opinions in the profession

North American engineering geologists
first came into major confrontation
with weak rock in construction of the
Panama Canal (MacDonald, 1915), in
which considerable amounts of the
onerous Oligocene-aged Cucaracha
(“cockroach”) and Culebra (“snake’)
Formations were encountered in the
larger cuts. MacDonald (1915, p. 55)
referred to these materials as “weak
rocks” and gave us the name that we
prefer today, and which we rediscovered
in the 1960s.

All weak-rock properties are marginal
and general characteristics of weak
rock are unfavorable to any sort of
engineered construction (Table 1).
Weak rock represents a significant

percentage of exposed rock material on
PERSPECTIVES NO. 5 the earth’s crust. Weak rock makes up
WEAK ROCK perhaps 80 percent (my estimate) of all
POORLY LITHIFIED COCKRO ACHES Cenozoic rock. It never has worthy
engineering properties or behavior.
AND SNAKES Weak rock is simply never to be trusted.

by Allen W. Hatheway

A column dedicated to the belief that mature engineering geologists, in ad-
dition to possessing a thorough knowledge of fundamental science, should have
up-to-date perspectives on the application of their technology.

UST like the ancient
alchemists, back in 1880
folks in construction on-
ly worried about earth,
fire and water. That was
the year that engineering geology is
believed to have come into being in the
title of W. H. Penning’s textbook of that
name. Since then, the vocabulary of
engineered construction has picked up
terms like “soil mechanics,” ‘“‘rock
mechanics,” and ‘‘geotechnical
engineering.” With these disciplines
came acceptance of soil, rock, and
water as the primary materials of
construction.

In the minds of most engineers, soil,
rock, and water are the traditional earth
materials. These terms are as friendly
a connotation of earth materials as you
can find. But, water aside, the terms
“soil” and “‘rock” simply do not cover
the essentials of earth materials. We
need a term that strikes respect into the
hearts of the knowing!

That term is weak rock! Every
engineering geologist should come to
know and respect weak rock. Treat it
like a friend and you will be rewarded.
This “friend” of ours is the most continued on page 34
treacherous of all earth materials.
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How can this undependable material
be a “friend?” Simply because it is the
single most important of all earth
materials and it is that with which we
engineering geologists are the most
competent to deal. This where you can
shine or where you can ‘“bite the dust,’
depending on your understanding of
weak rock. Dealing with weak rock
represents the moment of truth.

Weak rock made the scene again in
1938, with the semi-catastrophic con-
struction failure of the Fort Peck (Mon-
tana) dam spillway, built of expansive
claystone. With this ugly memory still
fresh, the Corps of Engineers began an
early post-World War II (1948) study;
“Shale and Weak Rocks Investigation,”
completed six years later (Corps of
Engineers, 1954).

Europeans picked up the term in
1979 with the Seventh European Con-
ference on Soil Mechasics and Founda-
tion Engineering, in which Theme 2
was devoted to “‘Design Parameters for
Weak Rocks” (Meigh and Wolski, 1979).
The first major geotechnical conference
devoted to the subject was held in
Tokyo in 1980 (Akai and others,
1981-1982), as the International Sym-
posium on Weak Rock.

What is “weak rock?” My personal
definition is: “a consolidated earth
material possessing an unusual degree
of bedding or foliation separation,
fissility, fracturing, weathering, and/or
alteration products, and a significant
content of clay minerals, altogether
having the appearance of a rock, yet
behaving partially as a soil, and often
exhibiting a potential to swell or slake,
with the addition of water; some weak
rocks are also subject to time-depen-
dent release of stored tectonically-
induced stress.” When weak for reasons

other than weathering or alteration,
weak rock is generally Cretaceous or
younger in age.

Some weak rock originated as a
highly overconsolidated soil, and as
such, has never possessed better quali-
ty in terms of any measure of rock
strength. Other weak rock, such as
altered or weathered crystalline
varieties, may have been the hardest of
rock at one time, yet have been altered
(deteriorated by passage of thermal
fluids at some depth below the present
ground surface) or weathered (at or
near the present topographic surface)
to be reduced to a weak-rock condition.

I have compiled a list (Table 2) of
“geologic associations’ for which you
can bet a hard dollar on encountering
weak rock. these situations are based
entirely on my own experience. Please
let me know of your comments and
additions.

continued on page 35
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With this list at hand, you will know
how to predict the occurrence of weak
rock before you reach the site on Day
One of the site investigation. The mere
age and rock-type associations found in

Table 3 is my interpretation of the
general sequence of events that make
up the natural degradation of weak
rock, once exposed in unprotected site
grading, road cuts, or in long-term per-
formance of some embankments.

Weak rocks, once suspected in terms
of geologic associations, should be
described, mapped, logged, sampled,
and tested. There is no standard
method of testing to detect or assess the
degree of unfavorability of the
characteristics of weak rock. The tests
shown in Table 4 measure properties;
some before and some after various
forms of stresses that tend to degrade
weak rock.

Summary

In 1990, 75 years after introduction
of the term, there is little excuse for not
recognizing and appropriately dealing
with weak rock as an earth material for
construction. There are many varieties
of weak rock and many circumstances
under which engineering geologists en-
counter such materials. It is imperative
that we all know the rules that suggest
its presence and that we then make the
observations, collect the necessary data
and samples, and then test to verify the
presence or absence of such material,
and then describe the degree to which
weak rock may affect our project and
formulate the means to deal with its
characteristics and behavior.

Allen W. Hatheway is Past President

the stratigraphic nomenclature of all
State geologic maps, and a good many
national geologic maps worldwide, will
point the way; secondary consideration
of present and probable Pleistocene
climate will assist in substantiating
your assessment.

At this point the plot actually
clarifies, rather than thickens. You

know what weak rock is, you know how
to anticipate its potential presence at a
proposed site, and you know what to
look for and how to test the rock when
you map and sample it or when it
comes out of the core barrel. This is
about as close as we can get to the
magic that our colleagues in civil
engineering would like us to deliver.

continued on page 36
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(1985) of the Association of Engineer-
ing Geologists, and Professor of
Geological Engineering at the Univer-
sity of Missouri Rolla.
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oriented environment.

These are excellent opportunities to be involved in all facets of
project management. Our ideal candidate will have 7-10 years of
experience, a strong geotechnical and management background,
and a track record of successful business development. MS and
California registration/certification preferred.

Come and be part of a company where your achievements are
noticed. We reward our employees with competitive compensa-
tion, the finest of benefits and opportunities for advancement.

Qualified candidates please send aresume and
cover letter to: Human Resources Depart-
ment, Earth Systems, Inc., 2275 East
Bayshore Road, Suite 100, Palo Alto, CA
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