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JOHN RIPLEY FREEMAN. - HIS SCHOLARS 
(Hoston Society of Civil Engineers, ?-larch 18, 1953.) . 

PRESIDENTIAL ADDRESS BY EMIL A. GRAMSTORFF 

To BEGIN, permit me to read to you a letter dated exactly twenty-
eight years ago today. · · 

To the Preside,nt and Directors of 
The Boston· Society of Civil Engineers 

Tremont Temple 
Boston, 111 assachusetts 

Gentlemen: 

I owe a debt to the old Boston Society of Civil Engineers, for 
. in~piration and encouragement it gave me in my younger days through 
friendships and acquaintances made at the Society meetings. 

It was forty-four years ago. that I joined the Society. Month 
after month for about four years I felt well repaid by what its ·monthly 
meetings had to give, for making a sixty-mile round-trip with a re
turn after midnight. Yet today, forty years later, I have a still 
deeper appreciation of what the Society associations may mean to· 
a young engineer. . 

I doubt if those grand men: Joseph P. Davis,~ Alphonse Fteley, 
Thomas Doane, George L. Vose and many others, realized how much 
encouragement" their presence and friendly w9rds gave to us young
sters. Also, there were warm friendships made ·with members of a 
wonderfully fine group: Henry Manley, John Cheney, Fred Stearns, 
Dexter Brackett, Frank Hodgdon and many others, but few of whom 
now remain except Fitzgerald, Carson, Howe, Swain, Hale and myself. 

Acknowledgment should be made of the coOperation of the Freeman scholars and of iree 
use of the .Freeman Committee files. -

71 
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It seems only fair that when one has found life-long 
1
happiness 

and attained a competence from his profession that he should recog
nize the debt he owes to those who went before him and whose data 
he used, and should in some way try to help those young men in his 
profession who are following after. 

In grateful recollection of these benefits I would now find pleas
ure in presenting to the Boston Society of Civil Engineers securities 
having a present value of approximately $25,000 and a present annual 
income of about $1,700. 

It is my desire that the income be particularly devoted to the 
encouragement of young engineers in various ways, such for example, 
as the following: 

( 1) By grants towards expenses for experiments, observations, 
and compilations towards data that will be useful in en
gineering and are reported to the Society. 

( 2) For underwriting fully or in part some of the loss that 
may be sustained in the publication of meritorious books, 
papers or translations pertaining to hydraulic science and 
art which might, except for some such assistance, remain 
mostly inaccessible to the membership of the Society. 

( 3) Or such portion of the annual income as the Directors 
deem proper might be devoted to a yearly prize for the 
most useful paper relating to hydraulics contributed to 
this Society during the calendar year, no award being made 
unless a paper has been presented that is deemed worthy 
of special recognition; preference being given to the work 
of students, juniors or members under forty-five years of · 
age. 

( 4) I suggest that from the income of this fund there be estab
lished once in three years a travelling scholarship, open to 
members under forty-five years of age, in any grade, in 
recognition of achievement, or promise; and for the pur
pose in aiding of visiting engineering works in the United 
States ·or any other part of the world where there· is good 
prospect of obtaining information useful to engineers, re
port of what _is found interesting to be made to this Society. 

Since needs or calls may change from time to time, I suggest 
that suggestions for grants for special purposes be invited, and a 
flexible program followed. 

I would enjoy serving for a time as one member of a committee 
of three or five to be appointed for the administration of this "Free
man Fund" until we can find out how to make the most of it. 
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If found useful, doubtless other members will from time to time 
add similar funds. 

In the history of the Royal Society and that of the American 
Association for the Advancement of Science I have been impressed 
with the occasional helpfulness of a small fund to a young investigator 
full of zeal of youth but limited in resources for investigation. 

For the above purposes I have been getting together some se
curities ( a list of which is appended, with financial analysis of the 
earnings of each) and desiring the largest return for present purposes 
I have tried to safeguard this by broad distribution in the preferred 
stocks of twenty-five different corporations serving widely scattered 
communities. These largely are hydroelectric stocks. 

\Vhen one or another of these is "called" for retirement I sug
gest reinvestment be made along similar lines. 

Yours very truly, 
] OHN R. FREEMAN, 

Member, Boston Society of Civil Engineers 

This is a priceless letter. Priceless, because, within its text, 
and without intent to do so, are set forth ideals of living that express 
the very reasons why Mr. Freeman was so admired and held in such 
high esteem by those who knew him. 

He expresses his indebtedness to our Society and his profession. 
By his works and accomplishments, Mr. Freeman has left both far 
riche~ than he found them. We should be grateful to him,' not only 
for his generous bequest, but because the purposes and objectives 
which prompted him to establish this fund have been so effectively 
realized. 

It is not my purpose to set forth his achievements, his manifold 
contributions to engineering and the many honors that came to him. 
Rather, I would like to report on the gains and benefits derived from 
these awards, by our Society and profession, either directly or in
directly. As you know, the Freeman Fund Committee was estab
lished to carry out the purposes of his bequest. Since then, there 
have been made eight traveling awards for study, investigation and 
collection of useful information either at home or abroad. 

Much of the engineering and technical aspects of this work has 
been reported in our publications. The background in which the 
study took place and the professional careers of the recipients since 
are not, I believe, commonly known. It is to these aspects I wish 
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to direct your attention, that we may have a collected picture of the 

total accomplishments. For this purpose, each Freeman scholar was 
contacted and their reaction to the suggested topic for this talk 

requested. The response was whole hearted and favorable. They 
have furnished me complete information relative to their work and 
activities. 

The first of the scholars was Kenneth C. Reynolds who received 
his Bachelor's degree from Tufts College Engineering School in 1919, 
his Master's from Massachusetts Institute of Technology in 192 S 

and later, following study in Europe and at home, the Doctor of Sci
ence degree from M.I.T. in 193 7. To begin his Freeman study he 
sailed from New York for Bremen in July 1927, spent two. weeks for 
language indoctrination at Berlin University. Then for a period of 
two months he studied under Dr. Winkel at the Technische Hoch
schule in Danzig as well as exploration and investigation of its labora

tory. 
From .Danzig Mr. Reynolds moved successively to the Tech

nische Hochschule of Karlsruhe, then Charlottenburg and next Miin
chen in Germany. 

His study was devoted to the fields of advanced hydraulics; 
theory of hydraulic models; river engineering; construction operation 

and interpretation of results on hydraulic models; harbor works and 
canals. In concluding his study abroad, Mr. Reynolds investigated 

these aspects of hydraulic engineering in visits to Sweden, Belgium, 

Holiand, Scotland and England. 

Upon his return to the United States he was appointed Assistant 
Professor of Hydraulics at M.I.T. Also became founder and director 
of its River Hydraulic Laboratory. Next, Associate Professor at the 

Institute in 1937, and served as the John R. Freeman Lecturer on 
Hydraulics for eighteen lectures, sponsored by our Society in 1940. 

Exchange Professor of Hydraulics 1941-1942, University of 
Southern California. 

In 1944, he became Professor and Head of the Department of 

Cjvil Engineering at the Cooper Union until June 1947 at which time 
he was appointed Professor of Civil Engineering and Head of De
partment of General Engineering at University of Southern Cali
fornia which position he now holds. During this period he has de
voted his teaching responsibilities to the topics of Fluid Mechanics 
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and Laboratory, Theory of Models, Open Channel Flow, Hydraulic 
Design and Hydraulic Structures. 

Throughout the period following his European study he found 
ti111~ to serve his country in both a military and civilian consultant 
capacity, the Commonwealth of Massachusetts and private enter
prise as well, in the form of special studies, investigations and reports. 
He has made eleven reported model studies of one kind or another 
and provided thirteen publications and reports on other hydraulic 
problems. 

Despite these numerous professional activities he has found time 
to devote and engage in civic and religious affairs• as well as those 
of the many professional societies of which he is a member. 

Samuel Shulits, the next recipient, graduated from Massachu
setts Institute of Technology in Civil Engineering, 1924. He sailed 
for Germany in August 1928 while Dr. Reynolds was still engaged 
in European study. 

Society reports of a part of his ·first year are not available. How
ever, it appears the major portion of this time was devoted to study 
at the Berlin Technical Institute in post-graduate study and in the 
laboratory. 

During the spring of 1929 visits were made to both the German 
and Bohemian Technical Institute in Brunn, Czechoslovakia, to the 
Technical Institute and the Experimental Institute, Ministry of Agri
culture and Forests both of Vienna, Austria. 

For the next year he seems to have given his time to study, ex
perimentation and research on questions relating to water power 
development and detritus in rivers at Brunn. Through this period he 
made many visits to various laboratories and power projects, in par
ticular in Austria and Jugoslavia and then to Munich for lectures of 
Dr. Thoma. 

A walking trip through Switzerland visiting laboratories and 
i. power developments must have been a particularly interesting experi

ence. 
From here he returned to Berlin and then back to Brunn by 

way of Karlsruhe, Heidelberg and Essen. 
The next six months to the summer of 1930 were devoted to 

laboratory studies at Brunn with Dr. Schoklitsch. · As I interpret 
the record, here his Freeman study terminated at this time. At Mr. 
Freeman's request, he remained to translate Dr. Schoklitsch's "Was-
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serbau" (Hydraulic Structures) in collaboration with the author. 
This work occupied Mr. Shulits from 1930-1933 and was published 
by the American Society of Mechanical Engineers in two volumes of 
1,200 pages. 

From 1933-1941, he devoted much of his time to a variety of 
hydraulic problems with the U. S. Engineers in Vicksburg, Denver, 
and with the Mississippi River Commission. This period was inter
rupted by a time in private practice on industrial waste disposal 
studies. During this interval he gave three years to teaching as 
Assistant Professor of Mechanics and Hydraulics at the Colorado 
School of Mines ~nd as visiting lecturer in Hydraulics at University 
of Iowa. 

During 1942-45 found him in military service as 1st Lieutenant to 
Major in the U. S. Engineer Corps stationed in various parts of the 
United States and later in Brazil, Normandy, Brittany, Paris and 
the U. S. Occupation Zone in Germany. This service was terminated 
as Chief of the Education Branch, Technical and Scientific Section 
of the U. S. Office of Military Government, Berlin, Germany. 

Then came an appointment as Deputy Chief of the Plans and 
International Affairs Section and German Advisor, Transport Group, 
Bipartite Control Office, Frankfort, Germany. He, also, served as 
representative of the Bizone at Inland Transport Committees of UN 
Economic Commission for Europe and of Organization for European 
Economic Cooperation. · 

Upon completion of this assignment he became Associate Pro
fessor of Civil Engineering, Michigan College of Mining and Tech
nology. 

Throughout this period he has contributed many papers and dis
cussions appearing in a wide variety of engineering and scientific 
publications, both at home and abroad. 

His professional society affiliations include not only those asso
ciated with his work at home but several of international character. 

The third scholar, Clifford P. Kittredge, came from Lowell, 
Mass., received his Bachelor's degree from M.I.T. in 1929. 

July 1930 he sailed for Germany having been awarded our Society 
Freeman Fellowship for 1930-1932. 

On arrival in Bremen, he traveled to Mi.inchen via Koln and 
Frankfort on the Main where his plan was to study Hydraulic Ma-
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chinery under Professor D. Thoma at the Technical Institute of 
Miinchen. 

Following stud)1" of German in Miinchen, Mr. Kittredge en
rolled at the Institute and began his studies covering the mechanics 
of fluid bodies, water turbines and pumps with their design and con
struction. In addition considerable time was devoted to a Hydraulic 
and Aerodynamical Seminar. In the course of the year a number of 
other topics were under study as: turbine lubrication, water passage 
and turbine blade design, and Allievi's theory of water hammer. 

During this period he had begun his work on the establishment 
of equipment to carry out a proposed thesis to qualify for his doc
torate. The needed equipment was completed in the fall of 1931. 
Following preliminary calibration test on his equipment, the greater 
part of the balance of his time was spent upon this research project 
which led to the submission of his dissertation on the subject "A 
Study of the Events which take place in a Centrifugal Pump Installa
tion following a Sudden Shutdown of the Power Supply to the Pump." 
Completing requirements to qualify, Mr. Kittredge was awarded the 
degree of Doctor of Engineering. 

Throughout his stay in Germany and study at Miinchen, there 
came periods for visit and travel to other areas. Mr. Kittredge took 
advantage of these by exploration of facilities and laboratories through 
Germany, various laboratories and manufacturing plants in Zurich, 
the laboratory of the Hydraulic Society of France in Grenoble and 
to Paris with some visits in Italy. 

Upon his return to the United States, Mr. Kittredge became an 
instructor in Mechanical Engin~ering at M.I.T. and worked part
time on a cavitation research problem with Professor ?pannhake. 
The following year he served as Instructor of Power Engineering at 
Dartmouth. 

From 1934-1936 to revise the experiments made by John R. 
Freeman at Nashua, N. H., 1898 on the flow of water in pipes and 
fittings. This text was later published by the American Society of 
Mechanical Engineers in 1941. 

Engaging again in teaching he served as Assistant Professor at 
University of Illinois, 1936..;1941; and as Associate Professor at 
Princeton University 1945 to date, specializing for the most part in 
the fields of fluid and rigid bodies mechanics, both in a teaching and 
research capacity. 
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A leave of absence period 1941-1945 saw him as Development 
Engineer for the U. S. Navy Underwater Laboratory; New London, 
on \Var Res~arch work. • ' 

Throughout his teaching engagements, he served in a consulting 
capacity on a variety of projects associated mainly with turbine and 
pump problems. 

He is a member of the American Society of Mechanical En
gineer.s, Engineers Club of Trenton, Sigma Xi and .the ·Princeton 
Engineering Association. 

Of the fourth recipient, Lawrence L. DeFabritis, little can be 
· found in society records. A letter addressed to him at the National 

Hydraulics Laboratory, U. S. Bureau· of Standards, brought notice 
from: the Hydraulics· Secti9n Chief that Mr. DeFabritis had died 

'~during the war period. Later word from another Freeman Scholar, 
Martin A. Mason, verified this report. 

This misfortune did not become known to us until otir effort 
to communicate with him. Dean Martin, who had opportunity to 
work with him for several years, was much impressed with his work 
and remarked that "the Freeman Scholars and sporisor organizations 
all had reason to be proud of DeFabritis." 

This scholar took his undergraduate work 'in Water Power En
gineering at M.I.T. Information on Mr. DeFabritis' study abroad, 
beginning in 193 2, shows work taken under Professor Fottinger of 
the Technical Institute of Charlottenburg in Berlin, specializing in 
Hydraulic Machinery. In addition to his enrollment at. this institu
tion he planned' future study urider Dr. Spannhake, whom he met and 
knew at M.I.T., in Karlsruhe. 

His proposed program called for extensive visiting to European 
laboratorie·s and manufacturers of hydraulic machinery and equip
ment. These visits carried him throughout Germany and Italy, and 
parts of Austria, Switzerland and France. He returned to the United 
States in the summer of 1933 and was variously employed in work 
relating to hydraulics and machinery. ' 

In January 1936 he joined Federal Service at the National 
Hydraulic Laboratory where he was engaged in the, construction of 
laboratory equipment, testing devices and calibration thereof. 

He later devoted his time to design, construction and testing of _ 
dredging apparatus for the Corps of Engineers. -Next conducted re
search and tests on the trans'portation of sand in pipe lines for the 
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same Corps, in which work he appears to have been engaged at the 
time of his death. 

The fifth award was made to Leslie J. Hooper, a native of Massa
chusetts, who received his baccalaureate degree in Mechanical En
gineering from Worcester Polytechnic Institute in 1924. Following 
some three years in practice as a hydraulic test engineer in Brazil 
on salt velocity, current meter and Gibson tests, he returned to W.P.I. 
and worked in the Alden Hydraulic Laboratory and meanwhile quali
fied for his M.E. degree which was awarded in 1928. 

From 1928 he was engaged as Professor Allen's assistant doing 
field salt velocity tests and in the laboratory on model tests and meter 
calibration. This, in addition to serving as a part ti,me Instructor, 
occupied his time to 1938. 

In the Fall of 1934 he began his work under the Freeman Award. 
His assignment being to make a study of and report on the hydraulic 
laboratories of the United States and Canada. 

This project consumed one and one-half years in study of equip
ment and personnel of 52 laboratories distributed from coast to coast, 
with four in Canada and the balance within continental United States. 
His report has been published as a supplement to our 1938 JOURNAL. 

As a result of his study he was asked to present a paper on 
"American Hydraulic Laboratory Practice" before the A.S.M.E. for 
which he later received the Charles T. Main Junior Award. 

Following completion of his Freeman study, Mr. Hooper returned 
to W.P.I. as Assistant Professor in 1938, became Professor in 1945. 
In the meantime he was appointed Assistant Director of its Alden 
Hydraulic Laboratory in 1940, and Director in 19 5 2. 

During the period 1941-43, the Alden Laboratory under his 
guidance collaborated with Columbia University in promoting studies 
in undersea warfare for the Underwater Sound Laboratory at New 
London. In 1943 the laboratory sub-contracted along with California 
Institute of Technology and Harvard University to do research on 
water entry problems. 

In 1946, a direct contract was made with the Bureau of Ordnance. 
to continue the water entry work. For the war period all laboratory 
efforts were directed to problems associated with the conflict. 

Since then, Professor Hooper's time has been divided about 
equally between teaching, research for the Federal government and 
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model testing for private industry. In addition he has conducted some 
private consultation work. 

For private industry studies have been conducted on flow meters, 
outlet structures, tail races, fish ladders and a variety of similar hy
draulic structures. Strangely they have contributed to the improve
ment of weaving machinery. 

He has been co-author of several papers with the late Charles 
M. Allen, Honorary Member, B.S.C.E., as well as author of several 
others in his own right. 

A director of B.S.C.E. and, a former chairman of the Hydraulics 
Section, he is, in addition, a member of four national societies asso
ciated with his work. At present serving as- liason member of 
A.S.C.E.'s Power Committee with A.S.M.E. He is, currently, Chair
man of the Bureau of Ordnance Hydroballistics Advisory Committee. 

Throughout these years, he has deovted time to his community 
and church activities. 

Martin A. Mason became the recipient of the sixth award. At
tending George Washington University, he received his Bachelor 
of Science degree in Engineering in 1931, then attended the U. S. 
Bureau of Standards Graduate School and followed this with study at 
John Hopkins University. 

·. In June 1937, Mr. Mason sailed for Europe and enrolled at the 
University of Grenoble, France for advanced study of stream flow 
problems. The existence of three laboratories one at the University, 
one of the Hydraulic Society of France and one of commercial char
acter made this an ideal location for his study purposes. At this 
time he decided to plan his work program to quality for his doctorate. 

Class attendance began with the fall term in Applied Hydraulics, 
Hydraulic Structures and Experimental Hydraulics. 

In the follqwing period he concentrated his efforts on a detailed 
study of the Allen salt-velocity method, the topic of his thesis. 

During the period from October to April, however, he found time 
to make extensive visits to and study of European laboratories. These 
covered a total of eight laboratories throughout western Germany . 
.At a later time eight visits to Italian and Swiss installations and to 
three in France. 

From July to September of 1938, Mr. Mason was occupied with 
the writing of his thesis, the formal title of which was "Contribu
tion to the Study of the Allen Salt-Velocity Method of Water.Meas-
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urement." Following doctorate examination he was awarded the 
degree of Doctor of Engineering with Highest Honor. 

He then returned to the Bureau of Standards early in November 
and remained there about one and one-half years. 

In April of 1941 he became Chief of Research Section, Beach 
Erosion Board, Department of the Army, to develop a study and re
search program on ocean wave and shore line phenomena. Later he 
became Civilian Head of the Beach Erosion Board directing its work 
and serving as consultant on river and harbor works and military 
amphibious operations. 

In 1946 he was appointed chief Engineer of the Beach Board 
responsible for its engineering and research activities, in shore, river 
and harbor problems. 

This service has terminated 1951, upon his selection and appoint
ment as Dean of Engineering of George Washington University which 
post he now holds. 

Other professional activities include service as consultant to 
private clients and to his country. 

For example, as a member of the War Department Committee 
on Scientific Personnel; Advisory Committee on Training, Corps of 
Engineers, and to date, as committee member, Research and Develop
ment Board, Department of Defense. Member of Committee on 
Amphibious _Operations, National Research Council during 1951-52. 

At one time he was adviser to the Minister of Public Works, 
Venezuela, with respect to improvements in Lake Maracaibo. Dur
ing the period of June-November 1952, he served as Technical Expert 
to Pakistan for the United Nations. 

Throughout these yeaFs, he has written technical papers, reports 
of studies and investigations, and discussions to the total of some 
twenty-seven in number. Included in these are papers published by 
French organizations and a number of translations. 

He holds membership in a half-dozen technical and scientific 
societies and has served them in a variety of offices and other official 
capacities. Even so there was opportunity made to participate in 
the civic affairs of his community. 

The next award went to Ralph S. Archibald who was graduated 
from Tufts College in 1945 a Bachelor of Science in Civil Engineer
ing, summa cum laude. 

Upon his return following service as a Navy Ensign he enrolled 
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in the Harvard Graduate School of Engineering recei~ing his Master 
of Science degree in Sanitary Engineering in June, 194 7. 

Tracing Mr. Archibald's Freeman study and professional career, 
has been a relatively easy task for me, since he kindly located for 
study at Harvard rather than following a traveling study program. 

He was appointed Freeman Scholar in September 1948 to carry 
out a study of "Radioactive Tracers in Flow Tests". This work was 
carried on from September 1948 to 1949. 

It was the first work of its kind at Harvard and the planned pro
gram involved tracing flow patterns in pipes and channels using sol
uble radioactive tracers. Movement of the material introduced in the 
fluid was to be traced by means of Geiger tube counters. , 

Results of laboratory studies and a large variety of field tests 
"seem to indicate the usability an·d value of the radioactive tracer". 

The author closes his work with the observation that the process 
holds a tool long needed by hydraulic and sanitary engineers, and that 
its future possibilities seem very bright as adaptions can undoubtedly 
be made to many problems of a similar nature not directly investi
gated. This work was published in our JOURNAL, Volume 37, 1950. 

In engineering practice, Mr. Archibald was employed by several 
Boston firms as a sanitary engineer from 194 7 through 1950 except 
for his period of Freeman study. Since that time and at present he 
is engaged as sales-engineer for the Pipe Founders Sales Corporation. 

In addition to publication of the results of his Freeman study, 
he was co-author with Harold A. Thomas, Jr., of "Longitudinal Mix
ing Measured by Radioactive Tracers" published by A.S.C.E. 

· From Harvard he received the Clemens Herschel Prize in Hy
draulics, June 194 7. 

He is a member of the Boston and American Society of Civil 
Engineers and of other scientific and honorary organizations. 

During this time he has found the opportunity for substantial 
civic activity and church affairs in his home town of Melrose. 

The last and most recent award went to Carroll T. Newton a 
graduate of M.LT. in 1933 and who later returned to the Institute 
to qualify for his Master of Science in Civil Engineering in 1940. 

Mr. Newton was variously employed until 1937 when he was 
commissioned Second Lieutenant in the Regular Army, Corps of 
Engineers: Until 1939, he served as assistant to the Division En-
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gineer of the. Fort Peck District. Then followed his return to M.I.T. 
for graduate work sponsored by the Corps of Engineers. 

During 1940-42 he was Company Commander, then Battalion 
Commander, principally with the 10th Engineer Combat Battalion in 
several movements about the United States with specialization in 
amphibious training. 

June 1942 began his World War II services beginning with an 
assault landing near Casablanca, as Major attached to Headquarters 
of 3rd Infantry Division. 

In 1943 advanced to Lieutenant Colonel and attached to the 
Fifth Army he participated in the planning for invasion and then later 
the invasion of Italy. 

Promoted to Colonel in 1944 he was attached to the Sixth Army 
Headquarters Group in charge of Allied military operations in South
ern France and Germany. Later he became Commanding Officer of 
the 368th Engineer General Service Regiment in France, then to the 
Philippines and upon cessation of hostilities to the United States for 
de-activation. 

His Post-war assignments carried him to Director of the Water
ways Experiment Station at Vicksburg; then on to the Armed Forces 
Staff College, Norfolk; and, finally, as faculty member, Command 
and General Staff College, Fort Leavenworth, Kansas. This last 
assignment was terminated by his appointment as a Freeman scholar 
with authorization for such from the Department of the Army. 

His Freeman work began in July 1949 on the subject of "Sedi
ment Scour, Transportation and Decomposition". 

The first two and one-half months was spent in the field on vari
ous U. S. inland waterways, embracing a practically complete tracing 
of the Missouri and Mississippi Rivers with visits to various control 
works. This trip also followed the Arkansas, Red, Tennessee and St. 
Lawrence Rivers and the Great Lakes. 

Completing this field tour, Col. Newton enrolled at the University 
of Minnesota for academic, research work, and library research on 
river sediment. Following some classwork, the winter and spring 
terms were devoted to intensive laboratory study under Dr. Straub at 
St. Anthony Falls with the aim of determining some of the funda
mental laws controlling bed degradation. 

Following conclusion of his study and investigation he submitted 
a report entitled "An Experimental Investigation of Bed Degradation 
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in An Open Channel". Subsequently this report received the 1952 

Hydraulics' Section Prize Award following its publication in our Jan

uary 1951 JOURNAL. 
Completing his Freeman Study, Col. Newton returned to an 

Army assignment in Japan where his main activities were supervision 

of supply to all U. S. Army forces in Japan and Korea, as Deputy 

G4, Army of the Far East. 
About the middle of January last, a letter from Col. Newton 

informed. me he was returning to the States via the South Pacific, 

Indian Ocean and the Mediterranean and that he might arrive in Bos

ton for this meeting. 
His expected next assignment, sometime in April, is Chief of 

Research and Development Division, Office of Chief of Engineers. 

He is the recipient of the Legion of Merit Award· three times, 

the French Croix de Guerre with Palm and the Italian Cross of Valor. 

In addition Col. Newton has written articles and been guest 

speaker on several occasions at various meetings, in particular on 

the Mississippi Basin Model. 
As may be noted he has had little time for civilian pursuits with 

his multiple military assignments coming one upon the heels of the 

other. 
Upon digesting the work and accomplishments of the delineated 

careers and noting the contributions made and added to the sum 

total of hydraulic knowledge, it seems the aims and purpose of Mr. 

Freeman's gift have been most profitably realized to the. enrichment 

of the Boston Society of Civil Engineers and our profession. 

A most. fruitful bequest. 

. I 
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(Presented at a meeting of the Structural Section of the Boston Society of Civil Engineers, 
held on December 10, 1952.) 

AT THE end of the Second World War the highways of Massachu
setts, along with those of other states, were seriously in need of re
conditioning. Not only had they received a minimum of maintenance 
for several years but, with the great increase of truck <}nd passenger 
car traffic, their physical capacity was entirely inadequate. Clearly 
heroic measures had to be taken. In 1949 the Legislature passed a 
bill calling for a one hundred million dollar bond issue to cover the 
costs of the initial part of a huge highway and bridge building pro
gram, and long-range planning indicated that additional and larger 
bond issues would later be required if our highways were to be made 
at aH adequate for our present day needs. In the early part of 19 51 
the program as outlined in the first bond issue bill was well under way. 
Many of the highways and bridges had been built or were in the con
struction stage. 

At about that time, however, the international situation, particu
larly with respect to Korea, had deteriorated to such a degree that 
the domestic supply of steel, particularly of structural steel, was 
being largely diverted toward military production. Controls had 
been applied by the Federal Government, a,nd it appeared that the 
shortage of steel for bridge use would continue for some months to 
come. This shortage was a serious blow to the program in that our 
standard design for highway overpasses, which constitute the great 
majority of our bridges, is the steel stringer structure with reinforced 
concrete deck. Some savings in structural steel could be made by 
the use of composite stringer structures, but considerably greater sav
ing could be effected by the use of prestressed concrete beams with 
concrete deck. Fortunately the supply of cement was not critical and 
gave no promise of becoming so. 

*Asst. Bridge Engineer, i\fass. Department of Public Works. 
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It was under these conditions that Commissioner Callahan ap

proved a limited program of prestressed concrete bridges. The adop

tion of the prestressed type was made, therefore, primarily because 

of structural steel shortages, and not with a view to economy. It 

was nonetheless hoped that with growing experience and with refine

ments of design based on that experience, the prestressed bridge might 

eventually become competitive with respect to the steel stringer type. 

The prestressed concrete bridge is a comparative newcomer to 

the American engineering scene, although it had been used in Europe 

for some years. Driven by a chronic shortage of construction ma

terials, with their resultant high costs, but blessed with comparatively 

inexpensive labor, the European engineers had turned to prestressed 

bridges as an economical solution of their design problems. In an 

effort to save the precious materials, they had cut down their designs 

to the greatest possible extent consistent with safety and produced 

structures that might at first glance appear extremely daring to the 

American designer, but which proved entirely adequate in actual use. 

The design experience gained in Europe, however, where ma

terials costs are high and labor costs low, would not necessarily be 

of great value here, where the comparative costs are just the reverse. 

American experience, on the other hand, had not been extensive 

enough to offer any definite design conclusions. No general agree

ment, for instance, had been reached on the approximate span length 

for bridge stringers below which pre-tensioning was more economical 

than post-tensioning. Neither was there any argument on the most 

efficient or most economical stringer cross-section. It was apparent 

to the Bridge Division that the design program would have to be 

deve1oped without too much reliance on the past experience of others, 

and that the details of each bridge would have to be worked out with 

respect to that particular structure alone. 

ENDICOTT STREET BRIDGE, DANVERS 

The first project selected to be designed as a prestressed concrete 

bridge and, as a matter of fact, the first to be actually completed in 

the Commonwealth, was the replacement of the Endicott Street bridge 

over the Boston and Maine Railroad in Danvers. 
The section selected, Figure 1, to be used was in the form of an 

inverted T with three seven-wire strands. The flanges of adjacent 

stringers were to be placed directly in contact during erection and 
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the troughs thus formed were filled with concrete which extended to 
a height of three inches above the tops of the stems. The resultant 
deck was, in effect, a composite slab seventeen inches in depth. The 
type of construction lent itself well to the particular site. Since the 
stringers were to be made in the shop and hoisted into place at the 
site, and since the super-imposed concrete was to be placed directly 
onto the stringer group, a minimum amount of form work in the field 
was required and interference with train operation was greatly re
duced. Then, too, the smooth underside of the finished deck elimi
nated the pocketing of locomotive exhaust gases inherent in a stringer 
type deck. . 

The allowable stresses used in design were 1,600 p.s.i. in the 
concrete and 118,000 p.s.i. in the strands, both at the time of tension
ing. The assumed loss of prestress due to creep and shrinkage was 
fifteen per cent. With the concrete topping in place and the structure 
acting as a composite beam, and with surfacing and live load, the 
stresses ·were 1,260 p.s.i. in compression at the top of the stringer 
stem, and 36 p.s.i. tension at the bottom. The modulus of rupture 
in the concrete beirig about 7 50 p.s.i., the small amount of tension in 

., 
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the bottom of the stringer was of no particular importance. The 

desig~ stress in the bottom of the topping was calculated as 450 p.s.i. 

tension. 
Concrete for the beams was to be air-entrained and to have a 

compressive strength at twenty-eight days of 5,000 p.s.i. Maximum 

aggregate was to be th·ree-quarters of an inch and maximum slump 

three inches. The specified minimum modulus of rupture was 7 50 

p.s.i. Deck or topping concrete was to have a minimum 28-day com

pressive strength of 3, 7 SO p.s.i. with maximum slump of three inches. 

The strands were to be of seven wires, each wire with a diameter of 

0.196 inches and with a minimum ultimate tensile strength of 220,000 

p.s.i. 
The strands were supplied by Roehling and the beams were cast 

in the Pawtucket shops of the New England Concrete Pipe Com

pany. The side forms consisted of upright steel channels with solid 

timber pieces to shape the sides of the beams. Some concern was at 

first felt by the Department that the timber might absorb water after 

the concrete was first placed, and, by swelling, displ~ce the concrete 

and crack the beams at the bottoms of the stems. The forms were 

kept well oiled, however, and the feared cracking did not materialize. 

The concrete mixture was kept as dry as possible consistent with 

filling the forms. Indeed it was facetiously remarked that the mix

ture was placed in the forms dry and the water lightly applied with 

a sprinkler. Two forms were made side by side and two beams cast 

at once, Figure 2. Since high early strength cement was used it was 

necessary to keep the beams in the forms for only two days after 
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placing in order to develop the 3,300 p.s.i. required for tensioning. 
Beams placed on a given day were therefore tensioned and removed 
and the next two stringers cast immediately in a two-day schedule. 
The stringers were then steam cured. 

Tensioning of the strands was done with calibrated jacks, and in 
all cases the relation of elongation to stress was very consistent. In 
each tensioning operation the strands were elongated to the required 
jack reading and the tension then released. The strands having been 
thoroughly straightened by this preliminary jacking, the final ten
sioning was made. The modulus of elasticity of the strand, based on 
elongation measurement and tension as determined by jack readings, 
was· about 24,000,000 p.s.i. 

The strands having been wrapped with two layers of paper, no 
grouting was possible. After thorough curing of the beams it was 
therefore thought advisable to check the loss of prestress due to 
creep and shrinkage. The average loss was eighteen per cent as 
compared to assumed loss, for calculation purposes, of fifteen per 
cent. This additional per cent was not serious for dead and live· 
loading but would decrease the factors of safety for cracking loads. 
All strands were re-tensioned to the reading at time of original 
jacking. · 

The Endicott Street bridge has· now been in operation for sev
eral months and has proved an eminently satisfactory structure. 
Electric strain gauge measurements taken on various stringers for 
single truck loading indicate very good lateral distribution, and vibra
tion is not noticeable. Maintenance costs should be practically nil. 

Until after the Danvers structure the Department had no defi
nite specifications for the design of prestressed structures. Shortly 
thereafter, however, the Bureap of Public Roads issued specifications 
which the Department has since used, with minor changes, as a basis 
of design. It was considered at first that the suggested specifications 
were unduly conservative, since the concrete stresses were based on 
four thousand-pound ultimate strength, whereas experience with the 
Danvers structure had shown five thousand could easily and con
sistently be obtained. The specifications limited the compressive 
stress in the concrete to 2,000 p.s.i. at time of post-tensioning and 
1,600 p.s.i. final. No tension was allowed in the concrete except a 
small amount in the tops of the .beams at the time of post-tensioning, 
and a small amount of steel was to be added to resist even this ten-
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sion. This particular precaution was desirable in any case, since all 

beams so far under contract have been or will be shop fabricated and 

transported to the site, and their impact and vibration during trans

portation might easily cause cracking in the tension area. Allow

able stresses in the tensioning strands was suggested as 120,000 p.s.i. 

at post-tensioning and 100,000 p.s.i. final, or a loss of about seventeen 

per cent, these stresses being based on an ultimate of 200,000 p.s.i. 

These specifications, the Bureau informed us, were to be used as a 

guide and might be modified to suit particular cases, and, indeed, the 

Bureau has since raised the allowable strand stresses. The Depart

ment feels that it can also safely increase the design stresses in the 

concrete consistent with the use of five thousand-pound concrete. 

With savings thus accomplished the prestressed structure will become 

more nearly competitive with the structural steel. 

NORTH SPENCER ROAD BRIDGE, SPENCER 

The second project, on North Spencer Road in the town of 

Spencer, was advertised in March of this year. It was required that 

bidders submit proposals on two alternative designs-the first for 

a steel stringer deck with reinforced concrete slab, and the second 

for prestressed concrete stringers with concrete slab. It was hoped 

that some information might be forthcoming on the comparative 

costs of the two types. 
It was not expected that the same type of beam cross-section as 

was used in Danvers would be economical for the prestressed super

structure of the Spencer bridge with its longer span. In the pre

liminary design of the stringers it was assumed at first that a simple 

T section would be most economical, because of the simplicity of form 

work required during fabrication. It :vas soon found, however, that 

the section was not best adapted for the most economical use of 

materials. The maximum allowable stress for concrete in the bottom 

of the stem was reached with a small amount of prestressing, but 

maximum stress was never reached in the flange. Obviously a bulb 

or flange was required at the bottom. Calculations were therefore 

made for several sections, each with narrower top flange and wider 

lower flange until the final design, Figure 3, with twenty-inch top 

flange and twenty-four-inch lower flange, was reached. 

The beams were to be tensioned with three qi-inch wire strands, 

with end sleeve fittings as used by Roehling or American Steel and 
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Wire Company. As in the Danvers beams each strand was to be 
wrapped with two layers of heavy paper before the concrete was 
placed, and the strands were thus to be left un-grouted. It has since 
become Department policy to grout all tensioning elements, but at 
the time there was no general agreement, particularly among Ameri
can designers, on the value of the grouting. 

Oµeuing of lhe µrnµusals ievealed lhal the prices bid fur con
structing the steel stringer ,verc considerably belo,v those for the pre 
stressed beams. Some of the difference might be because of the 
newness of the prestressed type to the bidding contractors, and their 
natural reluctance to tackle the new construction at the very mini: 
mum prices. But in retrospect it appears that for the Spencer bridge 
preslressed concrete could hardly have been as economical as struc
tural steel. In prestressed fabrication one of the major cost items is 
the forms, anrl since the Spencer superstructure containerl only sPven 
beams, the form cost per beam was very high. 

The lowest bid was accepted an~ the bridge built as a steel 
stringer span. 
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NEWBURY-NEWBURYPORT PROJECT 

. The Newbury-Newburyport project comprises four bridges on 
the proposed relocation of Route One, famiiiarly known as the New
buryport Turnpike. Three of the bridges are to carry Hale Street, 
Storey Avenue, and Pine Hill Road, respectively, over the Pike, 
and the fourth is to carry the Pike over Scotland Road. Work on 
the structures is under two contracts, the first of which is with the 
New England Concrete Pipe Company for the furnishing, testing; and 
delivering of the concrete beams. The second contract includes the 
construction of the substructures, placing of the beams, and com
pletion of the decks, together with necessary highway construction. 

In order to derive information on the advantages and limita
tions of the various systems · of post-tensioning, the stringers for 
each of the four bridges are to be tensioned according to a different 
system. Since payment for the bridges is partly from Federal funds, 
it was necessary to request from the Bureau of Public Roads their 
approval of the advertising on this experimental basis, and their 
approval was readily given. 

Had the Commonwealth considered only economy in the design 
of the various stringers, it would have designed the physical cross
sections of the beams and then permitted the contractor to use, at his 
option, the same most economical type of post-tensioning for all 
stringers. This procedure would have been cheaper also with respect 
to the tensioning, since it would have required only one type of jack 
rather than the four actually needed. But no information on the 
various systems, with their comparative costs, would have been 
obtained. 

The Scotland Road bridge was selected to be built according to 
the Roehling or American Steel and Wire system of post-tensioning, 
Figure 4. The tensioning strands are held by threaded end fittings 
inside metal sleeves. To tension, jacks are attached to the threaded 
fittings outside the nuts, the tensioning applied, the nuts turned up 
tight, and the jacks removed. The method requires a minimum 
amount of labor but the end fittings are rather expensive. This bridge 
has not only the longest span of the four, but it is the only one to 
carry the Pike over the secondary road, and thus the only one to be 
calculated for the heavier H20-S16 line loading. 

The Freyssinet system is to be used for the -Hale Street bridge, 
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Figure 5. The individual wires are placed in groups of twelve. Each 
group is threaded through the cone-shaped opening in the typical 
Freyssinet four-inch concrete cylinder wound with wire. In tension
ing, the wire group is stretched with special jacks, and a male concrete 
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cone is pushed home by the jack. A mechanical grip on all wires is 
thus obtained. 

T,he Storey A venue beams were designed fo'r the Lee-McCall 
system, Figure 6. The tensioning elements are - high-tensile steel 

.... __ s_··o" __ _ 

BEAM DETAILS 
Frc. 6.-STOREY AVENUE BRIDGE. 

rods with a minimum ultimate strength of 145,000 p.s.i. and with an 
allowable design stress of 74,000 p.s.i. after allowance for creep and 
shrinkage. The end nuts on the rods have been designed with threads 
growing progressively deeper as they approach the ends of the rods. 
Since the net rod area has been decreased only slightly where the 
tension is greatest, practically the whole rod area is available for 
tension. It was planned at first to use inflatable rubber tubing inside 
the forms during the placing of the concrete. The tubing shrinks 
and is withdrawn after the air pressure is removed, leaving an open
ing into ~hich the rod is later driven. But with the anticipated 
difficulty of holding the tubing in place during fabrication and of 
driving the rods thereafter, a metal sleeve around the rods was sub
stituted. 

The Pine Hill Road Bridge is designed according to the Pre
stressed Concrete Corporation method, in which each wire of the 
six-wire units is extended through a hole in a prestressing washer 

• 1 
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and a button or head pressed tight onto each wire, Figure 7. Each 
group of six is then tensioned separately. 
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FIG. 7 .-PINE HIJ.L ROAD BRIDGE. 

All tensioning elements are to be grouted after the beams are 
fmally stressed. Vent holes are to be placed at opposite ends of the 
beams from the grout introduction, and the grouting assumed com-
plete when grout issues from the vent holes. . 

In order to effect some economy of design, the cross-section 
dimensions of the beams for three of the bridges were made exactly 
the same, and details were made as nearly consistent as possible 
with the different tensioning types. No lateral tensioning is required. 
Concrete diaphragms are used· on sixteen-foot spacing, with seven 
eighth-inch rods top and bottom extending through the beams for 
the full width of the bridge. 

With sp~ns averaging sixty feet, the dead load was the greatest 
part of the total load, and the cracking and ultimate stresses were 
reached for high live load values. On the Hale Street bridge, for 
instance, cracking stresses were reached under dead plus three and 
a half live loads, while ultimate was attained with dead plus nearly 
nine live loads. 
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The diaphragms are laid out parallel to the abutments, and the 
diaphragm stubs were therefore laid out originally with angles vary
ing according to the skew of each bridge, Figure 8. A rather in-
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Frc. 8.-DlAPHRACl\fS DETAILS. 

genious detail was substituted at the suggestion of the contractor, in 
which flexible metal plates are to be used to form cylindrical dia
phragm stubs. The only variation in detail is therefore the angle 
at which the tie rod .sleeves pass through. Thus the beams for three 
of the bridges are exactly alike as to all details except overall length. 

Cost comparisons are not conclusive. The beams of the Story 
Avenue bridge, Lee-McCall type, are lowest in price, being of the 
shortest span, but are also cheapest per cubic yard of beam. Prob
ably a better comparison is the price per beam divided by the product 
of beam volume and amount of tension. On that basis the Scotland 
Road beams, with Roehling or American Steel and Wire type, is low-
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est in cost. The fabrication of all beams will be closely watched 
in order that any inherent advantages or difficulties in the use of any 
type may be known. 

Included in the contract is the testing to destruction of one beam 
of each prestressing type. Exact details have not yet been worked 
out, but it is specified that loading boxes be built above the beams 
and the loads applied by jacking from the boxes down on the third 
points of the beams. Various gauges· and measuring devices will first 
IJe installed and a complete record of behavior will be obtained. 

DANVERS-MIDDLETON 

The bridge to carry Route 114 over the Ipswich River between 
Danvers and Middleton is one of those presently rare articles,-a 
span without skew. The first superstructure designed for this loca
tion required beams of the Department's conventional I type, with 
superimposed slab. The Department had up to now considered that 
because of the severity of our winters with constant freezing and thaw. 
ing, and with the extensive use of calcium chloride, the prestressed 
hPams should be prnterterl against possible rleterioration hy the pla<:
ing of a slab over them. · While the slab forms a composite beam 
with the prestressed stringers, it is not· of itself prestressed and the 
design is 11ot al a maximum uf effH.:iem:y. Cak:ulalions indicated thal 
a prestressed T section could be readily adapted providing that its 
overall depth was as great as the total depth of the original stringer 
with slab. The T section, Figure 9, was therefore adopted, and it 
is expected to show a great saving in cost over the I section. The 
flanges of the T stringers are keyed and the stringers are located 
with fifteen in<:hes clear between adjacent flanges. The slab, 8" in 
depth, is then placed between the flanges and allowed to harden. 
Lateral tensioning is finally applied to slab aM flanges with ¾" 
bars at eighteen-inch centers. The slab being sufficiently tensioned, 
it is in itself a lateral prestressed beam and needs no further rein
forcement. 

The Danvers-Middleton bridge has not yet been advertised 
and no information or costs, except preliminary office estimates, are 
currently available. The type should be basically economical, and 
the number of stringers is large enough to keep costs of formwork 
per beam comparatively low. 

The last, but undoubtedly the most advanced type of prestressed ' , I 
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structure now contemplated by the Department, is a multi-span con
tinucus slab bridge, Figure 10. The design will be according to the 
system originated by Dr. Leonhardt of Stuttgart. The exact location 
has not yet been set, but the structure will carry some crossing road 
over a main artery that has a dual roadway and wide center reserva
tion. 

Several aspects of the design are particularly noticeable, espe
cially the slab with its slenderness ratio of 30 to 1. This ratio caused 
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FIG. 10.-CONTINUOUS PRESTRESSED SLAB BRIDGE. 

some apprehension lest the completed structure have poor deflection 
and vibration characteristics, similar to a few of the larger continuous 
stringer bridges already built. But calculations by Dr. Leonhardt, 
checked by Professor Holley, show the frequencies and amplitudes 
to be not objectionable, as compared with those of existing bridges 
on which measurements have been taken. Whether the longitudinal 
cylindrical openings are to be placed has not been decided. The 
openings, of course, decrease the dead load but the shells for forming 
the openings may be difficult to hold exactly in place during con
struction. 

The piers are formed of several columns cylindrical in shape 
and not prestressed. Since the slab is prestressed laterally as well 
as longitudinally, allowable shearing stresses above the column are · 
high and punching shear is not an important factor in the design. 

In constructing the superstructure under the Leonhardt system, 
a series of semi-cylindrical drums is placed at each end of the struc
ture. The post-tensioning wires are wound individually along the 
span, around a drum, and continuously back and forth. The bot
tom of each wire group rests in a low-friction trough and individual 
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wires are separated with low-friction spacers. All wire placing hav
ing been completed, a cover is placed over the trough and the concrete 
placed. After hardening of the concrete, the drums at one end or 
both ends of the structure are jacked away from the slab until the 
wire groups have reached the calculated tension. Wire groups are 
then grouted. 

The completed structure should be slender and very attractive in 
appearance. More important-it should be economical. 

In projecting the prestressed bridges now built or still to be 
built in the Commonwealth, the Department has endeavored to im-

. prove its designs with each succeeding structure, in order to realize 
greater economy as well as simpler structures. The Department feels 
that while it has succeeded to a great degree, it can improve even 
further designs. In any case, it feels that prestressed concrete bridges 
are not a fad or a passing fancy but an established design type, and 
it has adapted them as an important factor in its huge road building 
program. Its confidence is shown by the fact that it has under con
tract at the present time the furnishing of about a quarter of a million 
dollars' worth of prestressed beams. 

D1scussION BY MYLE J. HOLLEY, JR.,* 1vlember 

Mr. Henderson is to be complimented on his presentation which 
gives a clear picture of the development of bridge designs in pre
stressed concrete by the Department of Public Works. Moreover, 
the Department itself should be justly proud to be in the forefront 
of those public agencies which are pioneering the adaptation of pre
stressed concrete to the American market. Noteworthy among their 
efforts in this direction have been: 

(a) Preparation of designs some of which are being translated 
into actual constructions. 

(b) Sponsorship of research aimed not alone to improve their 
own designs but to add to the knowledge of prestressed 
concrete available to all. 

( c) Provision for full-scale tests of bridge components for the 
purpose of verifying design assumptions. 

Mr. Henderson has indicated that the program of prestressed 

The Department wishes to express its appreciation to the 'Portland .Cement Association 
for its assistance and suggestions throughout the program. -. . 

*Professor, l\Iassachusetts Institute of Technology, Cambridge, ~:Cass. 
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concrete bridges was not undertaken under an illusion that the initial 
structures would be more economical than conventional types. Rather 
there was assurance of immediate savings in steel and reasonable 
hope for ultimate economy. It was understood that prestressed con
crete would become more economical partly as a result of design devel
opments and partly as a result of increasing familiarity with the ma
terial on the part_ of contractors. This long-range point of view fully 
justifies small premiums which might be invested in initial structures. 

The extent to which other agencies throughout the country have 
subscribed to the foregoing philosophy is indicated by the number 
of prestressed cpncrete structures which have been undertaken. 
Though the material was virtually unknown in the United States two 
years ago, more than 10 actual structures have been contracted for 
within that period. At least as many more are in the planning stage, 
and the rate at which such structures are being undertaken seems to 
be increasing. About two-thirds of the structures are bridges. In 
surveying these projects one is impressed with the variety. Post
tensioned and pre-tensioned reinforcement; single-cast and machine
made block types; cast-in-place and precast · ( at site or at central 
plant); foreign-developed and U. S.-developed reinforcing systems
all have been used with success. Different cross-sections and various 
combinations of prestressed and ordinary-reinforced concrete have 
been tried. This variety evidences the widespread effort being brought 
to bear on the development of prestressed concrete. 

In judging the merits of prestressed concrete bridges it is im
portant to remember that there has not yet been time to accomplish 
the refinements which have benefitted the conventional types with 
which they compete. These refinements which will improve the 
competitive position of the new material are certain to come. A few 
of these which have already been tried, or are under consideration 
are 

(a) 

(b) 

(c) 

The use of the top flange of the bridge girder as part of 
the deck-with additional strips of deck concrete cast in 
place between adjacent flanges. 
Two-stage prestressing-the second stage being accom
plished when most of the permanent dead load is in place. 
Acceptance of nominal tension in the lower flange concrete 
under full live load. 

Some mention should be made of the question of design specifi-
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cations. , As Mr. Henderson indicated no comprehensive document 
of this type is yet available. A Joint ASCE-ACI Committee is en
gaged in preparing a manual of recommended practice, which might 
eventually be adopted by various agencies as a code. This manual 
will not be completed for several months. Mr. Henderson has made 
it clear however, that the undertaking of actual designs and construc
tions need not await the appearance of an official manual or code. 
Safe designs in prestressed concrete can be produced by any com
petent structural designer who is willing to familiarize himself with 
the theory and with the experiences of others in this field. There 
is a considerable, and growing, literature available for this purpose. 

In closing this discussion may I again congratulate Mr. Hender
son on the very informative paper he has presented this evening. 
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(PrP.sentf"rl ::it a joint mPPting of thP. Roston Society of r1vil 'F.ngineers .1nd the Sanitary 
Section, BSCE, held on December 17, 1952.) . 

INTRODUCTION 

ALLEGHENY COUNTY of the Commonwealth of Pennsylvania 
comprises an area of 745 square miles and contained, in January 1948, 
129 municipal sub-divisions, including the City of Pittsburgh. The 
population at that time was ahn11t 1,6nn,nnn, nf which almost 7nn;nnn 
liveci in the City of Pittsburgh. Topography of the area is rugged 
and semi mountainous with numerous creeks and runs draining into 
four. main streams: the Youghiogheny, the Monongahela, the Alle
gheny, and the Ohio Rivers. The Monongahela and the Allegheny 
join to form the Ohio at the "Point" in Pittsburgh. These are large 
rivPrs; thP AIIPehPny 11hovP thP Point has a total rlrnin11ee arpa of 
nearly 12 ,000 square miles and the Monongahela nearly 7,400 at the 
same location. The Ohio River near the westerly county line has a 
total drainage area of 19,500 square miles. The area is the seat of 
many industries, mainly the manufacture of steel and steel products 
and the mining of coal. The average rainfall is about 36 inches 
JJer year and Lhe annual mean lemperalure aboul 52.5°F. 

ORGANIZATION AND PRELIMINARY WORK 

The Allegheny County-Sanitary Authority was created under the 
Municipality Aulhorilies Act of 1945 of Ll1e Commonwealth of Peun
sylvania ·by the County Commissioners of Allegheny County and in
corporated on March 1 2, 1946. This was the result of a canvass 
showing that 7 4 municipalities favored such creation as the best 
solution of a common problem, as 102 municipalities and more than 
90 industries were subjected to State orders issued under a 1945 
State Sanitary Act, requiring them to stop polluting the streams of 
the State and to proceed with the preparation of plans and specifica
tions to accomplish this. 

*Deputy Chief Engineer, New York \Vater Supply Board, New York City. 
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The Authority Board consists of 5 members, the original terms 
varying from 5 years for one member to 1 year for the fifth member, 
so that thereafter, with a five-year term of office for all subsequent 
appointments, one Board member will be named each year. The 
Board now consists of John F. Laboon, Chairman and Chief Engineer, 
David Olbum, Secretary, William B. Rogers, Treasurer, and Charles 
A. Finley, there being one unfilled vacancy caused by resignation of 
Cornelius D. Scully. 

Funds for the work of the Authority have come in the form of 
loans from the Federal Works Agency and from the City of Pitts
burgh, and from grants by the State; the loans to be paid back from 
the sale of revenue bonds after construction has been authorized. 
Under the Municipality Act, the Authority Eoard can exclusively fix 
the rates and charges for the use of the Authority's facilities. The 
construction of these facilities will be financed by issuing revenue 
bonds for a term not to exceed 40 years and interest rates may not, 
by law, exceed 6 per cent per annum. Bondholders are given various 
legal remedies to enforce payment, including the right to have a 
receiver appointed to take possession of the facilities and manage 
them, but they cannot acquire title to any of the Authority's property. 
The Act permits Authorities to fix, alter, charge, and collect rates 
and other charges, which shall be "reasonable and uniform" and sub
ject to review by the Court of Common Pleas. 

After organization, the Authority proceeded to study the prob
lems involved with a force under the direction of Ellis E. Bankson, 
who was appointed Managing Engineer, and with the advice of Met
calf and Eddy of Boston, which firm was appointed Consulting En
gineers. These studies included the geography and topography of 
the area, temperature, rainfall, stream flow records, population trends, 
water consumption records, qualities and quantities of sewag~ flowing 
in the existing outfalls, industrial wastes, river surveys, degrees of 
treatment required and other pertinent data. 

Following the preparation of fundamental data, preliminary de
signs and cost estimates were prepared of construction and operation 
for interceptor systems, pumping stations and sewage treatment plants. 

This work culminated in a report issued in January 1948 recom
mending construction of a system of interceptors with a central sew
age treatment plant on the Ohio about 4 miles below the City of 
Pittsburgh. 
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After waiting 18 months for municipalities to accept the county
wide project, and with only two municipalities agreeing to do so, the 
City of Pittsburgh decided that it would build its own project but 
that it would permit participation by any other municipality which · 
could be served by this project without increasing cost of service to 
the City. Such a project, developed as Project Z by the Authority, 
was finally accepted and will provide service to about 62 municipali
ties that have already executed firm contracts with the Sanitary Au
thority for !3crvicc on a '10 year basis or longer, depending upon the 
issue and life of the revenue bonds. 

'The non-acceptance of the fully county-wide program is regret
table and too late many of the outlying communities are waking up 
to ·the disadvantages of non-participation. In some cases separate 
municipal systems will mean an average cost to householders of double 
to triple of what such cost would have been under the county-wide 
system. 

Project Z is, however, an abbreviated county system caring for 
Pittsburgh and over 60 other nearby municipalities but with provi
sions for the inclusion, either now or later, of but few of the outlying 
districts of the county. 

THE PITTSBURGH "PROJECT Z" 

In 1949, money became available to the Authority, mainly 
through a large loan by the City of Pittsburgh, to develop designs and 
to submit to the State Sanitary Authorities for approval finished 
plans and specifications ready for taking bids for construction of the 
proposed "Project Z" works. The State re·gulations require SO% 
removal of B.0.D. in case of effluents discharged into the main rivers, 
with complete treatment for effluents discharged into any tribu
tary of them. Previous to the 1945 acts, sewage or industrial wastes 
disposal, untreated into the main rivers, was permitted so that the 
sewered areas to be served by the project are largely already dis
charging raw sewage into the rivers and two large tributaries, Turtle 
Creek and Chartiers Creek. 

Accordingly, the main features of Project Z consist of about 65 
miles of intercepting sewers with design capacity for the year 2000, a 
sewage treatment plant with a capacity of 1 SO m.g.d. for 1970 condi
tions and, as flow in the interceptors will be by gravity to a wet well 
at ~he plant, only one large pumping station. The estimated cost 

', 
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of the project, at January 1952 prices, is $65,000,000. Three addi
tional municipalities may be served by interceptor sewer extensions 
contributing to the Project Z interceptor and two local pumping sta
tions at nearly $1,000,000 more. 

The population served will be about 1 ¼ million, but the design 
capacities will anticipate an ultimate of nearly 1 ¼ million by the 
year 2000. Most of the areas are served by combined sewers, al
though a few of the newer suburban areas have separate systems. 

INTERCEPTOR SYSTEM 

The main interceptor system is shown in the layout of Project 
Z ( see Figure 1). Generally, it consists of tunnels along and un
der the banks of the Alleghe11y, Monongahela and Ohio Rivers, sup
plemented by open-cut conduits to be laid up the beds and along 
the shores of Turtle Creek and Chartiers Creek. Connections from 
existing sewer outlets, and future provisions for connections to this 
system, constitute a major portion of the problem, as there are nearly 
300 of such connections, many of which are substantial in size and 
now carry substantial quantities of sewage. 

As the outlets are generally from combined sewers, regulation 
of the amount of flow to be intercepted and transported to the plant 
is provided. The practice, in this respect, varies considerably in many 
cities and sections of the country but, after a detailed study of the 
effect of storm flow discharges upon the capacity of the rivers to 
assimilate highly diluted sewage discharges, .it was concluded to design 
for the interception of the first flush from combined sewers up to 2 SO 
per cent of the average dry weather flow, with prompt reduction to 
150% of that flow, as producing satisfactory stream conditions con
sistent with economical design of interceptor capacities. (See Central 
Gate, Figure 2.) 

Along and in Turtle Creek and Chartiers Creek, the interceptors 
in open cut are located to flow usually as grade-line conduits with 
the hydraulic gradient at or near the crown of the carrier. Studies 
indicated that the tunnel interceptors along the river banks should 
be located in rock for economical construction purposes. Hence, these 
tunnels will flow under pressure for normal carrying operations, with 
the hydraulic gradient well above the tunnel location. Vertical loca
tions for these tunnel interceptors were chosen, after sinking about 300 
bore holes, studying that and other available data as to the loca~ion 
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of the rock surface and the character of the bedrocks. The tunnels 
can be driven sloping downwards towards the plant with a rock roof 
cover generally_ 20 feet or more in thickness _with the tunnel invert 
91.S feet below the "pool full" elevation of the Ohio River at the 
plant. This permits a pumping down periodfcally to clean out, at 
scouring velocities, any materials tending to accumulate at the lower 
"flowing-full" velocities. The tunnel cross-sections are sized so th.at, 
under minimum flow conditions, the flowing-full velocities will be 
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generally over 1.0 foot per second and the draw-down velocities will 
reach 4 feet per second. 

The rock tunnel is designed to be driven in free air by standard 
rock drilling methods. The rocks are expected to be sandstones and 
shales, much of the le~gth requiring some kind of support, probably 
a large portion of the support may be of the roof bolt type (see Fig
ure 3). Water encountered must be pumped during, construction, or 
grouted off in regions where the quantities encountered are large 
enough to so require. 

With the tunnel interceptor so located, and with existing sewer 
outlets mostly just at or below the river level, there are approximately 

, 165 locations where the sewage will have to be dropped into the tunnel. 
Such vertical drops are as much as 90 feet (see Figures 4A and· 4B). 

The Authority employed Carnegie Institute of Technology to 
develop basic data for the design of regulating and diversion chambers 
and drop shafts. The final report has been made and includes recom
mendations whereby the sewage can be put into a whirling motion 
and sent spirally down a small diameter vertical pipe shaft into the 
tunnel. A discussion of the hydraulics involved, the minimizing of 
turbulence and entraining of air, the dissipation of energy and other 
factors would be the subject of a paper in itself, but it is sufficient 
to state that dropping of sewage can be accomplished through small 
lined vertical shafts, many of which are only 8 and 12 inches in diame
ter, although a few of the larger are 24, 30 and 36 inches in diameter. 

To accomplish regulation of the interception of the flows men
tioned above, various types of regulator devices were studied. Along 
the open-cut interceptors, it was found that- the use of an orifice pla_te 
\lvould be effective enough in providing regulation because the sur
charge of the main interceptor line at the time of flood flows would 
sufficiently reduce the flow into the interceptor through the orifices, 

_ and so approximately effect the desired limiting of storm flow inter
ceptions. In case of the tunnel interceptors, however, with the 
hydraulic gradient well below the regulating structures, even in times 
of flood flows, no such device would be adequate, as it is desired 
to cut back after the first flush of 2 50% of the average dry weather 
flow to 1507'0. The design being provided consists of a radial tipping 
gate of special characteristics that will operate, without floats, hy
draulically, through water pressure on the gate itself, with stops to 
prevent closing beyond the degree that will permit finally the passage 
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of approximately the 150%. Such closing off of the interception will 
not .be effected until the flow has reached the initial 250% and this 
gate will open again as soon as the flow in the sewer is reduced to 
150% and the water pressure on the gate face permits such opening. 
Special backwater gates are being provided in the design to prevent 
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the river flowing backwards into the .interceptor and to permit the 
discharge of any flows, in excess of the intercepted quantity, into 
the river at times of storm flows in the sewe~s, when the gradient in 
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the sewer rises sufficiently to open the backwater gate. Because of 
the acid and highly corrosive qualities of the river waters, many of 
these backwater gates are being designed of special construction, using 
stainless steel throughout for the smaller sizes and special wood con
struction with stainless steel fittings for the larger. 

Tlie rnai11 lines of interceptor tuunels vary generally from about 
54 inches finished inside diameter to larger sizes as the tunnel ap
proaches the treatment plant, with the maximum size of 126 inches 
for a considerable length just upstream from the plant. 

The Chartiers and Turtle Creek interceptors are being designed 
for the Authority by Metcalf and Eddy, as are the interceptors on 
the left bank of the Ohio River opposite to the plant and the river 
crossing to the plant. Tunnels and other interceptors along the 
Allegheny and Monongahela Rivers and the right bank of the Ohio 
with appurtenant connection, regulating and diversion structures are 
being designed by the Authority's own engineering forces. 

The plans provirle for about 6.5 miles of such intercept.ore;, about 
35 miles of which are in tunnel. 

The open-cut interceptors will consist of high grade concrete 
conduit with watertight joints, as most of these lines will be located 
below the ground water or creek surfaces. 

The tnnnel interceptors will consist of pre,ast rnnrrete .c:;e,tions 
of special construction as to hardness, permeability, density and dura
bility, which will be lowered and handled accurately in place to form 
a lining in the tunnel bore around which lining the remainder of the 
tunnel bore will be backfilled with lean concrete. Joints will be of 
special watertight constniction and the concrete pipe will be designed 
of superior qualities, with thin walls for economy of manufacture and 
handling consistent with a minimum desired for watertightness and 
durabilitY. of lining purposes. 

Studies have developed that the most efficient and effective con
trol of the fl.ow in the interceptor system can be effected by operation 
in a flooded condition with the level in the wet well of the pumping 
station about 74 feet above the invert of the main interceptor there. 
This reduces powP.r requirements for normal operations hut will rl:'
quire periodic draw-downs for such scouring out of the tunnels as.may 
prove desirable, A system of automatic indicators to be in'.ltallcd at 
the pumping station will show the location of the pressure gradient at 
strategic points along the lines and permit operation of the pumping 
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facilities so that the level in the wet well can be maintained at an 
elevation proper to prevent unnoticed discharges into the rivers of 
the regulated diversions, which might otherwise be caused by local 
storms or other unusual local flow conditions. 

Permanent access shafts for the tunnel interceptors will be pro
vided generally about three miles apart, although the need for the 
actual use of any one is not contemplated. 

MAIN PUMPING STATION 

The main pumping station (Figure 5) will be included in a large 
circular excavation over 100 feet in diameter and about 117 feet deep, 

FIG. 5.-SEWAGE PUMPING STATION. 



THE ALLEGHENY COUNTY PROJECT 115 

over half of which will probably be in rock. A wet well, about 40 
feet in diameter, ,vill be located concentrically in the_ center, and the 
wall::; of this well will rise above the roof of the station to permit easy 
release of air, vapors and gases through louvres. The pumps and 
motors will be located on the floor and in an annular concentric dry 
well formed between the walls of the wet well and the outside wall 
of the pump well. Normal operation of the pumps will be automatic 
with manual operation for periodic draw dovm and special flow con 
ditions. Vertical discharge pipes from the pumps will feed sewage 
through a head regulating chamber to the plant, this chamber being 
provided with an overflow weir discharging through an overflow 
conduit to the river to prevent any possibility of pumping into the 
plant at rates in excess of the plant capacity. A building will top 
the pump well above the ground level, and be extended sufficiently to 
house controls and equipment. 

SEWAGE TREATMENT PLANT 

The design of the plant provides for primary treatment only 
,vith aerated grit chambers, aeration and sedimentation of raw sewage, 
chlorination of the effluent, sludge concentration and incineration of 
the raw sludge; and fine racks at the entrance to the plant provide 
rough screening of the raw sewage. Space will be available at the 
plant site in case se.condary treatme.nt may hP. rlesirahle at. some. far 
distant date ( see Figur·e 6). 

The Authority has maintained a laboratory and a pilot plant 
for a period of over two years to experiment with various phases of 
the treatment processes, including especially the concentration of raw 
sludge and the handling of such concentrated sludge. 

The grit chambers will be of the aerated type, similar in design 
to those recently built for Columµus, Ohio, as the results there indi
cate improved results over other conventional types. Storage and 
drainage of the collected grit will be provided and disposal may be by 
dumping on nearby spoil areas. 

Preaeration of the raw sewage will be provided with a detention 
period of 45 minutes, including the aerated influent channels to the 
primary sedimentation tanks. An air supply of 7 c.f .m. of air per 
foot of tank, equivalent to about 0.08 cu. ft. of air per gallon of sewage, 
is being provided. The Pittsburgh plant is designed to remove 50% 
of the 5-day B.0.D. In order to secure this removal of B.0.D., 
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it will probably be necessary to remove about 70% of the suspended 
solids. According to data published in the annual reports of the 
Minneapolis-St. Paul Sanitary District, flocculation by preaeration, 
using 0.02 cu. ft. of air per gallon of sewage with one hour of sedi
mentation, will remove about 80% of suspended solids and about 
50% of B.O.D. For ten months ending June 30, 1952, the primary 
treatment units at the Hyperion Sewage Treatment Plant in Los 
Angeles removed 63.6% of suspended solids and 47.5% of B.O.D. 
The average detention period in the preareation tanks was 3 7 minutes, 
and in the prill}ary sedimentation tanks, 1.5 hours. The air supply 
during the period was 0.06 cu. ft. per gallon. With the longer pre
aeration and sedimentation period to be provided by the Pittsburgh 
plant, it is e·xpected that the plant will remove at least 45%, and pos- · 
sibly SO%, of the B.O.D. Provision is being planned for chlorination 
1)f the influent to the plant, if found necessary, to attain the 50% 
removal of B.O.D. 

Laboratory experiments and pilot plant operation for a period of 
over 16 months have demonstrated that concentration of the raw 
sludge from the sedimentation tanks to an average dry solids content 
of 18 % is feasible and practical. Although original studies of the 
Authority recommended digestion, elutriation, dewatering by vacuum 
filters, and incineration of the dewatered sludge with generation of 
power from digestor gas, the results of the laboratory and pilot plant 
studies, reinforced by experiments with raw sludges of other large 
cities, such as Buffalo, Cleveland, Chicago, Detroit and Minneapolis, 
led the Authority to _adopt sludge concentration with incineration of 
raw concentrated sludge as the simplest and most economical method 
of disposal. It was estimated that such method of disposal would 
mean a capital saving of about $4,000,000 and an annual saving of 
more than $100,000 in fixed charges and operating expenses over the 
original method of disposal considered. Power will be purchased 
and is available at a_ comparatively cheap rate in thi? area, and 
powdered coal that will be used to the extent needed for auxiliary fuel 
in burning the sludge can be obtained at a lower cost locally than 
perhaps in any other part of the country. 

Raw sludge will be transported daily from the sedimentation 
tanks, heated to 35° C and put into the concentration tanks for a 
period of about five days or less. Experiments show that the sludge 
floats to the top in the first 24 hours of concentration and at the end 
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of five days is further compressed. The subnatant liquor will then 
be drained off and the concentrated sludge pumped to the incinerators. 
The ash will be disposed of on nearby spoil areas. 

COST OF SERVICE 

The Authority has studied in great detail the most equitable 
manner and method of financing and the equitable distribution of 
costs. It is assumed that the construction costs will be financed by 
an issue of 40-year serial revenue bonds, bearing an interest rate of 
approximately 3 per cent. Sewer service charges, be~nning probably 
when the plant is put into operation, are anticipated on the basis of 
a step rate schedule founded upon the amount of water used in four 
steps: for the first 100,000 gallons per quarter, for the next 1,000,000 
gallons per quarter, for the next 2,250,000 gallons per quarter, and 
for all over 3,350,000 gallons per quarter. The actual charges to be 
fitted into these steps will depend upon the total annual costs. At 
prices of January 19 5 2, such cost of sewage service for the average 
householder using 50,000 gallons of water per year is roughly esti
mated at $10.00, or $2 .SO per quarter. 

STUDIES AND ENGINEERING 

Mr. John F. Laboon, Chairman of the Authority, a consulting 
engineer of Pittsburgh, who began his experience in sanitary engineer
ing 40 years ago, has been Chief Engineer of the. Authority and has 
personally supervised all phases of the Authority's work since its 
inception. , 

Metcalf and Eddy of Boston have been Consulting Engineers 
of the Authority since 194 7 and are designing in detail the main 
sewage pumping station, the sewage treatment plant and the Chartiers 
and Turtle Creek interceptors, such portions of the work estimated 
to cost about $25,000,000, Mr. Frank L. Flood, partner, being in 
charge of such consulting and designing work_; Mr. Edwin A. Cobb, 
project engineer on the plant, Mr. Allen J. Burdoin on the pumping 
station, and Mr. Fred Allen on the Turtle and Chartiers Creek inter
ceptors. 

The Authority's engineering staff is designing the main tunnels 
and other interceptors and appurtenant connecting diversion and 
regulating structures estimated to cost nearly $40,000,000. Mr. Ellis 
E. Bankson, as Managing Engineer, was in charge of this staff until 
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December 1950. when he retired to care for his consulting practice, 
after which time he also has been retained in a consulting capacity 
to the Authority. The author was Deputy Chief Engineer of the 
Authority for about two years, in charge from December 19 50 until 
leaving for another position on September 1, 1952. Mr. Lawrence M. 
Gentleman, Design Engineer of the Authority, is now in direct charge 
of this design work. 

Hydraulic and model investigations and soils and foundation 
studies have been carried out by members of the engineering staff of 
Carnegie Institute of Technology, and Frank E. Fahlquist has pre
pared a geological report on the tunnel location. 

STATUS 

Plans and specifications for over $40,000,000 worth of construc
tion work will have been submitted to the State authorities for ap
proval by the end of this· year, and the remainder in 1953. Actual 
construction will not be started until State approval of plans is given 
and revenue bonds are floated. 

D1scuss10N BY FRANKL. Fiooo,* Mem'ber 
General. Mr. Dore has presented an interesting review of the 

work of the Allegheny County Sanitary Authority with respect to 
the rnllPrtion ancl clisposal of sewagP in thP Pitt.shurgh metropolitan 
area. Several features of this work have already been publicized in 
the writings of Mr. Laboon and others. The notable development 
of the sludge concentration process which has been adopted by 
the Authority has been described in detail by Mr. Laboon in Sewage 
and Industrial Wastes.** The- development of the design features 
of vertical-drop shafts has been summarized in a report. to the Au
thority by Professor Louis M. Laushey, Carnegie Institute of Tech
noloey, DPpartment of 1.ivil Engineering) entitled Flow in VPrtiral 
Shafts, and dated August 1952. 

The final acceptance of the joint project by about 65 municipali
ties and the advancement of the project into the various stages of 
report and design has been accomplished only after continued drive 
and effort by the Board and in particular by Mr. Laboon, its Chair
man. The history of such metropolitan projects shows that they 

*Partner of Metcalf & Eddy. 
**Vol. 24, 1952. Page 423. 
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could not be effected without a great deal of work and continued 

pressure on the part of capable leadership. It is no reflection on the 

Board that a considerable number of outlying communities have re

frained from joining the Authority, as the Board has done everything 

possible to educate these communities on the economy and advantages 

of joint action. It is apparent that a number of these communities 

have been misled by unduly low preliminary estimates of cost for 

local disposal. 
From the point of view of the eventual best interests of the city 

of Pittsburgh, it would be advisable to collect and treat sewage from 

the entire metropolitan area at a plant below the City rather than 

to have a number of sewage treatment plants in outlying areas dis

charging sewage plant effluents to the tributaries of the Ohio above 

the City. 
Regulators. A great deal of study has gone into the regulating 

works for the discharge of sewage from combined sewers into the 

interceptors. The tilting gate type of regulator· shown in Figure 2 

was suggested by Metcalf & Eddy for use at Milwaukee in 1921. A 

record of the development of this type of gate is given in the 18th 

annual report of the Milwaukee Sewerage Commission for 1931. · This 

type of gate was modified by the Chicago Sanitary District and the 

Chicago gate has been used as a basis for the Allegheny Authority 

Design. This design has been reviewed by Metcalf & Eddy and is 

being used on certain connections being designed by them on the 

Allegheny project, thus completing the cycle. 
For the majority of the connections 'between the combined 

sewers and the intercepting sewers required along Turtle and Char

tiers Creeks, we have found that the orifice type of control would be 

satisfactory. 
The design criteria for both the orifice and tilting gate types of 

regulators would be a suitable subject for a paper to be presented 

before the hydraulic section of this society. 
Sewage Treatment. The sewage treatment plant has been de

signed to effect 50 per cent reduction in 5-day B.O.D. during periods 

ot minimum river flows in accordance with the requirements of the 

• Pennsylvania State Department of Health. The requirements are 

in effect based upon maintaining at least 2 ppm. dissolved oxygen in 

the Ohio River below the plant at all times. It should be noted that 

even though complete treatment of all sewage and industrial wastes 
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were to be provided at 'this time in the Pittsburgh metropolitan area, 
fish and other aqueous life would not return and the use of the streams 
for recreation would not be possible to an appreciable degree until 
the discharge of acid mine wastes into the streams is materially 
reduced. 

If and when the acid mine wastes are removed from the river 
to an extent that fish life can be maintained, and if it becomes de
sirable to so treat the sewage as to promote fish life and the recrea
tional use of the river below Pittsburgh, the degree of treatment can 
be exlern..leu using some process wl1ich would accomplish the 1e111uval 
of 75 per cent of the 5-day B.O:D. With such removal of B.O.D. from 
thP. sP.wllgP., it is estimaterl that the rlissolverl oxyeP.n in thP. rivn 
could be maintained at above 5 ppm. The area at the proposed sew
age trP.a.tmP.nt plan~ sitP. will arcnmmoda.te a. high-rate a.ctivaterl sl11dge 
plant of sufficient capacity to treat the ultimate sewage flows antici
pated in the year 2000. 

The sludge ronrentrat.ion-incineration projP.rt wa<; arloptecl by 
the Authority only after comparative cost estimates indicated clearly 
that this was the most economical project for the conditions at Pitts
burgh. A cost comparison of various methods of sludge disposal is 
given by the writer in a discussion of Mr. Laboon's, paper in Sewage 
and Industrial Wastes.* The particular advantage for this process 
at Pittsburgh lies in thP. relatively low mst of powdererl coal available 
for mixing with the concentrated sludge as indicated necessary to 
meet the requirements for additional fuel. 

*Vol. 24, 1952, page 441. 

, 
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FACTORS TO BE CONSIDERED IN AIRPORT SITE 
SELECTION 

BY JOSEPH P. WALLIS* 

(Presented at a meeting of the Surveying and i\[apping Section of the Bo!itOn Society of 
Civil Engineers, held on January 21, 1953.) 

THERE has been much learned in the past few years and during 

World War 2 which indicates the necessity of proper planning in 

the development and construction of airports. If this information 

now available is utilized, it is quite possible to insure satisfactory 

results. It is a recognized fact that if costly mistakes are to be 

avoided in city or town development, a comprehensive preconceived 

plan is essential. This is no less true in the selection of a site and 

the development of an airport. 

The first consideration in the planning of the development of an 

airport is the type of air traffic which conceivably utilizes the facility. 

Large cities are usually faced with the need of constructing terminal 

type airports to properly serve their needs. The operations which are 

served by this type consist of, in main, scheduled airline transporta

tion. In addition to these terminal airports in the large cities there 

is .a need for other airports to serve general aviation which will furnish 

storage, repair and operating facilities for aircraft used in such activi

ties as sales, flight instruction charter flights, aerial photography 

and agricultural services such as spraying and crop dusting, non

scheduled operations, personal and executive flying. 

Jt io:; po:;pecially dPo:;irnhlP tn the air terminal of a large city that 

proper consideration be given to coordinate the location of the air

port with the various forms of surface transportation which are ex

istent, so that a ready exchange of traffic is facilitated. 

It was a common mistake in the past to locate the. airport at a 

site, which at the time of selection was of sufficient size to permit 

only the desired development at that time. This was usually in a 

limited area so located that expansion was economically impossible 

because of paved streets and highways, railroads or other permanent 

developments. As a result, many of these airports have become in-

* Airport Engineer, :Mass. Aeronautics Comntission. 
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adequate because of the growth of local operations, together with 

the increased size of schedule air transports. There are many air

ports which have been abandoned in favor of new sites which pro

vide sufficient size for ultimate development. 
It is necessary, therefore, that first consideration in the planning 

of any airport is the determination of the type of airport required to 

serve the needs of the community, or general area. Not only should 

consideration be given to present need but careful long range planning 

for all future activities as is possible to foresee. 

The various types of airports are as follows: 
• 

Classification Runway Length 

Personal 1,500-2 ,300 . 
Secondary 2,301-3 ,000 

Feeder 3,001-3,500 

Trunk Line 3,501-4,200 

Express 4,201-5,000 

Continental 5,001-5,900 

Intercontinental . 5,901-7,000 

Intercontinental-Express over 7,001 

Type of Aircraft Served 

Light planes up to 3,000 lbs. 

Aircraft 2,000 lbs.-15,000 lbs. for non-

scheduled flying activities 

To serve certified feeder lines 

To serve small cities on trunk line routes 

At important cities or junction points on 

trunk line routes 

Serving long non-stop scheduled domestic 

routes 

For termination of long international 

flights 

Serving highest types of trans-oceanic 

flights 

In pianning an airport for a particular community, consideration 

should be given to the existing airports in relation to any proposed 

airport as shown on the existing state airport plan. The common

wealth, through the Massachusetts Aeronautics Commission, offers 

assistance in the planning and the development of airports. 

In the preliminary survey in the planning of an airport, the 

following factors should be given careful consideration: 

1. Population of the community and its trade area. 
2. Distance between communities and airports to dete.rmine 

the area to be served. 
3. Topography of the area. 
4. Type of local flying including activities such as flight train

ing, charter service, private and industrial owned aircraft and agri-
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cultural services including present requirements, immediate future 
requirements and ultimate requirements. 

5. Scheduled airline requirements both present and future. 
6. Aerial tourist travel, to cover seasonal fluctuations of ac-

ti vi ties. 
7. 
8. 

area. 

Potential air-mail and air express service. 
Potential air freight . to serve manufacturing and trading 

THE MASTER PLAN 

The foregoing has been only a general picture of the basic con
siderations for a community planning a new a:irport or planning the 
expansion of an existing one. The problems of airport design take 
in so broad a field that specific problems increase with development 
of the program. · 

Selection of the site is the prime factor in the planning of an 
airport and is discussed in this paper. 

It is necessary that the master plan for an airport be kept flexi
ble so that any desired changes based upon further progress in airport 
development may be made as the need arises. An airport that has 
been carefully planned and is well constructed can be of great credit 
to those responsible for its development. Therefore, it is necessary 
that the planners have vision and foresight together with an under
standing of the aeronautical needs of the community. 

A complete master plan should show the site as it exists today 
with the proposed development superimposed upon it. In the case 
of an existing airport the master plan should show all existing facili
ties, such as runways, taxiways, administration building, hangars, and 
any drainage or field lighting installation. 

In addition to the present facilities, it should contain the ulti
mate development of the airport which will be indicated differently 
from the existing facilities. 

The elements for the development of a complete master plan are: 
1. Property Plan. 
2. Topographic Plan-A useful scale is 1" = 200' with con

tours at 2-foot intervals. 
3. Location and Obstruction Map--This should show the re

spective location of nearby communities, highways, railroads, etc., to 
the proposed airport. Also indicated upon this map should be the 
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location and height of all obstructions with a 40: 1 ratio from the air

port with two miles of the ends of the proposed runways. 

4. Meterological Data-Includes wind data, precipitation data 

and temperature data. 
5. Soil Data-Includes buf :qot restricted to identification of 

surface and sub-soil data and determination of the ground water table. 

6. Grading Plans-Including profiles of existing and proposed 

finish grades of the proposed runways, runway layout plans, both 

present and future, taxiways,. and b_uilding areas, both for the pro

posed construction an'd future extensions. 
7. Drainage Plans. 
8. Building Layout Plan-This should include all ultimate plan

ning; 40- or SO-ft. scale includes entrance roads and auto parking 

areas. 
9. Lighting Plans-Showing type ·of proposed lighting equipment, 

indicating size, types and location of light and cables, transformers, 

etc., and proposed wiring diagrams showing control points. 
10. Utilities Plan-Showing location of water, sewer, communica

tion and power lines and the proposed manner of bringing them to 

the airport. 
11. Zoning Plans-Showing the required zoning or otherwise 

protecting the aerial approaches to th7 airport. 

SITE SELECTION 

As each particular airport site has it~ own particular local condi

tions such as topography, meteorological conditions, etc., each will pre-, 

sent a different problem when the selection of an airport site is to 

be determined. Since the development of an airport site involves 

safety and efficiency of operation as well as an investment of a large 

sum of money for construction, each such airport site selection de

mands competent engineering knowledge and experience in the field 

for satisfactory solutions. 
Primary consideration should be given to the following factors: 

Accessibility, area sufficient for the type of airport planned, a firm 

well draining soil, favorable meteorological conditions, freedom from 

obstructions and an adequate distance with relation to other airports. 

Probably the most important consideration which would in

tluence the selection of a site would be that there be sufficient area 

to provide for the ultimate development of the airport, together with 
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any additional development which circumstance and use may dictate. 
Consideration should be given the areas which would be included in 
the future expansion so that there would be no costly drainage costs 
or costly grading expense. Also future area can and where possible 
should be protected by proper lease or option agreements on land 
adjacent to the site. 

Natural or man made obstruction in the vicinity of the site may 
have material effect upon the usefulness or size of the landing area. 
Therefore, full consideration should be given to all areas adjacent 
to the site within two miles of its boundaries. Unsafe material ob
structions such as hills, knolls, trees, etc., will limit the approaches 
and obstruct the approach zones to the runways. Before the final 
selection of any site is decided upon the removal of power lines~ 
trees, stacks, etc., which would limit the approaches to the runways 
or limit the size of the landing area, the practicability of removing 
or lowering these obstructions should be assured. 

The location in relation to other airports should be considered 
so that a safe distance will be maintained between the airports so that 
the local traffic at one airport will not be a hazard to the local traffic 
at any other airport. The distance between airports will be· deter
mined by the sizes and use of the various fields. 

Careful consideration of a site will include a study of wind, fog 
and smoke conditions which will materially affect the visibility at 
the site. A study should be made of the direction and duration of 
the winds as the prevailing . winds will dictate the alignment of the 
runway and the location of the building area. 

Accessibility of the site by ground transportation is of prime 
importance. To assure a rapid interchange or air and ground traffic, 
the selection of a site which' is conveniently located with respect to 
the existing highway system as well as other means of ground trans
portation is an important factor in enabling the public or a munici
pality to obtain the maximum benefit from air transportation. 

The frequency, speed and cost of any existing or proposed means 
of ground transportation should be considered even more than the 
distance in miles the proposed site will be located from the munici
pality. 

The selection of a site, which is suitable for the planned develop
ment, requires a balance between the necessity of obtaining a loca
tion which departs sufficiently from the dead level conditions to pro-



AIRPORT SITE SELECTION 127 

vide natural drainage, and the necessity for a site which will nqt 
require heavy grading, yet will not contain slopes so steep that seri
ous erosion will result. 

Sites having low contours or natural knolls which lend themselves 
readily to grading in such a way that they will slope gradually in sev
eral directions, or those that are in one or more places so sloped as 
to drain freely, offer special advantages, in that the terrain may be 
economically graded to permit the surface water to flow readily to 
points of collection in the drainage or storm water system. It is 
obvious that any water which is rapidly removed from the surface 
of the area either by natural or artificial drainage will not have the 
opportunity to soften the area on its passage off the usable landing 
or other aircraft operating· areas. A site on which the topography 
will accomplish the rapid removal of surface water, will reduce greatly 
and in some cases, eliminate the necessity of sub-surface drainage. 
The ultimate desire in airport construction is that the entire area be 
safe and usable by aircraft for ejther landing and takeoff, taxiing 
or plane parking, during the entire year except in cases of emer
gency such as heavy snow, floods, etc. 

One item which often receives too little consideration in the se
lection of an airport site is the matter of soil characteristics. The 
most desirable type of soil for airport purposes are those which con
tain a reasonable amount of porns material such as gravel, coarse 
sand, or decomposed rock, combined with a suitable natural binder. 
The undesirable types are those soils which become plastic and have 
low bearing qualities when wet. If the soil on the site selected for 
the development of an airport does not possess sufficient self-draining· 
characteristics to insure the safety of all weather operations, artifi
cial drainage and paved runways, taxiways and parking aprons are 
required for dependable all weather operations. This is especially true, 
in snow country and in practically all cases for scheduled airline 
operations. A soil survey is necessary to ascertain the performance 
characteristics of the soil at any specific site. Included in such a 
soil survey, of course, is an investigation of the maximum height of 
the ground water level. 

Consideration should also be given to the distance the proposed 
site is located from existing electric power, telephone, gas, water, 
sewer utilities and the cost of extending these services to the site 
should be considered. 
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It is of vital importance that a complete grading plan of the en
tire area which will ultimately be included in the airport be prepared 
which will take into consideration the contemplated finished grades. 
Drainage, surfaced and landing area lighting are all affected by the 
grades established for the landing area. 

One of the prime factors to be considered in preparing the grad
ing plan is the maximum gradient permissible from the aeronautical 
standpoint. Excessive grades particularly make all landings more 
difficult. Longitudarial grades, not in excess of 1¼ %, are prefer
able on runways and the transverse grades should not exceed 1 ¼ % . 

In the consideration of the ideal grades for a landing area, various 
factors, including the character of the soil, must be given attention. 
If the soil has very pervious sand or gravel, permitting the rapid 
absorption of rainfall, a much flatter grade· may prove more desir
able. If it is such as necessitates the collection and removal of sur
face water, grades must be adjusted insofar as is feasible to provide 
for quick run-off, but not so steep as to cause erosion of the surfac~ 
of the airport. 

The layout of the runway or runways have a very important 
bearing on the grades to be established for the landing area ancl 
should be definitely decided upon before finally establishing the . 
grades. 

In some instances, fills, because of their depth, character of 
material and method of placing, may be subject to settlement, with 
disastrous effect on the drainage and other sub-surface structures 
and the runways. The method of placing and compacting the fill 
material, therefore, should be given careful consideration. 

Under ordinary conditions, the placing of the fill in thin layers 
and rolling will give satisfactory results. An improvement over this 
method consists of the addition of a suitable amount of water before 
and during the rolling operations, depending upon the character of 
the material. The use of tractors and hauling equipment with the 
track type treads and the use of sheep's-foot rollers will also prove 
advisable. 

Stability of earth slope is affected by moisture content, and 
therefore proper drainage may be a more satisfactory substitute for 
flatter slopes. All fill slopes shall be amply protected against surf ace 
water erosion by berms or gutters along the top of the slope to inter
cept surface water and to pr~vent it from spilling down the slope. 
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Therefore, it is recommended that the grading plans, wherever 
possible, be designed to carry surface water away from any paved 
areas or building areas. A few hundred dollars expended in drainage 
and paving installation may save thousands in maintenance costs. 

An investigation of soil conditions is an important part of the 
development of an airport site. The character of the soil profile, 
such factors as ground level and drainability, sub-grade support for 
runways, etc., under all weather conditions, suitability of the soil for 
runway stabilization and availability of construction materials, will 
be a dominant factor not only in the first cost but also in the adequacy 
and permanence of any development. This will be especially true in 
the case of paved runways. 

The rapid development of soil mechanics in recent years has 
made it possible to use soil as an engineering material with much more 
insurance than was possible in the past. The gradual elimination of 
the rule-of-thumb methods and apparently unpredictable failures has 
proceeded much further than is commonly recognized. 

Soils are generally classified as either heavy or light. This 
classification has no reference to weight, but is usually referred to 
the ease of tilling. The heavy soils are not easy to till, and have a 
predominance of clay, while ·the light soils till easily and have a pre
dominance of sand or humus, or both. 

A classification taken into consideration, the more minute chemi
cal and physical properties according t9 their fineness, follows: gravel, 
sand, medium sand, fine sand, very fine sand, sand loam, silt and 
clay. 

Considering this classification, the band between sand loam and 
clay loam is best suited for developing a dry, firm surface, suitable for 
.seeding as an unpaved landing area. 

A soil survey as to local conditions requires only auger borings 
which may be made by hand, although identification of soil types 
generally are made by visual inspection. The field survey should also 
be utilized to collect samples for laboratory tests subsequently re
quired for specific design problems. 

The soil survey may indicate whether or not subsurface drain
age will be required or whether the existing soil is capable of carry
ing the applied loads under all weather conditions. 

Soil testing may be conveniently subdivided into tests for granu
iar and for cohesive soils, which differ substantially in physical prop-
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erties and behavior. In both cases there are certain tests which may 
be performed in the field but more often the field work consists of 
obtaining adequate samples for laboratory tests. 

Since ability to support applied loads under all weather condi
tions is the fundamental basis of pavement design, bearing capacity 
of a soil mass is one of the essential properties to be measured. In 
cohesive soil, bearing capacity is a function of cohesive shearing re
sistance. 

The bearing capacity of granular soils is dependent upon inter
nal stability, which is the function of the mechanical arrangement 
of the soil particles, and the lateral pressure, which acts as a confining 
influence for a loaded element of the granular mass. Undisturbed 
samples may be taken in the field to determine the density and the 
laboratory test of stability is conducted at field density. 

Probably the greatest difficulty with the use of soil as an en
gineering material lies in its susceptibility to volume change due 
largely to variations in moisture content. Most failures in pavement 
surfaces and roads can be attributed to this factor. The capacity 
of soil to absorb water, due to its high capillarity, results in the loss 
of both cohesion and internal stability. The variation in moisture is 
also accompanied by shrinkage or expansion of the soil, which in 
itself may disrupt a road surface and destroy its structural strength. 

In recent years corrective measures have been developed to 
eliminate the undesirable property of excessive volume change in 
soils and to produce a permanent and more highly resistant soil mass. 
Improvement in the gradation of the soil is the most common method 
of improving its properties. The addition of granular materials in 
heavy clays may correct excessive volume change. Clay may also 
be used to provide cohesion in a loose granular mass. 

Also admixtures such as cement or bitumen may be used for 
stabilization, in the .former case to provide a more highly resistant 
solidified soil structure, and in the latter to seal the soil mass against 
moisture. 

Another important aspect of soil behavior is drainability, which 
may be determined to some extent by laboratory or field test. It is 
well recognized that drainage is one of the most effective means of 
eliminating excessive moisture changes if it is possible to accomplish 
this under field conditions. For practical purposes i't appears that 
present knowledge justified the general statement that clay soils are 
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not drainable but that sands are. Intermediate silty textures are 
doubtful, and definite limits of drainability are hard to establish. 

In heavy clays percolation is negligible and the surface drainage 
must be designed to take care of most, if not all, of the surface run
off. Subdrains may in some instances be required to lower a high 
water table and to eliminate water traps beneath the runway surface. 
The. important feature is the determination of capillarity and the 
location in the field of the free water level. 

In sandy soils, permeability is the important factor to determine 
the amount of percolation from the surf ace that must be carried away 
by subdrainage. In well-drained sands subsurface drains are seldom 
required. The most serious situations occur in soil profiles of shal
low sand strata underlain by impervious clay. In these cases the 
subsurface drainage system must be de~igned to remove practically 
all of the total rainfall and infiltration from the surrounding areas. 
In such cases the measurement of permeability or percolation rate is 
an essential requirement. 

In closing I would like to generally review the various factors 
which the engineer must consider in a site sel.ection for an airport. · 

1. AREA-The site must contain sufficient area for the number 
and size of required landing str_ips, taxiways and building area. 

2. ACCESSIBILITY-The site should be easily accessible by 
road, rail and other means of public transportation. 

3. OBSTRUCTIONS-An obstruction free zone entirely around 
the site is preferred, but lacking this, there must be obstruction-free 
approach zones at each end of the landing strip. Man-made obstruc
tions such as towers, stacks and pole lines can often be removed, 
while trees obstructing the approach zones may be topped or removed. 

4. METEOROLOGICAL CONDITIONS-Wind, rainfall, fog 
and snow affect operations, and should be considered in selecting a 
site. Meteorological data is usually difficult to obtain but this should 
not lessen the attempt. Desired wind information includes the in
tensity and directioQ of the prevailing wind, together with the local 
peculiarities of winds, such as down drafts, turbulence caused by 
nearby hills and any pronounced difference between day and night 
winds. 

5. HYDROLOGIC CONDITIONS-The hydrologic conditions 
to be investigated and considered are the position a'.nd seasonal varia-
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tion of the ground water table and any flood characteristics of streams 
bordering the site. 

6. TOPOGRAPHY-A site with favorable topography is · one 
located on high ground, with sufficient slope for natural surface drain
age, and a reasonably smooth surface requiring little grading. 

7. SOIL CHARACTERISTICS-The character of the soil de
. termines the type of runway to be constructed and the thickness of 

the base course for both runways and taxiways. 
8. AVAiLABILITY OF LOCAL MATERIALS-Where a base 

course is required for runways, taxiways, plane parking aprons and 
roads, the quantity of natural local material is a major item. Recon
naissance must include the' nearest source of the required material 
for adequacy of quality and quantity. 

9. UTILITIES-The· location · of existing utilities such as 
water, gas, sewerage, electricity, telephone and telegraphic line should 
be determined. 

It is _unusual to be able to select an ideal site, and the engineer 
must make the determination, usually based on economic considera
tion, which one of several sites should be developed. 
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THE EQUATIONS OF THE CONTINUOUS FRAME 

BY THOMAS C. COLEMAN,* Member 

IN THE analysis of an indeterminate structure it is necessary 
to give proper recognition to the elastic properties of the structure. , 
In the case of the continuous frame this is done by directing the 
study to the elastic properties of its individual members. 

In Figure 1, let X-Y be a structural member rigidly connecting 

L 

FIG. l.-DEF0Rl\1ATION OF A TYPICAL MEMBER OF A CONTINUOUS FRAME. 

the joints X and Y of the structure.' Assume a loading on the struc
ture such that the member assumes the position of the curved line 
X-Y'. When this takes place the joint X is rotated through an angle 
ci,,0 the joint Y through an angle cf,y, and the joint Y is also translated 
vertically relative to X by a distance Y~Y'. This vertical motion is 
equivalent to a rotation of the beam through an angle V'xy, such that 
Y-Y' = L V'xy when the angle is expressed in radians. 

Assuming that positive angles are clockwise, and that positive 
moments at the ends of the member are such as would cause clock
wise rotations of the adjacent joints, the following relationships will . 
hold: . .· 

Mxy + Kxcf,x + CYKYcf,Y - (K,. + CyKy)t/Jxy - Fx = 0 (A) 
and, 

•Assistant Structural Engineer. Massachusetts Department of Public Works, Boston, Mass. 
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I:r.. which 
Mxy = Moment in the end of the beam at X. 
Myx = Moment in the end of the beam at Y. 
Kx = Stiffness factor of the beam at the joint X. 
Ky = Stiffness factor of the beam at the joint Y. 
Cx = Carry-over factor from X to Y. 
CY = Carry-over factor from Y to X. 
F x = Fixed end moment at X. 
FY = Fixed end moment at Y. 

In Equations (A) and (B) it is not necessary that the member 
be of uniform cross-section throughout its length, so long as the 
proper stiffness factors, carry-over factors, and. fixed end moments 
are chosen. In any case the following relationship holds: 

CXKX = CyKy. (C) 
In the event that the member is fixed at only one end, such as 

at X, and has a pinned connection at Y, then Myx = 0, and the value 
of Mxy is expressed as follows: 

Mxy + (1 -CxC,) Kx<f>x- (1-CxC,)Kx'Pxy- Fx- CxFy = 0 (D) 
If the joint Y is fixed, the value of Myx becomes: 

Myx + (1-CyCy)Ky'Py- (1-CxCy)Ky'Pxy + CxFx +.FY= 0 (E) 

The values of (1 - CxCx)Kx in Equation (D) and (1 - CxCy)Ky in 
Equation (E) are known as "modified" stiffness factors and the rota
tion of the beam at the hinged joint disappears as a factor in the 
analysis. Wherever 'Pxy, or sidesway factor, appears in the preceding 
equations it will be noted that its coefficient has always been equal 
to the negative sum of the coefficients of <f>x and 'Py• 

Frequently a structural problem of this type would be handled 
by moment distribution. This is equivalent to applying imaginary 
restraints to the structure so that all of the terms in Equations (A), 
(H), (D) and (E) are equal to zero except the constant terms, which 
give the first approximation of the moments. Restraints are removed 
in such a manner that the effects of each of the other terms are in
troduced in turn, making successive corrections until the result is 
correct within acceptable limits. 

Simultaneous equations, as such, are generally avoided, partly 
because of the simplicity of Moment Distribution, and largely because 
of the difficulty of handling a large number of simultaneous equations. 
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In some cases however the difficulty of isolating the effects of 
the different terms, or the slow convergence of successive cycles may 
make it desirable to have available a less inconvenient method of 
handling simultaneous equations. It is for such a purpose that this 
discussion is offered. 

The method to be presented is a variation of the well known 
method of substitution, which is as follows. Assume that there are 
three variables, x, y, and z contained in three equations. In one 
equation x is chosen as the principal term, and the equation is re
arranged to express the value of x in terms of y, z, and a constant. 
A second equation is selected with y as its principal term and its 
value expressed in terms of x, z, and a constant. The value of x how
ever has already been expressed in the previous equation so its value 
can be substituted, and the second equation reduced so tha~ the value 
of y can be expressed in terms of z and a constant. In like manner 
the value of z can be expressed by a constant alone. This value can 
then be inserted in the previous equations and the values of y and x 
obtained in succession. 

The variation of this method as presented herein consists mainly 
in placing all of the terms on the left hand side of every equation, 
the principal term being placed first and its coefficient reduced to 
unity. In this way the right hand side of an equation is always zero 
and can be omitted. The procedure of making the substitutions is 
simplified, and the equations are considered in groups rather than in 
pairs. 

In assigning the principal terms to the various equations, a judi
cious selection will enhance the accuracy of the work. Thus, assume 
that the two following equations are given: 

x + 100 y + a= 0. (F) 
and, 

lO0x+y+b=0. (G) 
In Equation (F) assume that x is arbitrarily designated as the prin
cipal term. It will be seen that since its value depends upon the 
value of 100 y, any error in the value of y will also be multiplied 
by 100. On the other hand if y is designated as the principal term, 
then Equation (F) will reduce to: 

y + 0.01 x + 0.01 a= 0. (H) 
in which the value of y will depend on the value of 0.01 x, and will 
contain only 1 % of any error involved. Equation (G) is equally 
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suitable for designating x as the principal term, in which case the 
value of x will contain only 1 % of the error contained in y. It 
will be seen that in assigning the principal terms to the various 
equations, they should be selected to have coefficients as large as pos
sible in relation to the other coefficients in the equations. 

The procedure will be illustrated and further developed by the 
use of · an example. Assume that it is required to determine the 
stresses in the two-span gabled roof truss illustrated in Figure 2. 

~embei: End Stiffness Carry-over F1xed l::nd 
Factor Factor ldo!!!.ent 

AB 'B 7. l ( ~odl fled) o.o 

BC B 3.8 0.60 ► 22.0 
BC C 3.s 0.60 · 29.3 

OD Both 4.7 0.59 0.0 

DE Both 3.8 0.60 o.o 

D>! D 6.0 (Modl!led) 0.0 

EF Botn 4.7 0.59 o·.o 

FG F 5 .O (llodl!lod) o.o 

F1gure 2, Det.a.11B ot Double Span Gabled Root Truae to be An&1Jzo4. 

This truss has been chosen because it has been analyzed by· the 
m~thod of Moment Distribution, and used as an illustration of that 
method in a widely distributed trade publication.* The members 
are not of uniform cross-section, and this fact must be considered 
in deriving the frame constants and the fixed end moments. These 

*Concrete Information Bulletin No. ST43, "Gabled Concrete Roof Truss Analyzed by 
Moment Distribution", (pp. 6-8); published and distributed by the Portland Cement Acco 
ciation. 
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factors are indicated in Figure _2, and are the same as those derived 
and used in the original publication. 

At this point it is desirable to introduce a slightly different 
nomenclature to avoid the use of subscripts. · In the beam. B-C, the 
rotation of the joint' "B", heretofore indicated as c/>n, will be referred 
to simply as "B". The moment in the beam B-C exerting a_ clock
wise influence at the joint B (previously Mnc) will hereafter be called 
simply "BC", and the clockwise moment exerted at the joint C will be 
"CB". The sidesway angle, heretofore indicated as 1/J ( such as 1/Jnc), 
will be simply "be", using lower case letters and always in their 
alphabetical order, as this angle is the same from both ends. The 
horizontal and vertical reactions at a point of support such as pofot 
A, are "HA" and "VA" respectively as indicated. · 

To simplify the conditions of static equilibrium the frame is con
sidered as being "cut" in the member C-D immediately to the left 
of joint D, and the stresses in the member replaced by equivalent 
forces and moments as shown. 

In deriving the equations from the structure sidesway will be 
considered first. When sidesway takes place, the joint B in Figure 2 
moves a distance of "18ab" feet horizontally, moving to the right 
for a positive value of "ab". Joint C moves relative to B a dis
tance of "36bc" feet perpendicular to the axis of the member B-C, 
giving a vertical component of 30.5 be and a horizontal component 
of "19 .1 be". Similarly the motion of the joint D relative to C is 
"24 be" with a vertical component of "14.5 cd" and a horizontal com
ponent of "18.1 cd". Since the joint Dis also restrained by the mem
ber D-M, Equations (1) and (2) in Table I can be· derived, and 
Equations ( 3) and ( 4) follow similarly from the other span. 

Other equations listed in Table I may be summarized as fol
lows. Equations ( 5) to ( 8) express the required static equilibrium 
in each span. Equations ( 9) to ( l 5) express the interrelations be
tween the moments and forces, and tie in the dimensions of the struc
ture. Equations ( 16) to ( 2 0) express the equilibrium of the moments 
at each joint. Equations (21) to ( 31) are the elastic equations of 
the members as previously discussed. Thus there are 31 equations for 
31 unknowns. 

In Table I the principal terms are underlined. These were se-
' lected by inspection, the intention being to assign the principal terms 

in such a way that their coefficients should be as large as possible 
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TABLE I-EQUATIONS AS DERIV~ FROM THE STRUCTURE 
(Principal terms are underlined) 

( 1) 30.5 be + 14.5 ed - 0 
( 2) 18.0 ab + 19.l be - 19.1 ed - 18.0 dm .= 0 
( 3) 30.5 de + 14.5 ef = 0 
( 4)' 19.1 de + 18.0 dm - 19.1 ef - 18.0 fg = 0 
( 5) VA + VD 6.0 = 0 

( 6) VM + VG - VD= 0 

( 7) . HD + HA - 0 

( 8) HM + HG -HD= 0 

( 9) BA - 18.0 HA = 0 

(10) BC + 45 VD + DC - 99.0 = 0 
(li) CD - 19.1 Hi5 + DC + 14.5 VD = 0 

"(12) DM - 18.0 HM - 0 
(13) DE - 18.0 HG + 45 VG= 0 
(14) EF - 37.1 HG + 14.5 VG = o 
(15) FG - 18.0 HG = 0 
(16) BA + BC 0 
(17) CB + CD 0 
(18) DC + DE + DM = 0 
(19) ED ·+ EF 0 
(20) FE + FG 0 
(21) BA + 7 .1 B 7.1 ab = 0 
(22) BC + 3.8 B + 2.28C - 6.08 be - 22.0 = O 
(23) CB + 2.28 B + 3.8 C - 6.08 be + 29.3 = 0 
(24) CD + 4.7 £_ + 2.77 D - 7.47 ed = o 
(25) DC + 2.77 C + 4.7 D-'- 7.47 ed = 0 
(26) DE + 3.8 D + 2.28 E - 6.08 de = 0 
(27) DM + 6.0 o 6.0 dm = o 
(28) ED + 2.28 D + 3.8 E - 6.08 de= 0 
(29) EF + 4.7 E + 2.77 F - 7.47 ef = 0 
(30) FE + 2.77 E + 4.7 F - 7.47'ef = o 
(31) FG + 5.0 F 5.0 fg = 0 

in relation to the coefficients of the minor terms. In the case of the 
moment terms, these always appeared with a coefficient of unity, 
therefore they were selected on the basis of .having minimum coeffi
cients on the minor terms. 

In solving the equations they should be selected in such a se
quence as to cause a minimum of work. Assume that Equation ( 4) 
be s~lected first. As "ef" is the principal term of this equation, the 
equation can be said to define the value of that term. But the term 
"ef" also occurs in other equations, such as Equation ( 3), which 
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will have to be dealt with sooner or later. When that time comes 
it will be necessary to eliminate the "ef" term from Equation ( 3) by 
using Equation ( 4). This will involve a multiplication and an addi
tion operation for each of the minor terms in Equation ( 4), and will 
introduce terms in "dm" and "fg" into the resulting form of Equa
tion ( 3) which were not in its original form. The same thing will 
happen for any other equation that may contain a minor term in "ef". 

If on the other hand these equations were to be considered in 
the reverse order, Equation ( 3) would be used first to define the 

term "de". Later it will be necessary to consider Equation ( 4), and 
it will be found that Equation (3) will have to be used to eliminate 
the "de" term. However Equation ( 3) contains only one minor term 
which already occurs in Equation ( 4), so no new term will be intro

duced into either equation. 
In order to determine approximately the most desirable order 

of procedure, a method of rating the equations was adopted. From 
the previous discussion it will be seen that whichever equation is 
used first a certain amount of subsequent work can be anticipated. 
This work will involve an addition and a multiplication operation 

performed on each minor term in the equation, which will have to 
be performed once every time that the principal term in the equa
tion occurs in some other equation as a minor term. In other words 

if an equation is selected to be used first, the amount of work to be 
anticipated ,later can be measured by the product of the number of 
minor terms that it contains by the number of times that its prin
cipal term occurs elsewhere as a minor term. Therefore the order • 

of proci:;dure was determined by rating the different equations in 

this manner, selecting the equation with. the lowest rating to be used 
first, then adjusting the ratings of remaining equations and repeating. 
In this way the order of procedure should be close to the optimum. 

In order to rate the equations an "Equation Rating Chart" was 

used, as illustrated in Tables II and III at different stages of the 
computations. In the chart each unknown is placed at the head of 
a separate column, and the equations are plotted by placing a cross 

"X" in the column of the principal term and a check "v" in the 
column of each minor term, the arrangement being such that all of 
the principal terms lie on the same diagonal. In Table II a figure 
is placed at the bottom of each column showing the number of minor 
terms in the column. In the column to the right of the tabulation 
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is shown the number of minor terms in each equation, and still farther 
to the right is shown the "Product of the Minor Terms". This is 
the rating of the equation and is the product of the number of its 
minor terms by the number of minor terms in the column which 
contains its principal term. 

In comparing the rating of the various equations it will be seen 
that there are two equations with a rating of zero. One of these, 
Equation ( 5), is therefore selected to be considered first and is 
entered in Table IV as Equation (32). Equation (32) is merely a 
repetition of Equation ( 5) because the principal term already has a 
coefficient of unity. 

Having disposed of Equation ( 5), the terms which it contains 
need no longer be considered in the rating of other equations. There
fore all of the terms in Equation ( 5) are crossed out in the Rating 
Chart (Table II). This reduces the number of minor terms in the 
"VD" column to two, which reduces the rating of Equation ( 10), 
lvhich contains "VD" as a principal term, from six to four. This 
change is made in the proper column. 

In a similar way Equation ( 6) is re-entered in Table IV as Equa
tion ( 33). Crossing out the affected terms in Table II removes an-

TABLE IV-EQUATIONS AS DEV-ELOPED FOR SOLUTION 

Eq.No. Source Algebraic expression bein!!: equal to zero 

(32 ) ( 5) 1.000 VA + 1.000 VD - 6.0 
(33 ) ( 6) 1.000 VM + 1.000 VG - 1.000 VD 
(34 ) ( 7) 1.000 HA+ 1.000 HD 
(35 ) (20) 1.000 FE + 1.000 FG 
(36 ) (10) + 45 1.000 VD+ .0222 BC + .0222 DC - 2.20 
(37 ) (13) + 45 1.000 VG - 0.40 HG + 0.0222 DE 

(38 ) (21) + - 7.1 1.000 ab 1.000 B - 0.1410 BA 

(39 ) (31) + - 5.0 1.000 fg 1.000 F - 0.200 FG 

{40a) ( 9) 1.000 BA - 18.00 HD 
(40b) Work Sheet 1.000 BA + 18.00 HB 

(41) (12) 1.000 DM - 18.00 HM 

(42) {19) 1.000 EF + 1.000 ED 

(43 ) (15) 1.000 FG - 18.00 HG 

(44a) (16) 1.000 BC + 1.000 BA 
(44b) Work Sheet 1.000 BC - 18.00 HD 



Eq.No. 

(45) 

(46) 

(47) 

(48) 

(49) 

(50a) 
(50b) 

(51a) 
(51b) 
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Source 

(17) 

(1) + 30.s1 

(3) + 30.5 

( 8) 

(25) 

(23) 
Work Sheet 

(30) 
Work Sheet 

TABLE IV (Conti~ued) 

Algebraic expression being equal to zero 

1.000 CD + 1.000 CB 

1.000 be + 0.476 cd 

1.000 de + 0.476 ef 

1.000 HM+ 1.000 HG - 1.000 HD 

1.000 DC + 2.77 C + 4.7 D - 7.47 cd 

1.000 CB + 2.28 B + 3.8 C - 6.08 be + 29.3 
1.000 Cb + 2.28 B + 3.8 C + 2.89 cd + 29.3 

4.7 F + 2.77 E - 7.47 ef + 1.000 FE 
1.000 F + 0.590 E - 1.590 ef - 3.83 HG 

(52a) (27) -6.00 dm + 6.00 D + 1.000 DM 
(52b) Work Sheet 1.000 dm - 1.000 D - 3.00 HD + 3.00 HG 

(53a) (28) 1.000 'ED + 2.28 D + 3.8 E - 6.08 de 
(53b) Work Sheet 1.000 ED + 2.28 D + 3.8 E + _2.89 ef 

(54a) (22) 3.8·B + 2.28 C - 6.08 be.+ 1.000 BC - 22.0 
.(54b) Work Sheet 1.000 B + 4.74 HD + 0.600 C + 0.760 cd - 5.79 

(55a) 
(55b) 

(56a) 
(56bl 

(57a) 
(57b) 

(58a) 
(58b) 

(59a) 
(59b) 

(60a) 
(60b) 

(61a) 
(61b) 

(62a) 
(62b) 

(24) 
Work Sheet 

(11) 
Work Sheet 

( 2) 

Work Sheet 

(18) 
Work Sheet 

(14) 
Work Sheet 

(26) 
Work Sheet 

(29) 
Work Sheet 

( 4) 
Work Sheet 

4.7" C + 2.77 D - 7.47 cd + 1.000 GD 
1.000 C - 1.515 HD + 0.389 D - 0.886 cd + 5.97 

- 19.1 HD + 14.5 VD + 1.000 CD + 1.000 DC 
1.000 HD + 0.0977 D - 0.1930 cd - 2.040 

- 19.1 cd + 18.0 ab + 19.1 be· - 18.0 dm 
1.000 cd - 0.598 HG - 0.0648 D + 2.69 

1.000 DE + 1.000 DC + 1.000 DM 
1.000 DE - 13.41 HG - 4.473 D + 24.00 

- 37.1 HG+ 14.5 VG + 1.000 EF 
1.000 HG - 0.0236 D - 0.1070 E - 0.0812 ef - 0.217 

3.8 D + 2.28 E - 6.08 de + 1.000 DE 
1.000 D + 0.432 E + 0.464 ef - 2.46 

4.7 E + 2.77 F - 7.47 ef + 1.000 EF 
1.000 E - 0.0710 ef + 1.235 

- 19.1 ef + 19.1 de + 18.0 dm - 18.0 fg 
1.000 ef - 1.052 
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other minor term from the "VD" column and a term from the "VG" 
column reducing the ratings of both Equations (10 and (13) to "2". 

Equation (34) is· derived from Equation (7) in a similar way. 
In this case however reference to Table II will sho~ that "HA", the 
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principal term, also occurs in Equation (9) as a minor term. This 
term is crossed out from the chart as it will be eliminated, but this 
will introduce an "HD" term into Equation (9) from Equation (34). 
This is indicated on the chart (Table II) by entering the figure "34" 
in the appropriate space. In a similar way succeeding equations are 
entered in Table IV, the coefficient of the principal term being reduced 
to unity in all cases, until Equation (9) is encountered, which is to 
be entered as Equation ( 40). 

The original form of Equation (9) contains a term in "HA" that 
has already been defined. This term is to be eliminated by means of 
Equation (34) which defines it. The elimination is performed on 
the "Work Sheet", Table V. The original form is indicated as Equa
tion ( 40a) and the final form as Equation ( 40b), both of which are 
also entered in Table IV. 

In working with the Rating Chart (Tables II and III) the pro
cedure was as follows. From the chart an equation was selected to 
be reduced to its final form. The terms affected were crossed out on 
the chart using a single line. The new terms were added to the chart 
and the changes in ratings were made. Then· the single lines were 
doubled and the new terms encircled to avoid confusion in later opera
tions. 

In working with Tables IV and V, the terms to be encountered 
were first determined from the rating chart and entered without coeffi
cients to insure the entry of Lhe proper lerms, Lhe coefficients tlieu Le
ing obtained from the equations. In Table V an additional term "~" 
was ;ntered in each equation. This is the sum of all the coefficients 
in the equation and constitutes a chj:!C~ on the mathematical work. 

Table III shows the appearance of the Equation Rating Chart 
at the preparation of Equation ( 5 8). Tables IV and V show the 
algebraic work, finally giving Equation ( 62b) which states that 
ef - 1.502 = 0, the value of "ef" therefore being + 1.502. 

The value of "ef" as obtained from Equation ( 62b) can then be 
substituted in all the equations that contain that term. This imme
diately enables Equation ( 61 b) to be completed, and the other 
equations can be completed in sequence. Wherever Table IV gives 
two forms for an equation it is the "b" form that determines the 
value of the principal term, with the "a" form to serve as a check. 

The completed equations, with numerical values substituted for 
the unknowns, are shown in Table VI. In this table are also shown 



TABLE V-WORK SHEET-SHEET 1 OF:'3 SHEETS 

Eq.No. Source Terms 
BA HA HD ~ 

( 40a) = Eq. (9) + 1.000 -18.00 - 17.00 
(34) X 18.00 +18.00 + 18.00 + 36.00 

(40b) Total + 1.000 + 18.00 + 19.00 
BC BA HD ~ 

I 

+ (44a) = Eq. (16) + 1.000 1.000 2.00 
(40b) x - 1 - 1.000 - 18.00 - 19.00 tT1 

K) 
(44b) Total + 1.000 - 18.00 - 17.00 C 

CB C be cd B Constant ~ 
. >-

""i 
(50a) = Eq. (23) + 1.000 + 3.80 - 6.08 + 2.28 +29.3 + 1.00 -(46) X 6.08 + 6.08 + 2.89 + 8.97 0 z 
(50b) Total + 1.000 + 3.80 + 2.89 + 2.28 +29.3 + 9.97 Ul 

F E ef HG FE FG 2: 0 
(51a) = Eq. (30) + 4.7 + 2.77 - 7 .47 + 1.00 + 1.00 '"11 

(35) X - 1 - 1.00 - 1.00 - 2.00 ""i 
(43) X + 1 - 18.00 + 1.00 - 17.00 0:: 
Total + 4.7 + 2.77 7.47 - 18.00 - 18.00 tT1 -

(Slb) x 1/4.7 + 1.000 + 0.590 - 1.590 - 3.83 - 3.83 (") 

dm D DM· HD HG HM ~ 
0 z 

(52a) = Eq. (27) - 6.0 + 6.0 + 1.000 + 1.00 ""i -(41) X - 1 - 1.000 +18.00 + 17.00 z 
(48) X - 18.QQ + 18.00 -18.00 -18.00 - 18.00 C 
Total - 6.00 + 6.00 + 18.00 -18.00 0.00 0 

C (52b) - 1/6.00 + 1.00 - 1.00 - 3.00 + 3.00 0.00 Ul 

ED D E de · ef ~ '"11 
(53a) = Eq. (28) + 1.000 + 2.28 +. 3.8 - 6.08 +-LOO ~ 

(47) X + 6.08 + 6.08 + 2.89 + 8.95 >-
~ 

Total + 1.000 + 2.28 + + 2.89 + 9.97* "" 3.8 tT1 
B HD C be cd BC Constant ~ 

(54a) = Eq. (22) + 3.8 + 2.2~ - 6.08 . + 1.00 - 22.0 + 1.00 
(44b) x - l +.18.00 - 1.00 + 17.00 
(46 ) X + 

0

6.08 + 6.08 + 2.89 + 8.95 
Total + 3.8 +18.00 + 2.28 _J_ 2.89 -22.0 + 26.95 '.j;;'. (54b) l\ J/3.8 + 1.00 + 4.74 + 0.600 + 0.760 - 5.79 + 7.10 V, 

*In the ~ term the horizontal total differed in some cases slightly from the vertical total. In such cases the 
horizontal total was accepted in order to avoid accumulation. 



I TABLE V (Continued) 

Eq.No. Source Terms 

C HD B D cd CB CD Constant ::!: 

(55a) = Eq. (24) + 4.7 + 2.77 - 7.47 + 1.00 + 1.00 
(45 ) X ~ 1.00 - 1.00 - 1.00 - 2.00 
(50b) x + 1.00 + 3.80 + 2.28 + 2.89 + 1.00 + 29.3 + 9.97 
(54b) x - . 2.28 - 1.367 -10.80 - 2.28 - 1.'730 + 13.20 -16.17 

'Iota!· + 7.133 -10.80 + 2.77 - 6.31 + 42.50 - 7.21* 

(55b) x 1/7.133. + 1.00 - 1.515 + 0.389 - 0.886 + 5.97 - 1.012 

HD D cd VD B C BC CB CD DC Constant 2: 

(56a) = Eq. (11) -19.1 + 14.5 + 1.00. + 1.00 - 2.60 

(36 ) X - 14.5 - 14.5 - 0.322 - 0.322 + 31.9 - 15.15 

(44b) x + 0.322 - 5.80 + 0.322 - 5.47 

(45 ) X - 1.00 - 1.00 - 1.00 - 2.00 

(49 ) X - 0.678 - 3.19 + 5.07 - 1.880 - 0.678 - 0.678 

(50b) x + 1.00 + 2.89 + 2.28 + 3.80 + 1.00 + 29.3 + 9.97 

(54b) x - 2.28 -10.80 - 1.733 - 2.28 - 1.368 + 13.20 - 16.19 

(55b) x - 0.552 + 0.836 - 0.215 + 0.489 - 0.552 - 3.30 + 0.559 

Total -34.864 - 3.405 + 6.716 + 71.10 - 31.553* 

(56b) x - 1/34.864 + 1.00 + 0.0977 - 0.193 - 2.04 + 0.9047* . 

cd HG. D HG B C ab be dm BA Constant ::!: 

(57a) = Eq. (2) -19.1 + 18.00 + 19.1 -18.00 0.00 

(38 ) X - 18.0 +1s.oo - 18.00 + 2.54 + 2.54 

(40b) x - 2.54 - 45.60 - 2.54 - 48.2 

(46b) x - 19.1 - 9.08 - 19.1 - 28.1 

(52b) x + 18.0 +54.0 - 18.0 - 54.0 +1s.oo 0.00 

(54b) x - 18.0 -13.65 - 85.2 -18.0 -10.80 +104.0 -128.0 

(55b) x + 10.80 - 9.58 + 4.20 - 16.35 +10.so + 64.3 - 10.92 

(56b) x 201.25 -38.8 + 19.65 +201.15 -411.0 +1s2.o 

Total -90.21 +54.0 + 5.85 -242.7 ~ 30.36* 

X - 1/90.21 + 1.00 - 0.598 - 0.0648 + 2.69 + 0.3372* 

DE HG D HD HM C cd DC DM Constant ::!: 

(58a) = Eq .. (18} + 1.00 + 1.00 + 1.00 + 3.00 

(41 ) X - 1.00 +1s.oo - 1.00 + 17.00 

(48•) X - 18.00 -18.00 + 18.00 -18.00 - 18.00 

(49 ) X - 1.00 - 4.7 - 2.77 + 7.47 - 1.00 - 1.00 

(55b) X + 2 .77 + 1.078 - 4.20 + 2.77 - 2.455 +16.54 - 2.805 

(56b) x - 13.80 -. 1.349 - 13.80 + 2.665 +2s.15 - 12.50 

(57b) x - 7 .68 + 4.59 + 0.498 - 7.680 -20.65 - 2.588 

(58b) Total + 1.00 -13.41 - 4.473 +24.0 - 16.883* 

*In the ::!: term the horizontal total differed in some cases slightly from the vertical total. In such cases the horizontal total was accepted in order to· 



Eq.No. Source Terms 
HG VG D E ef DE ED EF Constant l: 

(59a) = Eq. (14) - 37.1 + 14.5 + 1.00 -21.6 
(37 ) X - 14.5 + 5.80 - 14.5 - 0.322 - 9.02 
(42) X - 1.00 - 1.00 - 1.00 - 2.00 
(53b) x + 1.00 + 2.28 + 3.8 + 2.89 + 1.00 + 9.97 
(58b) x + 0.322 - 4.31 - 1.440 + 0.322 + 7.72 - 5.43 
Total -35.61 + 0.840 + 3.8 + 2.89 + 7.72 -28.08 

(59b) x - 1/35.61 + 1.00 - 0.0236 - 0.1070 - 0.0812 - 0.217 + 0.790 
D HG E de ef DE Constant ~ 

(60a) = Eq. (26) + 3.8' + 2.28 - 6.08 + 1.00 + 1.00 
(47 ) X + 6.08 + 6.08 + 2.90 + 8.98 
(58b) x - 1.00 + 4.473 +13.41 - 1.00 - 24.00 + 16.883 
(59b) x - 13.41 + 0.3165 -13.41 + 1.435 + 1.090 + 2.91 - 10.59 
Total + 8.5895 + 3.715 + 3.990 - 21.09 +16.294* 

(60b) x 1/8.5895 + 1.00 + 0.432 + 0.464 - 2.46 + 1.896* 
E HG D F ef ED EF Constant l: 

(61a) :"" Eq. (29) + 4.7 + 2.77 - 7.47 + 1.00 + 1.00 
(42 ) X - 1.00 

+ 4.40 
- 1.00 - 1.00 - 2.00 

(51b) X - 2.77 - 1.633 +10.60 - 2.77 +10.60 
(53b) x + 1.00 + 3.8 + 2.28 + 2.89 +1.00 + 9.97 
(59b) x - 10.60 + 1.135 -10.60 + 0.250 + 0.861 + 2.30 - 8.37 
(60b) x - 2.53 - 1.090 - 2.530 - 1.172 + 6.22 - 4.79 
Total + 6.912 - 0.491 + 8.52 + 6.41 

(61b) x 1/6.912 + 1.00 - 0.0710 + 1.235 + 0.929 
ef HD HG D E F cd de dm fg FG Constant ~ 

(62a) = Eq. (4) -19.1 + 19.1 +18.0 -18.0 0.08 
(39 ) X + 18.00 -18.00 + 3.60 - 3.60 
(43 ) X + 3.60 - 64.8 +18.0 - 3.60 - 61.2 
(47 ) X - 19.1 - 9.09 - 19.1 - 28.2 
(51b) x + 18.0 -28.6 - 68.9 +10.60 +18.oo - 68.9 
(52b) x - 18.0 +54.0 - 54.0 + 18.0 -18.0 0.00 
(56b) x - 54.0 -54.0 - 5.27 + 10.40 +110.0 - 48.9 
(57b) x - 10.4 + 6.22 + 0.674 - 10.40 - 28.0 - 3.505 
(59b) x + 181.48 -14.73 +181.48 - 4.27 -19.40 - 39.4 +143.2 
(60b) x - 9.13 - 4.24 - 9.13 - 3.94 + 22.5 - 17.30 
(61b) x + 12.74 - 0.905 +12.74 + 15.5 + 11.84 
Total -76.665 + 80.8 - 76.665* 

(62b) x - 1/76.665 ..J.. 1.00 - 1.052 + 1.00 
*In the 1: term the horizontal total differed in some cases slightly from the vertical total. In such cases the horizontal total was accepted in order to 

avoid accumulation. 
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the errors of closure of the checking equations. These errors do not 
seem excessive for slide rule work, and indicate that results are as 
close as the physical knowledge of the structure would probably 
jITTtify. • 

In making the sub?titutions shown in Table VI it is always pos
sible to start with Equation ( 62b) and ·go back in order. However 

T~BLE VI-EQUATIONS AS SOLVED 

(With Unknowns Replaced by Their Values) 

Equations Principal 
No. Term Numerical Values of Terms 

(32 ) VA 4.111 + 1.889 6.0 

(33 ) VM 1.578 + 0.331 1.889 

,(34 ) HA - 1.339 + 1.339 

(35 ) FE - 4.26 + 4.26 

(36 ) VD 1.889 + 0.534 0.2233 - 2.20 

(3 7 ) VG 0.3111 - 0.0946 - 0.2165 

(38 ) ab 2.064 5.464 + 3.40 

(39 ) fg 4.116 3.265 0.851 

(40a) (check) -24.12 + 24.12 
(40b) BA -24.12 + 24.12 

( 41 ) DM +19.82 - 19.82 
(42 ) EF + 4.26 - 4.26 

(43 ) FG + 4.26 - 4.26 

(44a) (check) 24.12 - 24.12 
(44b) BC 24.12 - 24.12 

(45) CD 8.23 8.23 
(46) be 1.136 1.136 

(47) de - 0.501 + 0.501 
(48) HM 1.102 + 0.2367 - 1.339 

(49) DC -10.05 - 19.40 + 11.62 + 17.83 

(50a) (check) - 8.23 · + 12.46 - 26.63 6.90 + 29.3 

(50b) CB - 8.23, + 12 .46 - 26.63 6.90 + 29.3 

(51a) (check) 15.35 - 3.125 7.86 4.26 (= + 0.015) 

(51b) F 3.265 - 0.685 1.673 0.907 

(52a) (check) -34.63 + 14.85 + 19.82 (= + 0.05 ) 

(52b) ·dm + 5.779 2 .473 4.02 + 0.710 

(53a) (check) - 4.26 + 5.63 4.41 + 3.04 

(53b) ED - 4.26 + 5.63 4.41 + 3.04 
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TABLE VI (Continued) 

· Equations Principal 
No. Term Numerical Values of Terms 

(54a) (check) 20.75 - 15.98 - 6.92 + 24.12 - 22.0 (=-0.03) 
(54b) B 5.464 + 6.35 - 4.21 1.814 5.79 

(55a). (check) -32.9 + 6.85 + 17.83 + 8.23 (= + 0.01 
(55b) C - 7.011 - 2.028 + 0.961 + 2.108 + 5.97 

(56a) (check) -25.6 + 27.40 + 8.23 - 10.05 (=-0.02 
(56b) HD 1.339 + 0.241 + 0.460 - 2.040 

(57a) (check) 45.3 + 37.15 + 21.71 -103.8 (= + 0.36 ) 
(57b) cd - 2.388 - 0.142 0.160 + 2.69 

(58a) (check) - 9.76 - 10.05 + 19.82 (= + 0.01 
(58b) DE - 9.76 3.17 - 11.07 + 24.00 

(59a) (check) - 8.78 + 4.50 + 4.26 (=-0.02 
(59b) HG 0.2367 - 0.0584 + 0.1242 - 0.0855 - 0.217 

(60a), (check) 9.40 2.645 + 3.04 9.76 (= + 0.035) 
(60b) D 2.473 - 0.501 + 0.488 2.46 

(61a) (check) - 5.45 + 9.04 7.86 + 4.26 (=-0.Ql ) 
(61b) E - 1.1603 - 0.0747 + 1.235 

(62a) (check) -20.1 9.56 + 103.8 - 74.1 (= + 0.04 ) 
(62b) ef 1.052 - 1.052 

it is frequently possible to vary the sequence and thus complete some 
of the checking equations at an earlier stage in the computations. 
Table VII lists the values of the unknowns in the order in which they 
were actually obtained. . 

Table VI was compiled by placing a transparent overlay on 
Table IV, making the entries on the overlay to correspond with ex
pression beneath, as the values of the unknowns became available. In 
the event of the failure of a checking equation to close, a similar over
lay was placed over the faulty equation on the Work Sheet (Table V) 
and the operations performed with the numerical values. Each opera
tion on the Work Sheet should be valid on the overlay, and each entry 
on the overlay should be the product of the value of the unknown 
and its coefficient on the Work Sheet. Failure on either count would 
indicate the error. 

Table VII lists the values of the unknowns under the loading 
conditions assumed. Different loading conditions would make changes 
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TABLE VII-FINAL VALUES OF UNKNOWNS 

Derived from 

Unknown Value Eq.No. 

ef + 1.052 62 

de 0.501 47 

E + 1.160 61 

D + 2.473 60 

ED 4.26 53 

EF + 4.26 42 

HG + 0.237 59 

FG + 4.26 43 

FE 4.26 35 

F + 3.265 51 

fg + 4.116 39 

DE 9.76 58 

VG + 0.311 37 

cd 2.388 57 

be + 1.136 46 

HD + 1.339 56 

HA 1..)39 34 

BA - 24.12 40 

BC + 24.12 44 

HM + 1.102 48 

DM + 19.82 41 

dm + 5.78 52 

C 7.01 55 

B + 5.46 54 

ab + 2.06 38 

DC - 10.05 49 

VD + 1.889 36 

VA + 4.11 32 

CB 8.23 50 

CD + 8.23 45 

VM + 1.578 33 
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only in the constant terms of the equations and would not alter the 
procedure in obtaining_ the solution. Therefore only the constant 
terrris on the Work Sheet (Table V) need be recomputed. A fresh 
transparent overlay is then placed on Table IV, the corrected con
stants entered on it, and the new solution completed. The values 
of the unknowns will be obtained in the same order as before. This 
holds true regardless of the nature of the loading conditions, whether 
functional, wind, temperature, or settlement. 

In considering the method described herein it should be recalled 
that the terms in the equations represent physical factors which affect 
the stresses in the members. Regardle.ss of the method of analysis, 
the influence of each appreciable· factor in producing the stresses must 
be given proper consideration. In view of this fact, the actual amount 
of work required on the Work Sheet does not seem excessive. 

There is however a certain amount of work required in develop
ing the less obvious of the equations, and in constructing the Rating 
Chart. Also, computers are likely to consider it to be a disadvantage 
to work with abstract figures, the relatiqn of which to the structure is 
not always immediately obvious. · 

On the other hand there are certain advantages. In most of 
the slide rule work a number of multiplications are made with one, 
setting. The work is almost entirely self checking, provided that 
the equations are correctly derived from the structure. The results 
give the vertical and horizontal reactions as well as the moments. The 
frame work of the solution is valid, regardless of the loading con
ditions. 

In any event this study is offered for use on whatever occasions 
that it may be most suitable, leaving to the judgment of the users 
the selection of other methods wherever they may appear to- be m9re 
adaptable. ' 
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OF GENERAL INTEREST 

PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETING 

Boston Society of Civil Engineers 
OCTOBER IS, 1952.-A Joint Meet

ing of the Boston Society of Civil 
Engineers with the Northeastern Sec
tion of the American Society of Civil 
Engineers and the Worcester Society 
of Civil Engineers· was held this date 
at Worcester Polytechnic Institute, 
Worcester, Mass. Members of Student 
Chapters and Civil Engineering Stu
dents of the New England Colleges 
were especially urged to attend. 

A catered dinner was held in Com
mons Hall, Worcester Polytechnic In
stitute from 6 :45 P.M., to 7: 30 P.M. 
Student delegations were present from 
Xortheastern University, Brown Uni
versity, University of Rhode Island 
Tufts College, Mass. Institute of Tech~ 
nology, University of Connecticut Uni
versity of Massachusetts and Wo;cester 
Polytechnic Institute. 

At the close of the dinner President 
Gramstorff presented the Worcester 
Polytechnic Institute Octette who ren
dered a number of songs to the delight 
of all present. 

President Gramstorff called the meet
ing to order at 8 :00 P.M., and extended 
a cordial welcome to the students and 
expressed appreciation of the co
operation of the officers of the student 
organizations and of the faculty mem
bers in making this event so successful. 

President Gramstorff · also expressed 

his appreciation to Leslie J. Hooper for 
his assistance with the arrangements for 
this meeting. 

The· Secretary presented report of 
Tellers on ballot of the following Reso
lutions:-
( I) Resolution concerning "Profes

sional Practice as Relating to Com
petitive Bidding". 
Action on which was taken at the 
Society meeting September 24, 
I 952 referring this matter to the 
whole membership of the Society. 
He stated that there were 266 bal
lots cast in favor of and 22 op
posed to the Resolution. 

(2) Resolution concerning "Authoriza
tion of the Board of Government 
to act for the Society at Legisla
tive Hearings in Massachusetts 
Relating to Registration of Archi
tects, Engineers and Land Sur
veyors". 
Action on which was taken at the 
Society meeting September 24 
I 952 referring this matter to th~ 
whole membership of the Society. 
He stated that there were 280 bal
lots cast in favor of and 9 .op
posed to the Resolution. 

President Gramstorff stated that this 
was the final action to be taken and 
that the Resolutions were therefore 
adopted as follows: 
(I) RESOLVED : That it is unethical 

for an engineer knowingly to com-

:Y\ 
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pete for services to clients on the 
basis of price. 

(2) RESOLVED: That the Board of 
Government of the Boston Society 
of Civil Engineers is hereby au
thorized to act with power· for the 
Society in the Commonwealth of 
Massachusetts in support of any 
legislation relating to registration 
which in its judgment is for the 
best interest of engineers and land 
surveyors and in opposition to any 
legislation relating to registration 
which in its judgment is not to 
the best interests of engineers and 
land surveyors. 

President Gramstorff called upon the 
Secretary to announce the names of 
applicants for membership m the 
B.S.C.E. 

The Secretary announced that the 
following had been· elected to member
ship:-

Grade of Member.-John K. Carr, 
Melvin Cohen, Robert C. Ent
wisle, Arthur G. Eyles, Ernesto 
Mendes, Jr., Frederick J. Sanger, 
Roger H. Williams. 

Grade of Junior.-Gordon E. Cossa
boom,* Llewellyn L. Cross, Jr.,* 
Joseph H. Lenny,* Charles W. 
Perry, Charles J. Reichenbacher,* 
James M. Simmons,* Frank 
Trotte,* John J. Walsh.* 

President Gramstorff introduced Os
car S. Bray, President of the North
eastern Section, American Society of 
Civil Engineers and asked him to con
duct any necessary business for ASCE 
at this time. 

President Gramstorff also introduced 
F. E. Perry, President of Worcester 
Society of Civil Engineers and asked 
him if there was any business to be" 
conducted for his Society at this time. 

The President introduced W. W. 
Esty, President of New England Con
ference of Student Chapters, ASCE, 
who made an announcement regarding 

*Transfer from Student -Chapter. 

the Spring Conference of Student Chap
ters. 

President Gramstorff then introduced 
the speaker of the evening Mr. E. 
Sherman Chase, Partner, Metcalf & 
Eddy, Boston, Mass., who gave a most 
interesting talk on "A Century of Prog
ress in Sanitary Engineering". 

Three hundred fifteen members and 
guests attended the dinner and three 
hundred twenty-nine members and 
guests ateended the meeting. 

The meeting adjourned at 9: 15 P.M. 
ROBERT 'N. Morn, Secretary 

DECEMBER 17, 1952.-A Joint Meet
ing of the Boston Society of Civil En
gineers with the Sanitary Section, 
BSCE was held this evening at the 
American Academy of Arts & Sciences, 
28 Newbury Street, Boston, Mass., and 
was called to order by President A. 
Gramstorff, at 7 :00 P.M. 

President Gramstorff announced that 
the minutes of the November 19, 1952 
meeting would be published in a forth
coming issue of the JouRNAL and that 
the reading of the minutes would there
fore be waived unless there was objec
tion. 

It was VOTED "to dispense with the 
reading of the minutes of the Novem
ber 19, 1952 meeting". 

President Gramstorff called upon the 
Secretary to announce the names of ap
plicants for membership in the B.S.C.E. 

The Secretary announced that the 
following had been elected to member
ship:-

Grade of Member-Donald 0. Coe, 
Kenneth F. Dennison, James P. 
Kelley, Matthew V. Paluccio, Rob
ert E. Simon. 

Grade of Junior-Joseph E. Heney, 
Leo D. Picardi. 

President Gramstorff stated that at 
the October 14, 1952 meeting of the 
Board of Government it was VOTED 
"to recommend to the Society that a 
Publication Fund for republication of 
the first volume of "Contributions to 
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Soil Mechanics" and publication of '.l 

second volume be established by a loan, 
not to. exceed $5,000 from the Principal· 
of the Permanent Fund with proceeds 

· from sale of these volumes to be used 
to repay the loan", and that this recom
mendation had been acted upon fav
orably at the November 19, 1952 meet
ing and that now final action would be 
taken, in accordance with the provisions 
of the By-Laws requiring action at two 
successive meetings. 

On motion duly made and seconded 
it was VOTED "that a Publication 
Fund for republication of the first vol
ume of 'Contributions to Soil Me
chanics' and publication of a second 
volume be established by a loan, not 
to exceed $5,000 from the Principal 
of the Permanent Fund with proceeds 
from sale of these volumes to be used 
to repay the loan". 

President Gramstorff stated that this 
was the final action to be taken on this 
matter. 

President Gramstorff announced that 
this was a Joint Meeting with the Sani
tary Section, BSCE and called upon 
Chairman Fozi M. Cahaly to conduct 
any necessary business for that Section 
at this time. 

President Gramstorff then introduced 
the speaker of the evening, Mr. Stanley 
M. Dore, Deputy Chief Engineer, New 
York Water Supply Board, New York, 
who gave a most interesting illustrated 
talk on "Allegheny County Sanitary 
Authority Project in Western Penn
sylvania". 

A sh9rt discussion period followed 
after which the President announced 
that a collation would be cerved on the 
floor above in the Lounge. 

BSCE, was held this evening at the 
American Academy of Arts & Sciences, 
28 Newbury Street, Boston, Mass., and. 
was called to order by President Emil 
A. Gramstorff, at 7 :00 P.M. 

President Gramstorff announced that 
the minutes of the December 15, 1952 
meeting would be published in a forth
coming issue of the JOURNAL and that 
the reading of the minutes would there
fore be waived unless there .was objec
tion. 

President Gramstorff announced the 
death of the following members:-

Ralph W. Loud, who was elected a 
member October 16, 1907 and who 
died December 11, 1952. 

Austin L. Maddox, who was elected 
a member October 16, 1912 and 
who died January 26, 1953. 

The President called upon the Sec
retary to announce the names of appli
cants for membership in the B.S.C.E. 

The Secretary announced that the 
following had been elected to member
ship:-

Grade of ,'ltlember-John S. Archer, 
Eugene R. Eisenberg. 

President Gramstorff requested the 
Secretary to present a recommendation 
of the Board of Government to the 
Society for action. The President stated 
that this matter was -before the So
ciety in accordance with provisions of 
the By-Laws and notice of, such action 
was published in the ESNE Journal 
dated January 19, 1953. 

The Secretary presented the follow
ing recommendation of the Board of 
Government to the Society for initial 
action to be taken at this meetini;. 

Sixty-six members and guests at- • 
tended this meeting. 

lvf otion "To recommend to the So
ciety that the Board of Govern
ment be authorized to transfer an 
amount not to exceed $600 from The meeting adjo_urned at 8:20 P.M. 

ROBERT W. Morn, Secretary 

JANUARY 28, 1953.-A Joint Meeting 
of the Roston Society of Civil En
gineers with the Structural Section, 

the Principal. of the Permanent 
Fund to the Current Fund for Cur
rent expenditures". 

On motion duly made and seconded 
it was VOTED "that the Board of 

·:~ 
.- .. 
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Government be authorized to transfer 
an amount not to exceed $600 from the 
Principal of the Permanent Fund to 
the Current Fund for current expendi
tures". 

President Gramstorff stated that final 
action on this matter would be taken 
at the February 18, 1953 meeting of 
the Society. 

President Gramstorff stated that this 
was a Joint Meeting ,with the Struc
tural Section, BSCE and called upon 
Edward C. Keane, Chairman of the 
Structural Section to conduct any neces
sary business for that Section at thjs 
time. 

President Gramstorff then introduced 
the speaker of the evening, Mr. 0. H. 
Ammann, of Ammann & Whitney, New 
York, N. Y., who gave a most inter
esting illustrated talk on "Present 
Status of Design of Suspension Bridges 
with Respect to Dynamic Wind Action". 

After a short discussion period the 
speaker was given a rising vote of 
thanks and the President announced 
that at the close of the meeting a col
lation would be served in the Lounge 
on the floor above. 

Ninety-nine members and guests at
tended the meeting. 

The Meeting adjourned at 8:30 P.M. 
ROBERT Vv'. Morn, Secretary 

FEBRUARY 18, 1953.-A Joint Meet
ing of the Boston Society of Civil En
gineers with the Hydraulics Section, 
BSCE, was held this evening at the 
American Academy of Arts & Sciences, 
28 Newbury Street, Boston, Mass., and 
was called to order by Vice-President 
Chester J. Ginder, at 7 :00 P.M. 

Vice-President Ginder stated that the 
Minutes of the January 28, 1953 meet
ing would be published in a forthcom
coming issue of the JOURNAL and that 
the reading of the minutes would there
fore be waived unless there was objec
tion. 

Vice-President Ginder announced the 
death of the following member:-

Carl Stuetzel, who was elected a 
member October 15, 1913 and who 
died December 15, 1951. 

The Secretary announced the names 
of applicants for membership in the 
B.S.C.E. 

The Secretary announced that the 
following had been elected to member
ship:-

Grade of Member.-Bruce Campbell, 
Victor F. B. DeMello, Harold D. 
Gurney, Francis R. Mahony, Jr. 

Vice-President Ginder stated that at 
the last meeting of the Society Janu
ary 28, 1953, the Secretary presented 
a recommendation of the Board of Gov
ernment which was acted upon favor
ably and stated that at this meeting 
final action on the recommendation was 
to be taken. (Notice of such action 
to be taken published in the ESNE 
Journal dated February 16, 1953). 

The Secretary presented the follow
ing recommendation of the B'oard of 
Government to the Society for final 
action to be taken at this meeting. 

Motion "to recommend to the So
ciety that the Board of Govern
ment be authorized to transfer an 
amount not to exceed $600 from 
the Principal of the Permanent 
Fund to the Current Fund for Cur
rent expenditures". 

On motion duly made and seconded 
it was VOTED "that the Board of 
Government be authorized to transfer 
an amount not to exceed $600 from 
the Principal of the Permanent Fund 
to the Current Fund for current ex
penditures". 

Vice-President Ginder stated that 
this was the final action on this matter. 

Vice-President Ginder announced 
that this was a Joint Meeting with the 
Hydraulics Section and called upon 
Byron 0. McCoy, Chairman to conduct 
any necessary business for that section 
at this time. 

Vice-President Ginder introduced the 
speaker of the evening, John Boardman, 
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Engineer, Interstate Commission on 
the Delaware River Basin, 

Subject-"The Delaware-Water for 
Millions". 

A short discussion period followed 
after which members gathered in the 
Lounge where a collation was served. 

Seventy-three members and guests 
attended the meeting. 

The meeting adjourned at 8:30 P.M. 
ROBERT W. Morn, Secretary 

MARCH 18, 1953.-The one hundred 
fifth annual meeting of the Boston So
ciety of Civil Engineers was held at 
the Hotel Vendome, 160 Common
wealth Avenue, Boston, Mass., and was 
called to order at 4: IO P.M., by Presi
dent Emil A. Gramstorff. 

President Gramstorff announced that 
the reading of the minutes of the So
ciety meetings had been omitted dur
ing the year. The minutes of the Oc
tober, December, 1952 and January, 
February, 1953 meetin'gs will be pub
lished in a forthcoming issue of the 
JouR"1AL. The minutes of the April, 
May, September and November, 1952 
meetings were declared approved as 
published. 

The Secretary announced the follow
ing had been elected to membership:-

Grade of Member-Willard R. Bliss,* 
Joseph J. Bulba,* John M. Camp
bell,* Russell M. Chisholm, Fred
erick A. Ingalls, Earle F. Littleton, 
Philip J. McNamara,* Hedley V. 
Patterson, 3rd, Stanley Shuman,* 
John M. D. Suesman. 

Grade of Associate Member-John 
E. Kelleher. 

President Gramstorff called upon the 
Secretary to announce the names of ap
plicants for membership in the Society. 

The Annual Reports of the Board of 
Government, Treasurer, Secretary, Au
ditors were presented. Reports were 
also made by the following commit-

*Transfer from Grade of Junior. 

tees :-Hospitality, Library, John R. 
Freeman, Subsoils of Boston, Member
ship. Advertising, Committee on Pro
fessional Practice As Relating to Com
petitive Bidding and Committee on 
Registration Law. 

It was VOTED "that the reports of 
the various committees be accepted 
and placed on file". 

The Annual Reports of the various 
sections were read. 

It was VOTED "that the Annual Re
ports of the various Sections be ac
cepted and placed on file". 

President Gramstorff stated that all 
foregoing reports would be published in 
the April issue of the JouRxAL. 

The Report of the Tellers of Elec
tion, George G. Bogram and Joseph C. 
Lawler was presented and in accord
ance therewith the President declared 
the following had been elected officers 
for the ensuing year. 

President-]. Stuart Crandall 
Vice-President (for two years) Miles 

N. Clair 
Secretary (for one year) Robert W. 

Moir 
Treasurer (for one year) Charles 0. 

Baird, Jr. 
Directors (for two years) Byron 0. 

McCoy, Elliot F. Childs. 
Nominating Committee (for two 

years) Herman G. Protze, Harry 
L Kinsel, Arthur T. lppen. 

The retmng President, Emil A. 
Gramstorff then gave his address en
titled, "John Ripley Freeman-His 
Scholars". 

Seventy-three members and guests at
tended this part of the meeting. 

The meeting adjourned at 5: 35 P.M., 
to re-assemble at 7 :30 P.M., the An
nual Dinner being held during the in
terim. 

President Gramstorff called the 
meeting to order at 7 :30 P.M. 

Following ·general remarks and the 
introduction of the newly elected Presi
dent J. Stuart Crandall, the various 
prize awards were made. 
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AWARD RECIPIENT PAPER 

Desmond Fitzgerald 
Medal 

Karl Terzaghi "Permafrost". 

Clemens Herschel 
Award 

Henry M. Paynter "Methods and Results from 
M.I.T. Studies in Unsteady 
Flow". 

Sanitary Section 
Award 

James L. Dallas and 
Harold A. Thomas, Jr. 

"An Improved Settling Tank 
Design". 

Structural Section 
Award 

Leo Casagrande "Electro-Osmotic Stabilization 
of Soils". 

Northeastern University 
Student Chapter Award 

Kenneth W. Henderson "Cement Mortar Lining of 
Smaller Diameter Pipe Lines 
In Place". 

President Gramstorff introduced 
Honorable Mr. Justice Tyndall, Chief 
Justice of the Labour Court of New 
Zealand, visiting lecturer at the Massa
chusetts Institute of Technology who 
extended greetings to the Society from 
New Zealand. 

President Gramstorff then introduced 
the speaker of the evening, Dean John 

· S. Burchard, Mass. Institute of Tech
nology, who gave a most interesting 
illustrated talk on "The Anzac Story". 

At the conclusion of the address 
President Gramstorff on behalf of the 
Society thanked Dean Burchard for a 
most enjoyable talk and then turned 
the meeting over to President elect J. 
Stuart Crandall. 

President elect J. Stuart Crandall 
presented retiring President Emil A. 
Gramstorff with a certificate for serv
ices rendered and then adjourned the 
meeting at 10: 2 5 P .M. 

Two hundred seven members and 
guests attended the dinner meeting. 

ROBERT W. Morn, Secretary 

SANITARY SECTION 
OCTOBER 1, 1952.-A meeting of the 

Sanitary Section was held at 7:15 P.M. 
in the Society Rooms after an informal 
dinner at Patten's Restaurant. Thirty. 
five members and guests attended the 
meeting. Twenty-five members and 

guests attended the informal dinner. 
Chairman Fozi M. Cahaly presided. 

Minutes of the March 5 and May 17 
meetings were not read inasmuch as 
they have been published in the JouR
NAL. The Chairman announced that 
E. Sherman Chase will speak at the 
BSCE, ASCE, Worcester Society of 
Civil Engineers Student Night Meeting 
at Worcester on October 15, 1952 and 
that Stanley Dore will speak at the 
Joint Meeting of the Sanitary Sec
tion and the Main Society in Decem
ber 1952. 

George G. Bogren presented an in
teresting paper titled "A Waste Treat
ment Plant for Cotton Finishing 
Wastes; Basis of Design and Results 
of Operation." Much new operating 
data was presented that will help to 
round out information on this type of 
plant. 

The meeting adjourned at 8: 10 P.M. 
ARIEL A. THOMAS, Clerk 

DECEMBER 17, 1952. A joint meet
ing of the Boston Society of Civil En
gineers and the Sanitary Section was 
held at the Academy of Arts and Sci
ences at 7 :00 P.M.. Sixty-six mem
bers and guests attended. 

The Sanitary Section elected a nom
inating committee which will submit a 
slate of Section officers for 1953-1954 
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at the Annual Meeting of the Section 
on March 4, 1953. The committee 
members are Allen J. Burdoin, Chair
man, Kenneth F. Knowlton, and 
Frank L. Heaney. 

Stanley M. Dore, Deputy Chief En
gineer, New York Water Supply Board, 
presented a paper entitled, "Allegheny 
County Sanitary Authority Project in 
Western Pennsylvania." The paper 
was discussed by Frank L. Flood, Part
ner, Metcalf and Eddy. Mr. Dore and 
Mr. Flood were warmly applauded for 
their fine paper and discussion. 

The meeting adjourned at 8: 20 P.M. 
A collation was served. 

ARIEL A. THOMAS, Clerk 

MARCH 4, 1953. The Annual Meet
ing of the Sanitary Section was held 
March 4, 1953, at 7 :20 P.M., at the 
Society Rooms after an informal din
ner at Patten's Restaurant. Ninety. 
seven members and guests attended the 
meeting. Fifty members and guests at
tended the dinner. 

Chairman Fozi M. Cahaly presided. 
The annual report was read by Clerk 
Ariel A. Thomas. It was approved as 
read and filed. Allen J. Burdoin, Chair
man of the Nominating Committee pre
sented the following nominees for offi
cers and members of the Executive 
Committee to serve until the next An
nual Meeting of the Section in March 
1954. 

Chairman, John S. Bethel, Jr. 
Vice-Chairman, Edward W. Moore 
Clerk, Ariel A. Thomas 
Member, John F. Flaherty 
Member, Joseph C. Knox 
Member, Darrell A. Root 
The nominations were closed and the · 

Clerk cast one ballot for the nominees 
as presented. 

Papers were presented by the follow
ing on "Classification of Surface Waters 
for Future Use": 

E. Sh~rman Chase, President, Fe_d
erat10n of Sewage and Industrial 

Wastes Association, and Partner, 
Metcalf and Eddy, Consulting En
gineers. 

Russell Eckloff, Associate Sanitary 
Engineer, New Hampshire Water 
Pollution Commission, read the 
paper prepared by William A. 
Healy, Technical Secretary, New 
Hampshire Water Pollution Com-
mission. · 

Joseph C. Knox, Secretary, New 
England Interstate Water Pollu
tion Control Commission. 

Alfred H. Wieters, Assistant Chief. 
Division of Water Pollution Con~ 
trol, Public Health Service Fed-
eral Security Agency. ' 

Mr. Eckloff presented an excellent 
color sound moving picture taken for 
presentation to State classification hear
ings for the Mascoma River. 

A lively discussion of the merits of 
classifications and of methods for im
proving it followed the papers. 

The meeting adjourned at 9: 10 P.M. 
ARIEL A. THOMAS, Clerk 

STRUCTURAL SECTION 
NOVEMBER ·24, 1952.-A joint meet

ing of the N ortheastem Section of the 
ASCE and the Structural Section of 
the BSCE was held at the Boston 
Yacht Club, Rowe's Wharf. The meet
ing was preceded by a social hour and 
dinner in the Yacht Club Rooms. The 
total attendance was 150; it was esti
mated that this number included about 
7 5 members of the· BSCE. 

The meeting was called to order by 
President Oscar S. Bray of the North
eastern Section, ASCE. Following a 
short business meeting of the ·section 
President Bray turned the meeting ove; 
to Chairman Edward C. Keane of the 
Structural Section, BSCE, who an
nounced that the Structural Section 
would meet on December 10 in the So
ciety Rooms to hear a paper on pre
stressed concrete by William A. Hender
son. 

President Bray then introduced the 
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first speaker of the evening, Mr. Paul 
S. Crandall, of Crandall Dry Dock En
gineers, who gave a paper on "Prob
lems of Waterfront Construction". 
Mr. Crandall discussed the various 
kinds of deterioration which take place 
in materials used in waterfront con
struction, particularly timber and steel. 

Following Mr. Crandall's paper, Mr. 
Herman G. Protze, Materials Technolo
gist, spoke on refractory concrete for 
jet engine test cells. He described the 
results of an investigation to develop 
a material possessing the acoustical 
properties required for sound attenua
tion as well as the ability to retain 
structural integrity even after fre
quently repeated exposure to tempera
ture cycles ranging between room tem
perature and 950°F and 1200°· F. The 
speaker concluded with a s.µmmary of 
the specifications which were developed 
for refractory concrete for jet engine 
test cells, covering mixing water, aggre
gate, cement and water content, slump, 
and minimum core strength at various 
ages. 

RUTH D. TERZAGHI, Clerk 

DECEMBER 10, 1952.-A meeting of 
the Structural Section was held in the 
Society Rooms at 7 :00 P.M. Chair
man Edward C. Keane presided. The 
minutes of the previous meeting were 
read and approved. Chairman Keane 
then requested members of the Section 
who were present to consider the ad
visablity of omitting the customary 
dinner for members of the Section 
and their guests, preceding Section 
meetings. He pointed out that, in the 
past, delays in serving the group din
ner had frequently prevented the meet
ing from starting promptly. As an ex
periment, the dinner before the current 
meeting had been omitted, and it had 
therefore been possible to begin on 
time. He then asked for an expression 
of opinion, by show of hands, regard
ing the omission of the dinner. Thirty
five persons indicated that they were 

in favor of omitting the dinner and 
one was opposed. Following the vot
ing, Chairman Keane stated that the 
Executive Committee would be guided 
by this expression of opinion. 

Chairman Keane then introduced the 
speaker of the evening, Mr. William 
A. Henderson, Assistant Bridge En
gineer of. the Massachusetts Depart
ment of Public Works, who gave. a 
paper on "The ·Massachusetts Depart
ment of Public J¥ orks Program in Pre
stressed Concrete B'ridges". 

Professor Myle J. Holley, Jr., of 
Massachusetts Institute of Technology 
presented a discussion of Mr. Hender
son's paper. 

Professor Holley's discussion was fol
lowed by a period of lively discussion 
and questions from the floor. 

The attendance was 97. 
RUTH D. TERZAGHI, Clerk 

JANUARY 28, 1953.-A joint meet
ing of the Boston Society of Civil En
gineers and the Structural Section, was 
held at the American Academy of Arts 
& Sciences. 

The Chairman of the Structural Sec
tion, Mr. Ed. C. Keane conducted the 
business of the Section and the Presi
dent of the B.S.C.E., Prof. E. A. 
Gramstorff introduced the speaker who 
was Mr. 0. H. Ammann of Ammann & 
Whitney, Consulting Engineers New 
York. 

Subject of the illustrated talk was 
"Present Status of Design of Suspen
sion Bridges with Respect to Dynamic 
Wind Action". 

A brief history of the -behavior of 
suspension bridges under wind action 
since the early part of the 12th Cen
tury and developments after the fail
ure of the Tacoma Narrows Bridge in 
1940 were outlined. 

The speaker emphasized the com
plexity of the problem of designing sus
pension bridges to be adequate against 
dynamic wind action and the meager
ness of information which had been 
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available in this respect at the time 
of the Tacoma Narrows Bridge failure. 

Since then extensive theoretical analy
ses and experimental research work 
with bridge models in wind tunnels to
gether with empirical knowledge de
rived from the behavior of existing 
structures have contributed much to
wards a clearer understanding and so
lution of the problem .• 

Mr. Ammann then outlined various 
criteria for the-behavior of and means 
lo stabilize suspension bridges under 
wind action. He emphasized the im
portance of adequate vertical and tor
sional stiffness as clearly demonstrated 
by actual structures. Provision of .i 

double lateral system in the suspended 
structure is very effective against tor
sional oscillations. 

In very long spans it becomes eco
nomically important to keep stiffness 
to a minimum and to reduce wind ac
tion by giving the suspended structure 
an aerodynamically favorable form. In 
the design of the reconstructed Tacoma 
bridge this has been successfully ac
complished by proviaing open grating 
slots in the bridge deck between the 
lanes of traffic. 

Following the talk a discussion period 
was held and some interesting facts 
were brought out. 

A raised vote of thanks to the speaker 
acknowledged an excellent paper. 

Ninety-nine members and guests were 
in attendance. 

Collation was held after the meeting. 
C. J. KRAY, Acting Clerk 

FEBRUARY 11, 1953.-A meeting of 
the Structural Section was held at 7 :00 
P.M. in the Society Rooms. Chairman 
Edward C. Keane presided. 

It was voted that the Chairman ap
point a Nominating Committee to pre
sent a slate of officers at the annual 
meeting of the Section, to be held on 
March 11. The following were ap
pointed: Frank A. Cundari, Chairman, 

Arthur E. Harging, and Ernest L. Spen
cer. 

Mr. Keane then introduced the 
speaker of the evening, Col. Jack 
Singleton, Chief Engineer of the Ameri
can Institute of Steel Construction, who 
read a paper on "New Developments 
in Construction". 

Among the interesting new develop
ments mentioned by Col. Singleton was 
the reduction in the dead weight of 
buildings resulting from the use of 
light-weight building materials, particu
larly light-weight fire-proofing, such as 
vermiculite-gypsum plaster. He also 
mentioned a forthcoming paint specifi
cation for structural steel, based on re
search by the AISC, and discussed the 
use of welding and of high strength 
bolts in steel construction. 

, In connection with future develop
ments, he "pointed out that large de
posits of high grade ore in Venezuela. 
Liberia, and Labrador have become 
available to take the place of the de
pleted Mesabi Range; in addition it 
has now become economically feasible 
to work low-grade domestic iron ore 
deposits. 

Among the metals whose use has 
been greatly extended in recent years, 
he mentioned aluminum, magnesium, 
and titanium. 

The attendance was 67. 
RUTH D. TERZAGHI, Clerk 

TRANSPORTATION 
SECTION 

FEBRUARY 27, 1952.-Following a 
small dinner gathering at Patten's Res
taurant, the meeting was called to or
der by Chairman Spencer at 7 :30 P.M. 
The minutes of the previous meeting 
held on November 28, 1952 were read 
and approved. 

The report of the Nominating Com
mittee was given by the Chair. Their 
report nominated the following officers 
for 1952. Chairman, H. Lowell Crock
er; Vice-Chairman, Hugh P. Duffill; 
Clerk, Herman G. Protze; Members of 
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the Executive Committee, Ernest L. 
Spencer, Joseph F. Willard, Stanislaw 
J. V. Gawlinski. 

On motion from the floor, duly sec
onded and voted, the chair was in
structed to cast one ballot for the above 
officers. 

It was further voted that due to tne 
small attendance occasioned by a rag
ing blizzard outside, the meeting be 
adjourned and the speaker be asked to 
address a future meeting. 

ERNEST L. SPENCER, Clerk frro-te1n 

APRIL 23, 1952 .-Members of the 
Transportation Section, the speaker, 
Mr. Mel. Prior, Chief of Laboratory 
of the Dewey and Almy Chemical Com
pany, and guests met for dinner at 
Patten's Restaurant at 5 :45 P.M. 

Chairman Crocker called the meet
ing to order at 7: 30 P.M. at the So
ciety Rooms. The minutes of the pre
vious meeting held on February 27, 
19 S 2 were read by the Clerk as pre
pared by Ernest L. Spencer, Clerk pro
tem. These were approved. 

Mr. Prior delivered a paper on "As
phalt Technology", which was well il
lustrated with excellent slides. The 
speaker recalled to our recollection that 
use of asphalt went back to the start 
of history, but that the technological 
aspects . began in the current decade. 
The most important developments have 
perhaps been: 1. Rational design of 
flexbile base pavements. 2. Develop
ment of effective anti-stripping agents. 

The latter are normally used in 
amounts up to 1 % by weight of 
asphalt in the mixture. Mr. Prior made 
a dramatic demonstration of the Dewey 
and Almy anti-stripping agent in in
hibiting poor bond of asphalt to agree
gate. 

A question and discussion period fol
lowed the delivery. The speaker was 
given a rising vote of thanks for the 
interesting and educational talk. The 
meeting was adjourned at 8 :40 P.M. 

Twenty members and guests were pres
ent. 

HERMAN G. PROTZE, Clerk 

SEPTEMBER 24, 1952.-A joint meet
ing of the Boston Society of Civil En
gineers and the Transportation Section, 
BSCE was held at the American Acade
my of Arts & Sciences, Newbury Street, 
Boston. 

The meeting was called to order by 
President Gramstorff at 7:10 P.M. 
Considerable parent Society business 
was conducted. Detailed explanation of 
the business meeting is presented in 
Secretary Mair's report for the So
ciety for this same date. 

The Transportation Section had no 
business ·to conduct on this evening and 
dispensed with the reading of the min
utes of its last meeting. 

President Gramstorff introduced the 
speaker of the evening Mr. Roy E. 
Jorgensen of the Engineering Council 
of National Highway Users Conference, 
Washington, D. C., who presented a 
paper entitled "Free Roads and Toll 
Roads". A rising vote of thanks was 
given the speaker for his efforts. 

The meeting was adjourned at 9: 10 
P.M. One hundred and seven members 
and guests were present. 

After the formal meeting, the mem
bership met in the Lounge to partake 
of a collation and informal discussion. 

HERMAN G. PROTZE, Clerk 

FEBRUARY 25, 1953, Annual Meeting. 
Members of the · Transportation Sec
tion the speaker Mr. Benjamin W. 
Fink, Director of Park Engineering and 
Chief Park Engineer, M.D.C. and 
guests met for dinner at Patten's Res
taurant at S :40 P.M. 

Following an enjoyable repast and 
discussion, Chairman Crocker called the 
meeting to order at 7: 15 P.M. The 
minutes of the last meeting as well as 
the Annual Report were presented by 
the Clerk and approved as read. The 
report of the Nominating Committee 
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(comprising Messrs. William L. Hy
land, Albert Adelman, and Ernest L. 
Spencer) was presented as follows: For 
Chairman, Hugh P. Duffill; Vice-Chair
man, Herman G. Protze; Clerk, Stanis
law J. V. Gawlinski; .Executive Com
mittee, Joseph F. Willard, Paul A. 
Dunkerly, Ernest L. Spencer. 

This report was approved, the nom
inations closed and the slate of nom
inees duly elected following the normal 
Section practice with absence of com
petition. The newly elected committee 
was presented to the membership. 

The Chairman announced that the 
scheduled April 2 2 meeting would in
stead be held on April 8, 1953 as a 
Joint Meeting with the Structural Sec
tion of the B'SCE; Profess1:Jr Casa
grande is to speak on the subject of 
"Embankments on Soft Ground". 

Mr. Fink spoke -on the subject of 
"Storrow Drive and Related Projects. 
Mr. Fink described the realization of 
the need for a vehicular passage along 
the Charles River since 1894 and par
ticularly since 1901 when Charles Eliot 
recommended a modern design for 
roads and bridges along the River. 
The talk was illustrated with explana
tory schematic diagrams and some ex
cellent construction moving pictures. 

A worthwhile discussion period fol
lowed the talk. The meeting was ad
journed at 9 :20 P.M. with a rising vote 
of thanks. 

Attendance 45. 
HERMAN G. PROTZE, Clerk 

HYDRAULICS SECTION 
NOVEMBER 6, 1952.-Mr. Byron 0. 

McCoy, Chairman of the section, called 
the meeting to order at 7: 15 P.M., in 
the society rooms. 

The only point of business taken up 
was the appointment of a Nominating 
Committee for which the Chairman 
suggested that the three past chairmen 
be appointed in accordance with pro
cedure followed in the past. Motion 
was made to that effect and passed 

unanimously. The Nominating Com
mittee consists of: 

James F. Brittain 
Elliot F. Childs 
Gardner K. Wood, Chairman 
The Chairman then introduced the 

speaker of the evening, Mr. Charles E. 
Cannon, Project Engineer, Metcalf and 
Eddy, Boston, who addressed the sec
tion on "Quinapoxet Addition to Worces
ter Water Supply". Professor Leslie 
J. Hooper followed the speaker with 
an extensive discussion of the model 
tests made for the spillway of that 
project. An extensive discussion fol
lowed these two talks. 

Chairman Byron 0. McCoy an
nounced that the next meeting would be 
a joint meeting with the main society 
on the 18th of February, 1953. 

A total of thirty-seven members of 
the section were present at the meet
ing which was adjourned at 8: 32 P.M. 

A. T. lPPEN, Clerk 

FEBRUARY 18, 1953.-The Hydraulic 
Section of the Boston Society held a 
joint meeting with the Main Society 
at the American Academy of Arts and 
Sciences. 

The meeting was called to order at 
7 :05 P.M. by Mr. Chester J. Ginder, 
Second Vice-President of the Society. 
A short business meeting of the Hy
draulics Section was held with Mr. 
Byron 0. McCoy presiding. The min
utes of the previous meeting were ap
proved without being read. 

The Nominating Committee pre
sented the following slate of officers for 
the Hydraulics Section for the year 
1953-54: 

Lincoln W. Ryder, Chairman 
Arthur T. Ippen, Vice-Chairman 
Ralph S. Archibald, Clerk 
Julian H. White, Executive Commit
Frederick C. Merrikin, Executive 

Committee 
Joseph C. Lawler, Executive Commit

tee 
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Approval was voted of the Nominat
ing Committee's report. No further 
nominations were made from the floor, 
and therefore, the clerk was instructed 
to cast one ballot for th·e slate nomi
nated. 

The meeting was turned back to Vice
President Ginder for Society business. 
After an announcement concerning the 
Annual Meeting to be held in March, 
Mr. Ginder introduced the speaker of 
the evening Mr .. John Boardman, En
gineer of the Interstate Commission 
on the Delaware River Basin, Philadel
phia, Pennsylvania, who spoke instead 

of Mr. James H. Allen, Executive Secre
tary of Incodel, originally scheduled. 
Mr. ffoardman's paper was given un
der the title "The Delaware-Water for 
Million~," which was illustrated with 
an animated film. The question period 
following this talk showed the con
siderable interest of the members in 
this topic. 

The meeting adjourned at 8:40 
P.M. Seventy-three Society members 
and guests were present, who met sub
sequently in the upstairs meeting ):iall 
for a social hour and refreshments. 

ARTHUR T. lPPEN, Clerk 
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ANNUAL REPORT 
REPORT OF THE BOARD OF GOVERNMENT FOR YEAR 

1952-1953 

Boston, Mass., March 16, 1953 

To the Boston Society of Civil Engineers: 

. Pursuant to the requirements of the By-Laws the Board of Government 
presents its report for the year ending March 18, 1953. 

The following is a statement of the status of membership in the Society:-

Honorary 9 Juniors 
Members 804 Students 
Associates 3 Student Chapters 

Summary of Additions 
New Membets 
New Associates 

42 New 
0 

Reinstatements 

Members 

Juniors 

Summary of Transfers 
Juniors to Members Students to Juniors , 

Summary of Loss of Members 
Deaths 
Resignations 
Dropped for non-payment of dues 
Dropped for failure to transfer 

·Members exempt. from dues 
Remission of dues 
Applications pending on March 18, 1953 

Honorary Membership is as follows: 
Dr. Karl T. Compton, elected, February 13, 1932 
Charles W. Spofford, elected, December 19, 1945 
Harold K. Barrows, elected, February 15, 1950 
Frank M. Gunby, elected, February 15, 1950 
Richard K. Hale, elected, February 15, 1950 
Charles Vv. Sherman, elected, February 19, 1947 
Karl R. Kennison, elected, February 7, 1951 
Howard M. Turner, elected, February 18, 1953 
Karl Terzaghi, elected, March 3, 1952 

18 
2 

13 
4 

85 
2 

19 

61 
2 
2 

8 

9 



ANNUAL REPORTS-

The following members have been lost through death: 
Howard E. Bailey, May 9, 1952 
Arthur W. Dean, March 20, 1952 
Joseph P. Dever, August 19, 1952 
Charles F. Dingman, March 3, 1952 
William H. Ellis, July 20, 1952 
Harvey C. Harris, April 9, 1952 
Lewis J. Johnson, April 15, 1952 
Willis T. Knowlton, June 17, 1952 
Ernest L. Lothrop, March 6, 1952 
Ralph \V. Loud, December 14, 1952 
Austin L. Maddox, January 26, -1953 
John 0. Miller, March 7, 1952 

.Frank H. Morris, March 17, 1952 
John R. Nichols, September 29, 1952 
Bernard S. Rose, April 12, 1951 
Nathaniel S. Thayer, May 20, 19.52 
Charles C. Turner, August, 1950 · 
Carl ·stuetzel, Jr., December 15, 1951 

Meetings of the Society 

165 

March 19 1952.-Address of the retiring President, John B. Wilbur, "The 
Relationship Between Civil Engineering and Architecture". 

April 15, 1952.-Joint Meeting with American Society of Civil Engineers, 
Northeastern Section. "The New Fairless Works", by H. S. Spitz, Asst. Chief 
Engineer, Construction Engineering Bureau, U. S. Steel Company. 

May 21, 1952.-"Sanitary Enginering Experiences in Hawaiian Islands". 
Harrison P. Eddy, J~-, Par;ner, Metcalf & Eddy. 

September 24, 1952.-Joint Meeting with Transportation Section, 'BSCE. 
"Free Roads and Toll Roads", Roy E. Jorgensen, Engineering Council of Nat'! 
Highway Users Conference, Washington, D. C. 

October 15, 1952.-Student Night. Joint Meeting with American Society 
of Civil Engineers, Northeastern Section and the Worcester Society of Civil 
Engineers. "A Century of Progress in Sanitary Engineering". E. Sherman Chase, 
Partner, Metcalf & Eddy: 

November 19, 1952.-"Automatic Computing Machinery". DL Howard 
Aiken, Director, Computation Laboratory, Harvard University. 

December 17, 1952.-Joint Meeting with Sanitary Section, BSCE. "Alle
ghany County Sanitary Authority Project in Western Pa." Stanley M. Dore, 
Deputy Chief Engineer, New York Water Supply Board, N. Y. 

January 28, .1953.-Joint Meeting with Structural Section, BSCE. "Sus
pension Bridges with Respect to Dynamic Wind Action". 0. H. Ammann, of 
Ammann & Whitney, New York. 

February 18, 1953.-Joint Meeting with Hydraulics Section, BSCE. "The 
Delaware-Water for Millions". John Boardman, Engineer, Interstate Com
mission on the Delaware River Basin, Philadelphia, Pa. 
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DATE 

March 19, 1952 
April 15, 1952 
May 21, 1952 
September 24, 1952 
October 15, 1952 
November 19, 1952 
December 17, 1952 
January 28, 1953 
February 18, 1953 

Attendance at Meetings 

PLACE 

Hotel Vendome 
Northeastern University 
American Academy of Arts & Sciences 
American Academy of Arts & Sciences 
Worcester Polytechnic Institute 
American Academy of Arts & Sciences 
American Academy of Arts & Sciences 
American Academy of Arts & Sciences 
American Academy of Arts & Sciences 

*Collation served in Lounge after meeting. 
Average attendance-113. 

Sections 

MEETING 

81 
156 

63 
107 
329 

47 
66 
99 
73 

DINNER 

252 
105 
* 
* 

315 
* 
* 
* 
* 

Twenty-one meetings were held by the Sections of the Society during the 
year. These meetings of the Sections offering opportunity for less formal 
discussion have continued to demonstrate their value to their members and 
to the Society. The variety of subjects presented has made an appeal to the 
members as indicated by the general attendance at these meetings. The Annual 
Reports of the various Sections will be presented at the Annual Meeting and 
will be published in the April issue of the JouRNAL. 

Funds of the Society* 
Permanent Fund. The Permanent Fund of the Society has a present 

value of $59,330. The Board of Government authorized the use of as much 
as necessary of the current income of this fund in payment of current expenses. 
By vote of the Society (as prescribed by the By-Laws) at the January 28, 
1953 and February 1S, 1953 meeting, the Board of Government was authorized 
to transfer an amount not to exceed $600 from the Principal of the Permanent 
Fund for Current Expenditures. It was not necessary to transfer the $600 
to meet the Current Expenditures. 

John R. Freemati Fund. In 192 5 the late John R. Freeman, a Past Presi
dent and Honorary Member of the Society, made a gift to the Society of 
securities which was established as the John R. Freeman Fund. T;he income 
from this Fund is to be particularly devoted to the encouragement of young 
engineers. Mr. Freeman suggested several uses, such as the payment of ex
penses for experiments and compilations to be reported before the Society; 
for underwriting meritorious books or publications pertaining to hydraulic 
science or art; or a portion to be devoted to. a yearly prize for the most use
ful paper relating to hydraulics contributed to this Society; or establishing 
a traveling scholarship every third year open to members of the Society for 
visiting engineering works, reports of which would be presented to the Society. 
No expenditures were made from this fund during the year. 

Edmund K. Turner Fund. In 1916 the Society received 1,105 books from 
the library of the late Edmund K. Turner, and a bequest of $1,000, "the 

*Details regarding the values and income of these funds are given in the 
Treasurer's report. 
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income of which is to be used for library purposes". The Board voted to 
use $50 of the income for the purchase of books, for the library. The ex
penditure from this fund during the year was $45.16. 

Alexis H. French Fund. The Alexis H. French Fund, a bequest amount-
ing to $1,000 was received in 1931, from the late Alexis H. French of Brookline; 
a former Past President of the Society. The income of the fund is "to be 
devoted to the library of the Society". The Board voted to use $50 of the 
available income for the purchase of books for the library. The expenditure 
from this fund during the year was $41.50. 

Tinkham Memorial Fund. The "Samuel E. Tinkham Fund", established 
in 1921, at the Massachusetts Institute of Technology by the Society, "to assist 
some worthy student of high standing to continue his studies in Civil Engineer
ing", had a value of $2,600.86 on June .30, 1952. Jack H. King, of Everett, 
Washington, a senior student in Civil Engineering has been awarded this scholar
ship for the year 1952-53. 

Desmond FitzGerald Fund. The Desmond FitzGerald Fund, established 
as a bequest from the late Desmond FitzGer'ald, a Past President and Honorary 
Member of the Society, provided that the income from this fund shall "be 
used for charitable and educational purposes". The Board voted on April 7, 

19 5 2 to appropriate from the income of this fund the sum of $ 100 to be known 
as tht Boston Society of Civil Engineers Scholarship in memory of Desmond 
FitzGerald, and to be given to a student at Northeastern University. This 
year it was voted "to adopt the recommendation of Committee of the North
eastern University, namely, a $50 Scholarship each to Arthur S. Lamprey and 
Angelo J. Polvere". Presentation was made by President Gramstorff in April, 
1953. 

Clemens Herschel Fund. This fund was established in 1931, by a bequest 
of $1,000 from the late Clemens Herschel, a former Past President and Honor
ary Member of the Society. The income from this fund to be used for pres
entation of prizes for papers which have been particularly useful and com
mendable and worthy of grateful acknowledgment. The Board of Govern
ment voted on April 2, 1952 "to use this fund for Clemens Herschel Prizes 
only, for the next few years until this fund is built up substantially". The 
expenditure made during the year from this fund was $19.50 for the Prize Award. 

Edward W. Howe Fund. This fund, a bequest of $1,000 was received 
December 2, 1933 from the late Edward W. Howe, a former Past President 
of the Society. No restrictions were placed upon the use of this money, but 
the recommendation of the B'oard of Government was that the fund be kept 
intact, and that the income be used for the benefit of the Society or its members. 
The expenditure made during the year from thiz fund waz $63.52 for prize awards. 

William P. Morse Fund. This fund, a bequest of $2,000 was received April 
8, 1949, from the late William.,P. Morse, a former member of the Society. No 
restrictions were placed upon the use of this money but the recommendation 
of the Board of Government was that the fund be kept intact and 
that the income be used for the benefit of the Society or its members. 
The expenditure made during the year from this fund was $200 for expenses 
of President to "Centennial of Engineering" meeting in Chicago in September 
of 1952. 
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Prizes 

AWARD RECIPIENT PAPER 

Desmond FitzGerald 
Medal 

Karl Terzaghi "Permafrost" 

Clemens Herschel 
Award 

Sanitary Section 
Award 

Structural Section 
Award 

Henry M. Paynter 

Harold A. Thomas, Jr. 
James L. Dallas 

.Dr. Leo Casagrande 

"Methods 
M.I.T. 
Flow". 

and Results from 
Studies in Unsteady 

"An Improved 
Design". 

''Electro-Osmotic 
Soils". 

Settling Tank 

Stabilization of 

Northeastern University Kenneth W. Hcnderson "Cement Mortar Lining of Smal-
Student Chap. Award !er Diameter- Pipe Lines in 

Place". 

Journal 

The complete report of the Editor of the JouRNAL will be published m the 
April, 1953 JOURNAL. 

Library 

The report of the Library Committee contains a complete account of the 
Library activities during the past year. 

Committees 

The usual special committees dealing with the activities and conduct of 
the Society were appointed. The membership of these committees is published 
in the JOURNAL and the reports of the committees will be presented at the Annual 
Meeting. 

In addition to routine business of the Society the Board of Government took 
action as follows: 

Meeting of April 7, 1952 
The Board voted "to accept petition. on Resolution Concerning Professional 
Practice as Relating to Competitive Bidding", and recommend action of 
Society on same. (At October 15, 1952 meeting of the Society Resolution 
was adopted). 

Meeting of May 19, 1952 
The Board voted "to participate as a Co-sponsor of the 'Third Conference 
on Coastal Engineering', held at the Massachusetts Institute of Technology, 
October 22-24, 1952". 

Meeting of September 22, 1952 
The B'oard voted "to accept pet1t10n on Resolution concerning Authoriza
tion of the Board of Government to Act for the Society at Legislative 
Hearings in Massachusetts Relating to Registration of Architects, Engineers 
and Land Surveyors" and recommend action of Society on same. (At Octo
ber 15, 1952 meeting of the Society Resolution was adopted). 
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The Board voted "to 5ubmit to the Mayor of Boston, the name of Samuel 
J. Tomasello, member, to serve on the B'oard of Appeal". 

Meeting of October 14, 1952 
The Board voted "to recommend to the Society that a 'Publication Fund' 
for republication of the first volume of Contributions to Soil Mechanics" 
and publication of a second volume be established by a loan, of a sum 
not to exceed $5,000 from the Principal of the Permanent Fund with pro
ceeds from the sale of these volumes to be used to repay the loan. (Recom
mendation was adopted by the Society at the December 17 meeting.) 
The Board voted "to submit to the Mayor of Boston, the names of Mark 
Linenthal and Henry Brask, members, for possible appointment as alternate 
to the Board of Zoning Adjustment of the City of Boston". 

Meeting of November 17_, 1952 
The Board voted that "The Boston Socety of Civil Eingineers should arrange 
for a joint meeting of its representatives with representatives of the Massa
chusetts State Association of Architects, the Massachusetts Society of 
Professional Engineers, the Engineering Societies of New England and the 
Northeastern Section of the American Society of Civil Engineers for the pur
pose of drafting legislation affecting the practice of registered architects and 
registered professional engineers on public works in l\fassachusetts". 
The B"oard voted "that the President appoint a committee to request the 
Massachusetts Bar Association to collaborate in filing legislation to make a 
study of Land Court needs to expedite procedures". 

Meeting of December 15, 1952 

The Board voted "that the Committee on Registration Law and the Presi
dent formulate a questionnaire relative to the Compulsory Registration of 
engineers in Massachusetts for the purpose of establishing as definitely as 
possible the wishes of the members of the B.S.C.E." 
The Board voted "that a Student Chapter of the BSCE be authorized at 
Tufts College, on completion of the requirements listed in Section 15 of 
the By-Laws". 

Your Board in conclusion, wishes to express its appreciation of the excellent 
work done by the Officers of the Sections and by the Committees of the Society. 

EMIL A. GRAMSTORFF, President 
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REPORT OF THE TREASURER 

Boston, Mass., March 18, 1953 
To the Boston Society of Civil Engineers: 

The report that follows is that of the treasurer for the fiscal year March 1, 
1952, to March 1, 1953 .. 

Table I compares receipts and expenditures of the current fund from the 
fiscal year 1948 to 1949 to the fiscal year 1952 to 1953 inclusive. 

TABLE I 

1948-49 1949-50 1950-51 1951-52 1952-53 

Receipts 
Dues $ 5,832 $ 6,172 $ 6,192 $ 6,643 $ 6,627 
Other than dues 4,392 4,884 6,171 6,004 5,505 

Total Receipts $10,224 $11,056 $12,363 $12,647 $12,132 
Total Expenditures $15,112 $14,266 $14,772 , $15,760 $14,576 

Deficit $ 4,888 $ 3,210 $ 2,409 $ 3,113* $ 2,444* 
-- ~--~ - ~-·· --·-·- . 

The Doard of Government has the powe;I lo authorizG lhe treasurer lo U6C 

the income of the Permanent Fund for the deficit. If the deficit be larger than 
the income to the Permanent Fund, then the treasurer may draw upon the prin
cipal of the Permanent Fund, provided such withd~awa! be recommended by the 
Board of Government and approved by the Society at two successive main 
monthly meetings. Table II compares transfers of income and principal of above 
named fund for the last five years. 

TABLE II 

1948-49 1949-50 1950-51 1951-52 1952-53 

Permanent Fund 
Income $ 2,754 $ 2,947 $ 2,409 $ 2,887 $ 2,669 
Principal 2,134 263 

Total $ 4,888 . $ 3,210 $ 2,409 $ 2,887* $ 2,669* 

*A sum of $22 5.80 was needed last year, in order to have the current fund 
· equal to $1,500.00 as of March 1, 1952. During the fiscal year 1951-52 the 
Board of Government did not request the Society for a cum of money from the 
principal of the Permanent Fund. This year the Society has voted that a sum 
not to exceed $600.00 might be transferred from the principal of said fund. 
But, the treasurer fo happy to report that income to the Permanent Fund was 
more than enough for this year's deficit and last year's deficiency of $2 2 5.80. 
(Sec Table IV for income and expenditures of the Permanent Fund.) 

· Thr Boston Safe .Deposit and Trust Company continues to be custodian of 
our securities and to act as investment counsel. All transactions of securities 
have l.Jee11 111aue uµu11 Lhe reconunendation8 of the Boston Safe Deµu8il a11u 
Trust Company with approval of our B"c>ard of Government. 
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The following tranGactiom; were consummated during the year: 
Bonds Par Value 

Province of Ontario (purchased) $ 1,000.00 

Stocks 
American Tel. and Tel. Co. (Sold 52 rights) 
New England Electric System 

Book Value 
$118.56 

using 104 rights, 13 shares purchased 
Sold 4 rights 

Pacific Gas and Electric Company 
Sold 50 rights 

164.13 
.25 

23.36 

Table III shows the book value of securities and bank deposits, but does 
not include the value of the library and other physical properties, for the last 
five years. 

TABLE III 

March I, 1949 March I, 1950 Mar~h I, 1951 March I, 1952 March I, 1953 

Bonds $36,444.7.3 $35,549.23 $35,549.23 $38,494.23 $39,475.48 
Coop. Bank 11,380.60 9,570.22 9,764.13 9,984.59 10,221.96 
Stocks 53,426.70 53,438.36 45,257.17 45,836.05 45,858.01 
Cash 3,203.79 2,538.11 4,473.09 1,513.75 2,322.89 

Totals $104,455.82 $101,095.92 $95,043.62 $95,828.62 $97,878.34 

The financial standing of the Society as of March 1, 1953 is shown in the 
four accompanying tables, attached to this report. 

Table IV Distribution of Funds-Receipts and Expenditures 
Table V Record of Investments-Bonds 
Table VI Record of Investments-Stocks 
Table VII Record of Investments-Co-operative Bank 

At the close of the year the book value of all securities plus cash on hand 
was $97,878.34. This is an increase of $2,049.72 over last year. The mean 
interest rate from all funds was 5.18%, last year the rate was 4:88%, and two 
years ago the rate was 4.82%. 

The treasurer's cash balance of $2,322.89 includes $70.00 withholding tax of 
the Office Secretary and $22.50 Social Security payments for the Office Secre
tary, the Secretary, and the Editor. These taxes and social security payments 
are a portion of the first_ quarters payment to the Collector of Internal Revenue. 
The Secretary's "change fund" of $30.00 is not included" in the Treasurer's Report. 

Respectfully submitted, 

CHARLES 0. BAIRD, JR., Treasurer 



TABLE IV-DISTRIBUTION OF FUNDS-RECEIPTS AND EXPENDITURES 

Book Value ·Jnt. & Div's. Net Profit or Loss 'Transfer of Funds 
March I, 1952 Cash Credit at Sale or Maturity Purchased Sold 

I 2 3 +4 -5 +6 -7 

Bonds $38,494.23 $1,100.04 $981.25 
Co-operative Banks 9,984.59 26.25 $237.37 
Stocks 45,836.05 3,535.99 164.13 
Available for Investment 239.55 0.00 583.34 $142.17 

$94,554.42 $4,662.28 $237 .3 7 0.00 0.00 $1,728.72 $142.17 

Columns 1 + 3 +6 + 7 = 8 

Funds 
Book Value Allocation of J ncome-Profit and Loss 
March I, 1952 Income Col's 2 & 3 Net Loss Col's 4 & 5 Received Expended 

Permanent $58,713.25 $3,042.44 $ 482.50 $ 2,907.79* 
John R. Freeman 27,159.41 1,407.34 105. 70 
Edmund K. Turner 1,055.89 54.69 52.26 
Desmond FitzGerald 2,159.99 111.95 151.90 
Alexis H. French 1,056.99 54.79 45.62 
Clemens Herschel 1,056.28 54.73 23.62 
Edward W. Howe 1,068.70 55.37 62.46 
William P. Morse 2,283.91 118.34 208.88 

$94,554.42 $4,899.65 482.50 $ 3,558.23 
Current Cash 1,274.20 2,669.29 12,132.25 14,575.74 

Totals $95,828.62 $7,568.94 · $12,614.75 $18,133.97 

Secretary's Change Fund of $30 should be added to show total cash: 

Cash Balance March 1, 
Investment Fund 
Current Account 
Total 

1953 
$ 822.89 

1,500.00 
$2,322.89 

*$2,669.29 From income, Permanent Fund 
22 5.80 For the year 1951-52 

$2,443.49 For the year 1952-53 

Book Value 
March I, 1953 

s· 

$39,475.48 
10,221.96 
45,858.01 

822.89 

$96,378.34 

Book Value 
March I, 1953 

$59,330.40 
28,461.05 

1,058.32 
2,120.04 
1,066.16 
1,087.39 
1,061.61 
2,193.37 

$96,378.34 
1,500.00 

$97,878.34 



TABLE V-RECORD OF INVESTMENTS-BONDS 
March 1, 1952 to March 1, 1953 

Date of Maturity Fixed or Current Interest Par Book Market 
Bonds or Classification Interest Rate Received Value Value Value 

United States Bonds Series G June 1, 1953 2½% $200.00 $ 8,000.00 $ 8,000.00 $ 8,000.00 
United States Bonds Series G July 1, 1954 2½% 17 5.00 7,000.00 7,000.00 7,000.00 
United States- Bonds Series G Nov. 1, 1956 2½% 25.00 1,000.00 1,000.00 1,000.00 
United States Bonds Series G May 1, 1958 2½% 100.00 4,000.00 4,000.00 4,000.00 
United States Bonds Series G May 1, 19?0 2½% 25.00 1,000.00 1,000.00. 1,000.00 
American Telephone and 

Telegraph Company Dec. 15, 1961 2¾% 55.00 2,000.00 2,033.90 . 2,277.50 
Consumers Power Company 

First Mortgage Sept. 1, 1975 2¼% 86.26 3,000.00 3,140.35 2,850.00 
Pennsylvania Railroad Company 

Series A June 1, 1965 4½% 45.00 1,000.00 1,017.74 1,043.75 
Province of Ontario Sept. 1, 1972 3¼% 65.00 2,000:00 1,955.00 ( 2,936.25 Province of Ontario 1972* 3¼% - 13.72** 1,000.00 981.2 5. 
Public Service Electric and 

Gas Company June 1, 1979 2¼% 115.00 4,000.00 4,097.50 3,860.00 
Puget Sound Power and 

Light Company . Dec. 1, 1972 4¼% 42.50 1,000.00 1,058.44 1,045.00 
Southern Pacific Company 

Oregon Lines Mar. 1, 1977 4½% 180.00 4,000.00 4,191.30 4,175.00 

Totals $1,100.04 $39,000.00 $39,475.48 $39,187.50 
*Purchased Jan. 30, 1953. 

**Accrued interest at time of purchase. 



TABLE VI-RECORD OF INVESTMENTS-STOCKS 

March 1, 1952 to March 1, 1953 

Number Dividend 
Stocks Classification of Shares Received 

American Telephone and Teleg~aph Company Common* 52 $ 468.00 
Consolidated Edison Co. of New York Inc. Common 50 100,00 
Continental Insurance Common 50 140.00 
General Electric Company of New York Common 50 150.00 
Hanover Bank Common 29 116.00 
Hartford Fire Insurance Company Common 14 42.00 
National Dairy Products Corp. Common 50 150.00 
New England Electric System Common** 121 105.99 
North American Trust Shares July 15, 1955 1,500 414.00 
Pacific Gas and Electric Company Preferred 100 150.00 
Pacific Gas and Electric Company· Common*** 50 100.00 
Radi·o Corporation of America Preferred 20 70.00 
Southern California Edison Co. Ltd. .Preferred 40 80.00 
Southern California Edison Co. Common 45 90.00 
Southern Railway Company Preferred 15 75.00 
Standard Oil of New Jersey Common 108 459.00 
Texas Company Common 104 312.00 
Union Carbide and Carbon Corp. Common 100 250.00 
Union Pacific Railroad Common 44 264.00 

Totals $3,535.99 

*Sold 52 rights July 11 1952. 
**Using 104 rights, 13 shares purch~sed May 23, 1952 and 4 rights sold July I, 1952. 

**'SoLcl .10 rights June 26, 1952. 

Book Value Market Value 
March 1, 1953 M.arch 1, 1953 

$ 5,924.18 $ 8,300.50 
2,556.12 1,950.00 
2,026.21 3,925.00 
2,341.47 3,450.00 
2,523.57 3,001.50 

839.7 5 2,275.00 
1,154.74 2,968.75 
1,977.74 1,694.00 
5,342.00 8,175.00 
2,704.89 3,412.50 
1,358.11 1,956.25 
1,720.75 1,530.00 
1,161.22 l,8"60.00 
1,374.25 1,726.88 
1,136.80 1,188.75 
3,328.16 8,019.00 
2,956.32 5,759.00 
2,958.44 6,887.50 
2,473.29 4,950.00· 

$45,858.01 $73,029.63 



Co-operative Banks 

Suffolk Co-operative 
. Federal Savings and 
Loan Association 

Suffolk Co-operative 
Federal Savings and 
Loan Association 

Totals 

TABLE VII-RECORD OF INVESTMENTS-CO-OPERATIVE BANKS 

March 1, 1952 to March 1, 1953 

Fixed 
Number Dividend Dividend 

Classification of shares Rate Received 

Matured Certificate 5 2¼%* $ 26.25 

Savings Account 2¼%* 237.37 

$263.62 

*The dividend rate was 2½% for the first six months and 2¾% for the second six months. 

Book Value Hook Value 
March 1, 1953 March 1, 1953 

$ 1,000.00 $ 1,000.00 

9,221.96 9,221.96 

$10,221.96 $10,221.96 
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REPORT OF THE SECRETARY 

Boston, Mass., March 18, ·1953 

To the Boston Society of Civil Engineers: 

The following is a statement of cash received by the Secretary ·and of the 
expenditures approved by the Pre'sident, in accordance with the budget adopted 
by the B·oard of Government. · 

FOR THE YEAR ENDING MARCH 18, 1953 

Office 
Secretary, Salary & Expense 
Stationery, Printing & Postage 
Incidentals & Petty Cash 
Insurance & Treasurer's Bond 
Quarters, Rent, Lt. & Tel. 
Office Secretary 
Auditor's charge 
Social Securtly 

Meetings 
Rent of Halls, etc. 
Stationery, Printing & Postage 
Hospitality Committee 
Reporting & Stereopticon 
Annual Meeting (March, 1952) 
Sanitary Section 
Structural Section 
Transportation Section 
Hydraulics Section 
Surveying & Mapping Section 

Journal 
Editor's Salary & Expense 
Printing & Postage 
Advertisements 
Sale of Journals & Reprints 

Library 
Periodicals 
Binding 
Fines 
Binding Journals for Members 
Bank Charges 
Miscellaneous 
Engineering Societies Dues 
Membership Committee 
Dues from B.S.C.E. Members 

Transfer Income Permanent Fund 

Account 
Number 

(20) 
(22) 
(23) 
(24) 
(26) 
(28) 
(30) 
(31) 

(40) 
( 41) . 
(42) 
(43) 
(44) 
(45) 
(46) 
(47) 
(48) 
(SO) 

(60) 
(62) 
(64) 
(63) 

(69) 
(70) 
( 6) 
(81) 
(82) 
(84) 
(88) 
(66) 
(10) 

Entrance Fees to Permanent Fund $472.50. 

Expenditures 

$ 500.00 
469.79 
116.20 
34.80 

1,902.45 
2,989.50 

12 5.00 
59.50 

180.00 
65.55 

782.51 
5.00 

886.55 
35.37 
50.35 
22.57 
15.50 
15.96 

516.00 
4,538.89 

153.60 
62.02 

95.53 
120.54 

14.92 
4.59 

81.85 
72 5.20 

6.00 

$14,575.74 

Receipts 

$ 800.00 

614.79 

776. 7 5 

2,202.10 
1,066.12 

1.55 
14.70 

29.44 

6,626.80 
2,443.49 

$14,575.74 
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Forty-two New Members; 8 New Juniors; 1 Junior transferred to Member; 
9 Students transferred to Junior. 

The above receipts have been paid to the Treasurer, whose receipt the Sec
retary holds. The Secretary holds cash amounting to $30 included as payment 
under item 3 (Petty Cash) to be used as a fixed fund or cash on hand. $92.50 
of withholding taxes and Social Security, which is payable to the Collector of 
Internal Revenue in April, 1953 is not included in the above tabulation. 

Respectfully submitted, 

ROBERT W. Morn, Secretary 

REPORT OF THE AUDITING COMMITTEE 

Boston, Mass., March 18, 1953 
To the Boston Society of Civil Engineers: 

vVe have reviewed the records and accounts of the Secretary and Treasurer 
of the Boston Society of Civil Engineers and we have compared the bank state
ment of Securities held by the Roston Safe Deposit and Trust Company with 
the enumeration submitted by the Treasurer. We have also reviewed the re
ports of William J. Hyde, Certified Public Accountant, who has examined said 
records and accounts. 

We have accepted and present herewith, with our approval, the signed reporf 
of the Accountant. 

Respectfully submitted, 

Mr. John G. W. Thomas, 
Chairman of the Auditing Committee, 
Bostor. So_ciety of Civil Engineers. 
Dear Sir: 

JOHN G. w. THOMAS 
}AMES F. BRITTAIN 

Boston, Mass., March 16, 1053 

In accordance with your instructions, I have completed the annual audit 
of the financial records of the Society for the fiscal year March 1, 1952 to 
March 1, 1953 and report as follows: 

All changes in the securities owned were found properly recorded in the 
accounts. Receipts from sales of Rights were properly accounted for or were 
applied to reduce the cost of their respective stocks. All receipts of income, in
cluding entrance fees, as recorded in the records of the Secretary, together with 
the interest and dividends were found correctly recorded in the Treasurer's ac
counts and to have been deposited in the bank. 

Earnings of Co-operative Banks were verified and found correct. 
A certified list of securities owned by the Society as of March 1, 1953, and 

held by the Boston Safe Deposit and Trust Company as Custodian, was in agree-· 
ment with the Treasurer's record. 

All bills paid have been approved by the President and Secretary. Pay-
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ment of same were vouched by cancelled checks returned by the bank, with 

the exception of seven recent checks which had not been presented for payment. 

In accordance with past practice the Secretary's change fund, $30.00, is 

not included in the assets reported by the Treasurer. Withheld Taxes and 

Social Security deductions from employees' salaries for January and February 

have been retained for the Collector of Internal Revenue. 

A verified .copy of the Treasurer's Report is attached hereto and summaries 

of his ledger accounts are shown in detail. 

I found the records for the fiscal period ended March I, 1953 in good 

condition and, in my opinion, they are correct. 

Respectfully submitted, 

WILLIAM J. HYDE, Certified Public Accountant 

REPORT OF THE EDITOR 

Boston, Mass., March 2, 1953 

To the Boston Society of Civil Engineers: 

The JOURNAL was issued quarterly in the months of April, July, and Octo

ber, 1952 and January, 1953 as authorized by the Roard of Government on 

December 20, 1935. 
During the year there have been published 19 papers· presented at meetings 

of the Society and Sections. · 

The four issues of the JOURNAL contained 349 pages of papers and proceed

ings, 7 pages of Index and 52 pages of advertising, a total of 408 pages. An 

average of 1,300 copies per issue were printed. 

The· cost- of printing the JOURNAL was as follows: 

Expenditures 
Composition and printing ......................... . 
Cuts ............................................ . 
Wrapping, mailing & postage ..................... . 
Editor ......................................... . 
Reprints ........................................ . 
Copyright ........................................ . 
Advertising Solicitor ............................. . 

Receipt, 
Receipts from sale of JOURNAL and Reprints ......... . 
Receipts from Advertising ....................... . 

Net cost of JOURNAL to be paid from Current Fund 

Respectfully submitted, 

$3,530.36 
839.2 5 
169.28 
500.00 

62.02 
16.00 

153.60 

$1,066.12 
2,202.10 

$5,270.51 

$3,268.22 

2,002.29 

CHARLES E. KNox, Editor 
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REPORT OF THE LIBRARY COMMITTEE 

Boston, Mass., March 6, 1953 

To tlze Boston Society of Civil Engineers: 

On behalf of the Library Committee, I submit the following report for the 
year 1952-53. · 

During the year, 136 books were loaned and a total of $1.55 was collected. 
in fines. This represents an increase in circulation over the past two years 
to a figure comparable with the circulation before the interruptions caused by 
alterations to the Society rooms. 

The following expenditures were made during 

For Subscriptions to Periodicals 
For New Books 

the year: 

For Bindings 

$ 95.53 
88.71 

120.54 

. The binding expense is primarily for Water Supply Papers which are being 
bounci gradually (as previously reported) until all volumes on hand are covered. 

The books purchased and added to the library are: 
Handbook of Engineering Fundamentals, Eschback 
Handbook of Applied Hydraulics, Davis 
Data Book for Civil Engineers, Seeley, Vol. III 
Civil Engineers Ha.ndbook, Urquhart, 3rd Ed. 
Introduction of Highway Engineering, Bateman 
Manual of Photogrammetry, 2nd Ed. 

Surveying: Theory and Practice, Professional Ed. 
Welding Handbook, 3rd Ed. 
Manual for Design of Arc Welded Steel Structures 
World Atlas, Hammond 
American Stai;idard Specifications for Highway Bridges 

Books donated to the library by authors are: 
Fixed End Moments, Paul Rogers 
Pile Foundations, Theory-Design-Practice, Robert D. Cheeles 
Engineering Laminates, A. G. H. Dietz 
Civil Engineering Reference Book, E. H. Probst and J. Comrie 

The arrangement and general contents of the library remain unchanged. 
However, during the year it has been observed Jhat the demand for certain 
periodicals has been small· and it is recommended that next year's committee 
review again the periodical subscription list. 

Respectfully submitted, 

JAMES W. DAILY, Chairman 
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REPORT OF THE HOSPITALITY COMMITTEE 

To tlte Boston Society of Civil Engineers: 
Boston, Mass., March 9, 1953 

The Hospitality Committee submits the following report for the year 
1952-53: 

·seven regular meetings, a Student Night meeting, and an Annual Dinner 
were held during the year at the locations noted in the following table. 

A collation was served by this Committee in the Lounge of the American 
Academy of Arts and Sciences at the meetings as noted. 

Becauco tho cost of thoso collations far exceeded the contributions received 
the menu wac changed during the year to include only coffee and doughnuts. 

The attendance at regular meetings at the Academy averaged 76, a decrease 
of 39 over the previous year. 

Date 

Mar. 19, 
Apr. 15, 
May 21, 
Sept. 24, 
Oct. 15, 
Nov. 19, 
Dec. 17, 
Jan. 28, 
Feb. 18, 

1952 
1952 
1952 
1952 
1952 
1952 
1952 
1953 
1953 

SUMMARY OF MEETINGS AND ATTENDANCE 

Place 

Hotel Vendome 
Northeastern University 
American Academy 
American Academy 
Worcester Polytech Inst. 
American Academy 
American Academy 
American Academy 
Ameican Academy 

Attendance 
Dinner Meeting 

252 
105 

315 

81 
156 
63* 

107* 
329 
47* 
66* 
99* 
73* 

*Collation served after meeting. 

The average attendance at all nine meetings was 113. 
Respectfully submitted, 

STEPHEN E. DORE, JR., Chairman 

REPORT OF SUBSOILS COMMITTEE 

Boston, Mass., Ma_rch 18, 1953 
To the Boston Society of Civil Engineers: 

The work on preparation and publication of boring data by the Committee 
on Sub3oil3 of Iloston has continued during tho pact ·year and Section '1 of the 
series "Boring Data from Greater Boston" appeared in the January 1953 issue 
of the JOURNAL of the Society. This article presented data of 801 borings in Cam
bridge and 236 in Charlestown, and contained maps of the two areas. 

The Committee is arranging for a new printing of the book "Contributions 
to Soil Mechanics, 192 5 to 1940," which was published by the· society in· 1940. 
Also in preparation and due for publication this spring is a new society volume 
which will bear the title "Contributions to Soil Mechanics, 1941 to 1952." 

Respectfully submitted, 
DONALD W. TAYLOR, Chairman 
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REPORT OF MEMBERSHIP COMMITTEE 

Boston, Mass., March 18, 1953 
To the Boston Society of Civil Engineers: 

The Membership Committee of the Society has held no formal meetings 
during the year, but has endeavored, in pursuance of the directive issued at 
the last meeting, to obtain a list of the names and addresses of licensed ·engineers 
in Massachusetts, for the purpose of distributing literature to licensed engineers 
who are not members of the Society. 

Repeated attempts have been made to peruse the list of licensed engineers, 
which is understood to number approximately 6,000. The best information avail
able at this time indicates that the roster will not be apparent until the latter 
part of March, or the first .part of April of this year. 

In view of the above it is recommended that the Membership Committee, 
as now constituted, be continued for one more year, for the purpose of distribut
ing Society literature when the roster of licensed engineers in Massachusetts be
comes apparent. 

It is estimated that membership in the Society now stands at 901. This in
cludes an estimated 25 members who may be dropped on March 18th for non
payment of dues or failure to transfer. During the year the following changes 
occurred: 42 new members, 8 junior members, 1 junior transferred to member; 
9 students transferred to juniors; 19 applications pending. 

Respectfully submitted, 

T. A. BERRIGAN, Chairman 

REPORT OF ADVERTISING COMMITTEE 

Boston, Mass., March 18, 1953 
To the Boston Society of Civil Engineers: 

The following advertising has been carried in the JOURNAL during the year. 

April July October Jan.(1953) 

Professional cards 35 35 34 34 
¼ page ads 24 24 23 23 
Full page ads 2 2 2 2 
Inside front cover 1 1 1 
Total pages of advertising 11 12 12 12 

During the past year $2,202.10 was collected from advertisers from which 
commissions totaling $153.60 were paid to the solicitor. 

Mr. George V. Hankinson was appointed solicitor for the JOURNAL advertis
ing during the past year. Through his efforts advertising was maintained on 
the same level.as that for the past year. 

Respectfully submitted, , 
C. E. KNOX, Chairman 
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REPORT OF THE JOHN R. FREEMAN COMMITTEE 

Boston, Mass., March 18, 1953 
To the Boston Society of Civil Engineers: 

There has been no activity of the fund during the past year. 

This• spring the Committee is planning to offer a scholarship similar to 
the last one which was awarded in 1949-50. This will cover a year's study or 
research here or abroad in hydraulics or allied science. The scholarship will be 

·$3,000 for a single man or $3,600 for a married man. Preference will. be given 
to residents of New England and Eastern New York, north of New York City. 
It is desirable, but not necessary, that the recipient be a member of the Boston 
Society of Civil Engineers. 

The award will be made to a candidate whose application shows that this 
project will be to the benefit of the science of hydraulics and who, in the opinion 
of the Committee, is qualified to do the work. The Committee will assume no 
obligation to make any award if in its opinion no subject or candidate is con
sidered worthy. 

Respectfully submitted, 

HowARD M. TURNER, Chairman 

REPORT OF COMMITTEE ON PROFESSIONAL PRACTICE 

AS RELATING TO COMPETITIVE BIDDING 

Boston, Mass., March 4, 1953 

To the Boston Society of Civil Engineers: 

Gentlemen: 

The Committee drafted a resolution and petitioned its adoption by the, 
Society by petition signed by its members and by other members of the Society, 
which was presented to the Board of Government on April 7, 1952. Action on 
this resolution is covered by the minutes of the meetings of the Society for 
May 21, September 24, and October 15, 1952. 

As the matter has been brought to a conclusion we recommend "that the 
Committee be discharged. 

Respectfully submitted, 

CARROLL A. FAR WELL, Chairman 
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REPORT OF COMMITTEE ON REGISTRATION LAW 
Boston, Mass., March 16, 1953 

To the Board of Government, Boston Society of Civil Engineers: 

The Committee on Registration Law was first authorized at a meeting of 
the Board of Government on February 18, 1952, and was appointed February 
21, 1952. The duties of this Committee are to keep in close touch with legisla
tion concerning registration as it affects engineers and architects on public works 
and to work with other local engineering societies such as the ASCE, ASPE, 
etc., to prevent passage of unfavorable legislation relative to registration re
quirements for such public works. 

The appointment of this committee was inspired by petitions which have 
been submitted to the Massachusetts General Court during the past several 
years to amend the architects' registration law. These bills have all included the 
provision that no state or local public agency shall examine plans or issue per
mits upon any plans and specifications for the construction, alteration, addition 
or repair of public buildings unless the plans bear the seal of a registered archi
tect. In some of the bills the words "or registered engineer" were included with 
the words "registered architect". The 1952 bill was withdrawn but it was ex
pected that similar legislation would be filed in the future, probably in Decem
ber of 1952. 

In view of the fact that this legislation, if passed, ·.would either deprive 
engineers of the right to act as· principals in the making of plans for public 
buildings or would require registration in order to do so, it was felt that the 
interests of the Members of the B·oston Society of Civil Engineers should be 
protected. Representatives of the ESNE have appeared against these bills in 
the past because it would be a step towards mandatory registration and in con
flict with the results of the referendum conducted in November, 1949 in which a 
majority of Massachusetts Engineers were recorded as against mandatory regis-
tration. · 

Your committee learned that early in 1952 an "Architect-Engineer Relations 
Committee" composed of representatives of the Massachusetts State Association 
of Architects and the Massachusetts Society of Professional Engineers met to 
draw up an "inter-professional code of practice". Inasmuch as it was understood 
that this Architect-Engineer Relations Committee would probably sponsor legis
lation leading towards partial or complete mandatory registration, your President 
requested representation on this committee for the Boston Society of Civil 
Engineers. This representation was denied. 

In order to place fhe Board of Government in a position to act promptly 
in case of the filing of such legislation, your committee petitioned the Board of 
Government for a referendum to authorize the Board bf Government to :ict for 
the Society at legislative hearings in Massachusetts relating to registration of 
architects, engineers and land surveyors. The proposed resolution reads as 
follows: 

RESOLl'ED: "That the Board of Government of the Boston Society of Civil 
Engineers is hereby authorized to act with power for the Society in the 
Commonwealth of Massachusetts in support of any legislation relating 
to registration which, in its judgment, is for the best interest of en
gineers and land surveyors and in opposition to any legislation relating 
to registration which, in its judgment, is not to the interest of engineers 
and land surveyors". 
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The resolution was voted upon in September, 1952, and was passed with 
only eight dissenting votes out of a total of 290. 

The Architect-Engineer Relations Committee adopted an "inter-progressional 
code of practice" on October 20, 1952. The code was adopted by the Massa
chusetts State Association of Architects at a meeting on October 23, 1952 and 
by the Massachusetts Society of Professional Engineers at about the same time. 
This code indicates that both organizations will support legislation leading to 
mandatory registration of architects and engineers. 

Al a meeting of your committee on November 7, 1952, a memorandum 
report was prepared to the B'oard of Government recommending, among other 
things, that "the Boston Society of Civil Engineers should arrange for a joint 
meeting of its representatives with representatives of the Massachusetts State 
Association of Architects, the Massachusetts Society of Professional Engineers, 
the Engineering Societies of New England and the Northeastern Section of the 
American Society of Civil Engineers, for the purpose of drafting legislation 
affecting the practice of registered architects and registered professional engineers 
on public works in Massachusetts": This recommendation was adopted by the 
Board of Government and the first meeting was called for November 25, 1952. 

All of the technical societies invited were represented at the meeting of 
November 25. The meeting progressed most amicably and it was learned that 
no legislation affecting registration was proposed for the 1953 session of the 
General Court. It was also learned that the legislation, when filed, would prob
ably be for a law to be administered by the Department of Public Safety rather 
than an amendment to the Architects Registration Law. 

Additional informal meetings of the representatives of the above named 
societies were held on January 5, February 2, February 9 and March 2, at which 
meetings joint action by the Societies on legislation of interest to architects and 
engineers was studied. 

Respectfully submitted, 

THOMAS R. CAMP, Chairman 

REPORT OF THE EXECUTIVE COMMITTEE OF 
THE SANITARY SECTION 

Boston, Mass., March 2, 1953 
To the Sanitary Section, Boston Society of Civil Engineers: 

During the year, four meetings of the Sanitary Section were held as follows: 
March 5, 1952 :-Annual meeting and election of officers at the Society Rooms. 

The following Executive Committee was elected: 
Fozi M. Cahaly, Chairman; John S. Bethel, Jr., Vice-Chairman; Ariel 
A. Thomas, Clerk; and C. Hugo Bergman, Edward W. Moore and Clair 
N. Sawyer, Members. 

Several papers and a prepared discussion of "Boston Harbor Pollution" 
were presented by Edgar F. Copell for Arthur Weston, Frank Morgenrath, Rolf 
Eliassen, James C. Lamb, III, and Thomas Berrigan.. · 

Forty members and guests attended the dinner at Patten's. Ninety-five 
members and guests attended the meeting. 
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May 17, 1952 :-Joint meeting with the Main Society. Inspection trip to 
B'ucklin Point Sewage Treatment Plant and Omega Sewage Pumping Station of 
the Blackstone Valley Sewer District Commission. Short talks were made by 
William S. Holloran, John S .. Bethel, Jr., and Charles Hammann after the 
luncheon at the Wannamoisett Country Club. Fifty persons attended the luncheon 
and sixty-five made the inspections. 

October 1, 1952-George G. Bogren presented a paper, "A Waste Treat
ment Plant for Cotton Finishing Wastes." Twenty-five members and guests 
had dinner at Patten's. Thirty-five members and guests attended the meeting. 

December 17, 1952-Joint meeting with the Main Society. Stanley M. 
Dore presented a paper, "Allegheny County Sanitary Authority Project in 
Western Pennsylvania" which was discussed by Frank L. Flood. A nominating 
committee consisting of Allen J. Burdoin, Chairman; Kenneth F. Knowlton and 
Frank L. Heaney, was elected with instructions to present a slate of officers at 
the Annual Meeting in March. Sixty-five members and guests attended. A 
collation was served. 

Total attendance for four meetings was 260. Average attendance for four 
meetings was 65. Six meetings of the Executive Committee were held during 
the year. 

Respectfully submitted, 
A. A. THOMAS, Clerk 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
STRUCTURAL SECTION 

; 

Boston, Mass., March 9, 1953 

To the Structural Section, Boston Society of Civil Engineers: 

During the past year, seven meetings were held as follows: 

March 12, 1951.-Annual meeting and election of officers. Mr. Thomas E. 
Dalby of Bethlehem Steel Company gave an illustrated talk on "Production and 
Distribution of Structural Shapes". Attendance-32. · 

May 14, 1952.-Mr. J. R. Thompson and Mr. H. A. Vanderbeek, both of 
the American Bridge Division, U. S. Steel Company, gave talks• on "United 
Nations Secretariat Building", illustrated by a color film. Attendance-52. 

October 8, 1952.-Assistant Professor Stanley D. Wilson of Harvard Uni
versity spoke on "Control of Foundation Settlements through Pre-Loading". 
Attendance-102. 

November' 24, 1952.-Joint meeting with the Northeastern Section of the 
American Society of Civil Engineers. Mr. Paul S. Crandall, of Crandall Dry 
Dock Engineers, spoke on "Problems of Waterfront Construction", and Mr. 
Herman G. Protze, Materials Technologist, spoke on "Refractory Concrete for 
Jet Engine Test Cells". Total attendance-150. 

December 10, 1952.-Mr. William A. Henderson, Assistant Bridge Engineer 
of the Massachusetts Department of Public Works, spoke on "The Massachusetts 
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Department of Public Works Prograqi in Pres tressed Concrete Bridges". At
tendance-97. 

January 29, 1953.-Joint meeting with the Main Society. Mr. 0. H. Am
mann of Ammann and Whitney, Consulting Engineers, New York, spoke on 
"Present Status of Design of Suspension Bridges with Respect to Dynamic Wind 
Action". Total attendance-99. 

February 11, 19.53.-Col. Jack Singleton, Chief Engineer of the American 
Institute of Steel Construction, spoke on "New Developments in Construction". 
Attendance-67. 

The total attendance was 599; average attendance, 85. 
Meetings of the Executive Committee of the Structural Section were held 

on May 14 and November 24. 

Respectfully submitted, 

RUTH D. TERZAGHI, Clerk 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
TRANSPORTATION SECTION 

Boston, Mass., March 18, 1953 

To the Transportation Section, Boston Society of Civil Engineers: 

The Transportation Section of the BSCE held four meetings during the 1952-
1953 Season as follows: 

February 27, 1952. Annual Meeting. Officers for the ensuing Year were 
elected. Due to the inclement weather and consequent poor attendance of eight 
members the meeting was adjourned early and the speaker asked to address 
a future meeting. 

April 23, 1952. Mr. Mel Prior, Chief of Laboratory of the Dewey & Almy 
Chemical Company, spoke on the subject of "Asphalt Technology". Attendance 
-20. 

September 24, 1952. Joint meeting with Parent Society. Mr. Roy E. 
Jorgensen of the Engineering Council of National Highway Users Conference 
presented a paper entitled "Free Roads and Toll Roads". Attendance-107. 

January 14, 1953. Meeting to replace scheduled Nov. 26, 1952 meeting. 
Mr. Edward J. McCarthy of. the Mass. Dept. of Public Works discussed "Traffic 
Engineering in Massachusetts". Attendance-36. 

The average attendance per meeting for the year was 43. 

Respectfully submitted, 

HERMAN G. PROTZE. Clerk 
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REPORT OF THE EXECUTIVE COMMITTEE OF THE 
HYDRAULICS SECTION 

Boston, Mass., March 2, 1953 

To the Hydraulics Section, Boston Society of Ci·vil En;gineers: 

The following meetings were held during the past year: 
May 3, 1952. Inspection trip and demonstration oi models at the Alden 

Hydraulic Laboratory, which Prof. Leslie J. Hooper had organized. Attendance-31. 
November 6, 1952. Mr. Charles E. Cannon, Project Engineer, Metcalf 

and Eddy, Boston, addressed the section on "Quinapoxet Addition to Worcester 
Water Supply". Prof. Leslie J. Hooper followed the speaker with an extensivt
discussion of model tests made for the spillway of that project. Attendance-3 7. 

February 18, 1953. Joint meeting with the Main Society. Annual meet
ing of the section and election of officers. The following slate of officers was 
proposed and elected: 

Lincoln W. Ryder, Chairman 
Arthur T. Ippen, Vice-Chairman 
Ralph S. Archibald, Clerk 
Julian H. White, Executive Committee 
Frederick C. Merrikin, Executive Committee 
Joseph C. Lawler, Executive Committee 

Mr. John Boardman, Engineer of the Interstate Commission on the Dela
ware River Basin, Philadelphia, Pennsylvania, spoke in place of Mr. James .H. 
Allen, Executive Secretary of Incodel, on "The Delaware-:Water for Millions." 
Attendance-7 3. 
' Total attendance was 141. Average attendance was 47. 

Respectfully submitted, 
A. T. lPPEN, _Clerk 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
SURVEYING AND MAPPING SECTION 

Boston, Mass., March 10, 1953 

To the Surveying and Mapping Section, Boston Society of Civil Engineers: 

The Surveying and Mapping Section held the following meetings during the 
past year: · 

April 2, °1952-Speaker, Judge John E. Fenton. Subject, "Land Court and Its 
Relation to the Surveyor and his Problems". Attendance, 64. 

October 22, 1952-Speaker, William J. Goggins. Subject, "Surveying-Coun
try Style". Attendance, 54. 

January 21, 1953-Annual ·Meeting and election of Officers-elected: Chair
man, C. Frederick Joy, Jr.; Vice-Chairman, Wilbur C. Nylander; Clerk, Alex
ander J. Bone; Executive Committee Members, George W. Hankinson, William 
C. Moberger, George E. Dionne; Speaker, Joseph P. Wallis, Subject, "Airport 
Site Selection". Attendance, 23. 

The total attendance was 14"1; average attendance was 47. 
Respectfully submitted, 

WrLBUR C. NYLANDER, Clerk 
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REPORT OF THE NORTHEASTERN UNIVERSITY CIVIL 
ENGINEERING SOCIETY 

Boston, Mass., March 18, 1953 
To the Boston Society of Civil Engineers: 

I would like first to give you a brief background of our Civil Engineering 
Society. In 1922, we became the Northeastern University Section of the Boston 
Society of Civil Engineers. We continued in this status until 1940 when we 
received a charter as a student chapter of the American Society of Civil Engineers. 
In 1950, we became the first Student Chapter of the Boston Society. 

The principal objective of our chapter is to introduce the students to the 
professional societies' activities. In this regard, we encourage attendance at 
regular meetingG of the nocictie~, and encourage participation in nocicty activitic3. 
Each year many papcrc arc cubmittcd to local and national content:; by our mem
bers. Over this past year, papers written by our members have received a Des
mond FitzGerald student paper award from the Boston Society, a first and a , 
third prize at the New England Conference of Student Chapters of the American 
Society of Civil Engineers sponsored by the Northeast Section of the A.S.C.E., 
a prize from the Lincoln Arc Welding Foundation, a second prize from the 
Massachusetts Association of Highway Officials and prizes from our own student • 
organization. Of eight papers submitted by 15 student · chapters to the before,. 
mentioned New England Conference, six were written by members of the North
eastern University Chapter. 

During the year 1952, this chapter held 19 regular meetings with an average 
attendance of 57, which are summarized as follows: 

Speakers from the professional field were presented and spoke on such 
varied topics as "The Engineer in Construction" and "The Engineer and the 
Professional Unions". Many movies were shown such as: Steel Erection on the 
United Nations Buildings and Erosion Problems in the Mississippi River Valley. 

In addition to these meetings, two field trips were conducted: One to the 
remodeled Cambridge water treatment plant and the other to the Forest Hills 
Overpass project. . 

One· hundred and twenty-one of our members attended the annual student 
night sponsored by the Boston Society at Worcester Polytechnic Institute at 
Worcester, we were also represented by a large delegation at the joint meeting 
of the B.S.C.E. and the A.S.C.E. held this past year at Northeastern University. 

The Northeastern University Civil Engineering Society will be host to the 
15 student chapters of the A.S.C.E. in New England on May 2, 1953, at North
eastern for the annual Confererice of Student Chapters. 

Our memqership for the year 1952 was 145. This includes about 90% of 
the seniors, 80% of the juniors, 35% of the middle class, and 13% of the sopho
more class. 

We of the Northeastern University Civil Engineering Society would like 
to thank the Boston Society for its continued interest and support of student 
chapter activities. In particular, we would like to extend our fervent thanks 
to your President for 1952-53, and the Chairman of our Civil Engineering Depart
ment, Professor E. A. Gramstorff. His enthusiastic participation in professional 
societies has stimulated an increased awareness of Professional Society activities 
among his students at Northeastern University .. 

Respectfully submitted, 
W. W. ESTY, JR., President, N.U.C.E.S., 1952 
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