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Pioneers in Soil 
Mechanics: The 
Harvard/MIT Heritage 

Five preeminent engineers 
give their first-hand accounts 
about how the discipline of 
geotechnical engineering 
developed in the Boston area 
during the twentieth century. 

ANNI H. AUTIO & MICHAEL A. MCCAFFREY 

To commemorate the beginnings and 
accomplishments of Boston's pioneers 
in soil mechanics, the Boston Society of 

Civil Engineers Section/ ASCE (BSCES) spon
sored a history-in-the-making panel discus
sion called the "Pioneers in Soil Mechanics: 
The Harvard/MIT Heritage" at the 1998 
ASCE Convention in Boston on October 20, 
1998. Over 150 civil engineering professionals 
from around the world attended this very well 
received presentation. The presentation's 
focus was on the contributions by Boston's 
pioneers in soil mechanics at Harvard Univer
sity and the Massachusetts Institute of Tech
nology (MIT) who shaped and advanced the 
geotechnical engineering profession. 

The distinguished panelists were Dr. Harl 
P. Aldrich, Jr., Dr. Ralph B. Peck, Dr. Robert V. 
Whitman and Dr. Steve J. Poulos. Dr. Ronald 
C. Hirschfeld, 1998 ASCE Honorary Member, 
moderated the panel discussion. The panelists 
shared their personal remarks with the audi
ence, which stimulated an open discussion 
that followed. 

Remarks by each presenter are published 
here to record this commemorative event that 
occurred during the 150th anniversary of 
BSCES and near the 75th anniversary of mod
ern soil mechanics and geotechnical engineer
ing. The intent is to promote follow-up dis
cussions so that the unwritten history pre
served in personal memories can be docu
mented for the benefit of future generations of 
civil engineers who will advance the accom
plishments made thus far. 

Opening Remarks 

By RONALD C. HIRSCHFELD, Moderator, 
Founding Principal (retired), GEI Consultants, 
Inc., Winchester, Massachusetts 

Modern soil mechanics is usually dated from 
Karl Terzaghi's pioneering research from 1916 
to 1925 at Robert College in Istanbul and the 
publication of his book Erdbaumechanik in 1925. 
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A circular slice of a historic wooden pile with an engraved plate was presented by BSCES to 
these five speakers to commemorate the era when this field was being rapidly developed in 
Boston by the pioneers in soil mechanics. The pile was removed in 1998 to allow construc
tion of the new Central Artery Tunnel. This pile plaque is a fitting memento for these stu
dents of the pioneers in soil mechanics. From left to right, Harl P. Aldrich, Jr., Robert V. 
Whitman, Ronald C. Hirschfeld, Ralph B. Peck and Steve J. Poulos. 

Initially, Terzaghi worked briefly in the 
United States from 1912 to 1913, but when he 
returned to the United States in 1925 he sowed 
the seeds for a remarkable introduction and 
flowering of soil mechanics at Harvard and 
MIT and fostered its spread throughout the 
United States. 

Our four panelists will give a brief history 
of what happened at Harvard and MIT from 
1925 to 1998. Each of the panelists has been 
associated with Harvard, MIT or both. 

Harl P. Aldrich, Jr., received his doctorate 
in soil mechanics at MIT, and after several 
years on the MIT faculty, he and Jim Haley 
founded the firm Haley & Aldrich. Harl 
Aldrich is the dean of civil engineers in the 
Boston area (and was recognized in 
December 1999 when the Conference Center 
at The Engineering Center in Boston was 
named after him and his wife, Lois). Aldrich 
will cover the arrival of Terzaghi at MIT in 
1925 and the subsequent developments at 
MIT up to 1950. 
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Ralph B. Peck earned his doctorate in struc
tural engineering at Rensselaer Polytechnic 
Institute and came to Harvard to study soil 
mechanics. Professor Terzaghi recognized 
Peck's talents and soon sent him to Chicago to 
be his representative on the construction of 
the Chicago subway. Terzaghi and Peck co
authored the bible of soil mechanics, Soil 
Mechanics in Engineering Practice, and Peck 
went on to the University of Illinois where he 
established an outstanding program in soil 
mechanics. He is the outstanding geotechnical 
engineer in the world today. Peck will discuss 
Terzaghi' s career at Harvard and the First 
International Conference on Soil Mechanics 
and Foundation Engineering. 

Robert V. Whitman received his doctorate 
at MIT and spent his entire career on the fac
ulty at MIT. Both of us served in the Civil 
Engineer Corps of the U.S. Navy and were 
classmates at the Officer Candidate School 
(OCS) in Newport, Rhode Island. Whitman 
graduated with the highest academic average 



Ronald C. Hirschfeld. 

of anyone who had gone to the Navy OCS up 
to that time. He will discuss the evolution of 
soil mechanics at MIT from 1950 to 1998. 

Steve J. Poulos is the only one of our pan
elists who holds degrees from both Harvard 
and from MIT, a bachelor's degree and a mas
ter's degree (the latter in Geotechnical and 
Hydraulics) from MIT and a doctorate in soil 
mechanics from Harvard. Poulos taught at 
Harvard for six years and then co-founded 
Geotechnical Engineers, Inc., with Dan 
LaGatta, Dick Murdock and myself. We edit
ed the Casagrande Volume, Embankment-Dam 
Engineering. Poulos will discuss Casagrande' s 
career at Harvard. 

Following all of the panel presentations, 
brief remarks will be entertained from mem
bers of the audience. From the looks of it, many 
have studied at Harvard and MIT and have 
spread the gospel of soil mechanics throughout 
the United States and around the world. 

As to be expected, there has been a friendly 
rivalry between Harvard and MIT for many 

Harl P. Aldrich, Jr. 

years. It is often said that, "Harvard humanizes 
the scientist and MIT simonizes the humanist." 

The Early Years at MIT, 1925-1950 

By HARL P. ALDRICH, JR., Chairman Emeritus 
(retired), Haley & Aldrich, Inc., Boston, 
Massachusetts 

MIT and Harvard, through research, educa
tion and publications, played preeminent 
roles in establishing soil mechanics (now geot
echnical engineering) as an important disci
pline of civil engineering. If we acknowledge 
that Dr. Karl Terzaghi was the founder of soil 
mechanics as we know it today, then it follows 
that his arrival at MIT in 1925 marked its 
introduction to the United States. Within ten 
years, by the time of the First International 
Conference on Soil Mechanics and Foundation 
Engineering held at Harvard in 1936, major 
laboratories and courses in soil mechanics had 
been established at universities throughout 
the United States and abroad. 
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In 1925, at the age of 42 and after seven 
years of patient experimentation at Robert 
College in Istanbul, Turkey, where he was 
Professor of Civil Engineering, the Czech-born 
Terzaghi published a lengthy book in German 
entitled Erdbaumechanik (Soil Mechanics). 

Professor Charles M. Spofford, Head of the 
Civil and Sanitary Engineering Department at 
MIT, had heard of Terzaghi's work and 
learned that Terzaghi would take a year's 
leave of absence from Robert College. In May 
1925, he wrote to Terzaghi and offered him a 
position at MIT as Lecturer on Foundations 
and Soil Mechanics and Research Associate. 
Terzaghi accepted since his career was reach
ing a turning point and he felt that if he were 
to remain solely in Turkey his reputation 
would become limited. 

John R. Freeman, an alumnus of MIT, Class 
of 1876, met Terzaghi in late 1925 and became 
an early advocate. He worked hard to expose 
the engineering community to Terzaghi' s 
ideas. Freeman used his influence as past pres
ident of ASCE to arrange for Terzaghi to lecture 
before the civil engineering societies in Boston 
and New York. In November and December 
1925, Engineering News Record published eight 
papers Terzaghi authored on the physical 
properties of clay and sand, as well as related 
topics. While some influential engineers were 
skeptical of · his concepts, and sometimes 
offended by his arrogance, these papers and 
lectures helped establish Terzaghi' s reputation. 

One year after his arrival at MIT, Terzaghi 
was promoted to Associate Professor of 
Foundation Engineering. In the fourth and 
final year of his tenure at. MIT, he was made 
full Professor. In 1929, somewhat unhappy 
with the resources provided by MIT, Terzaghi 
left the United States and took a position as 
Professor of Hydraulics at the Technical 
University in Vienna. MIT's loss would 
become Harvard's gain when Dr. Terzaghi 
returned to Cambridge a decade later. He died 
in Winchester, Massachusetts, on October 25, 
1963. 

Terzaghi' s assistant during his first year at 
MIT was Glennon Gilboy, who had just 
received his B.S. degree in Civil Engineering 
from MIT in 1925. Born on September 11, 1902, 
in Duryea, Pennsylvania, Gilboy became a 
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Research Associate in 1927. He would receive 
his M.S. and Sc.D. degrees from MIT in 1927 
and 1928, respectively. His was the second 
doctoral degree in soil mechanics awarded at 
MIT. Gilboy became Assistant Professor of 
Soil Mechanics in 1929 and three years later he 
was appointed Associate Professor, a position 
he held until 1939. Prior to his departure, he 
was on leave of absence for' two years on 
account of illness. 

A brilliant researcher and teacher, Dr. 
Gilboy was known for his experimental and 
theoretical research on the design of hydraulic
fill dams and for the development of consoli
dation testing equipment and triaxial equip
ment. In 1935, he listed his principal subjects 
of research to be "physical properties of soils, 
foundations of buildings and bridges, and 
earth dams." Gilboy lived in Lincoln, Massa
chusetts, and had a consulting practice in the 
Boston area after he left MIT. He died on April 
17, 1959. 

In 1926, a young engineer named Arthur 
Casagrande joined Gilboy in assisting 
Terzaghi. Casagrande, · born on August 28, 
1902, in Haidenschaft, Austria, received a 
Diplom Ingenieur Degree in Civil Engineering 
from the Technical University in Vienna in 
1924. After serving as an Assistant in 
Hydraulics at that university for two years, he 
came to the United States in April 1926. By 
December of that year, Terzaghi had arranged 
for Casagrande to be employed by the Bureau 
of Public Roads, serving as his assistant at 
MIT. He continued as a Research Assistant to 
Terzaghi until 1929 when he went to Vienna 
with Terzaghi to establish a soil mechanics 
laboratory. Following a year in Europe tour
ing laboratories, Casagrande returned to MIT 
as a Research Assistant to Professor Gilboy. 

In 1932, after making major contributions to 
the understanding of soil behavior and to the 
development of laboratory testing equipment 
and procedures, Casagrande moved to a lec
tureship position at Harvard University. 
Again, MIT's loss was Harvard's gain. The fol
lowing year, with encouragement from his 
brother Leo, Arthur Casagrande received a 
Doctor of Engineering degree from the 
Technical University of Vienna based on his 
research and publications in the United States. 



His promotion to Assistant Professor at 
Harvard came in 1934 and he ultimately 
became the Gordon McKay Professor of Soil 
Mechanics and Foundation Engineering. Dr. 
Arthur Casagrande died on September 6, 
1981. 

Dr. Leo Jurgenson, born most likely in 
Estonia in 1901, joined the MIT soil mechanics 
staff as a Research Associate in 1929 and 
remained in that position for five years. During 
his time in Cambridge, he was best known for 
his papers published in the Journal of the Boston 
Society of Civil Engineers in 1934 entitled, "The 
Application of Theories of Elasticity and 
Plasticity to Foundation Problems" and "The 
Shearing Resistance of Soils." He returned to 
Estonia where he died in Tallinn (then in the 
USSR) on September 7, 1986. 

Arthur Casagrande' s younger brother, Leo 
Casagrande, was born on September 17, 1903, 
in Haidenschaft, Austria. He attended the 
Technical University in Vienna and received a 
Diplom Ingenieur Degree in Civil Engineering 
in 1928. Following two years working as a 
structural designer in Germany, he came to 
MIT and from 1930 to 1932 he was a Research 
Assistant to Glennon Gilboy. The following 
year he was an assistant to Terzaghi at the 
Technical University in Vienna where he 
received a D.Sc. degree in 1933. Following 
employment in research positions in Germany 
and England, he returned to the United States 
in 1950 to begin a consulting practice. He lived 
in Winchester, Massachusetts. 

Dr. Leo Casagrande was best known for his 
research and practical applications of electr.o
osmosis for stabilizing soil in difficult founda
tion problems. From 1956 to 1972, he served as 
Professor of Soil Mechanics and Foundation 
Engineering at Harvard. Leo Casagrande con
tinued a consulting practice with his son, 
Dirk, at Casagrande Consultants in Arlington, 
Massachusetts, until his death in Waltham, 
Massachusetts, on October 25, 1990. 

In 1932, Donald Wood Taylor joined the 
civil engineering staff at MIT as a Research 
Assistant. Taylor was born in Worcester, 
Massachusetts, on December 2, 1900, and 
graduated from Worcester Polytechnic 
Institute with a B.S. degree in 1922. Before 
coming to MIT, he worked nine years for the 

United States Coast and Geodetic Survey and 
with the New England Power Association. In 
1934, he became Research Associate at MIT 
and four years later, after the departure of 
Glennon Gilboy, Taylor was promoted to 
Assistant Professor. He received his S.M. 
degree from MIT in 1942 and became 
Associate Professor in 1944, a position he held 
until his untimely death in Arlington, Massa
chusetts, on December 24, 1955. 

Professor Taylor was a quiet and modest 
man. He made major contributions to the 
fundamentals of shear strength of cohesive 
soils through direct shear and triaxial tests, 
to analyses of the stability of earth slopes 
and to our understanding of the behavior of 
clay during consolidation. In August 1942, 
MIT published Research on Consolidation of 
Clays, a comprehensive summary of his care
ful and detailed research during the prior six 
years. 

Throughout his career, Taylor's work, 
whether in teaching, research or engineering, 
"was characterized by the highest profession
al standards, by great care and attention to 
accuracy, and by an allegiance to the scientific 
method in his quest for new knowledge. His 
high standards were as evident in his person
al life as they were in his professional career. 
A man of utmost integrity,"1 Taylor was guid
ed "by a desire to meet problems and to treat 
people with fairness and full cooperation. His 
high character and scholarly attainments won 
him undeniable recognition in the field of soil 
mechanics, where he stood among the leaders 
of the century."1 Unfortunately, MIT did not 
recognize his leadership in the discipline, hav
ing denied him promotion to full Professor 
before he died. 

In 1948, Taylor published his book Funda
mentals of Soil Mechanics. In the preface, he 
acknowledged the work of his predecessors, 
Terzaghi, Gilboy and Casagrande. In that 
same year, Terzaghi and Ralph B. Peck pub
lished Soil Mechanics in Engineering Practice, a 
book primarily dealing "with the art of get
ting satisfactory results in earthwork and 
foundation engineering at a reasonable cost." 
Both of these classic books were widely used 
in university courses in soil mechanics and 
foundation engineering. In addition, Soil 
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Ralph B. Peck. 

Mechanics in Engineering Practice became an 
important reference for practicing geotechni
cal engineers. 

Other members of the soil mechanics staff 
at MIT during the first 25 years through 1949 
included: 

• Harold A. Fidler, Research Assistant and 
Instructor from 1936 to 1940; 

• Thomas M. Leps, Instructor from 1938 to 
1939; 

• Wilfred Merchant, Assistant from 1939 to 
1940; 

• William Enkeboll, Assistant from 1940 to 
1941; 

• John Lowe, Instructor from 1942 to 1945; 
• Hemy W. Wallace, Assistant from 1942 to 

1943; 
• T. William Lambe, who became an 

Instructor in 1945 and Assistant Professor 
in 1949; 

• Victor F. B. DeMello, Research Associate 
from 1947 to 1949; and, 
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• Harl P. Aldrich, Jr., Assistant in 1947 and 
Instructor in 1949. 

In addition to Gilboy, others who received 
doctoral degrees at MIT during the first 25 
years after Terzaghi' s arrival, in order of their 
award, included Alberto Ortenblad, Anant 
Pandya, Sidney Speil, Harold Fidler, Leopold 
Nieto-Casas, Shou-I Tsien, William Enkeboll, 
T. William Lambe and Victor F.B. DeMello. 

By 1950, undergraduate and graduate 
courses in soil mechanics and foundations 
were well established at MIT and Harvard, as 
well as at most other engineering schools 
throughout the United States. 

Terzaghi's Career at Harvard 

By RALPH B. PECK, Professor Emeritus, 
University of Illinois, Urbana-Champaign, 
Illinois 

When Terzaghi left for Vienna, he left behind 
Glennon Gilboy and Arthur Casagrande as his 
principal successors. Casagrande began to 
realize after a year or two that he was never 
going to be the number one man at MIT 
because he was second to Gilboy, who had a 
doctorate. A group of local engineers persuad
ed him that he might have an opportunity at 
Harvard because that school was reorganizing 
its engineering curricula. Harvard had decid
ed to become essentially a graduate school in 
engineering; it closed down to a large extent 
the undergraduate school and intended to 
develop the graduate work. When Casa
grande came back from Vienna after installing 
the laboratory for Terzaghi, he made contact 
with some of his friends who put in a good 
word for him and, fortunately, for Harvard 
and for soil mechanics, where he was able to 
establish a graduate program in soil mechan
ics. 

The first year, 1932 to 1933, he had twelve 
students and during the second year, he again 
had a dozen students. In that second year, 
Terzaghi was interested in taking a sabbatical 
from Vienna; Casagrande persuaded him to 
consider coming to Harvard as a visiting pro
fessor or a visiting lecturer. Initially, Terzaghi 
decided to come for a year but he got side
tracked and only came for a half year, the last 



half of the 1935-1936 academic year. During 
the period that he was at Harvard, the dass 
size increased to 29. 

Casagrande proposed the idea of an inter
national conference on soil mechanics. 
Terzaghi at first was a bit reluctant, perhaps 
because he felt the time was not right, but 
Casagrande persuaded him otherwise. And so 
the two began very actively to plan the First 
International Conference on Soil Mechanics 
and Foundation Engineering. Since Harvard 
was celebrating its 300th anniversary at that 
time Harvard's President Conant thought it 
would be appropriate to back it and put his 
full weight behind it. 

Casagrande and Terzaghi spent consider
able time not only discussing the structure of 
the conference, but also on who should be 
invited because there was a considerable field 
for selection. Both men felt there should be a 
considerable representation from practice, 
and there was probably much debate about 
the various individuals who should be asked. 
The final invited list included more practition
ers than professors - not too surprising 
because there were not many professors in soil 
mechanics in those days. There were a num
ber of people from Europe and people who 
had already expressed an interest in the 
development of the new subject. 

The conference was certainly a major suc
cess, due in large part to the hard work of 
Casagrande and Phil Rutledge, who was his 
assistant at the time, but even more it was due 
to the several lectures that Terzaghi gave. He 
was the President of the conference, and he 
took his duties very seriously. His opening 
address to the conference is even now certain
ly required reading for anybody in soil 
mechanics. It set the tone for the new subject. 
The continued influence of Harvard was 
great, among other reasons, because it was the 
setting of that First International Conference. 

Casagrande continued his teaching and 
research. The first class after the International 
Conference had some 29 students; then the 
enrollment . dropped a little to 17 and rose 
again to 26. By 1938, with Casagrande's rising 
reputation and with his work with the U.S. 
Army Corps of Engineers, the enrollment 
jumped to about 42. 

Actually, until 1937 I had not even heard of 
soil mechanics and was, therefore, a latecomer 
to the subject, but I was in that class of 1938. It 
was a large, very active and enthusiastic 
group. We all felt that we were at the very 
beginning of things and that we were embark
ing on a completely new venture in civil engi
neering, as indeed we were. John Watson was 
finishing his thesis on the triaxial testing of 
sands; Juul Hvorslev was in residence work
ing on his tome on sampling; Bill Shannon 
was running the student laboratory; and 
Ralph Fad um was Casagrande' s . teaching 
assistant. Casagrande was consulting on the 
Fort Peck Dam after its failure and was very 
involved in designing the compensated foun
dation for the New England Mutual Life 
Insurance Building. It was indeed a busy time. 

Evolution of Geotechnical 
Engineering at MIT: 1950-1998 

By ROBERT V. WHITMAN, Professor Emeritus, . 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 

This period was one of intense effort in educa
tion and in research. Much of this research 
was inspired by the consulting activities of the 
faculty, and much also was fundamental in 
nature. Many different people were involved 
in the whole range of different aspects of what 
we now refer to as Geotechnical Engineering. 
A combination of theory, laboratory testing, 
field measurements and observations has 
been the trademark of the effort. 

Table 1 ( on page 42) summarizes the average 
number of geotechnical theses completed each 
year during different decades at MIT. Master of 
Science and Civil Engineer degrees are lumped 
together, as are Doctor of Science and Doctor of 
Philosophy degrees. By the way, there are no 
differences in the requirements fo:r: the two 
"types" of doctoral degrees; the choice is arbi
trary and made by the candidate. It may be 
seen that the number of degrees peaked during 
the 1980s and has decreased during the 1990s. 
The records available to me for 1950 to 1995 list 
570 theses in geotechnical engineering. 

Table 2 gives a similar list concerning the 
size of the geotechnical faculty at MIT. 
Following the untimely death of Donald 
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Taylor in 1955, T. William Lambe became 
head of what was called then the Soil Mech
anics Division. Lambe, James Roberts, Charles 
Ladd and I formed the core of the division 
during the next several years. The number of 
faculty then rose gradually, reaching a high 
level by the latter part' of the 1960s, and 
remained at essentially that level for nearly 
twenty years. The number has declined sub
stantially since then. Table 3 lists all who have 
held a faculty appointment in the geotechnical 
program at MIT at the level of assistant pro
fessor or higher - totaling 24. Many remained 
for relatively few years before moving to other 
universities or into professional practice. 
Other faculty members from the Civil 
Engineering Department who contributed to 
the geotechnical program are listed separately 
at the end of the table. 

In addition, many engineers holding posi
tions as research associate, research engineer 
and lecturer have contributed mightily to the 
effort. Four names in particular stand out in 
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Decade 

1950s 

1960s 

1970s 

1980s 

TABLE 1. 
Number of Geotechnical 

Engineering Theses at MIT 

Average Theses/Year 

SM/CE PhD/ScD 

7 0.5 

9 1.5 

12 3.5 

13.5 4 

1990-1995 7 3 

my memory for their contributions. Robert 
Martin, starting with his work on clay miner
alogy, was a major player in research and 
teaching during the first decades of this peri
od; he continues to participate in today's 
work. Robert Schiffman dragged us somewhat 
reluctantly into the computer age. Some years 
ago Jack Germaine took over responsibility for 
the operation of the laboratories, including 
equipment development and training of stu
dent workers, and contributed to research 
studies as well, which continues today. Allen 
Marr played a major role during the days 
when the MIT group was especially active in 
field observations and the interpretation of 
results from these field programs. Doubtless 
there have. been others deserving of special 
recognition as well. 

Finally, up through 1995 there have been 21 
people with the title of Visiting Professor, all of 
whom have expanded our perception of educa
tion, research and practice in geotechnical engi
neering. Of particular importance was Laurits 
Bjerrum, who spent several lengthy periods of 
time at MIT during the late 1950s and early 
1960s. He was influential in shaping the efforts 
that evolved at MIT during that time, and ever 
since there has been a close association between 
MIT and the Norwegian Geotechnical Institute 
(NGI). One of MIT's proud accomplishments 
has been to help educate Kaare Hoeg and 
Suzanne Lacasse, both of whom followed 
Bjerrum as Directors of NGI. 

All of these people have been pioneers to 
some degree. Space does not permit giving 



clear credit to their contributions in the fol
lowing account of activities and contributions. 

From the time T. William Lambe became 
head of the division until his retirement in 1982, 
he provided the enthusiasm and leadership 
that made possible this large and diverse effort. 
Lambe was particularly adept at convincing 
organizations, including consulting clients, to 
support the monitoring of and measurements 
on foundation and excavation projects. He 
even provided funding for the study and inter
pretation of the resulting data. His successes 
provided young faculty, and a generation of 
students, with practical experience~ plus data 
and support for their research and theses. It 
was also Lambe who enticed Bjerrum to begin 
his association with MIT, and Terzaghi to pres
ent a series of lectures concerning some of his 
most challenging consulting projects. He also 
brought in other distinguished iecturers who 
provided a stimulated environment staff and 
students during the program's growth years of 
the 1950s and 1960s. · 

Lambe' s first contribution was the publica
tion in 1951 of Soil Testing for Engineers. At this 
time, he initiated studies of soil stabilization 
and clay mineralogy, working closely with 
Robert Martin and Alan Michaels. This 
research led to his involvement in the design 
and construction of earthen structures to retain 
liquid waste at a refinery in Venezuela to store 
oil. Donald Taylor had championed the stress 
path concept as a tool for guiding the analysis 

TABLE 2. 
Average Annual Geotechnical 

Faculty at MIT 

Year Faculty Number 

1950-1960 2-3 

1964 7 

1966 9 

1967-1985 7-8 

1985-1998 4-5 

of strains within soil masses, and Lambe devel
oped this tool further for the practical analysis 
of foundations and earth structures. He con
vinced the MIT administration to fund the 
monitoring and measurements of foundation 
movements at the numerous new buildings 
constructed on the campus during the 1960s -
an effort known as FERMIT. A new tunnel for 
the Orange Line of Boston's rapid transit sys
tem was also monitored, and a large embank
ment over soft clay was studied in detail as it 
was loaded to failure. These latter efforts 
formed the basis for Prediction Symposia, 
where international experts were invited to 
predict what would happen before the actual 
results were revealed. And, finally, these 
efforts led to Lambe' s formulation of the con
cept of "A, B, C predictions." 

TABLE 3. 
Geotechnical Engineering Specialists Holding Faculty Rank at MIT (1950-1999) 

Harl P. Aldrich, Jr. Philip M. Drinker Ulrich Luscher 

Amr S. Azzouz Charles H. Downing James E. Roberts 

Mohsen M. Baligh Herbert H. Einstein Donald W. Taylor 

Gregory B. Baecher Ronald C. Hirschfeld Erik H. Vanmarcke 

Leslie G. Bromwell Henry M. Horn Robert V. Whitman 

John T. Christian Kaare Hoeg Andrew J. Whittle 

Patricia J. Culligan Charles C. Ladd Anwar E. Wissa 

David J. D' Appolonia T. William Lambe Lyle A. Wolfskill 

Others from MIT's Civil Engineering Department c9ntributing to the geotechnical program include: C. Allin Cornell, Eduardo Kausel, Jose M. Roesset 
and Daniele Veneziano, as well as Alan Michaels, a Professor in Chemical Engineering. 
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I was brought aboard in 1951 to work on 
soil dynamics as it was applied to weapons 
effects. This was perhaps the nation's first 
large-scale program in soil dynamics. The 
project initially looked at the effects of very 
rapid straining on strength, building on earli
er studies at Harvard. The study eventually 
shifted to pioneering studies of wave propa
gation through soil over a wide range of inten
sities of loading and then dealt with founda
tions for large radar towers. From the mid-
1960s until my retirement in 1993, the empha
sis was primarily in the area of earthquake 
engineering, including such topics as liquefac
tion, effects of local soil conditions on ground 
motions, soil-structure interaction and espe
cially risk analysis and loss estimation. In 
cooperation with Cambridge University, I 
took some first steps in the use of centrifuged 
model testing for the study of geotechnical 
phenomena caused by earthquakes. During 
my first several decades, I also worked, with 
other faculty, on conventional geotechnical 
engineering problems. Soil Mechanics, 
authored by Lambe and myself, was pub
lished in 1969. 

Donald Taylor's many years of study into 
the strength and deformation of clays were 
picked up and carried on by Charles Ladd, 
working together with various young faculty 
and laboratory directors. New laboratory 
equipment and testing procedures were 
developed, ranging from constant strain-rate 
consolidation tests to improved direct simple 
shear tests to triaxial testing with rotation of 
principal stress directions. Many carefully 
conducted tests were performed, together 
with detailed analysis of field observations. 
Many important contributions emerged from 
this effort. One example is the widely used 
SHANSEP approach for evaluating the 
strength of clays. Another was the now com
monly used procedure of using x~rays to 
examine · the uniformity of samples within 
sampling tubes. 

In 1965, Ronald Hirschfeld joined the facul
ty to initiate a new thrust in engineering geol
ogy. After Hirschfeld left MIT to establish his 
engineering practice, Herbert Einstein carried 
on this work. Einstein made important contri
butions to landslide risk assessment in prac-
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tice. He performed important basic research in 
rock mechanics, especially dealing with the 
process of fracture in rock and similar materi
als. He led the development of the MIT rock
tunneling model that combines information 
from exploration before and during tunneling 
with knowledge concerning tunneling prac
tice and costs. This model has been used wide
ly in practice. His ground-interaction model 
for tunnels is one of many innovations 
Einstein introduced into teaching. 

At about that same time, John Christian 
began a second new thrust - in theoretical 
soil mechanics, including finite difference and 
finite element work. Mohsen Baligh, who 
developed the strain path method, continued 
this thrust. In the late 1960s, using this tech
nique plus field tests, Baligh showed that 
excess pore pressures vary strongly near the 
tip of a penetrometer. These results provided 
the basis for the design of piezocones. The 
strain-path method has also been applied to 
understanding the normal and shear forces 
developed against driven piles. Today, 
Andrew Whittle carries on the theoretical 
thrust. Constitutive models for clay and sand 
have been developed, together with computer 
software, and applications have been made to 
foundations for offshore structures and to 
deep excavations. 

Probabilistic geotechnical engineering was 
still another new thrust, beginning in the early 
1970s, as represented by the contributions of 
Erik Vanmarcke and Greg Baecher. Their 
work has been applied to problems in site 
exploration planning and to the stability of 
embankments. I have continued to have an 
intense interest in risk analysis, ·especially as 
applied to earthquake problems. 

More recently, Patricia Culligan has estab
lished work in geo-environmental engineer
ing. Among other efforts, she has been using 
centrifuged models to study the efficiency of 
remediation techniques. 

Additional less major efforts also come to 
mind: behavior of lunar soil, residual strength 
of over-consolidated clays and shales, and 
early interactive computer programs for slope 
stability and consolidation. There are others as 
well, not to mention the many important con
tributions of the staff through consultation on 



significant national and international projects. 
Not without undue modesty, it has been a 
remarkable and productive five decades. 

Arthur Casagrande at 
Harvard,1932-1981 

By STEVE J. POULOS, founding Principal, 
GEI Consultants, Inc., Winchester, Massachusetts 

Arthur Casagrande was indeed a pioneer in 
the field of soil mechanics. It was largely 
through his efforts that soil mechanics became 
a profession and a distinct discipline within 
Civil Engineering. 

At Harvard in 1932, Casagrande continued 
the research he had started at MIT. He went on 
to study seepage through soils. This research 
led to the rational design of embankment dams 
for control of seepage. During the mid-1930s 
and early 1940s, Casagrande developed and 
expanded concepts on the shear strength of 
soils. He developed the first understanding of 
liquefaction. He clarified how triaxial tests 
should be performed to measure shear strength 
for stability analysis, and developed and 
improved almost every aspect of soil testing. 
He introduced the concept· of maximum past 
pressure and over-consolidation in clays. 
Starting in 1946, Casagrande carried out the 
first dynamic testing of soils in connection with 
studies for a sea-level canal to replace the 
Panama Canal. He also investigated the 
swelling characteristics of clays and the effects 
of long-time loading on the strength of clays. In 
the 1950s and 1960s, he introduced the idea of 
cracking of earth dams and investigated the 
topic. His research focused on the strength and 
deformability of compacted soils due to their 
importance for the design of earth dams. In 
short, he investigated nearly every test for 
measuring the index and engineering proper
ties of soils (see Table 4). 

Casagrande' s contributions placed him in a 
good position to initiate and organize the First 
International Conference on Soil Mechanics 
and Foundation Engineering at Harvard in 
1936. Approximately 100 individuals working 
in this new field attended. Karl Terzaghi . 
accepted the presidency of the conference. The 
list of attendees attested to the importance of 
this conference. 

Steve J. Poulos. 

Casagrande reviewed every conference 
paper and prepared the three-volume pro
ceedings almost single-handedly. The confer
ence was a great success and fourteen interna
tional conferences have been held to date at 
locations throughout the world. In effect, the 
1936 conference was the beginning of the pro
fessional field of Soil Mechanics. 

When Karl Terzaghi decided to leave his 
post at the Technical University of Vienna, he 
sought a position in the United States. Casa
grande convinced Harvard to offer him a pro
fessorship. After World War II, Harvard also 
offered a professorship to Leo Casagrande. 
These three individuals at Harvard formed a 
unique core for teaching soil mechanics. 

Arthur Casagrande was consultant to the 
U.S. Army Corps of Engineers from the mid-
1930s to the end of his career. He helped the 
Waterways Experiment Station develop its 
research program in soil mechanics. He con
sulted on hundreds of dams, buildings and 
other structures for public agencies and pri-
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TABLE 4. 
Research Contributions 
by Arthur Casagrande 

Hydrometer analysis 

Atterberg limits (liquid limit device) 

Classification & identification of soils 

Frost action in situ (first cold room) 

Use of undisturbed samples 

Pore pressures during shear 

Maximum past pressure 

Triaxial text development for soils 

Direct shear test 

Flow net sketching 

Analysis of seepage through dams 

Liquefaction ("critical density") 

Undrained, consolidated undrained & 
drained tests 

Permeability testing 

Base course drainage 

Piezometers 

Stability analysis 

Piping in dams 

Undisturbed sampling 

Cracking of earth dams 

Dynamic testing of clay-shales 

Long-time strength of soils 

Dilative/contractive behavior 

Swelling of clays 

Compaction 

Stress-strain of compacted soils 

vate companies throughout the Western hemi
sphere. His word was often final when diffi
cult judgments were being made. These proj
ects were wonderful sources of funds for his 
students. Casagrande' s consulting work led 
him to chair the committee to create a new 
Boston Building Code in 1948. That code 
formed the basis of the one now used by the 
Commonwealth of Massachusetts. 

The U.S. Army Corps of Engineers asked 
Casagrande to make a trip to Fort Peck Dam to 
evaluate the partial failure of that dam during 
its construction. The train ride to North 
Dakota was one week long, during which he 
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read all of the material about the dam and 
planned his work. He spent one week evaluat- · 
ing the dam and collecting data. On the week
long · train ride home, he wrote the report. 
Upon his arrival, he sent the final report to the 
U.S. Army Corps of Engineers. 

However, Arthur Casagrande is perhaps 
best known for his role as Professor of Soil 
Mechanics at Harvard. He started teaching 
soil mechanics at Harvard in 1932, much as he 
and others had done at MIT. In 1933, he added 
a course on soil testing. In 1935, he started a 
course on Seepage through Soils. In 1939, sev
eral of his students banded together to pro
duce his Notes on Soil Mechanics. Casagrande, 
in spite of all his contributions, never wrote a 
book himself. Later, courses in Engineering 
Geology and Applied Soil Mechanics were 
added and were taught by Karl Terzaghi, Leo 
Casagrande and Ruth Terzaghi. 

He and his assistants at Harvard (Ralph 
Fadum, Stanley Wilson, Jose Corso, Ronald 
Hirschfeld, Walter Ferris and myself) taught 
about 1,200 graduate students, which includ
ed doctorate degrees to 20 individuals. 

Casagrande once sent a student to cut and 
retrieve two block samples of varved clay from 
the Connecticut River Valley. The student did 
not have a car or money, so Casagrande gave 
the student his car and some money. The stu
dent returned with two blocks of clay in the 
trunk of the car. Each block weighed about 200 
pounds. The springs of the car were destroyed 
during this trip, being overloaded with the 
clay. Casagrande was not happy. Casagrande 
cut a piece of the varved clay from the 
Connecticut River Valley into the shape of a 
chocolate bar. The clay was a milk chocolate 
color and he gave it to a student in the front 
row of his class. The student, thinking it was a 
candy bar, took a bite. After that, students did 
not sit in the front row of his class. 

During World War II, Casagrande taught 
soil mechanics to about 400 army officers on 
topics that related to the rapid construction of 
military airfields. He taught about classifica
tion and identification of soils, compaction 
and base course drainage. He developed 
much of the information that he presented. 

In 1963, he introduced the Special Program 
on Soil Mechanics, which enabled experienced 



engineers to take all of the graduate soil 
mechanics courses at Harvard in one concen
trated semester. The program drew engineers 
from government organizations and some 
from private firms. About 150 students, rang
ing in ages from 22 to 65, entered the program 
from 1963 to 1969. 

Arthur Casagrande was an outstanding 
teacher. He inspired his students with a love 
of learning and respect for facts. A sampling 
of some of the names of his students during 
the period 1934 through 1955 is shown in 
Table 5; many of these names are easily recog
nizable. 

Casagrande received several prizes for his 
publications, was invited to give many hon
orary lectures, was awarded two honorary 
doctorate degrees and received the Distin
guished Civilian Service award of the U.S. 
Army. He was elected to the National 
Academy of Engineering. 

Casagrande loved to teach. Through it all, 
he taught his own courses by himself, getting 
assistance only to grade papers and prepare 

·demonstrations.We all learned and benefited 
a great deal from Arthur Casagrande as a pri
mary pioneer in soil mechanics. 

Summary Comments 
By RONALD C. HIRSCHFELD, Moderator 
Only three students received doctorate 
degrees under Karl Terzaghi in the United 
States: Alberto Grtenblad and Glennon Gilboy 
at MIT, and James Sherard at Harvard. 
Sherard spent most of his research time with 
the Bureau of Reclamation. His final oral exam 
was memorable. Sherard had done his work 
very independently and had written monthly 
reports to Terzaghi. Sherard concluded that 
Terzaghi never read them. Sherard put what 
he thought was a brilliant · idea in one of his 
monthly reports, and Terzaghi never respond
ed to it. Once, when Sherard came back for a 
six-month visit, he and Terzaghi were talking 
in Terzaghi' s office. This same idea came into 
Terzaghi' s mind and Terzaghi started putting 
it forth as his own idea. 

When Sherard gave the final defense of this 
thesis, Terzaghi asked a very difficult ques
tion. Sherard responded, "That is a very diffi
cult question, Professor Terzaghi." Terzaghi 

TABLE 5. 
Some Students of Arthur Casagrande 

(1934-1955) 

Philip Rutledge Jack Hilf 

Earle Littleton Stanley Giziensky 

Ralph Fadum James Gould 

J.O. Osterberg Charles Ripley 

William Shannon Milton Vargas 

Harry Cedergren John Focht 

Ralph Peck Martin Kapp 

George Bertram Richard Loughney 

William Swiger George Sowers 

Thomas Leps Stanley Wilson 

J.B. Eustis Othar Zaldastani 

James Haley Harl Aldrich (MIT) 

Robert Hardy Harry Seed 

Philip Keene James Sherard 

Nabor Carillo Ronald Hirschfeld 

John Lowe James Mitchell (MIT) 

Charles Mansur William Wahler 

Malcolm Pirnie James Parcher 

Ernest Spencer Norbert Schmidt 

Note: A complete list of students is presented on pages 419 to 431 of 
the Casagrande Volume, Embankment-Dam Engineering, edited by 
Ronald C Hirschfeld & Steve J. Poulos Oohn Wiley & Sons, 1973). 

replied, "If I had known the answer, I would 
not have asked the question." Terzaghi and 
Casagrande got into a rather heated argument 
about the definition of factor of safety. Sherard 
watched the argument going back and forth. 
He said afterward he did not know who was 
being examined. 

Response to an Audience Question 
Audience: Dr. Peck, please tell us about the first 
time you met Dr. Terzaghi. 

Dr. Peck: Terzaghi had come from Europe and 
he was installed in a small office. We did not 
see much of him. He gave two lectures, as I 
recall; they were about Rankine's theory. 
Arthur Casagrande had just finished telling us 
that Rankine's theory was out of date and not 
very useful, so we were not quite sure why he 
gave those lectures (how he used Rankine's the
ory later became apparent in Theoretical Soil 
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Mechanics, Chapter III and Soil Mechanics in 
Engineering Practice, Art. 28). One day Ralph 
Fadum called me in and said that Dr. Terzaghi 
was working on a book. He wanted to say some
thing about grain-size analysis, perhaps by rep
resenting grain size in a statistical way. He said 
that Terzaghi knew statistics but was not sure of 
the English terms for statistical parameters. 

All of us at Harvard had sat in on Gordon 
Fair's course in statistics, because it was a 
remarkable course and he was a very good 
lecturer. We did not want to take his courses 
in sanitary engineering, but we could take sta
tistics. So, Fadum asked if I would go up and 
talk to Terzaghi and help him. I thought this 
was nice; the great man had just been here 
about two weeks. I went to his office; he wrote 
down some · formulas, asked me what we 
called the terms; that is how we worked. I was 
pleased to have had about 45 minutes with the 
great man and to have survived both him and 
the cigar smoke. I felt as if I had the edge on 
the rest of the students. Two weeks later, I was 
in Chicago working as Terzaghi' s representa
tive on the construction of the city's subway. 
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significant connection to the pioneers in soil 
mechanics. He provided inspiration and guidance 
for so many in the BSCES community, and world
wide throughout the geotechnical engineering pro
fession. 

ANNI H. AUTIO, P.E., is a senior 
civil/environmental engineer employ
ed by COM Federal Programs Corp
oration in Cambridge, Massachu
setts. She has over 19 years of experi

ence in regulatory compliance and remediation. 
She holds a B.S. in Civil Engineering and an M.S. 
in Environmental Engineering from Worcester 
Polytechnic Institute. She was the past President of 
the BSCES at the time of this panel discussion, and 
serves as chair of the Section's History & Heritage 
and Library Committees. She also served as 
Secretary of The Engineering Center Board of 
Directors in Boston from 1998 to 2000. 

MICHAEL A. MCCAFFREY, P.E., is 
a geotechnical engineer and Associate 
at GEI Consultants, Inc., in 
Winchester, Massachusetts. He 
received a B.S. degree from Michigan 

Technological University in 1978 and an M.S. 
degree from Cornell University in 1984 in 
Geotechnical Engineering. He was the BSCES 
Geotechnical Group Chairman at the time of this 
panel discussion. 

REFERENCE 

1. Memoir on Donald W. Taylor, Journal of the 
Boston Society of Civil Engineers, Vol. 43, No. 2, April 
1956. 




