet unpublished, advance information indicates that the test cores exhibited satisfactory compression strengths when sampled
after 5-8 days.
It is expected that additional footing and slab-type
sections will be cast at McMurdo during Deep Freeze
70, and that all sections cast during Deep Freeze 69
and subsequent years will be reexamined at later dates
to determine their durability under exposure to McMurdo's climatic conditions. It is hoped that with the
conclusion of the 1969-1970 field studies, adequate
technical data will have been obtained to permit a
definitive assessment of the usefulness of concrete at
selected antarctic locations, and that some genera]
advance will have been made in polar materials technology.
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On July 11, 1969, the Senate confirmed the nomination of Dr. William D. McElroy, chairman of the
Biology Department at Johns Hopkins University since
1956, to become the Director of the National Science
Foundation. Dr. McElroy succeeds Dr. Leland J . Haworth, who retired on June 30 after completing his
six-year term.
Born in 1917, Dr. McElroy received his B.A. from
Stanford University in 1939, M.A. from Reed College
in 1941, and Ph.D. from Princeton University in
1943. While at Johns Hopkins University
(1946-1969), he participated in many government
advisory panels and committees and, from 1962 to
1966, served as a member of the President's Science
Advisory Committee. He was elected to the National
Academy of Sciences in 1963 and he has served as a
member of its Council since April 1968.
Dr. McElroy first became associated with NSF in
1955 as a member of the Metabolic Biology Panel.
He has served in other advisory posts for NSF, and is
a Trustee of Associated Universities, Inc.
Dr. McElroy is the author of numerous publications
in his fields of bioluminescence, bacterial mutations,
and biochemical genetics, and has been an active
editor. He is a member of several professional societies
and has held the presidency of the Society of Biological Physiologists, the American Society of Biological
Chemists, and the American Institute of Biological
Sciences.
In addition to his professional activities, Dr. McElroy has been a member of the following civic and
community organizations: Board of Governors, the
Pinchot Institute of Conservation Studies; Board of
Directors, Planned Parenthood Association of Maryland, Incorporated; Board of School Commissioners.
Baltimore; Board of Trustees of Baltimore Junior
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