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ENGINEERING AND THE BASIC SCIENCES: 
THE CHALLENGE OF THE 60's 

BY BRIGADIER GENERAL ALDEN K. SIBLEY, MEMBER* 

(Presented at a Joint Meeting of the Boston Society of Civil Engineers and the Massachusetts 
Section of the American Society of Civil Engineers, held on A1,ril 25, 1960.) 

IT rs an honor and privilege for me to speak to you this evening 
at the joint meeting of two of our country's foremost engineering 
societies. In discussing with you the need for a closer relationship 
between the basic sciences and engineering, I should like to pose a 
few questions in the hope of generating some good hard thinking 
about the development of science and engineering in the coming 
decade and beyond. I realize that to some I may well be carrying coals 
to Newcastle in view of the proximity of Massachusetts Institute of 
Technology and other distinguished educational institutions in this 
area. In a real sense they each exemplify that fruitful marriage be
tween pure science and civil engineering. For example, early in the 
$3-million study of the Passamaquoddy tidal power project, which we 
recently completed after three years of work, we turned to the Hydro
dynamics Laboratory of M.I.T. for the solution of a basic, theoretical 
problem on which the feasibility of this great civil engineering project 
could stand or fall. By the middle thirties the possibility had been 
suggested that drawing a fraction of the 2 billion horsepower dissipated 
continuously in friction by the ocean tides might alter their resonant 
wave structure, just as the configuration of the standing waves on a 
power transmission line can be shifted by turning on a 5-ampere 
electric light. It was essential to the study that this basic problem 
be solved once and for all and laid to rest. Dr. Ippen and his associate, 
Dr. Harleman, on the basis of theoretical principals underlying tidal 
hydraulics, analyzed and solved this problem, showing conclusively 

* Division Engineer, U.S. Army Engineer Division, New England Corps of Engineers. 
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that the effect of the project on the resonance of the tides within the 

Bay of Fundy would be negligible. 
More than any other field of engineering, civil engineering has 

been traditionally an empirical science, resting on tradition and preced

ent, on the empirical conclusion that what has worked in the past will 

work today. Bridges are designed today much as they were hundreds 

of years ago because these ancient bridges faced the empirical test

they didn't fall down. The pontoon bridges used by the Army today 

are essentially the same as those used by Hannibal in his invasion of 

Italy in 200 B.C. The stock of basic, scientific knowledge that is the 

foundation of civil engineering is soon exhausted and must be con

stantly replenished. It can be strongly argued that today we are mov

ing in a different age, an age when the growth of the engineering 

sciences must inevitably become more closely related to the develop

ment of pure science. Dr. Stephan Timoshenko of Stanford University, 

in his recent book "Engineering Education in Russia," argues force

fully for creation in this country of undergraduate colleges to educate 

what he calls the "research engineer" with a training largely based 

on the broad study of such fundamental sciences as mathematics, 

mechanics, and physics for the purpose of eliminating the gap that 

exists today between the pure and applied sciences. 
Let me illustrate this further by drawing an example from another 

field of science and engineering, one that has changed profoundly 

and forever the age in which we live. 
Each of us had heard, actually or figuratively, since Hiroshima, 

the explosions of "A" bombs and "H" bombs. I want to suggest to 

you this evening that the most significant explosions may not be those 

of "A" bombs and "H" bombs reverberating around the world. The 

most important explosions may, in the end, be those unheard explo

sions not in the ears but in the minds of men: thought explosions 

we call ideas. I should like further to suggest that ideas are today 

our most important, although sometimes our least respected com

modity. And I want to urge you to consider that we in the United 

States have before us some of the hardest and most demanding think

ing we have ever had to do. This thinking, if it is to be wise and 

conducive to our survival in the nuclear age, must be born of a com

mon understanding among scientists, engineers, educators, soldiers and 

statesmen-an understanding which we have not always enjoyed. And 

it must be a courageous understanding that dares to come to grips 
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with the thermonuclear bomb and look beyond to man's greatest and 
most challenging opportunity for mastering the forces of nature for 
the benefit and not the destruction of mankind. 

The development of nuclear energy is simply a dramatic instance 
of what has repeatedly occurred in the growth of science. But for our 
purposes it can teach us a very important lesson. Among other things, 
it can teach us vividly the basic importance of what is sometimes 
thought to be "useless" knowledge. 

Abraham Flexner, speaking two decades ago of the "usefulness 
of useless knowledge", told the story of a conversation with George 
Eastman, a wise and gifted man of great wealth who was discussing 
his intention to devote his vast fortune to the promotion of education 
in "useful" subjects. Flexner ventured to ask him whom he regarded 
as the most useful worker in science, to which Eastman replied in
stantaneously: "Marconi." Eastman's surprise was extreme when 
Flexner suggested that Marconi's share in the production of radio and 
wireless was virtually negligible. Flexner referred, of course, to the 
well-known fact that behind Marconi's rather simple technical work 
stood the abstruse and remote calculations of electricity and magnet
ism which Clerk Maxwell had carried out and to the subsequent 
detection of electro-magnetic waves by Heinrich Hertz. He referred, 
too, of course, to the fact that neither Maxwell nor Hertz had any 
concern whatsoever about the utility of their work. 

Let us look for a moment at the pure research which led to con
struction of the first atomic bomb. Among the contributions prerequi
site to the production of a nuclear chain reaction were those of Henri 
Becquerel, a Frenchman, who first discovered the phenomenon of 
radioactivity; Niels Bohr, a Dane, and the Bohr model of the atom; 
Louis de Broglie, a Frenchman, the founder of modern wave mechan
ics; and Werner Heissenberg, a German, with his elaborate matrix 
mechanics; Albert Einstein, a German, and the mass-energy relation
ship; Max Planck, a German, and the quantum theory; Pierre and 
Marie Curie in France and their researches in radium; Lord Ruther
ford, in England, and the identification of alpha, beta and gamma rays; 
Robert Millikan, an American, and his classic oil-drop experiment 
with which he measured the charge on a single electron; F. W. Aston, 
an Englishman, and the mass spectrograph; C. T. R. Wilson, an 
Englishman, who developed the Wilson Cloud Chamber for observing 
the tracks of high speed particles; P. M. S. Blackett, an Englishman, 
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who photographed the first artificial transmutation of an element; 
Sir James Chadwick, an Englishman, who proved the existence of 
the neutron; and finally Lise Meitner and Otto Hahn of Germany, 
who succeeded in splitting an atom of uranium, thus producing the 
first nuclear fission. 

From this point on, the making of a nuclear bomb was largely 
a technological problem, a now-familiar story. The world first heard 
the word "fission" in August 1945 when Mr. Churchill released the 
story of the Hiroshima atomic bomb. With the release of the Smythe 
Report, the story was told. We learned how Arthur Compton and 
Enrico Fermi in Chicago had made a pile of bricks of carbon with 
small pieces of uranium in them which got hot enough to produce a 
chain reaction. That is, each one of the uranium atoms which fis
sioned produced two slow neutrons at the same time it produced 
energy, and these slow neutrons split other uranium atoms, in turn 
producing more neutrons to split more uranium atoms-the famous 
chain reaction. 

Arthur Compton and Enrico Fermi then went to Oak Ridge 
with Leslie Groves; Robert Oppenheimer, Norris Bradbury and others 
got together at Los Alamos and together they made an atomic bomb-
a fission bomb. But that does not bring the story quite up to date. 
A fission bomb can be made only just so big and no bigger. The limit 
is set by its "critical mass" and an atomic bomb cannot be made 
bigger than this or it will blow itself up while it is being made. The 
trick is to make a ball of uranium isotopes just slightly smaller than 
the critical mass-then by squeezing it under the implosion of TNT, 
like squeezing a sponge-rubber ball, its density is increased and sur
face escape area reduced enough to trap the neutrons and make it 
explode. Hence it is impossible to build a fission bomb more than 
several times as powerful as the Hiroshima weapon. However, pure 
scientists had not been idle. 

In 1938 an astrophysicist, Hans Bethe, at Cornell University, 
showed how the energy radiated by the sun comes from the burning 
of hydrogen atoms into helium, a process he called the "Carbon 
Cycle." Two very light atoms can fuse together into a heavier one 
with loss of weight, according to Einstein's mass-energy relation, 
just as one extremely heavy atom can split into two lighter ones with 
loss of weight. But the two hydrogen atoms have to be subjected 
to the tremendous heat of the central regions of the sun before they 
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can be made to fuse together. And in "Operation Greenhouse" on 
Eniwetock in 19 5 2 Norris Brad bury, Edward Teller and others made 
enough heat with an ordinary atomic fission explosion to burn a con
tainer of hydrogen isotopes into helium for the first time on earth. 
Two years later, the 1 March 1954 shot at Bikini was the first man
made thermonuclear weapon ever exploded on earth. The literally 
world-shattering significance of this thermonuclear bomb, whose hy
drogen atoms won't fuse at normal temperatures, is the absence of 
critical mass. Moreover, there are enough of the proper hydrogen 
isotopes in sea water to make a pound of heavy water sell for about 
twenty-eight dollars. Hence, the power of the H bomb-as big as 
you like, as many as you like, and almost as cheap as you like, or 
more bang for your buck. 

The impact of these developments upon our concept of war as 
a means of dealing with international problems constitutes a subject 
in itself. And we can well search the writings of Clausewitz, Mahan, 
Douhet and MacKinder, for an age without precedent has real need 
for military guidance. Wars of the past have been fought for land, 
for wealth, for ideals, for blondes and brunettes for that matter. But 
wars of the future will be fought for none of these things primarily. 
Assuredly, if there are to be wars of the future, they will be fought 
for something man holds priceless, something for which he is willing 
to give his life and risk the lives of others. That something may well 
be the control of the world energy sources. 

Our survival as a free nation and that of the free world may well 
depend on the vision and skill with which we meet our power needs 
in the next few decades. Total power capacity in the Soviet Union 
installed since the shambles of World War II is rapidly approaching 
that in the United States. Energy sources have become prime objec
tives in the cold war. The European economy and the NATO Alliance 
itself rely heavily on Middle East oil, and international relations 
are increasingly conditioned by control of power resources. 

I well realize that in attempting to evaluate the role of energy 
in the world of the future, I may well suffer the fate of mortals who 
dare prophesy. But barring cataclysmic events that would radically 
change the whole course of human life on this planet, there is little 
need to deal in prophesy when contemplating the future development 
of energy production from the patterns of its development over the 
past century. 
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In 1910, the 100 million people of the United States produced 
100 billion dollars worth of goods and services ( fig. 1) .1 The gross 
national product has shot up out of all proportion to population growth 
until in 1959 it hit the $480 billion mark. Extended, the curve is 
roughly exponential while. the population curve shows only an arith
metic increase. Plotted as GNP per capita the curve approximates 
the growth of our standard of living. On what foundation does this 
exponentially expanding $480 billion standard · of living rest? The 

.1910 1920 1930 1940 1950 1960 

FIGURE 1. 

answer emerges if we quite independently plot per capita power pro
duction in megawatt hours per man per year, over the same time 
period and observe the startling correlation between the two curves 
( fig. 2) .2 The significance is evident: our priceless heritage of social 
and economic progress is irrevocably tied to the use of energy in ever
increasing amounts. The Paley Commission appointed by President 
Truman in 19 51 concluded that American power needs could b~ ex
pected to double within the next twenty-five years. But it has already 
increased by half in less than a quarter of that time. The Federal 

1 Source of data used in figure 1: Vitro Corporation of America, New York City, New York. 
2 Source of data used in figure 2: Vitro Corporation of America, New York-City, New York. 
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Power Commission-a relatively conservative body judging by past 

predictions-expects our use of power by 1980 to be four times pres

ent consumption. This would conform generally to an extrapolation 

of the exponential experience curve if figure 2. In ten, fifty or one

hundred years, to maintain our progress which we have come to think 

of as inherent in the American way of life, we shall evidently need 

to consume a staggering amount of energy. To find out how much, 

we must first know what kinds of energy we use. 

1910 1920 1930 

FIGURE 2 .. 

1940 1950 1960 

Conventional sources of energy in the United States have changed 

gradually over the past 100 years. The top line of figure 3 represents 

100% of the energy consumed in the year indicated.3 Contributions 

from the various energy sources are shown by the curves beginning 

with wood energy at the bottom, anthracite coal, bituminous coal 

which peaked in 1910, oil which was negligible before 1890, gas which 

came in even later, hydro power which decreased to a minimum 

early in this century and is now expanding, windpower, horsepower 

and manpower, all three of which now contribute negligible amounts. 

a 1953 Annual Report of the Twentieth Century Fund. 
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It is interesting that in 20 years the 70% to 30% ratio of coal to oil 
and gas in 1930 had almost exactiy reversed itself by 1950. But the 
age of plenty in fossil fuels is drawing to a close. 

How much energy will be needed in the next 100 years, and 
where will it come from? If one realizes that today's Soviet strategic 
plans, like stock market trends, are educated guesses of tomorrow's 
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conditions, figure 4 can be a frightening picture. On the left are 
shown world energy requirements for the next 100 years as compiled 
from the estimates and forecasts of a number of authoritative agen
cies.4 At an exaggerated scale on the right are shown the total amounts 
of energy available in the world from all known conventional sources. 
When compared to requirements and reduced to this same scale, all 
normal sources of energy will yield about one-tenth of the world's 

• Compiled by A. C. Montieth. \Vestinghouse Electric Corp. 
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requirements over the next 100 years. This does not mean that all 
the world's conventional energy resources will be exhausted by 1970, 
because the requirements' curve is roughly exponential. It does mean, 
however, that at the average rate of predicted energy consumption in 
the next 100 years, less than a 10-year supply is available from known 
conventional sources in the world. And if we are prodigal in burning 
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up our fossil fuels for energy, there will be little left for the vital 
chemical processes on which we have come so largely to depend. 

A few pioneering and federally subsidized industries are build
ing nuclear power plants in this country and abroad. In Shippingport, 
Pennsylvania, an atomic power plant owned jointly by the Atomic 
Energy Commission and the Duquesne Light Company is now gen
erating power for the City of Pittsburgh. The Yankee Atomic Elec
tric Company, a pioneering group representing a pool of New England 
utility companies, has constructed a pilot reactor in the town of Rowe 
in Massachusetts. A group of far-sighted engineers and businessmen 
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feel that highly industrialized but relatively fuel-poor New England 
will be the first area in the United States where nuclear power will 
become economically competitive with 8 mill thermal power. Coal
hungry England, with 12 mill thermal power, inaugurated in the fall 
of 1956 the world's first full-scale atomic power plant at Calder Hall, 
Cumberand. The Calder Hall Station, which produces about 75,000 
kilowatts ( enough to supply a city of 200,000) is the first reactor 
of a United Kingdom nuclear power program of five million kilowatts 
by 1965. The United States, on the other hand, burning up fossil 
fuel resources at far cheaper rates, lags in development of nuclear 
power. It was recently announced that the Atomic Energy Commis
sion, in an effort to overcome this lag by stimulating the growth of 
nuclear power in the United States, will present this year to the Joint 
Congressional Committee on Atomic Energy a ten-year plan for de
velopment and construction of nuclear power reactors. AEC studies 
show that a 300,000 kilowatt pressurized water reactor could be built 
to produce electricity at a 9-mill rate, which is now nearly competi
tive with conventional power in high-cost areas. 

When nuclear fission power is seriously developed, however, the 
world's known deposits of uranium and thorium will be adequate for 
the next 100 years with a little to spare. But what then? With the 
continued social and economic progress of the United States irrev
ocably tied to the consumption of energy in ever-increasing amounts, 
the ensuing decades of this and the next century will certainly be 
characterized by a struggle for control of world energy resources, 
whether the struggle be political, economic, military or a combination 
of all three. Since economically recoverable world energy sources are 
limited, efforts toward their further development and control are in
creasingly subject to the law of diminishing returns. The nation which 
applies its brainpower most effectively may expect to reap rewards 
in the form of new energy sources far in excess of the fossil fuels 
stored in the earth's crust. 

All such sources as may someday be discovered lie hidden not 
in the mines of the earth, but in the minds of men. Perhaps perfection 
of the controlled thermonuclear fusion reaction will be the answer. 
If so, a cheap and almost limitless supply of energy exists-theoret
ically enough to run the world for the next 10,000 years.5 

But the intense heats of the fission explosion, which succeeded in 
6 Energy in 1 pound of heavy water is equivalent to that of 2,500 tons of coal. 
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fusing the light isotopes of hydrogen, lasted only a fraction of a micro
second. The problem of sustaining heats and pressures comparable 
to those in the central regions of the sun seems almost insurmount
able on earth. Thus, perfection of a sustained thermonuclear reac
tion for production of useable energy remains one of today's greatest 
challenges to science. Sir John Cockroft of Britain's Atomic Energy 
Authority is attacking the problem with his "Zeta" ( zero-energy ther
monuclear assembly). The Second International Atoms for Peace 
Conference in Geneva saw the unveiling of such devices as Scylla, 
DCX, Stellerator, and the Astron developed in such U. S. programs 
as Projects Sherwood and Matterhorn. Soviet scientists, devoting 
their best efforts to this problem, have developed an enormous device 
called Ogra. The sustained thermonuclear reaction may well be the 
solution to the world's future energy needs. Certainly the nation which 
first succeeds in solving the riddle of controlled thermonuclear fusion 
will have unlocked a storehouse of energy in such quantities that all 
other sources of energy combined will pale into insignificance. But in 
spite of the recognized urgency of this problem and today's crash 
programs to solve it, the finest and most optimistic of the world's 
scientific minds do not anticipate an early solution. Today we have 
the H-bomb but no H-furnace. Whether we shall achieve a controlled 
thermonuclear reaction in the next 100 years we do not know for sure. 
The difficulties of maintaining and containing these enormous tempera
tures and pressures for more than a few microseconds of a ther
monuclear explosion present some of the most formidable problems 
in physics and engineering with which the minds of men have ever 
had to cope. Yet if the problem is not solved before the depletion 
of our remaining sources of fission energy, the prospects will be pretty 
bleak for the generations as near to us as our grandchildren. And even 
if the problem is solved in time, the wide expanses of the oceans of 
the earth contain only enough thermonuclear energy sources to last 
about 10,000 years. What shall man use for energy after that? It 
would seem that he must find a way to convert the energy of the sun's 
rays directly to his needs. 

A few of the possible methods of harnessing the sun's rays as 
a continuing source of energy, none of which now appear capable of 
competing with the cost of conventional or even nuclear fuels, but 
which all deserve further intensive research by physicists, chemists, 
and even geneticists, are such methods as solar collectors and bat-
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teries, controlled biological synthesis to exploit the energy producing 
mechanism of photosynthesis in single-celled algae,6 thermocouples, 
photo-voltaic cells, oxidation-reduction systems, photochemical de
composition of water, storage of heat in crystal lattices, storage of 
light in phosphors, and nonbiological photosynthesis. 

In addition to direct exploitation of the energy of the sun's rays, 
we cannot overlook a source available from our natural sputnik, the 
moon. With a mass about 1/81 of that of the earth, revolving at a 
mean distance of only ten times the earth's circumference, the moon 
causes tidal movements of our oceans, a continuing source of energy 
that man has thus far done little to harness. In an era when the need 
for energy has never been so great, nor the exhaustion of conventional 
sources of fuel so imminent, engineers of both the United States 
and France, realizing that man can scarcely afford not to examine 
all possible sources of low-cost energy, have embarked on the world's 
first two tidal power projects of any significant magnitude. On the 
LaRance River in France, Electricite de France has now under con
struction a tidal plant, employing a new type of reversible turbo-gen
erator, which is estimated to produce about 0.8 billion kilowatt-hours 
of energy annually. In my office of the New England Division of the 
U. S. Army Corps of Engineers we have completed a three-year study 
of an international United States-Canadian tidal power plant in the 
Maine-New Brunswick area to harness the phenomenal tides in the 
Bay of Fundy between Passamaquoddy and Cobscook Bays. We 
estimate that this project, using a conventional river hydroelectric 
plant or as an auxiliary, would generate over 3 billion kilowatt-hours 
of electricity annually. Recommendations to the governments by the 
International Joint Commission of the feasibility of the Passama
quoddy project will be made later this year. 

These are the problems of the near and distant future, but their 
very urgency is our challenge to think, our chance for survival in the 
nuclear age. Although we cannot hope to solve them here today we 
can, I believe, draw some conclusions. Energy will shortly become 
the most priceless possession of man, a possession on which his way 
of life, even his life itself depends, and therefore one for which he 
will fight. The real war of today and tomorrow is the war of men's 
minds. What are our chances of survival? How are we doing in the 

6 A filot plant for production of several pounds a day of Ch lore Ila (one of some 17,500 
algae o which some 10,000 deserve investigation) was operational in 1952, although producing 
energy costing 150 times as much as the energy in coal. 
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race to train American minds to win the thinking war-the war of 
pure science, of fundamental research? 

A brief review of a few facts about science and technology in 
America may point to the answer. By science here, of course, I mean 
what is usually called fundamental research: the free uncharted prob
ing into the unknown merely for the satisfaction of curiosity and the 
accumulation of knowledge, the development of basic scientific inno
vations from which technology springs. By technology I mean in this 
context applied science, developmental or goal-oriented research, en
gineering, the systematic use of primary scientific knowledge for a 
purpose. 

It has long been accepted, of course, that the United States has 
made a far greater contribution to the development of technology 
than any other nation in history. No other nation approaches us. 
Our closest competitor, the Soviet Union, has approximated only one
third of our technological advances as measured by relative productive 
capacity today. It is no mere whim of the European which has led 
so often to characterize America as a nation of gadgeteers. 

In contrast, our contributions to pure science have been far less 
impressive. You may have been struck by the fact in our brief review 
of the thought, ideas and the theories behind nuclear energy we saw 
a limited number of American names. Unfortunately, this dispropor
tion is typical. Americans tend to honor structure over design, the 
gadget more than the theory. Yet in the age of slow neutrons, radi
oisotopes, and nuclear fission, the nation which excels in pure science 
may well control the world. There are reasons for the American 
penchant for gadgeteering, of course, many of them fairly obvious. 
We have had at our disposal a vast geographic expanse containing 
an enormous wealth of natural resources. After three hundred years, 
great areas of our country still remain sparsely populated. We have 
always had room to move, resources to draw on; we have always 
been faced with the challenge to build-the challenge of engineering. 
We have been the fortunate inheritors of the pragmatic spirit which 
brought the Pilgrims to our country and sent the pioneers across the 
Western Plains, relying on their common sense and ingenuity to cut 
a living from the raw and rugged continent they had chosen. 

Ingenuity born of necessity has led us inevitably to become a 
nation of gadgeteers. Like the Romans, we love to build things. We 
are the greatest skyscraper, road and bridge builders that the world 
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has ever known. Today we continue this tradition, we build and 
produce empirically. The Federal government, recognizing the urgent 
need for stimulating training in the United States that would produce 
scientists capable of making the basic advances in scientific theory 
which has in the past been the province of European thinkers, is now 
looking to the National Science Foundation to redirect scientific policy 
toward pure research. The ultimate aridity of over-emphasized devel
opmental research is progressively becoming more widely recognized. 
For example, Dr. Solomon Lefschetz, director of the mathematics 
branch of the Research Institute for Advanced Study, recently pointed 
out that American missile engineers rely too heavily on the empirical 
"trial-and-error" methods rather than on good hard thinking and 
mathematical analysis in the design stages to eradicate errors before 
the construction of a costly prototype. He is particularly concerned 
with the engineers' deficiency in knowledge of higher mathematics 
in the field of non-linear differential equations-the complex systems 
which underlie all natural movement, including those that must be 
understood to develop accurate missiles. 

Although increasing quantities of our federal budget-over 5 
billion dollars a year-are poured into research and development, 
this is research and development of a very special kind. It is largely 
developmental research: applied science, technology, and engineering. 
Only about 10% of it is pure research. We research the hell out of 
everything, but we contemplate very little. 

In the past this has been in many ways our strength. But it can 
be very strongly argued that we are moving into a different age-an 
age when respect for ideas, when respect for the basic contemplation 
of nature and society for the simple sake of seeking truth and satisfy
ing curiosity may be much more necessary than we have previously 
realized. In writing of Johannes Kepler, the sixteenth-century profes
sor of mathematics and astronomy, Albert Einstein said, "It seems 
that the mind has first to construct forms independently before we 
can find them in things. Kepler's marvelous achievement is a particu
larly fine example of the truth that knowledge cannot spring from 
experience alone but only from the comparison of the inventions of 
the intellect with observed fact." The mental discipline and orientation 
of pure research, the education of minds capable of "inventions of 
the intellect," are sorely needed, and it is an area into which we have 
channeled a negligible amount of our research funds. 
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It is a telling and disturbing fact that a similar situation does not 
exist in Soviet Russia. Launching of the Soviet space satellites is 
visible manifestation of the success of their accelerated program of 
scientific education. The fact that American satellites followed them 
into space in no sense diminishes the significance of the sputniks. 
They emphasize to the man in the street some of the facts which have 
gravely concerned the National War College and the National Security 
Council in the past several years. In 1950 the United States graduated 
130,000 young men and women in all scientific fields, as compared to 
about 70,000 graduates a year in the Soviet Union. In six years those 
figures were almost exactly reversed. In 19 5 5 the number of graduates 
a year in the Soviet Union had reached almost 140,000, but in the 
United States had dropped to about half that many. This grim com
parison is exaggerated by the fact that probably 20 percent of the 
Soviet graduates are fundamental researchers: _pure physicists, mathe
maticians, chemists, and the like. 

A fact that we must recognize is that it takes time for a student 
to become a scientist. And further, we must not hope to compress 
into a single generation the broad range of work which in the end 
must be carried on over a number of generations to come. We cer
tainly cannot expect a "crash" program in scientific education at all 
levels to bear fruit with the first graduating class. We must be care
ful also not to sacrifice other essential subjects of liberal education 
on the altar of science. It would be well in this respect to remember 
that throughout history great advances in fundamental knowledge in 
science have gone hand in hand with glorious periods in art and 
literature. 

A beginning, however, must be made. President Eisenhower in a 
speech at Oklahoma City in November, 1957, summarizing the Soviet 
achievements at the secondary school level, said: "One thing that 
money cannot buy is time. Frequently time is a more valuable coin 
than is money. It takes time for a tree to grow, for an idea to become 
an accomplishment, for a student to become a scientist. Time is a big 
factor in two longer term problems, strengthening our scientific edu
cation and our basic research. . . . Remember that when a Russian 
graduates from high school, he has had five years of physics, four 
years of chemistry, one year of astronomy, five years of biology, ten 
years of mathematics through trigonometry and five years of a foreign 
language. . . . Young people now in colleges must be equipped to live 
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in the age of intercontinental ballistic missiles. However, what will 
then be needed is not just engineers and scientists but people who will 
keep their heads and in every field, leaders who can meet intricate 
human problems with wisdom and courage. In short, we shall need 
not only Einsteins but Washingtons and Emersons." This poses a 
formidable challenge to American educators today both on the second~ 
ary and university levels. Some idea of the size of the job can be 
grasped when we compare Lhe accomplislunenls of Lhe average Ame1i
ran High School student with that of the Russian High School e;rn.rl11-
ate. Secretary Folsom, in a memorandum to the President on the 
subject of school aid, pointed out that only one out of three of our 
l1iEl1 school graduates has Juul onP. year of cl1P.111isl ry, only rnre orrl of 
four has studied a year of physics, and only one out of three has had 
more than one year of algebra. With education more important. to long
term nalional security than ever before, Lhe efforls auJ aims of eJu
cators and students alike must change fundamentally. 

Perhap~ the Soviets are wrong in ~uch a concentration of national 
effort in science. If they are. wrong-they will have an overn.h11nrlanr.e 
of scientists. tf we are wrong in developing too few scientists and 
high quality engineers, it may cost us our survival as a nation. It is 
hard to avoid the conclusion that the Federal government, industry, 
private foun<lalions auJ each of us as individuals musl curne s4uardy 
to grips with this problem. 

I believe the Federal government has in the past two years 
shown a remarkable record of progress in facing the challenge of 
achieving high quality sernndary, undergraduate, and graduat~ erl11-
cation and in broadening the base of pure scientific research in the 
United States. Let's look for a moment at some of the highlights of 
that record. 

Appointment of Dr. James R. Killian, Jr., in November, 1958 as 
the Special Assislaul fur scieuce am] technology to Lhe Presi<leul au<l 
the establishment of the Science Advisory Committee reflects the 
mounting concern for lhe state of scieJ1ce in Lhis cu1.111I, y and sie11if1e.s 
a new national awareness that the hope for our survival as a free and 
prosperous nation rests in large measure upon the quality of our educa
tion and upon our capacity for scientific research. 

The Department of Defense Reorganization Act created the new 
office of Director of Research and Engineering to supervise the defense 
research and development program. The Department of Defense also 
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brought into operation the Advanced Research Projects Agency. We 
saw also the establishment of the National Aeronautics and Space 
Administration and Council, and reestablishment of the Science Ad
visor in the State Department. And newly established in Congress 
are the important Senate and House Committees on Science and Astro
nautics. 

Taken together these organizational changes and activities re
flect a greatly increased sense of urgency by the federal government 
in support of science, a sense of urgency that must, in order to be 
effective, evoke a corresponding sense of urgency and responsibility 
throughout the nation. Then came the important provisions of the 
National Defense Education Act of 1958 representing a total invest
ment of $1.07 billion over a period of seven years-an appropriation 
large enough to prime the pump and impress on the American people 
the need of immediate action, yet small enough to quell the fear of 
federal-state control of education. 

Thus the proposals made by President Eisenhower in 1957 were 
translated into action. But we should not for a moment think that 
anything more than a beginning has been made. The basic respon
sibility for educating America's youth lies in our schools and uni
versities, where we must look for the imagination and wisdom that 
will secure the maximum benefit to science. It is in our universities 
where individuals of high intelligence must seek the climate that 
favors the creative process. And the task facing the university today 
in fulfilling their foremost obligation-education of the student-is a 
great one; for it is here that we must bridge the serious gap between 
the level of achievement in the average American secondary school on 
the one hand and the intellectual level of our top graduate professional 
schools on the other, and this gap must be bridged in a mere four 
years of undergraduate study. Thus a nationwide effort must be 
made to provide in our secondary schools that vigorous training that 
is expected of every candidate for admission to a first class European 
or Russian technical institute or university. Then, perhaps, our uni
versities may one day see an entering freshman who will not expect 
education by spoon feeding, who will realize that he is his own teacher, 
and will thereby allow the university to fulfill its true function: that of 
inspiring him, of counseling and directing his studies, and providing 
him library and laboratory, and affording him the great benefits of 
intimate association with first class minds. 



234 BOSTON SOCIETY OF CIVIL ENGINEERS 

The universities, however, cannot do the job alone, nor should 
we think for a moment that with the advent of federal aid we no 
longer need the support of industry, private foundations and indi
viduals. Such support is needed as never before. The federal govern
ment can do no more than prime the pump and show the way. The 
continuing impetus which alone can produce the mathematicians 
engineers, political scientists and statesmen America must have, can 
only come from our colleges and universities with the full support of 
business and industry. We can no longer afford the luxury of spend
ing less than one percent of our gross national product for education. 
We must be willing to spend more to educate our youth than we spend 
for cigarettes. 

Not only must we support our educational institutions directly, 
but we must somehow supply the incentive to the young scientist to 
make a rewarding future in the laboratories of fundamental research. 
Unfortunately, in the United States economic success is seldom a 
laboratory by-product. We support projects but not men. Tragically 
in our country the road to economic success leads not through the 
laboratory. A mathematician to be economically successful by Ameri
can standards must forget mathematics, learn to sell soap, buy a house 
near the country club and drive two cars. Otherwise, he is a "square," 
an "egghead," a queer sort of non-conformist whom "normal" Ameri
cans may secretly suspect. Against this kind of pernicious and fatal 
anti-intellectualism that relegates those engaged in intellectu2.l pursuits 
to the bottom rung of the economic ladder we must never cease to fight. 

In Soviet Russia a young man or woman who attains distinction 
over intense competition in mathematics or science automatically be
comes a member of the economic and social elite. Concess:ons by the 
State, Jringe benefits and incentive awards place him in a kind of 
socialist aristocracy where he maintains his place by his mental fer
tility-his production of ideas. 

Americans must realize that the time for educational dilletantism 
-for poor and underpaid teachers and the tendency of a student to 
just "get by" in order to play football-has long passed. We must 
learn to think and think hard if we are to escape the fate of the Roman 
Empire. We are the richest nation in the world. We have the highest 
standard of living in the world. We cannot afford to allow ourselves 
to go soft. We must have the courage and the intestinal fortitude to 
pay the annual premiums on our national insurance policy with ade-
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quate military stature and adequate scientific and technological 
strength. 

The civil engineer today can no more ignore the methods and 
achievements of pure science than can the statesmen ignore the inter
continental missile and the Pentomic Army. As civil engineers we 
cannot afford either professionally or financially to rely entirely on 
empirical methods to solve the complex problem of modern design 
and construction. Just because the Pont du Gard stands as firmly 
today as when the Romans built it, it does not follow that we should 
close our eyes to new and perhaps radical concepts of bridge design 
suggested by modern materials and construction methods. I do not 
suggest that we should all become pure scientists, but rather that we 
strive to understand them better and to apply the fruits of their basic 
research to modern civil engineering problems. The American civil 
engineering profession can no longer afford to feed its strong and 
virile technology on the crumbs of scientific knowledge which fall 
from the tables of European research. 
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PROPOSED REVISION OF PART 29 OF THE BOSTON 
CODE 

PREFACE BY H. A. MOHR* 

IN THE January 1958 issue of this JouRNAL, a draft for a revi
sion of Part 29 of the Boston Building Code was published. The 
Preface to that draft contains all pertinent information on the original 
appointment of the Advisory Committee, with the writer as chairman, 
and of subsequent changes in the membership of the "working com
mittee". Publication of that Draft stimulated many comments from 
the profession which were carefully reviewed by the committee in 
numerous meetings, resulting in further substantial revisions. 

While the members of the committee are in agreement on the 
major provisions of the revision now proposed, full agreement on all 
issues could not be expected among sixteen engineers. Disagreements 
were generally resolved on the side of greater safety. There is no 
doubt that many members of the committee would exceed the limita
tions of this proposed revision of Part 29, when dealing with projects 
outside the jurisdiction of a building code, and where they have full 
control from the design to the completion of a structure. Unfortunately, 
a Building Commissioner has not such full control. Therefore, it is 
necessary that the requirements of a building code should be conserva
tive. Besides, Boston is acknowledged to be a conservative place. 

Depending on future experience, the requirements of Part 29, 
no doubt, will be expanded and liberalized further when the Code is 
again revised from time to time. 

PART 29 

EXCAVATIONS AND FOUNDATIONS 
Section 

29O1-Excavations 
29O2-General Requirements for Foundations 
29O3-Soil Information 
29O4-Classification of Bearing Materials and Allowable Bearing 

Values 

* Consulting Engineer, Boston 
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2905-Foundation Loads 
2906-Foundation Design 
2907-Footings and Foundation Piers 
2908-Driven Piles-General Requirements 
2909-Allowable Load on Piles 
2910-Wood Piles-General Requirements 
2911-Precast Concrete Piles 
2912-Cast-In-Place Concrete Piles 
2913-Steel and Steel Concrete Piles 
2914-Composite Piles 
2915-Bearing Tests 
2916-Settlement Analysis 

SECTION 2901-EXCAVATIONS. 

237 

(a) Until provision for permanent support has been made, exca
vations shall be properly guarded and protected by the persons causing 
them to be made so as to prevent such excavation from becoming 
dangerous to life or limb. Where necessary, excavations shall be 
sheet-piled, braced or shored, and permanent excavations shall be 
protected by retaining walls or other permanent structures to prevent 
movement or caving of the adjoining soil. 

(b) Structures near an excavation and owned by another than the 
person causing the excavation to be made shall be supported as 
follows: 

( 1) Where an excavation is carried below the curb grade, 
at the common property line, or below the surface of the ground 
where there is no such curb grade, the person causing such exca
vation to be made shall, at all times, if accorded the necessary 
license to enter upon the adjoining land, and not otherwise, at 
his own expense, preserve and protect from injury any wall, 
building or structure, the safety of which may be affected by said 
excavation, and shall support it by proper foundations. If the 
necessary license is not accorded to the person making such ex
cavation, then it shall be the duty of the owner refusing to grant 
such license to make such wall, building, or structure safe and 
to support it by proper foundations; and, when necessary for that 
purpose, such owner shall be permitted to enter upon the premises 
where such excavation is being made. 

( 2) Where a party wall is intended to be used by the person 
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causing the excavation to be made, he shall, at his own expense, 
preserve such party wall from injury and shall support it so 
that the said party wall shall be safe for the purposes intended. 

( c) If the person whose duty it shall be under the provisions 
of this section to guard and protect an excavation, or to prevent ad
joining soil from moving or caving, or to preserve or protect any wall, 
building, or structure from injury, shall neglect or fail so to do, the 
Commissioner may enter upon the premises, and make safe such exca
vation, wall, building or other structure as provided in section one 
hundred and sixteen of Part 1. 

SECTION 29O2-GENERAL REQUIREMENTS FOR FOUNDATIONS 

(a) The foundations of every permanent structure shall be sup
ported by satisfactory bearing material which shall mean: 

(1) Natural deposits of rock, gravel, sand, rock flour (inor
ganic silt), inorganic clay, or any combination of these materials; 

( 2) Compacted fills which satisfy the provisions of section 
twenty-nine hundred and four (a) ( 4); 

( 3) Natural deposits or artificial fills which can be changed 
into satisfactory bearing materials by preconsolidation with a 
temporary surcharge in accordance with the provisions of section 
twenty-nine hundred and four (a) ( 5). 

(b) Where footings are supported at different levels, or at differ
ent levels from footings of adjacent structures, foundation plans shall 
include vertical sections showing to true scale all such variations in 
grade. The effect of such differences in footing levels on the bearing 
materials shall be considered in the design. 

( c) Foundations shall be constructed so that freezing tempera
tures will not penetrate into underlying frost-susceptible soils. The 
foundations and grade beams of permanent structures, except when 
founded on sound rock, and except as otherwise provided in paragraph 
( d) of this section, shall be carried down at least four feet below an 
adjoining surface exposed to natural freezing. No foundation shall be 
placed on frozen soil. Foundations shall not be placed in freezing 
weather unless adequately protected. 

( d) Foundations of detached garages or similar accessory struc
tures not exceeding eight hundred square feet in area and not over one 
story high, and grade beams of all structures need not be carried 
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more than one foot below an adjoining surface exposed to natural 
freezing if the underlying soil to a depth of at least four feet beneath 
the surface, and extending at least four feet outside the building, is 
sand, gravel, cinders or other granular materials containing not more 
than five per cent (by weight) passing a No. 200 mesh sieve. 

(e) Foundations subject to hydrostatic uplift shall have adequate 
provisions to prevent heaving. 

( f) Basements and cellars shall be waterproofed up to the maxi
mum probable ground-water level. Under boilers, furnaces and other 
heat-producing apparatus, suitable insulation shall be installed to 
protect the waterproofing against damage from heat as specified in 
Part 21. Foundations under heat-producing units shall be so insulated 
as to prevent evaporation of moisture from any underlying soil that 
is subject to shrinkage, and to protect the heads of wood piles against 
damage from heat. 

SECTION 2903-SOIL INFORMATION 
(a) Before issuing a permit for the erection of a permanent 

structure, or for the alteration of a permanent structure, that may 
affect its foundation, the Commissioner shall be furnished with ade
quate soil data by the applicant. Where borings or tests are required, 
they shall be made at a sufficient number of locations and to such 
depths as are necessary to provide a reasonably complete understand
ing of the pertinent soil conditions underlying the site. (It is desirable 
that the scope of the soil investigation be discussed with the Commis
sioner beforehand.) When it is proposed to support the structure 
directly on bedrock, the Commissioner may require drill holes or core 
borings to be made into the rock to a sufficient depth to prove that 
bedrock has been reached. 

(b) Duplicate copies of the results obtained from all completed 
and uncompleted borings, plotted to true relative elevation and to 
scale, and of all test results or other pertinent soil data shall be filed 
with the Commissioner. 

SECTION 2904-CLASSIFICATION OF BEARING MATERIALS AND ALLOW
ABLE BEARING VALUES 

(a) The terms used in this section shall be interpreted in accord
ance with generally accepted engineering nomenclature. In addition, 
the following more specific definitions are used for bearing materials 
in the Greater Boston area. 
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(1) Rocks 
Shale-A soft, fine-grained sedimentary rock. 

Slate-A hard, fine-grained metamorphic rock of sedi
mentary origin. 

Roxbury Puddingstone-A hard, well-cemented con
glomerate. 

( 2) Granular Materials 
Gravel-A mixture of mineral grains of at least 70% 
(by weight) of which is retained on a No. 4 mesh sieve 
and possessing no dry strength. 

Sand-A mixture of mineral grains at least 70% (by 
weight) of which passes a No. 4 mesh sieve and which 
contains not more than IS% (by weight) passing a No. 
200 mesh sieve. 

Coarse Sand-A sand at least SO% (by weight) of 
which is retained on a No. 20 mesh sieve. 

Medium Sand-A sand at least SO% (by weight) 
of which passes a No. 20 mesh sieve and at least 
SO% (by weight) is retained on a No. 60 mesh 
sieve. 

Fine Sand-A sand at least SO% (by weight) of 
which passes a No. 60 mesh sieve. 

Well-graded Sand and Gravel-A mixture of min
eral grains which contains between 2S% and 70% 
(by weight) passing a No. 4 mesh sieve, between 
10% and 40% (by weight) passing a No. 20 mesh 
sieve, and containing not more than 8% (by 
weight) passing a No. 200 mesh sieve. 

(3) Cohesive Materials 
Hardpan-A glacial till that generally lies directly over 
bedrock and consists of a highly compacted, heteroge
neous mixture ranging from very fine material to coarse 
gravel and boulders. It can be identified from geological 
evidence and from the very high penetration resistance 
encountered in earth boring and sampling operations. 

Clay-A fine-grained, inorganic soil possessing sufficient 
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dry strength to form hard lumps which cannot readily 
be pulverized by the fingers. 
Hard Clay-An inorganic clay requiring picking for 
removal, a fresh sample of which cannot be molded by 
pressure of the fingers. 
Medium Clay-An inorganic clay which can be removed 
by spading, a fresh sample of which can be molded by a 
substantial pressure of the fingers. 
Soft Clay-An inorganic clay, a fresh sample of which 
can be molded with slight pressure of the fingers. 
Rock Flour and Inorganic Silt-A fine-grained, inor
ganic soil consisting chiefly of grains which will pass a 
No. 200 mesh sieve, and possessing sufficient dry 
strength to form lumps which can easily be pulverized 
with the fingers. 
(Note: Dry strength is determined by drying a wet pat 
of the soil and breaking it with the fingers.) 

( 4) Compacted Granular Fill 

A fill consisting of gravel, sand-gravel mixtures, coarse 
or medium sand, crushed stone, or slag, containing not 
more than five per cent (by weight) passing a No. 200 
mesh sieve, shall be considered satisfactory bearing 
material when compacted by one of the following 
methods: 

I. In six-inch layers, each layer with at least four 
coverages with the treads of a crawler-type tractor with 
a total weight, including equipment, of not less than fif
teen tons and operated at its top speed; 

II. In twelve-inch layers, with at least three cover
ages with the wheels of a rubber-tired roller having four 
wheels abreast and weighted to a total load of not less 
than thirty-five tons; 

III. Other types of materials and other com-
paction equipment, such as vibrators, may be approved 
by the Commissioner on the basis of sufficient evidence 
~at they will achieve compacted fills having satisfactory 
properties. 
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Application of water is permitted, and for uniform 
sands may be required in order to achieve satisfactory 
trafficability and compaction. 

The Commissioner will require a competent inspec
tor, qualified by experience and training and satisfactory 
to him, to be on the project at all times while fill is being 
placed and compacted. The inspector shall make an 
accurate record of the type of material used, including 
grain, size curves, thickness of lifts, type of compaction 
equipment and number of coverages, the use of water 
and other pertinent data. Whenever the Commissioner 
or the inspector questions the suitability of a material, 
or the degree of compaction achieved, bearing tests 
shall be performed on the compacted material in accord
ance with the requirements of section twenty-nine hun
dred and fifteen. A copy of all these records and test 
data shall be filed with the Commissioner. 

(5) Preloaded Highly-Compressible Materials 
The Commissioner may allow the use of certain other
wise unsatisfactory natural soils and uncompacted fills 
for the support of one story structures, after these mate
rials have been preloaded to not less than one-hundred 
and fifty percent of the stresses which will be induced 
by the structure. 
The Commissioner will require the loading and unload
ing of a sufficiently large area, conducted under the 
direction of an approved, experienced soils engineer who 
shall submit a report containing an analysis of the pre
loaded material and of the probable settlements of the 
structure. 

(b) The maximum pressure on soils under foundations shall not 
exceed the allowable bearing values set forth in the following table, 
except when determined in accordance with the provisions of section 
twenty-nine hundred and fifteen, and in any case subject to the modifi
cations of subsequent paragraphs of this section. 

( c) The tabulated bearing values for rocks of classes 1 to 3 
inclusive shall apply where the loaded area is on the surface of sound 
rock. Where the loaded area is below such surface these values may 
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be increased ten percent for each foot of additional depth, but shall 
not exceed three times the tabulated values. 

Class 

2 
3 
4 

s 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 

Material 

Massive igneous rocks and Roxbury Puddingstone, 
all in sound condition (sound condition allows 
minor cracks) 
Slate in sound condition (minor cracks allowed) 
Shale in sound condition (minor cracks allowed) 
Residual deposits of shattered or broken bedrock 
of any kind except shale 
Hardpan 
Gravel, well-graded sand and gravel 
Coarse sand 
Medium sand 
Fine sand 
Hard clay 
Medium clay 
Soft clay 
Rock flour, inorganic silt, shattered shale or any 
natural deposit of unusual character not provided 
for herein 
Compacted granular fill 
Preloaded highly-compressible materials 

Allowable Bearing 
Value in Tons per 
Square Foot (*) 

100 
so 
10 

10 
10 
s 
3 
2 

to 2 (***) 
s 
2 (**) 
1 (**) 

(***) 
2 to S (***) 

(***) 

* The allowable bearing value given in this section, or when determined in accordance 
with the provisions of section twenty-nine hundred and fifteen, will assure that the soils will 
be stressed within limits that lie safely below their strength. However, such allowable bear
ing values for classes 9 to 12 inclusive do not assure that the settlements will be within the 
tolerable limits for a given structure. 

** Alternatively, the allowable bearing value shall be computed from the unconfined com
pressive strength of undisturbed samples, and shall be taken as 1.50 times that strength for 
round and square footings, and 1.25 times that strength for footings with length-width ratios 
of greater than four; for intermediate ratios interpolation may be used. 

*** Value to be fixed by the Commissioner. 

( d) The allowable beating values of materials of classes 4 to 9 
inclusive may exceed the tabulated values by five percent for each 
foot of depth of the loaded area below the minimum required in 
section twenty-nine hundred and six ( c), but shall not exceed twice 
the tabulated values. For areas of foundations smaller than three 
feet in least lateral dimension, the allowable design bearing values 
shall be one-third of the allowable bearing values multiplied by the 
least lateral dimension in feet. 

( e) The tabulated bearing values for classes 10 to 12 inclusive 
shall apply only to pressures directly under individual footings, walls, 



244 BOSTON SOCIETY OF CIVIL ENGINEERS 

and piers; and in case structures are founded on or are underlain by 
deposits of these classes, the total load over the area of any one bay 
or other major portion of the structure, minus the weight of all mate
rials removed, divided by the area, shall not exceed one-half the tabu
lated bearing values. Whenever there is any doubt about the settle
ments of a proposed structure or the effect on neighboring structures, 
the Commissioner shall require that the magnitude and distribution 
of the probable settlements be investigated as specified in section 
twenty-nine hundred and sixteen. 

( f) The computed vertical pressure at any level beneath a foun
dation shall not exceed the allowable bearing values for the material 
at that level. Computation of the vertical pressure in the bearing 
materials at any depth below a foundation shall be made on the 
assumption that the load is spread uniformly at an angle of sixty 
degrees with the horizontal; but the area considered as supporting 
the load shall not extend beyond the intersection of sixty degree 
planes of adjacent foundations. 

SECTION 2905-FOUNDATION LOADS 

(a) The loads to be used in computing the pressure upon bearing 
materials directly underlying foundations shall be the live and dead 
loads of the structure, as specified in Part 23, including the weight 
of the foundations and of any immediately overlying material, but 
deducting from the resulting pressure per square foot the total weight 
of a one-square foot column of soil, including the water in its voids, 
which extends from the lowest immediately adjacent surface of the 
soil to the bottom of the footing, pier or mat. Foundations shall be 
constructed so as to resist the maximum probable hydrostatic pressures. 

(b) Eccentricity of loading in foundations shall be fully investi
gated and the maximum pressure on the basis of straight-line distri
bution shall not exceed the allowable bearing values. 

( c) Where the pressure on the bearing material due to wind is 
less than one-third of that due to dead and live loads, it may be 
neglected in the foundation design. Where this ratio exceeds one
third, foundations shall be so proportioned that the pressure due to 
combined dead, live and wind loads shall not exceed the allowable 
bearing values by more than one-third. 

( d) One-story structures without masonry walls and not exceed
ing eight-hundred square feet in area may be founded on a layer of 
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satisfactory bearing material not less than three feet thick, which is 
underlain by highly compressible material, provided that the stresses 
induced in the unsatisfactory material by the to-be-added live and 
dead loads including that of any new fill, within or adjacent to the 
building area, will not exceed two-hundred and fifty pounds per 
square foot. 

( e) The pressures against foundation walls and other types of 
retaining walls shall be fully investigated. Particular attention shall 
be paid to restraints which may cause substantially larger earth 
pressures than the active earth pressure, and to the type of backfill 
and drainage. In addition to earth pressure, such walls shall be de
signed and constructed to resist hydrostatic pressures corresponding 
to the maximum probable ground water level. 

SECTION 29O6-FOUNDATION DESIGN 

(a) Foundations shall be designed to distribute to the supporting 
materials all vertical, horizontal and inclined loads, as specified in 
section twenty-nine hundred and five, without exceeding the allowable 
stresses specified elsewhere in this Code for the materials of which 
the foundations are to be constructed. 

(b) Plain concrete in foundations shall have a minimum com
pressive strength of at least two-thousand pounds per square inch at 
twenty-eight days. Reinforced concrete in foundations shall have a 
minimum compressive strength of at least twenty-five hundred pounds 
per square inch at twenty-eight days. 

( c) The bottom surface of any footing resting on material of 
classes 4 to 15 inclusive shall be at least eighteen inches below the 
lowest ground surface or the surface of a soil-bearing floor immediately 
adjacent to the footing. 

( d) Whenever, in an excavation, soil and ground water condi
tions are such that an inward or upward flow of seepage is produced 
in the bearing material, special excavating methods and control of 
ground water shall be employed to prevent disturbance to the bearing 
material. If there is evidence of disturbance of the bearing material, 
the extent of the disturbance shall be eva~uated and appropriate 
remedial measures taken, satisfactory to the Commissioner. 

SECTION 29O7-FOOTINGS AND FOUNDATION PIERS 

(a) The footings of foundation walls or piers shall be of plain 
or reinforced concrete or other satisfactory masonry or steel grillages. 
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Structural steel grillage foundations shall have at least six inches of 
net concrete cover below the bottom of the steel and shall have at least 
four inches of net concrete cover above the steel and between the sides 
of the steel and the adjacent soil. Footings of wood may be used under 
temporary structures. 

(b) A foundation pier is here defined as a structural member 
which extends to a satisfactory bearing material, and which may be 
constructed in an excavation that afterwards is backfilled by an ap
proved method, or by filling the excavation with concrete, or which 
may be built by sinking an open or pneumatic caisson. 

( 1) The manner of construction shall be by non-displace
ment methods and shall permit manual inspection of the bearing 
material in place. 

( 2) The bases of foundation piers may be enlarged by 
spread footings, pedestals or belled bottoms. 

( 3) Bell-shaped bases shall have a minimum edge-thickness 
of four inches. The bell roof shall slope not less than sixty de
grees with the horizontal unless the bases are designed in accord
ance with Part 26. 

( 4) Foundation piers may be designed as plain columns 
with continuous lateral support. 

( 5) When the center of cross section of a foundation pier 
at any level deviates from the resultant of all forces more than 
one-sixtieth of its height, or more than one-tenth of its diameter, 
it shall be reinforced as provided in Part 26. The restraining 
effect of the surrounding soil may be taken into account. 

( 6) With approval of the Commissioner, concrete may be 
placed through still water by means of a properly operated 
tremie or bottom-dump bucket. 

( 7) The Commissioner will require the owner to engage a 
competent inspector, qualified by experience and training and 
satisfactory to the Commissioner, to be present at all times while 
foundation piers are being installed, to inspect and approve the 
bearing soil and the placing of the concrete. The inspector shall 
make a record of the type of bearing soil upon which the pier 
rests, of the dimensions of the pier, and of the class of concrete 
used in its construction. A copy of these records shall be filed in 
the office of the Commissioner. 
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SECTION 2908-DRIVEN PILES-GENERAL REQUIREMENTS 

(a) Types of pile construction not specifically provided for in 
this part shall meet such additional requirements as may be prescribed 
by the Commissioner. 

(b) A detached column supported by piles shall rest upon not 
less than three piles, at least one of which is offset; except that for 
one-story buildings a detached column may rest upon two piles when 
its axis is not more than one and one-half inches off the line connect
ing the centers of the two piles, or upon a single pile when other than 
wood or wood-composite piles are used, and its axis is not more than 
one and one-half inches off the center of the pile. 

( c) A foundation wall, if properly restrained laterally both dur
ing and after construction, may be supported by a single row of piles. 

( d) The method of driving shall be such as not to impair the 
strength of the pile and shall meet with the approval of the Commis
sioner. Shattered, broomed, crumpled or otherwise damaged pile heads 
shall be cut back to sound material before continuing the driving. 

In case a follower is used, it shall be of steel, seasoned white oak 
or hickory, equipped on its lower end with a metal socket or hood 
suitable for encasing the pile head and to protect it from being dam
aged during driving. 

( e) Jetted piles shall be driven to the required resistance after 
the flow of jet water has stopped, except as provided in section twenty
nine hundred and nine, paragraph (c) (5). 

(f) Additional piles shall be driven to replace piles that have 
been damaged, or driven in locations other than those indicated on 
the plans, or that have capacities less than required by the design, 
if such deficiency causes objectionable effects in the supported struc
ture. In such cases the affected pile groups and pile caps shall be 
investigated and, if necessary, redesigned. 

(g) Concrete capping for piles shall be proportioned for a 
compressive strength of at least twenty-five hundred pounds per 
square inch at twenty-eight days. The concrete shall extend not less 
than twelve inches above the pile heads and shall fill the space be
tween and around the piles for a depth of at least three inches. The 
minimum horizontal distance from the edge of the pile cap to the 
nearest pile surface shall be six inches and there shall be at least 
two inches of concrete between the top of a pile and steel reinforcement. 

(h) Where piles are driven through soft soil to hard bearing 
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material providing high point resistance, the grades of all piles or 
pile casings previously driven or redriven shall be measured to detect 
uplift; and if uplift of one-half inch or more occurs in any pile or 
pile casing, such pile or pile casing shall be redriven to its original 
point elevation and thereafter to the required final driving resistance. 

( i) The length of a pile below the ground surface shall be con
sidered as a plain column with continuous lateral support. The length 
above the ground surface shall be designed as an unsupported column 
in accordance with the applicable provisions of this code. 

(j) The Commissioner shall require the owner to engage a com
petent inspector, qualified by experience and training and satisfactory 
to the Commissioner, to be present at all times while piles are being 
driven and to inspect all work in connection with the piles. The in
spector shall make an accurate record of the material and the principal 
dimensions of each pile, of the weight and fall of the ram, the type, 
size and make of hammer, the number of blows per minute, the energy 
per blow, the number of blows per inch for the last six inches of 
driving, together with the grades at point and cut-off. A copy of these 
records shall be filed in the office of the Commissioner. 

SECTION 29O9-ALLOWABLE LOAD ON PILES 

(a) The supporting capacity of piles shall be obtained from bear
ing upon or embedment in bearing materials as defined in section 
twenty-nine hundred and four. 

(b) The allowable load on a single pile shall be limited by the 
requirement that such load shall not cause excessive movement of the 
pile relative to the soil. Satisfactory proof of this load can be obtained 
from load tests conducted in accordance with section twenty-nine 
hundred and fifteen. In the absence of such proof of the supporting 
capacity, except for the types of piles covered in sections twenty-nine 
hundred and twelve ( d) and twenty-nine hundred and thirteen ( d), 
the load on a single pile shall not exceed the higher of the two values 
determined in accordance with paragraphs (c) and (d) of this section. 

( c) ( 1) The allowable load may be computed by means of the 
following driving formula: 

1.7 E 
R=-------

s + 0.1 {W;:-
✓W: 
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where 
R allowable pile load in pounds 

E - energy per blow which for drop hammers is the 
product of the weight in pounds of the hammer 
and the height of fall in feet, and which for other 
types of hammers may be taken as that estab
lished by the hammer manufacturer. For batter 
piles, proper allowance shall be made for the re
sultant loss of energy. 

w 
__ P = the ratio of the weight Wv which is driven to the weight Wr 
wr 

of the striking part of the hammer, except that this ratio shall not be 
entered into the formula as less than unity. 

s = the average penetration per blow for the final six 
inches of driving, except that if an abrupt high 
increase in resistance is encountered, s shall be 
taken as the average penetration per blow for the 
last five blows. Whenever the final resistance is 
less than five-hundredths of an inch per blow a 
value of s = 0.05 inches shall be used in the 
driving formula. 

( 2) The energy E per blow in foot pounds delivered by the 
hammer shall be numerically not less than fourteen per 
cent of R in pounds. 

( 3) The value of "s" must be determined with the hammer 
operating at not less than 90% of the maximum number 
of blows per minute for which the hammer is designed. 

( 4) If the driving of the pile has been interrupted for more 
than one hour, the value of s shall not be determined 
until the pile is driven at least an additional twelve 
inches, except when it encounters refusal on or in a 
material of classes 1 to 5 inclusive. 

( 5) When any type of tapered pile is to be driven through 
a layer of material of classes 6 to 10 inclusive and class 
14 exceeding five feet in thickness, and through an 
underlying soft stratum, the bearing capacity shall not 
be determined in accordance with the driving formula 
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unless jetting is used through said layer during the entire 
driving therethrough of the tapered portion of the pile, 
or unless a hole is pre-excavated through said layer for 
each pile. 

( d) The allowable load on a pile stopped in inorganic clay as 
j ound in Greater Boston, may be based on a friction value of five
hundred pounds per square foot of embedded pile surface for a design 
load not to exceed twenty-two tons or on a friction value determined 
from pile load tests. The embedded length shall be the length of the 
pile below the surface of the inorganic clay, or below the surface of 
immediately overlying satisfactory bearing material. The embedded 
pile-surface-area shall be obtained by multiplying the embedded length 
with the perimeter of the smallest circle or polygon that can be cir
cumscribed around the average section of the embedded length of the 
pile. The method of determining the allowable load described in this 
paragraph shall not be used for a pile in which the drive-pipe is with
drawn or for piles which are driven through the clay to or into firmer 
bearing materials. 

( e) In case piles in clusters are driven under the provisions of 
paragraph ( d) of this section, the allowable load shall be computed 
for the smaller of the following two areas: ( 1) the sum of the em
bedded pile-surface-areas; ( 2) the area obtained by multiplying the 
perimeter of the polygon circumscribing the cluster at the surface of 
the satisfactory bearing material with the average embedded length 
of pile. 

( f) The allowable load on a single pile installed by jacking shall 
not exceed one-half the load applied to the pile at the completion of 
jacking, provided that the final load is kept constant for a period of 
four hours and that the settlement during that period does not exceed 
one-twentieth of an inch. 

(g) Where weaker materials underlie the bearing material into 
which the piles are driven, the allowable pile load shall be limited by 
the provision that the vertical pressures in such underlying materials 
produced by the loads on all piles in a foundation shall not exceed 
the allowable bearing values of such materials, as given in section 
twenty-nine hundred and four, or determined in accordance with the 
provisions of section twenty-nine hundred and fifteen. Piles or pile 
groups shall be assumed to transfer their loads to the underlying 
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materials by spreading the load uniformly at an angle of sixty degrees 
with the horizontal, starting at a polygon circumscribing the piles at 
the top of the satisfactory bearing material in which they are em
bedded; but the area considered as supporting the load shall not 
extend beyond the intersection of the sixty degree planes of adjacent 
piles or pile groups. 

(h) The allowable bearing value of a pile shall not be limited 
to the value obtained by multiplying its point area by the allowable 
bearing value given in section twenty-nine hundred and four. 

SECTION 2910-Wooo PILES-GENERAL REQUIREMENTS 

(a) Every wood pile shall be in one piece, cut from a sound, live 
tree, and free from defects which may materially impair its strength 
or durability. It shall be butt-cut above the ground swell, and shall 
have substantially uniform taper from butt to point. Wood piles shall 
measure at least six inches in smallest diameter at the point, at least 
ten inches in smallest diameter at the cut-off, these measurements being 
taken under the bark. The axis of a wood pile shall not deviate from 
a straight line more than one inch for each ten feet of length nor more 
than six inches for the entire length. 

(b) The load on a wood pile shall not exceed the allowable load 
specified in section twenty-nine hundred and nine and, for a pile of 
the minimum dimensions specified in this section, shall not exceed 
twelve tons for Spruce, Norway Pine, and woods of similar strength 
which will be referred to as Type A, nor sixteen tons for Oak, Southern 
Yellow Pine, and woods of similar strength which will be referred to as 
Type B. These loads may be increased for each full inch by which 
both the cut-off and point diameters exceed the minima specified, by 
three tons for woods of Type A, but not to exceed a total load of 
twenty-four tons, and by four tons for woods of Type B, but not to 
exceed a total load of thirty tons. 

( c) The load on wood piles driven to bearing on materials of 
classes 1 to 5 inclusive shall be not more than sixty per cent of that 
allowed in paragraph (b) of this section. 

( d) Piles shall be cut to sound wood before capping is placed. 
( e) The center-to-center spacing of wood piles shall be not less 

than two and one-half times the cut-off diameter. 
( f) To avoid damage to the pile the size of the hammer shall be 

such that the driving energy in foot-pounds per blow shall not exceed 
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numerically the point diameter of the pile in inches multiplied by fif
teen hundred. The total driving energy in foot-pounds for six inches 
of penetration shall for all types of hammers be numerically no greater 
than the point diameter in inches times twenty-two thousand for woods 
of Type A or times thirty-two thousand for woods of Type B. For the 
last inch of penetration the energy in foot-pounds shall not exceed 
numerically the point diameter in inches multiplied by six thousand. 
In any case driving shall be stopped immediately when abrupt high 
resistance to penetration is encountered. 

(g) The cut-off grade for untreated wood piles shall be below the 
probable permanent ground-water level, and shall be subject to the 
Commissioner's approval. 

(h) The Commissioner may require the owner to install and 
maintain in good condition at least one ground-water observation well 
within the building. The ground-water level shall be read at least 
twice a year and these readings shall be filed with the Commissioner. 
If the ground-water level is observed to remain below pile cut-off eleva
tion for a period of more than six months, the owner shall promptly 
take remedial measures to maintain the ground-water level in the 
building area above pile cut-off grade or shall take other appropriate 
measures. 

(i) Additional Requirements for Treated Piles 
( 1) Timber piles pressure treated with creosote or creosote

coal-tar solutions, and conforming to the requirements of this sec
tion, may be cut off above permanent ground water level when 
used for the support of buildings not exceeding two stories in 
height. 

( 2) Before any treated piles are driven, the Commissioner 
shall be furnished three copies of a certificate of inspection, issued 
by an approved independent testing laboratory, certifying that 
the piles were free of decay, were properly peeled and otherwise 
prepared before treatment; and that the method of treatment, 
the chemical composition and the amount of retention of the pre
servative conform to the requirements of this section. 

(3) Treated piles shall be of Norway Pine, Southern Yellow 
Pine or Douglas Fir and shall be impregnated with preservative 
in accordance with standards Cl-57 and C3-57 of the American 
Wood Preservers' Association. 
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( 4) Piles exposed to sea water shall be Southern Yellow or 
Norway Pine treated with Grade B creosote-coal-tar solution, 
conforming to standard PZ-57 of the American Wood Preservers' 
Association. Piles not so exposed shall be treated with creosote 
conforming to standard Pl-54 of the American Wood Preservers' 
Association. 

( 5) The retention of preservative shall be not less than 
twenty pounds per cubic foot for piles exposed to sea water and 
not less than twelve pounds per cubic foot for other piles. 

( 6) After being cut to grade, the top surface of the pile 
shall be brush treated with not less than three heavy coatings of 
the treating material applied hot. 

SECTION 2911-PRECAST CONCRETE PILES 

(a) Precast concrete piles shall be so proportioned, cast, cured, 
handled and driven as to resist without significant cracking the 
stresses induced by handling and driving as well as by loads. The 
minimum lateral dimension of a precast concrete pile shall be twelve 
inches except that the lower six feet may taper to eight inches at the 
point exclusive of the metal point, if used. Each pile shall be cast in 
one piece. The concrete shall have a minimum compressive strength 
of four thousand pounds per square inch. No pile shall be handled or 
driven until it has cured sufficienly to develop the necessary strength 
as shown by standard test specimens made from the same batches of 
concrete cured under similar conditions. 

(b) Piles shall be proportioned so as to satisfy the requirements 
of Part 26. Additional requirements are as follows: For a length 
equal to at least three times the minimum lateral dimension at both 
ends of the pile, lateral ties shall be spaced not over three inches center
to-center or an equivalent spiral shall be provided. Reinforcing steel 
shall be embedded in concrete forming the body of the pile a net dis
tance of at least one and one-half inches from any exposed surface 
and in piles exposed to sea water such coverage shall be at least three 
inches. 

(c) The maximum water-cement ratio and the minimum cement 
content of the concrete for piles exposed to sea water shall be 
four and one-half gallons per sack, and eight sacks per cubic yard, 
respectively. 

( d) The minimum spacing center-to-center of precast concrete 
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piles shall be two and one-half times the square root of the cross
sectional area at the butt. 

( e) When precast concrete piles are driven to or into bearing 
materials of classes 1 to S inclusive, or through materials containing 
boulders, they shall have metal tips of approved design. 

( f) The load on a precast concrete pile shall not exceed the 
allowable load specified in section twenty-nine hundred and nine, and 
shall not exceed fifty tons for a pile of one square foot cross-sectional 
area. For piles of larger cross-secti!:m, this limit of load may be in
creased in proportion to increase in area, but not to exceed a total 
load of ninety tons. 

SECTION 2912-CAST-IN-PLACE CONCRETE PILES 

(a) In this section a distinction is made between poured-concrete 
piles and compacted-concrete piles. A poured-concrete pile is formed 
by pouring concrete into a driven casing or drive-pipe that is installed 
in the ground either permanently or temporarily. A compacted-con
crete pile is formed by placing concrete having zero slump, in small 
batches, and compacting each batch. 

(b) All cast-in-place concrete piles shall be so made and placed 
as to ensure the exclusion of all foreign matter and to secure a well
formed unit of full cross section. While placing the concrete, the 
casing or drive-pipe shall be free of water. 

(c) Poured-Concrete Piles 
( 1) The diameters of metal-cased poured concrete piles, 

when measured on the outside of a plain cylinder, or of horizontal, 
helical or vertical corrugations, shall be not less than eight inches, 
one foot above the point, nor less than twelve inches at cut-off. 
The shape of the pile may be cylindrical, or conical, or a com
bination thereof, or it may be a succession of cylinders of equal 
length, with the change in diameter of adjoining cylinders not 
exceeding one inch. 

(2) For uncased poured-concrete piles (i.e., when no metal 
casing is left in the ground) the inside diameter of the drive-pipe 
shall be not less than fourteen and one-half inches. 

( 3) The load on poured-concrete piles shall not exceed the 
allowable load specified in section twenty-nine hundred and nine, 
nor twenty-two and one-half per cent of the twenty-eight day 
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strength of the concrete, but not exceeding nine hundred pounds 

per square inch, when applied to the cross-sectional areas com

puted on the following basis: 

I For metal-cased piles, driven to or into materials of classes 

1 to S inclusive, using the diameter measured one foot above 

the point and as further specified in ( 1) of this paragraph. 

II For metal-cased piles, driven to or into other bearing mate

rials, using the diameter at the surface of the bearing stratum 

in which the pile receives its support, and as further speci

fied in ( 1) of this paragraph. 

III For uncased piles driven to or into any bearing material, 

using the inside diameter of the drive pipe minus three 

inches. 

IV In no case shall the maximum load on a poured-concrete 

pile exceed eighty tons. 

( 4) After driving all casings within a seven foot radius, and 

immediately before filling with concrete, the inside of the casing 

shall be thoroughly cleaned to the bottom and inspected by lower

ing a light bulb, or by means of a light beam. To allow the full 

design load: (a) the diameter shall not vary more than twenty 

per cent from the original value. (b) the point of the casing shall 

not deviate more than ten per cent of the length of the pile from 

the design alignment, and ( c) the casing shall not deviate by 

more than four per cent of the length of the casing from a straight 

line connecting the mid-points of the ends of the casing. Require

ment ( c) shall be taken as satisfied if some segment of the bot

tom of the casing is visible. If the bottom of the casing is out 

of sight, the shape and alignment of the casing shall be surveyed 

with a suitable instrument. No load shall be allowed on a pile, 

the casing of which shows signs of buckling. 

( S) The spacing of poured-concrete piles shall be such as 

to ensure the preservation of the full cross-section. The spacing 

center-to-center shall be not less than two and one-half times 

the outside diameter of the casing or drive-pipe at mid-length. 

Where the center-to-center spacing is thirty-six inches or less, no 

casing or drive-pipe shall be filled with concrete until all casings 

or drive-pipes within a radius of seven feet have been driven to 

the required resistance. 
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( d) Compacted Concrete Piles 
The load on compacted concrete piles shall be limited by the 

provisions of section twenty-nine hundred and nine, paragraph (g), 
except that the circumscribing polygon shall start at the junction of 
the shaft and the enlarged base, and the bearing area shall be taken 
at planes six feet or more below said junction; nor shall the allowable 
load on a compacted concrete pile exceed one hundred and twenty 
tons. The installation of such piles shall fulfill the following listed 
requirements: 

( 1) The drive-pipe used for installing the pile shall be not 
less than twenty inches outside diameter. 

( 2) The enlarged base of the pile shall be formed on or in 
bearing materials of classes 1 to 8 inclusive. 

( 3) The concrete shall have a twenty-eight day strength of 
at least four thousand pounds per square inch, shall be of zero 
slump, and shall be placed in batches not to exceed five cubic 
feet in volume. 

( 4) The last batch of concrete shall be driven into the en
larged base with not less than twenty blows, each of not less 
than one hundred and thirty thousand foot-pounds. 

( 5) As the drive-pipe is being withdrawn, not less than 
two blows of not less than thirty thousand foot-pounds shall be 
applied to compact each batch of shaft concrete. 

( 6) An uncased shaft shall not be formed through organic 
or inorganic clay or silt unless an excavation at least equal to the 
inside diameter of the drive-pipe is first augered through such 
soil, or the individual piles are located more than nine feet 
apart. 

( 7) An uncased shaft shall not be formed through peat or 
other highly organic soils. 

( 8) A permanent metal-cased shaft, not less than sixteen 
inches in diameter, shall be installed through organic or inorganic 
clay or silt if requirement ( 6) is not fulfilled. The permanent 
metal casing shall be fastened to the enlarged base in such a 
manner that the two will not separate. The concrete may be 
placed in the metal casing in the same manner as for poured
concrete piles. No metal casing shall be filled with concrete until 



PART 29-BOSTON BUILDING CODE 257 

after all piles within a radius of at least nine feet have been 
driven. The stresses in metal-cased shafts shall not exceed nine 
hundred pounds per square inch on the concrete and, in addition, 
eight thousand five hundred pounds per square inch on the steel 
casing, provided that its wall thickness is at least two-tenths of 
an inch thick. 

(9) The center-to-center spacing of piles shall be not less 
than four feet and six inches. 

SECTION 2913-STEEL AND STEEL-CONCRETE PILES 

(a) At locations where steel and steel-concrete piles will be in 
contact with cinders, slag, organic soils, or other materials that might 
cause corrosion of steel, one of the following procedures shall be used: 

( 1) Remove all such objectionable material from within the 
area of the structure and replace with inorganic soil. 

( 2) Deduct one-eighth of an inch in thickness from all sur
faces in contact with the objectionable material when computing 
the area of steel for support of load. This reduction shall be 
applied from pile cut-off grade to a grade fifteen feet below 
the bottom of the objectionable material. 

( 3) Effectively protect the steel surface from pile cut-off 
grade to a grade fifteen feet below the bottom of the objection
able materials; e.g. by means of cathodic protection or by a 
cover of at least three inches of concrete. 

At locations where steel and steel-concrete piles will be in contact 
with sea water, the steel from a grade ten feet below the ground sur
face to at least five feet above mean high tide shall be protected by 
at least three inches of concrete. The maximum water-cement ratio 
and the minimum cement content of the concrete shall be four and one
half gallons per sack, and eight sacks per cubic yard, respectively. 

(b) Concrete-filled Pipe Piles 

( 1) Piles consisting of steel pipes and concrete-filled after 
driving, shall have an outside diameter of not less than ten and 
three-quarters inches and a pipe-wall thickness of at least two
tenths of an inch. The material of the pipe shall be at least 
equivalent to the requirements of the latest revision of ASTM 
standard specification No. AZ 5 2, Grade 2. Splices shall be welded 
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to one hundred per cent of the strength of the pipe. Pipes may 
be driven open-ended or closed-ended, and the provisions of this 
section apply to both types. 

( 2) After driving all pipes within a seven foot radius, and 
immediately before filling with concrete, the inside of the pipe 
shall be thoroughly cleaned to the bottom and inspected by 
lowering a light bulb, or by means of a light beam. To allow the 
full design load: (a) the diameter shall not vary more than twenty 
per cent from the original value, (b) the point of the pile shall 
not deviate more than ten per cent of the length of the pile from 
the design alignment and ( c) the pile shall not deviate by more 
than six per cent of the length of the pile from a a straight line 
connecting the mid-points of the ends of the pile. Requirement 
( c) shall be taken as satisfied, if some segment of the bottom 
of the pile is visible. If the bottom of the pile is out of sight, 
or cannot be seen because the pile cannot be dewatered, the shape 
and alignment of the pile shall be surveyed with a suitable in
strument. No load shall be allowed on a pile which shows signs 
of buckling. 

( 3) Pipes shall be filled with concrete having a compressive 
strength at twenty-eight days of at least three thousand pounds 
per square inch, and as further specified in Part 26. Concrete 
shall not be placed through water, except that the Commissioner 
may approve the use of a bottom-dump bucket for concreting 
a bottom section of a pile, provided that the pile is proven to be 
free of other materials. 

( 4) The center-to-center spacing of concrete-filled pipe piles 
shall be not less than two and one-half times the outside diameter 
of the pipe. 

( 5) The load on concrete-filled piles shall not exceed the 
allowable load determined in accordance with section twenty-nine 
hundred and nine, nor the load on the concrete at twenty-two 
and one-half per cent of the twenty-eight day strength, but not 
exceeding nine hundred pounds per square inch, plus the load 
on the steel at eight thousand five-hundred pounds per square 
inch, nor shall the load carried by the steel exceed one-half the 
total load on the pile. 
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( c) H Piles 

( 1 ) Rolled steel H or other approved sections meeting the 
requirements of ASTM, Grade A7, and having a minimum thick
ness of metal of fourth-tenths of an inch may be used as piles. 
They shall be spliced to one hundred per cent of the strength 
of the section. 

(2) The center-to-center spacing of such piles shall be not 
less than two and one-half times the width of the flange or the 
depth of the section whichever is the greater. 

( 3) The load on such piles shall not exceed the allowable 
load determined in accordance with section twenty-nine hundred 
and nine, nor seven thousand five hundred pounds per square inch 
on the area of the cross-section. 

( d) Concrete-Filled Pipes with Steel Cores 

( 1) The pipe shall be so installed that its lower end is firmly 
seated in bedrock of classes 1 or 2. It shall be of sufficient 
diameter to permit manual inspection of the bedrock socket. 
Splices shall be welded to one hundred per cent of the strength 
of the pipe. 

( 2) A socket, approximately of the inside diameter of the 
pipe, shall be made in bedrock of classes 1 or 2 to a depth that 
will assure load transfer when computed for a bearing on the 
bottom surface of the socket in accordance with paragraphs (b) 
and ( c) of section twenty-nine hundred and four, acting together 
with a bond stress on the perimeter surface of the socket of one 
hundred pounds per square inch. Before placement of concrete, 
the rock-socket and pipe shall be thoroughly cleaned and the rock 
inspected by a competent engineer or geologist satisfactory to 
the Commissioner. This inspection may be performed by means 
of an underwater television camera, the position of which is read
ily controllable to permit thorough inspection of the exposed rock 
surface in the socket. 

( 3) The steel core shall consist of a structural steel member. 
The mating ends of the sections shall be spliced so as to safely 
withstand the stresses to which they may be subjected. The steel 
core shall be centered in the steel pipe and shall rest in a layer 
of cement grout on the bottom of the socket. 
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( 4) The center-to-center spacing of such piles shall be not 
less than two and one-half times the outside diameter of the pipe. 

(5) Concrete shall have a minimum compressive strength 
of four thousand pounds per square inch at twenty-eight days. 
It shall be so placed that it shall fill completely the space between 
the steel core and the pipe. In case the socket cannot be kept 
free from inflow of water, the pipe shall be filled to its top with 
clean water before placing the concrete. 

( 6) The details of the design and the installation, including 
the cleaning and inspection of the socket, the placement of con
crete under water or in the dry, the method of centering the steel 
core and all other phases of the work shall be submitted to the 
Commissioner for approval. 

( 7) The allowable load shall be computed on the basis of 
nine hundred pounds per square inch on the net area of the con
crete, eight thousand five hundred pounds per square inch on 
the steel area of the pipe and fifteen thousand pounds per square 
inch on the area of the steel core. 

SECTION 2914-COMPOSITE PILES 
(a) A composite pile shall consist of a combination of not more 

than two of any of the different types of piles provided for in this 
Part. The pile shall fulfill the requirements for each type, and 
in addition the provisions of this section. The design and the details 
of the connection shall be subject to the Commissioner's approval. 

(b) The requirements of Section 2912(c)(4) shall apply to the 
entire length of a pipe-composite pile. 

( c) The use of wood-composite piles shall be limited for support 
of buildings not exceeding two stories in height. 

( d) The center-to-center spacing shall be governed by the larger 
spacing, required in this Part, for the types composing the pile. 

( e) The allowable load on composite piles shall be that allowed 
for the weaker of the two sections. For wood-composite piles the 
allowable load shall not exceed eighty per cent of that allowed for the 
wood section alone. 

SECTION 2915-BEARING TESTS 
(a) Whenever the allowable bearing value on bearing materials, 

on single piles or groups of piles is in doubt, the Commissioner may 
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require bearing tests to be made and the results analyzed under the 
direction of a competent foundation engineer approved by the 

Commissioner. 
(b) Before any bearing test is started, a sketch of the proposed 

test arrangement and an outline of the procedure to be followed shall 
be submitted to the Commissioner and shall have his written approval. 

( c) Bearing tests shall be conducted in the presence of an in
spector, qualified by experience and training, and who is satisfactory 
to the Commissioner. A copy of the test results obtained and a graph 
of the time-settlement curve for each increment of load and of the 
load-settlement and rebound curve for the entire test shall be sub
mitted to the Commissioner at the completion of each test. 

(d) The load shall be applied by direct weight or by means of 
a newly calibrated hydraulic jack. The application of the test load 
shall be in steps equal to not more than one-half the contemplated 
design load, to at least twice the contemplated design load, except as 
provided in paragraph (g) of this section. The unloading shall be in 
at least two steps, to the design load and then to zero load. During the 
loading cycle the contemplated design load and twice the contem
plated design load shall be maintained constant for at least twenty
four hours and until settlement or rebound does not exceed two
hundredths of an inch in twenty-four consecutive hours. The load for 
all other load steps including the zero load at the end of the test shall 
be maintained constant for a period of not less than four hours. Suffi
cient readings for each load step shall be made to define properly the 
time-deflection curve. 

( e) Observation of vertical movement shall be made with dial 
extensometers graduated to at least one-thousandth of an inch. The 
readings shall be sufficient in number to define the progress of the 
settlement or rebound and shall be referred to a beam, the ends of 
which rest on or are fixed to reliable supports located at least eight 
feet from the center of the test. In addition, the elevation of the sup
ports shall be checked frequently with reference to a fixed benchmark. 
The entire measuring set-up shall be protected against direct sunlight, 
frost action and other disturbances that might affect its reliability. 
Temperature readings, both inside and outside the test enclosure, shall 
be made when the vertical movements are recorded. 
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(f) Additional Requirements for Soil Bearing Tests 
( 1) Bearing tests shall be applied at the elevations of th€ 

proposed bearing surfaces of the structure, except that the load 
may be applied directly on the surface of compacted granular 
material, Class 14. 

(2) The excavation immediately surrounding an area to be 
tested shall be made no deeper than one foot above the plane of 
application of the test. The test plate shall be placed with uni
form bearing. For the duration of the test, the material sur
rounding the test area shall be protected effectively against evap
oration and frost action. 

( 3) For bearing materials of classes 1 to S inclusive, the 
loaded area shall be not less than one square foot and for other 
classes not less than four square feet. For bearing materials of 
classes 1 to 3 inclusive, the Commissioner may permit compres
sion tests on rock cores to be substituted for bearing tests. Each 
test specimen shall have a height not less than twice its diameter. 

( 4) The proposed design load shall be allowed provided 
that the requirements of section twenty-nine hundred and four 
are fulfilled and the settlements under the design load and twice 
the design load do not exceed three-eighths of an inch and one 
inch, respectively. 

(g) Additional Requirements for Pile-Bearing Tests 
( 1 ) A single pile shall be load tested to not less than twice 

the design load. When two or more piles are to be tested as a 
group, the total load shall be not less than one and one-half times 
the design load for the group. 

( 2) Provided that the load-settlement curve shows no sign 
of failure and provided that the permanent settlement of the top 
of the pile, after removal of all load at the completion of the test, 
does not exceed one-half inch, the maximum design load shall be 
the load allowed in this Part for each type of pile or one-half of 
the maximum applied load, whichever is the least. 

( 3) Whenever the soil conditions are such that substantial 
driving resistance and/or significant support of the pile test load 
is derived from soil strata overlying the intended bearing stratum, 
the results of the pile test shall be analyzed so as to evaluate 
the actual support furnished by the bearing stratum. 
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SECTION 2916-SETTLEMENT ANALYSIS 

(a) Whenever a structure is to be supported by medium or soft 
clay ( materials of Classes 11 and 12), the settlements of the structure 
and of neighboring structures due to consolidation of the clay shall 

be given careful consideration, particularly if there are large variations 
in thickness of the clay or the structure has substantial variation in 
net load at foundation grade. The Commissioner may require a settle
ment analysis to be made by a competent engineer with specialized 
training and experience in soil mechanics in case the live and dead 
loads of the structure, as specified in Part 23, minus the weight of 
the excavation induces a maximum stress greater than four hundred 
pounds per square foot at midheight of the underlying soft clay, com
puted by means of a procedure that is generally accepted in soil 
mechanics. 

(b) The settlement analysis will be usually based on a computa
tion of the net increase in stress that will be induced by the structure 

and realistically appraised live loads, after deducting the weight of 
excavated soil and other loads under which the clay was fully con
solidated. The appraisal of the live loads may be based on surveys 
of actual live loads of existing buildings with similar occupancy. The 
soil compressibility data may be derived on the basis of one or more 
of the following data: 

( 1) A review of settlement records and behavior of other 
buildings in Greater Boston having similar subsoil profiles. 

( 2) Consolidation tests on undisturbed specimens with a 
diameter of at least two and one-half inches. The report shall 
include a description of the method of sampling and of the quality 
of the samples. 

( 3) Consolidation test data from other projects in Greater 
Boston where the clay is found to be similar when compared on 
the basis of the natural water content and the liquid and plastic 
limits. 

( c) Should the analysis indicate that the settlements would cause 
excessive stresses in the structure or would impair its usefulness, the 
design of the foundation and/ or the superstructure shall be modified 
so that the anticipated settlements will be reduced to tolerable values. 
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DRAFT FOR A REVISION OF PART 28 OF THE BOSTON 
BUILDING CODE 

PREFACE BY ALBERT G. H. DIETZ 

EARLY IN 1955 the Boston Building Commissioner, Charles A. 
Callanan, appointed a committee to revise the Structural Steel part 
of the Boston Building Code. The members of the committee at that 
time consisted of E. N. Adams, 0. G. Julian, M. Linenthal, W. F. 
Pike, J. Wolozin, and M. E. Shank, Chairman. In the period since 
that time the committee has held some sixty formal meetings, has had 
numerous subcommittee sessions, and has maintained protracted con
tact by telephone and mail. Changes in the personnel of the commit
tee have occurred, and the present committee consists of J. M. Biggs, 
0. G. Julian, A. J. Julicher, W. J. LeMessurer, W. F. Pike, J. Wolozin, 
and A. G. H. Dietz, Chairman. D. Mathoff of the office of the Build
ing Commissioner has acted as secretary. 

During the process of revision close contact has been maintained 
with various code-proposing and research agencies, particularly the 
Column Research Council of the Engineering Foundation. A number 
of the ideas in this proposed revision stem from the work of that 
Council as set forth in its "Guide to Design Criteria for Metal Com
pression Members" and summarized in the April, 1960 Journal of 
the Structural Division of the American Society of Civil Engineers, 
"Digest of the Guide to Design Criteria for Metal Compression Mem
bers" by Bruce G. Johnston. 

In this revision an attempt has been made to set forth procedures 
by which fairly exact analyses of steel structures can be made when 
such detail is called for, and also to set forth more approximate ap
proaches for situations that do not require more detailed analysis. 

The proposed revision is presented herewith for comment by the 
members of the Boston Society of Civil Engineers and other interested 
persons before being submitted formally to the City of Boston. In 
order to avoid undue delay in making that submission it is requested 
that any comments be made before October 1, 1960. It is hoped 
that the proposed revision may be discussed at a forthcoming session 
of the Society. 
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SECTION 2801-DESIGN OF METAL STRUCTURES 

265 

Structures of metal shall be designed by methods admitting of 
rational analysis according to established principles of mechanics, 

supplemented by the assumptions herein specified, to support the loads 
and withstand the forces to which they are subject without exceeding 

the stresses allowed in this part for the various members and the ma
terials thereof. 

Limit of Plastic Design, in which it is assumed that local yielding 
of the material re-distributes the bending moments in a frame or 
member, may be used provided that the procedures followed are con
sistent with accepted engineering practice ( 1 *) * and subject to the 
approval of the Commissioner. Limit Design shall not be used for 

• Numbers in parenthesis with an asterisk refer to REl•ERENCES listed at the end of 
this PART. 
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structures subject to moving concentrated loads or oscillating loads or 
for materials which lack ductility. Special care must be exercised to 
avoid excessive deflection or lateral instability. 

The load factor to be used in Limit Design shall not be less than 
1.85 for dead plus live load and 1.40 for dead and live plus wind load. 
The yield stresses used for structural steel shall be no greater than 
33,000 pounds per square inch for normal stress and 19,000 pounds 
per square inch for shear stress. 

Three basic classes of elastic design and design assumption are 
permissible under the respective conditions stated hereinafter, and 
each will govern in a specific manner the sizes of members and the 
types and strength of their connections. 

Class A, commonly designated as "rigid-frame" ( continuous, 
restrained frame), assumes that the end connections of all members 
in the frame have sufficient rigidity to hold virtually unchanged the 
original angles between such members and the members to which they 
connect. 

Class B, commonly designated as "simple" framing ( unrestrained, 
free-ended), assumes that the ends of beams and girders are connected 
for shear, but are free to rotate in the plane of the frame of which 
they form a part. 

Class C, commonly designated as "semi-rigid framing" (partially 
restrained), assumes that the connections of beams and girders pos
sess a dependable and known moment capacity intermediate in degree 
between the complete rigidity of Class A and the complete flexbility 
of Class B. 

All connections shall be consistent in their design with the assump
tions as to type of construction which shall be designated on the design 
drawings. 

Class A construction is unconditionally permitted. It is a neces
sary condition of this type that the calculated stresses and resulting 
strains in all members and their connections occur within the elastic 
range, and that the stresses do not exceed those allowed in this part. 

Class B construction is permitted, subject to the stipulations of 
the following paragraph wherever applicable. Beam-to-column con
nections with seats for the reactions and with top clip angles for 
lateral support only, are classed under Class B. 

In buildings, designed in general as Class B construction, in that 
the beam-to-column connections other than wind connections are flexi-
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ble, the distribution of the wind moments, as between the several joints. 
of the frame, may be made by a well recognized approximate method 
provided that the wind connections, designed to resist the assumed 
wind moments, are adequate to resist the moments induced by the 
gravity loading and the wind loading, at the increased unit stresses 
permitted therefor. 

Class C (semi-rigid) construction will be permitted only upon 
evidence that the connections to be used are capable of resisting definite 
moments without overstress. The proportioning of main members 
joined by such connections shall be predicated upon no greater de
gree of end restraint than the minimum known to be effected by the 
respective connections, ( 2 *). 

Class B and C construction may necessitate some non-elastic 
but self-limiting deformation of a structural steel part, but under 
forces which do not overstress the rivets, bolts or welds. 

SECTION 2802-QUALITY OF STRUCTURAL METALS 

(a) Structural metals shall conform to the specifications of the 
American Society for Testing Materials (ASTM) as follows: 

( 1) Structural steel either to Tentative Specification for 
Steel for Bridges and Buildings, ASTM Designation: A7-58T, 
or to Tentative Specifications for Structural Steel for Welding, 
ASTM Designation: A 373-58T. 

( 2) Rivet steel to Standard Specification for Structural Rivet 
Steel, ASTM Designation: Al41-58. 

( 3) Cast steel to Standard Specification for Mild- to Medi
um-Strength Carbon Steel Castings for General Application, 
ASTM Designation: A-27-58, Grade 65-35 full annealed, with 
minimum yield point of 33,000 psi. 

( 4) Cast iron to Standard Specifications for Gray Iron 
Castings, ASTM Designation: A48-56, Class 25. 

( 5) High-strength steel bolts and washers for use with same 
to Tentative Specifications for Quenched and Tempered Steel 
Bolts and Studs with Suitable Nuts and Plain Hardened Washers, 
ASTM Designation: A325-58T. 

( 6) Steel bolts, other than high-strength bolts, to Tentative 
Specifications for Low-Carbon Steel Threaded Fasteners, Grade 
A, ASTM Designation: A307-58T. 
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(7) Steel for light gage steel deck floors and roofs (see Sec
tion 2820) to the following listed specifications: 

(a) Tentative Specifications for Flat-Rolled Carbon 
Steel Sheets of Structural Quality, ASTM Designation: 
A245-58T. 

(b) Tentative Specifications for Hot-Rolled Carbon
Steel Strips of Structural Quality, ASTM Designation: A303-
58T. 

Steel of higher strength than is covered by the above 
mentioned ASTM Specifications mentioned in ( 7) (a) and 
(b) above may be used provided the design is based upon 
the minimum properties of such higher strength steel as cer
tified by the manufacturer's test reports. 
( 8) Pipe for concrete-filled pipe columns to Tentative Speci

fications for Welded and Seamless Steel Pipe, ASTM Designa
tion: A-53-59T, Grade B. 
(b) Other metals and alloys may be used in connection with 

metal structures with the approval of the Commissioner and subject 
to such conditions as he shall specify. 

( c) Structural steel members installed in pre-code buildings 
prior to the year 1924 shall not be stressed in excess of eight-tenths 
of the allowable stresses specified in this part. Similar members in
stalled after 1924 and prior to the year 1943 shall not be stressed in 
excess of nine-tenths of the allowable stresses specified in this part. 

( d) Structural steel which has previously been used in a building 
or other structure or which has been fabricated for such use, shall not 
be used in another building or structure except with the approval of 
the Commissioner and under such conditions as he may in each case 
specify. 

( e) The Commissioner may require reasonable tests from time 
to time of metals and alloys to determine their quality and whether 
they conform to the requirements of this part. 

SECTION 2803-ALLOWABLE STRESSES IN STRUCTURAL STEEL 

Except as provided in this Section under ( 3) Bending and in 
Sections 2801, 2802, 2806, 2811 and 2812, all parts of the structure 
shall be so proportioned that the unit stress in pounds per square 
inch shall not exceed the following values: 
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(a) Structural Steel, Rivets, Bolts and Weld Metal. 

( 1) Tension: 

Structural steel, net section 

Butt welds, section through throat 

Rivets, on area based on nominal diameter 

Bolts, ( except as noted below) and other threaded parts, on 
area at root of thread ( tension due to applied loading 
only, does not apply to tension incident to tightening) 

High-strength bolts on area at root of thread ( tension due 
to applied loading only, does not apply to tension in
cident to tightening) 

( 2) Compression: Columns, gross section. 
For short members where transverse deflection is prevented 
For axially loaded columns with values of 

kL 
- not greater than 133 

r 

269 

20,000 
20,000 
20,000 

20,000 

40,000 

20,000 

For axially loaded columns with values of 

kL 
- greater than 133 149,000,000 

r 

(k~r 
in which Lis the unbraced length of the column, r is the corresponding 
radius of gyration of the section, both in inches, and k is a factor 
depending upon the end restraints as given by Figures 1 and 2. Figure 
1 may be used in case effective means to prevent sidesway of the 
column are employed. Figure 2 shall be used in case sidesway is 
possible. In Figures 1 and 2 the subscripts A and B refer to the joints 
at the two ends of the column section being considered. G is given by 

L (i) 
L ( ~:) 

in which ~ indicates a summation for all members, other than those 
the principal function of which is to resist tensile axial forces, rigidly 
connected to that joint and lying in the plane in which buckling of the 
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column is being considered, I
0 

is the moment of inertia and Le the 
unsupported length of a column section, and Ig is the moment of 
inertia and Lg the unsupported length of a girder or other restraining 
member. Ic and Ii; shall be taken about axes perpendicular to the 
plane of buckling being considered. 

In Figures 1 and 2, having determined GA and Ga for a column 
section, k is obtained by constructing a straight line between the 
appropriate points on the scales for GA and GB. For example, m 
Figure 1 if GA is 0.5 and Ga is 1.0, k is found to be 0. 73. 

In case Class C "semi-rigid framing" is employed the values of 

shall be decreased sufficiently to fully reflect the effect of changes 

in angle between columns and girders or other restraining mem
bers, (2*). 

For the case in which sidesway is permitted and the far end of 
a girder or other restraining member with respect to a given column 
is free to rotate in the plane of the frame ( virtually hinged) the value of 
Ig 

- shall be reduced by 50 per cent. Lg 
Ig 

Refinements in the value of Land k may be made provided 
g 

they are fully substantiated by analysis supplemented if necessary 
by tests. 

For column ends supported by but not rigidly connected to a 
footing or foundation, G shall be taken as infinity. If the column end 
is rigidly attached to a properly designed footing, G may be taken 
as 2 .0. Smaller values may be used if justified by analysis. 

If the construction is such that the column is subject to calculated 
flexure in addition to axial load, the member shall be proportioned 
for the combined effect (see Section 2807). 
Plate girder stiffeners, gross section 
Webs of rolled sections at toe of fillets (see Section 2808h) 
Butt welds, section through throat 

20,000 
24,000 
20,000 

( 3) Bending: Beams and girders which are continuous over sup
ports, or which are rigidly framed to columns as in class A construc
tion, may be proportioned for 5/6 of the negative moments produced 
by gravity loading which are maximum at points of support, pro-
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vided that for such members the maximum positive moment shall be 

increased by 1/6 of the average of the negative moments. This 

reduction in negative moment shall not apply to cantilevers with one 

end free. If the negative moment is supplied by a column rigidly 

framed to the beam or girder, the reduced moment may be used in 

proportioning the column for the combined axial and bending loading. 

If the plane of bending does not contain the shear center, the 

fiber stresses caused by twisting of the member ( 3 *) shall be added 

to those incident to the flexure without the effect of twisting and the 

total shall not, except as otherwise provided for above, exceed the 

following listed values. 

Tension on extreme fibers of rolled sections, plate girders, 

and other built-up members (see Section 2808) 20,000; 

Compression on extreme fibers of rolled sections, plate gird-

ers, and other built-up members braced with respect 

to lateral-torsional buckling over their entire length, or 

subjected to bending in a plane normal to the minor 

principal axis 

Stress on extreme fibers of pins 

20,000 

30,000 

For compression on the extreme fibers of beams and girders sub

jected to bending in a plane normal to the major principal axis, and 

not braced with respect to lateral-torsional buckling over all or any 

part of their entire length the allowable bending stress may be taken 

as the critical buckling stress fer ( 4*) computed by an elastic stability 

analysis divided by 1.59 except that if fer is greater than 19,100 

pounds per square inch the allowable stress shall be taken as 

190,000,000 
22,000-

fer 
, but not more than 20,000. 

The following expressions, which were derived for the case of pure 

flexure but are acceptable approximations for the case of vertical 

loads applied at the level of the upper flange ( including cantilevers 

with the supported end fixed with respect to rotation about the longi

tudinal axis), may be used for allowable stress. 

R2 equal to or less than 3,000 

R2 between 3,000 and 15,000 

R2 greater than 15,000 

20,000 

22,000- % R 2 

180,000,000 

R2 
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in which R 2 has the values given in Eq. (a), (b) and (c) below as 
applicable. If applied to cantilevers, C in Eq. (a) and the first term 
under the radical in Eqs. (b) shall be taken as zero unless the sup
ported end of the cantilever is fixed with respect to rotation about 
the minor principal axis. ( See Notation below). 

For members of I cross section ( the flanges of which may be 
reinforced by channels, I sections or other shapes) and for closed 
box sections asymmetrical about the principal axis normal to the 
plane of bending, providing "e" is positive ( 4*). 

L2S 
R2 = -----:::------;:::::::=============::::;:=-=-

[ ✓ C + .04K L2] IY e + e2 + 
Is 

(a) 

For members of I cross section ( the flanges of which may be 
reinforced by channels, I sections or other shapes) and for closed box 
sections symmetrical about the principal axis normal to the plane 
of bending, 

L2S 
R2= ---------

2L2S 

.J cry + .o4KIYL2 

2L2S or R2 = -------, (b) 

Provided the second term under the radical in Eqs. (b) is large 
with respect to the first term the value of R 2 can be approximated by 

SLS 6.3 aLS 
R 2 = --:========-

V K Iy 
(c) 

As a further approximation, the following listed expressions for 
allowable stress may be used: 

Ld 
- equal to or less than 200 20,000 
ht 
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Ld 
- between 200 and 1,000 
bt 

Ld 
22,000-10 -

bt 

Ld· 
- greater than 1,000 
bt 

Reference ( 5*). 

12,000,000 

Ld 

bt 

(d) 

For plate girders and other built-up members the value of K 
~ d 

shall be reduced by 20 percent, and the values of "a" and - increased 
bt 

by 11 percent unless the component parts are connected together by 

continuous welds. In case the expressions involving. Ld are used for 
bt 

plate girders and other built-up members for which the values of b or t 

of component parts which act as integral units in resisting torsion are 

"d f . . d h 11 b k .39s 
not ev1 ent rom mspect10n, - s a e ta en as --- ( in 

bt V IYK 

which K is taken at its unreduced value) unless the component parts 

d 
are connected together by continuous welds in which case -- shall 

bt 

.35S 
be taken as ---

V IyK 

As a refinement in the above formulas, Iy may be replaced by 

Iy 

1 
Ix 

provided initial camber is not used to compensate for the expected 

deflection. 
If vertical loads are applied at H distance below the top flange of 

Ld 
symmetrical sections, the values of R 2 and - may be decreased by 

bt 

multiplying by the factors given below: 
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For loads applied at or above the neutral axis but not above the 
top of the member 

1+B(1-~) 
1 + B 

For loads applied at or below the neutral axis but not below the 
bottom of the member. 

1 ' 
' 

(1 + B) [ 1 - B ( 1 -
2
: )] 

None of the formulas given in this section are applicable to open
web joists or to light gage, cold-formed members. 
NOTATION: In the above expressions (and in consistent units): 

C 
a2 = 2.5 - for asymmetrical I sections. 

K 

5 Iy 5 
( bh r a2 - --h2 = -t- for symmetrical I sections, ( 6*). 8 K 32 

2 2 
B - = L 

( ~ )2 ( :: ) 1.8 + 1.8 + 2.5 
a 

b = breadth of flange. 

C = torsion-bending parameter, which measures the resistance 
of a section of a member to warping out of a plane in 
case the member is twisted. ( 7*). 

LL! 
C = h2 -- for asymmetrical I sections. 

Iy 
2 

C = ( ~ ) IY for symmetrical I sections. 

c1 distance between the centroid of the section and the cen
troid of the flange to which L applies. 

c2 same as c1 but for. flange to which I2 applies. 
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d = depth of beam. 

e = distance in the plane of bending from centroid to shear 

center of section; positive if the shear center lies on the 

side of the centroid toward the compression flange and 

negative if the shear center is on the side of the centroid 

toward the tension flange. 

Lc1-Lc2 
e = · - for asymmetrical I sections ( 5 *). 

½ 
H - distance below top flange at which vertical loads are 

h -
L -

12 -

Ix -

Iy 

K -

applied. 
distance between flange centroids. 

moment of inertia of flange which is c1 distant from the 

centroid of the section, about centroidal axis parallel 

to web. 
moment of inertia of flange which is c2 distant from the 

centroid of the section, about centroidal axis parallel 

to web. 
moment of inertia of section about principal axis normal 

to web. 
moment of inertia of section about principal axis parallel 

to web. 
torsion parameter which measures the resistance of a 

member to twisting about a longitudinal axis. For open 

sections it is approximately equal to 1/s ~ bt3 in which ~ 

is the sign of summation, t is the smaller dimension and 

b is the larger dimension of component parts of the sec

tion which act as integral units in resisting torsion, (5*), 

( 6 *) and ( 7 *). For closed box sections which form a 

continuous ring capable of resisting adequate shearing 

couples parallel to the perimeter of the ring ( for example 

such as can be fabricated by the equivalent of full butt 

welding of flange and web plates at their intersections) 

K is approximately equal to 

2(b1d1) 2 
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In this expression b1 and d1 are the distances between 
center lines of web plates and flange plates respectively, 
and tt and tw are the thicknesses of flange and web plates 
respectively. 
For built-up members the value of K can be approximated 
by considering the parts of the flanges between outside 
fasteners ( rivets, bolts, or welds) as a single solid piece 
and the parts extending beyond the outside fasteners as 
individual elements. (See paragraph following Eq. ( d) 
for required reduction in the value of K, and increase 

d 
in values of "a" and -- for built-up members). 

bt 
L - for other than cantilevers with one end free, the greatest 

distance measured along the compression side between 
points of lateral-torsional restraint; if a point of contra
flexure lies between points of lateral-torsional restraint, 
the distance between such points of restraint provided 
this distance is greater than that specified above. 

L for cantilevers with one end free, the larger of: 

R 
s 

(a) the distance between the free end of the member 
and the nearest point of lateral-torsional restraint. 

(b) the distance between points of lateral-torsional 
restraint. 

a ratio analogous to the slenderness ratio of a column. 
section modulus of section about principal axis normal to 
web, compression side. 

t = thickness of flange. 
( 4) Shearing: 

Rivets 15,000 
15,000 
10,000 
20,000 
13,000 

Pins, and turned bolts in reamed or drilled holes 
Unfinished bolts 
High-strength bolts 
Webs of beams and plate girders, gross section 
Weld Metal 

on section through throat of fillet weld, or on faying 
surface area of plug or slot weld 

on section through throat of butt weld 
13,600 
13,000 
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(Stress in a fillet weld shall be considered as shear on the throat, for 

any direction of applied stress. Neither plug nor slot welds shall 

be considered to resist any stress other than shear.) 

(5) Bearing: 

Rivets and high-strength bolts 
Turned bolts in reamed or drilled holes 
Unfinished bolts 

Pins 

Contact Area 

Milled Stiffeners and Other Milled Surfaces 

Fitted Stiffeners 

Expansion rollers and rockers 
(pounds per linear inch) 

Double 
Shear 

40,000 
40,000 
25,000 

Single 
Shear 
32,000 
32,000 
20,000 

32,000 

30,000 
27,000 

600d 

in which d is diameter of roller or rocker in inches. 

SECTION 2804-ALLOWABLE STRESSES IN CAST STEEL 

The unit tension, compression and shear in cast steel, except the 

stress due to wind, shall not exceed sixteen thousand (16,000) pounds 

per square inch. 

SECTION 2805-ALLOWABLE STRESSES IN CAST IRON 

The unit stresses in cast iron, except those due to wind, shall not 

exceed the following allowable stresses in pounds per square inch,•· ••· 

(a) Tension 3,000 

(b) Compression 10,000 

L 
(c) Compression columns axially loaded 9,000-40-

r 

in which L is the unbraced length and r is the corresponding 

least radius of gyration of the column section. 

(d) Bending: 

In tension flange 3,000 

In compression flange 10,000 
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SECTION 2 8O6-MEMBERS SUBJECT TO REVERSAL OF STRESS 

(a) Members subject to reversal of stress which may occur 
100,000 times or more in the life of the structure ( whether axial, bend
ing, or shearing) due to live load shall be proportioned as follows: 
Determine the maximum stress of one sign and the maximum stress 
of the opposite sign and increase each arithmetically by SO percent 
of the smaller. Proportion the member so that it will be capable of 
resisting either stress so increased. 

The connections shall be proportioned for the arithmetical sum 
of the maximum stresses ( without the above mentioned increases). 
Notches, copes and other sudden changes of cross section shall be 
particularly avoided in and adjacent to such connections. 

(b) No modification of stresses need be made because of stress 
reversal caused by wind alone. 

SECTION 28O7-COMBINED STRESSES 

(a) Structural steel members subject to axial load and bending 
f f in one principal plane shall be so proportioned that--n- + -"- does 
F. Fb 

not exceed unity. 
In case the member is subject to bending, about both principal 

axes, x and y, it' shall be so proportioned that 

~ + ~ + ~ does not exceed unity at a common sec-
F. Fbx Fb)• 

tion at which the sum indicated is maximum. 
In the above expressions, 

Fa - axial unit stress that would be permitted if axial stress 
only existed. 

F b - bending unit stress that would be permitted if bending 

Fbx -

Fby -

fa 
fb -

stress only existed. 
bending unit stress that would be permitted if bending 
about the x axis only existed. 
bending unit stress that would be permitted if bending 
about they axis only existed. 
axial force divided by the area of the member. 
bending moment divided by the section modulus of the 
member. 
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fhx = bending moment about the x axis divided by the cor-

responding section modulus. 

fby = bending moment about the y axis divided by the cor-

responding section modulus. 

In case the axial load is compression, in computing fb, fbx and fbv, 

full account shall be taken of the effect of the axial load on the deflec

tion, including the deflection induced by the axial load itself. An 

acceptable approximate method of doing this is to divide the flexural 

stresses about individual axes due to the effect of the bending moment, 

neglecting the effect of the axial load itself on the moment, by 

( 
l _ fa ( ~ r ) ' 

149,000,000 
kL 

in which -- applies to the corresponding plane of bending. In case 
r 

the axial load is tension, the flexural stresses about individual axes 

due to the effect of the bending moment, neglecting the effect of the 

axial load itself on the moment may be reduced to take account of the 

effect of the axial load on the deflection. Provided the bending moment 

is not induced by active external couples ( as distinguished from 

restraining couples), an acceptable approximate method of doing this 

is to divide the flexural stresses about individual axes due to the 

effect of the bending moment, neglecting the effect of the axial load 

itself on the moment, by 

fu(~)
2 

) 

173,000,000 

(b) Concrete-filled steel pipe columns subject to axial load and 

bending shall be so proportioned that 

pc fb --- + --- does not exceed unity and that the resultant ten-
p a 20,000 

sile stress (if any) does not exceed 20,000 pounds per square inch. 

In the above expression and the following 

Pa = axial force that would be permitted according to Section 

2 811 if axial load only existed. 
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Pc axial force in member. 
fb - maximum unit compressive or tensile stress in pounds per 

square inch in the steel pipe due to flexure. This stress 
for round pipe columns shall be obtained from Figure 3 
for which the notation is the same as that used in Section 
2811 with the following listed additions. 

D outside diameter of steel pipe in inches. 
d inside diameter of steel pipe in inches. 

M1 - bending moment in inch pounds including the effect of 
the axial load on the deflection, including the deflection 
induced by the axial load itself. 

The value of M1 may be approximated by 

M 

149,000,000 ( A. + ~:) 
in which M = bending moment neglecting the effect of axial load on 
the deflection. See Section 2811 for additional notation. 

( c) for bolts, rivets and butt welds subjected to the combined 
action of shearing stress and tension due to action of external forces, 

f2 s2 . 
the quantity a2 + b2 shall not exceed umty. 

In this expression, 
a = allowable tensile stress as given in Section 2803. 
b allowable shearing stress as given in Section 2803 for 

parts not subject to tension due to external forces. 
f - calculated tensile stress. 
s - calculated shearing stress. 

SECTION 2808-PLATE GIRDERS AND ROLLED BEAMS 
(a) Proportioning. Welded plate girders, riveted plate girders 

(including those fabricated with high-strength bolts), cover-plated 
beams, and rolled beams shall in general be proportioned by the 
moment of inertia of the gross section. No deduction shall be made 
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for shop or field rivet holes in either flange; except that where the 
reduction of the area of either flange by such rivet holes, calculated 
in accordance with the provisions of Section 2808A, exceeds 15 per 
cent of the gross flange area, the excess shall be deducted. If such 
flanges contain other holes, as for bolts, pins, countersunk rivets, or 
plug or slot welds, the full deduction for such holes shall be made. 

(b) Web. Plate girder webs shall have a thickness of not less 
than 1/170 of the unsupported distance between flanges. 

( c) Flanges. The thickness of outstanding parts of flanges shall 
conform to the requirements of Section 2813. Unstiffened cover-plates 
on riveted girders shall not extend more than 16 times the thickness 
of the thinnest outside plate beyond the outer row of rivets connecting 
them to the angles. If the girder is subjected to substantial fluctuations 
in loading, stiffeners, lateral plates or other appurtenant material shall 
not be welded to the tension flange, except at points where the maxi
mum flange stress is less than half the allowable. 

( d) Flange Development. Rivets and welds connecting flange to 
web, or cover-plates to flange, shall be proportioned to resist the 
maximum horizontal shear at the plane in question. Additionally, 
rivets and welds connecting cut-off cover plates to flange shall develop 
the full force in the plate required by the design. Cover plates shall 
be extended beyond theoretical cut-off points a sufficient distance to 
develop with rivets or weld 1/ 4 of the full force in the plate. The use 
of intermittent welds shall be avoided in members subject to repeated 
stress. 

( e) Bearing Stiffeners. Bearing stiffeners shall be placed in pairs 
on the webs of plate girders at unframed ends. Bearing stiffeners shall 
be used at points of concentrated loads where such loads cannot be 
transmitted from flange to web by rivets or welds, or where bending 
of the flange is excessive. Such stiffeners shall have a close bearing 
against the loaded flanges, and shall extend as closely as possible to 
the edge of the flange plates or flange angles. They shall be designed 
as columns subject to the provisions of Section 2803 (a) (2); assum
ing the column section to comprise the pair of stiffeners and a cen
trally located strip of the web equal to not more than 2 5 times its 
thickness at interior stiffeners or a strip equal to not more than 12 
times its thickness when the stiffeners are located at the end of the 
web. The effective length factor k shall be taken as not less than 3/4. 
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Only that portion of the stiffener outside of the angle fillet or the 

flange-to-web welds shall be considered effective in bearing. Angle 

bearing stiffeners shall not be crimped. 

( f) Intermediate Stiffeners. If h/t is greater than 70, intermedi-

ate stiffeners shall be required at all points where v' exceeds 

( 

8,000 ) . h" h --h- ,mw1e 

t 

h - the clear depth between flanges. 

t the thickness of the web. 

v' 
1 

v for ft not greater than -
3

- Ft· 

V 1 
v' _ -=============-- for ft equal to or greater than3 Ft. 

✓ 190-(:ttr 
v = the maximum unit shear in pounds per square inch. 

ft = the maximum unit compression due to bending in the web 

at the toe of the flange. 

F = t ( 
2100) ~ounds per square inch. 

The clear distance between intermediate stiffeners, when stiffeners are 

required by the foregoing, shall not exceed "a" inches as given by the 

following formula, nor one and one half h. 

10,000 t 
a = --=--=--=--=--=--=--=--=--=--=--=--=--=--=--=--=--=--=--=--=--

J v·-crr 
Intermediate angle stiffeners may be crimped over the flange angles. 

Intermediate stiffeners employed to stay the web plate against buck

ling, and not for the transfer of concentrated loads from flange to web, 

shall be of section not less than that required by the formula 
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1.2 5 _.!: (~ - O. 
7

) t4 for "a" not greater than h 
t a h ' ' 

a 

r. = 0.3 7 5ht3
, for "a" greater than h, 

in which r. = moment of inertia of the stiffeners or stiffener (figured 
with a common axis at the centerline of web for stiffeners in pairs and 
with the axis at the interface between stiffener and web for single 
stiffeners.) 

Rivets connecting stiffeners to the girder web shall be spaced not 
over 8 times their diameter. They shall be spaced more closely if so 
required in order to transmit the stress due to concentrated loads. 
If intermittent fillet welds are used, their spacing shall conform to 
the provisions of Section 2 809. 

(g). Splices. Web splices in plate girders and in beams shall be 
proportioned to transmit the full shearing and bending stresses in 
the web at the point of splice. Web splices in welded girders shall 
preferably be complete penetration butt welds. 

If the flanges are spliced, the splices shall either develop the full 
effective strength of the material or they shall develop the strength 
requried by the total stresses, but in no case shall the strength de
veloped be less than 50 per cent of the effective strength of the material 
spliced, nor shall butt-welded joints be only partially welded. 

(h) Web Crippling of Beams. Rolled beams shall be so pro
portioned that the compressive stress at the web toe of the fillets 
resulting from concentrated loads not supported by bearing stiffeners, 
shall not exceed the value of 24,000 pounds per square inch allowed 
in Section 2803. The governing formulas shall be 

R 
For interior loads ----- = not over 24,000 

t (N + 2k) 

R 
For end-reactions ----- = not over 24,000 

t (N + k) 
where 

R - concentrated interior load or end reaction, in pounds 
t thickness of web, in inches. 

N - length of bearing, in inches. 
k distance from outer face of flange to web toe of fillet, in 

inches. 
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SECTION 2808A-GROSS AND NET SECTIONS 

(a) Definitions. The gross section of a member at any point 

shall be determined by summing the products of the thickness and 

the gross width of each element as measured normal to the axis of the 

member. The net section shall be determined by substituting for the 

gross width the net width computed in accordance with paragraphs 

(c) to (g) of this Section. 
(b) Application. Unless otherwise specified, tension members 

shall be designed on the basis of net section. Columns shall be de

signed on a basis of gross section. Beams and girders shall be designed 

in accordance with Section 2 808 (a). 
In determining the net section across plug or slot welds the weld 

metal shall not be considered as adding to the net area. 
( c) Net Width. In the case of a chain of holes extending across 

a part in any diagonal or zigzag line, the net width of the part shall 

be obtained by deducting from the gross width the sum of the diameters 

of all the holes in the chain, and adding, for each gage space in the 

chain, the quantity 
s2 

4g 
where 

s = longitudinal spacing (pitch) in inches of any two succes
sive holes. 

g = transverse spacing (gage) in inches of the same two holes. 

The critical net section of the part is obtained from that chain 

which gives the least net width. 
( d) Angles. For angles, the gross width shall be the sum of the 

widths of the legs less the thickness. The gage for holes in opposite 

legs shall be the sum of the gages from back of angle less the thickness. 

( e) Splice Members. For splice members, the thickness con

sidered shall be only that part of the thickness of the member which 

has been developed by rivets or welds beyond the section considered. 

( f) Size of Holes. In computing net area the diameter of a rivet 

hole shall be taken as 1/8 inch greater than the nominal diameter 

of the rivet. 
(g) Pin Holes. In pin connected tension members, other than 

forged eyebars, the net section across the pin hole, transverse to the 
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axis of the member, shall be not less than 135 percent, and the net 
section beyond the pin hole parallel with the axis of the member not 
less than 90 percent of the net section of the body of the member. 

In all pin-connected riveted members the net width across the 
pin hole, transverse to the axis of the member, shall not exceed 8 times 
the thickness of the member at the pin, unless lateral buckling is 
prevented. 

SECTION 2809-CONNECTIONS 

(a) Riveting and Bolting. 
( 1) Rivets shall be driven by power riveters, of either compres

sion or manually-operated type, employing pneumatic, hydraulic or 
electric power. After driving they shall be tight and their heads shall 
be in full contact with the surface. 

( 2) Rivets shall ordinarily be hot-driven, in which case their 
finished heads shall be of approximately hemispherical shape and 
shall be of uniform size throughout the work for the same size rivet, 
full, neatly finished and concentric with the holes. Hot-driven rivets 
shall be heated uniformly to a temperature not exceeding 1950 de
grees F; they shall not be driven after their temperature has fallen 
below 1000 degrees F. 

( 3) Rivets may be driven cold if approved measures are taken 
to prevent distortion of the riveted material. 

( 4) Holes for rivets, high-strength bolts and unfinished bolts 
shall be 1/16 inch larger than the nominal diameter of the rivet or 
bolt. If the thickness of the material is not greater than the nominal 
diameter of the rivet or bolt plus 1/8 inch, the holes may be punched. 
If the thickness of the material is greater than the nominal diameter 
of the rivet or bolt plus 1/8 inch, the holes shall be either drilled from 
the solid, or sub-punched and reamed. The die for all sub-punched 
holes, and the drill for all sub-drilled holes, shall be at least 1/16 
inch smaller than the nominal diameter of the rivet or bolt. 

( 5) Drifting to enlarge unfair holes shall not be permitted. Holes 
that must be enlarged to admit the rivets shall be reamed. Poor match
ing of holes shall be cause for rejection. 

( 6) Holes for turned bolts shall be drilled or reamed truly cylin
drical and not more than 1/50 inch larger than the external diameter 
of the bolt. Drilling or reaming for turned bolts shall be done after 
the parts to be connected are assembled; except that if such drilling 
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or reaming after assembly is impracticable, it may be done through 
steel templets with hardened bushings. 

( 7) The finished shank of turned bolts shall be long enough 
to provide full bearing, with washers under the nuts to permit tight 
gripping of members when turned up, and nuts shall be locked. 

The term "turned bolts" as here used, embraces all bolts regard
less of the manufacturing process, which have a tolerance on the 
nominal diameter of 0 over, .006" under, and which have "regular 
semi-finished" heads. 

( 8) High strength bolts shall be employed in accordance with 
subsection (r) of this Section. 

(b) Minimum Connections. Connections carrying calculated 

stresses, except for lacing, sagbars, and girts, shall be designed for 
not less than 10,000 pounds, if welded; or if riveted or bolted, shall 
have no fewer than two rivets or two bolts. 

( c) Eccentric Connections. Members meeting at a point shall 
have their gravity axes meet at a point if practicable; if not, provision 
shall be made for bending stresses due to the eccentricity. 

( d) Placement of Rivets and Welds. The rivets or welds at the 
ends of any member transmitting stresses into that member should 
preferably have their centers of gravity on the gravity axis of the 

member; otherwise, provision shall be made for the effect of resulting 
eccentricity. Pins may be so placed as to counteract the effect of 
bending due to dead load. 

( e) Fillers.-( 1) In riveted and bolted construction, when rivets 
or bolts carrying computed shearing stress pass through fillers, the 
fillers ( except as noted below) shall be extended beyond the connecting 
material or the connected member and the extension secured by enough 
rivets or bolts to distribute the total stress in the member uniformly 
over the combined sections of the member and filler. If a filler is less 
than 1/ 4 inch thick, it need not be extended beyond the splicing mate
rial or the connected member and additional rivets are not required. 

( 2) Fillers under the stiffeners on riveted plate girders, at end 
bearings or at points of concentrated loads, shall be secured by suf
ficient rivets or bolts to prevent excessive bending and bearing stresses. 

( f) Connections of Tension and Compression Members in Trus
ses.-The connections at ends of tension or compression members in 
trusses shall either develop the full effective strength of the material, 
or they shall develop the strength required by the total stresses; 
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but in no case shall the strength developed be less than SO percent 
of the effective strength of the material connected. 

(g) Milled Joints in Compression Members.-( 1) Where com
pression members are in full-milled bearing on base plates, and where 
full-milled tier-building columns are spliced, there shall be sufficient 
rivets, bolts or welds, to hold all parts securely in place. 

( 2) Where other compression members are spliced by full-milled 
bearing, the splice material and its riveting, bolting or welding shall 
be arranged to hold all parts in line and shall be proportioned for 
SO percent of the computed stress. 

( 3) All the foregoing joints shall be proportioned to resist any 
tension that would be developed by specified wind forces acting in 
conjunction with 7 5 percent of the calculated dead load stress and 
no live load if this condition will produce more tension than with 
full dead load and live load applied. 

(h) Rivets and Bolts.-( 1) Diameter-In proportioning and 
spacing rivets, the nominal diameter of the undriven rivet shall 
be used. 

( 2) Effective Bearing Area.-The effective bearing area of pins, 
bolts, and rivets shall be the diameter multiplied by the length in 
bearing; except that for countersunk rivets half the depth of the 
countersink shall be deducted. 

( 3) Double and Single Shear Bearing.-Only that portion of a 
rivet or bolt shall be considered in double shear bearing, which lies 
between two portions which share the reaction therefrom. The re
mainder of the rivet or bolt shall be considered in single shear bearing. 

( 4) Long Grips.-Rivets which carry calculated shear stresses 
of 6000 pounds per square inch or more, and the grip of which exceeds 
five diameters, shall have their number increased 1 percent for each 
additional 1/16 inch in the rivet grip. Special care shall be used in 
heating and driving such rivets. 

( S) Unfinished Bolts.-If unfinished bolts are provided with 
washers under nuts, and have unthreaded shanks extending completely 
through the joined parts, the shearing and bearing values elsewhere 
prescribed for unfinished bolts may be increased one-eighth. 

(6) Minimum Pitch.-The minimum distance between centers of 
rivet or bolt holes shall preferably be not less than three times the 
diameter of the rivet or bolt. 

(7) Maximum Pitch in Compression Members.-The maximum 
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pitch in the line of stress of compression members composed of plates 
and shapes shall not exceed the larger of the following values: For 
plates connected on one side, the unsupported width of the plate or 
16 times the thickness of the thinnest plate connected; for plates 
connected on both sides, one-half the unsupported width of the plate 
or 16 times the thickness of the thinnest plate connected. 

For plates connected to angles with two gage lines and staggered 
rivets, the maximum pitch in the direction of stress in each gage line 
shall not exceed the larger of the following values: 24 times the thick
ness of the thinnest plate connected or the unsupported width of 
plates connected on one side, or one-half the unsupported width of 
plates connected on both sides. 

(8) End Pitch in Compression Members.-The pitch of rivets 
at the ends of built-up compression members shall not exceed four 
diameters of the rivets for a length equal to 1 ¾ the maximum width 
of the member. 

(9) Two-Angle Members.-In tension members composed of 
two angles, a pitch of 3'-6" will be allowed, and in compression mem-

bers, 2'-0", but the ratio ~ for each angle between rivets shall be 
r 

not more than 3/4 of that for the whole member. 
(10) Minimum Edge Distance.-The minimum distance from 

the center of any punched rivet or bolt hole to any edge shall be that 
given in the following table: 

Rivet Diameter, 
Inches 

Minimum Edge Distance (Inches) for Punched Holes 

In Rolled Edge In Rolled Edge 
In Sheared Edge of Plates of Structural Shapes 

1 
1½ 
1¼ 
1 ¼ 
1¾ 
2 
2¼ 

¾* 
¼* 

1 * 
1½* 
1¼* 
1 ¼* 
1¾* 

* May be decreased ¼ inch when holes are near end of beam. 

( 11) Minimum Edge Distance in line of Stress.-The distance 
from the center of any rivet or bolt under computed stress, and that 
end or other boundary of the connected member toward which the 
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pressure of the rivet is directed, shall be not less than the shearing 
area of the rivet shank (single or double shear respectively) divided 
by the plate thickness. This end distance may, however, be decreased 
in such proportion as the stress per rivet is less than that permitted 
under Section 2803; and the requirement may be disregarded in case 
the rivet in question is one of three or more in a line parallel to the 
direction of stress. 

(12) Maximum Edge Distance.-The maximum distance from 
the center of any rivet or bolt to the near edge shall be twelve times 
the thickness of the plate, but shall not exceed six inches. 

(i) Field Connections.-All field connections may be made with 
unfinished bolts, except as follows: 

Rivets or welds shall be used for the following connections; ex
cept that turned bolts or high-strength bolts may be used in lieu 
of rivets. 

Column splices in all tier structures 200 feet or more in height. 
Column splices in tier structures 100 to 200 in height, if the 

least horizontal dimension is less than 40 percent of the height. 
Column splices in tier structures less than 100 feet in height, 

if the least horizontal dimension is less than 2 5 percent of the height. 
Connections of all beams and girders to ccolumns, and of any 

other beams and girders on which the bracing of columns is dependent, 
in structures over 12 5 feet in height. 

Roof-truss splices and connections of trusses to columns, column 
splices, column bracing, knee braces and crane supports, in all struc
tures carrying cranes of over five-ton capacity. 

Connections for supports of running machinery, or of other live 
loads which produce impact or reversal. 

Any other connections stipulated on the design plans. 
For the purpose of this section, the height of a tier structure shall 

be taken as the vertical distance from the curb level to the highest 
point of the roof beams, in the case of flat roofs, or to the mean height 
of the gable, in the case of roofs having a rise of more than 2-2/3 
in 12. Where the curb level has not been established, or where the 
structure does not adjoin a street, the mean level of the adjoining 
land shall be used instead of curb level. Penthouses may be excluded 
in computing the height of the structure. 

(j) Field Riveting.-Rivets driven in the field shall be heated 
and driven with the same care as those driven in the shop. 
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(k) Welding 
( 1) Types of Welds.-Butt, fillet, plug or slot welds, or a com

bination of these types, may be used in making joints and in joining 
component parts. 

( 2) Qualification of Weld Details.-The details of all joints 
( including for butt welds the groove form, root face, root spacing, 
etc.) to be employed under this Code without qualification shall com
ply with all of the requirements for joints which are accepted without 
qualification· test under the Code for Arc and Gas Welding in Building 
Construction, 1946 edition of the American Welding Society. No joint 
form not included in the foregoing shall be employed until it shall 
have been qualified to the satisfaction of the Commissioner in accord
ance with the "Standard Qualification Procedure" of the American 
Welding Society. 

( 3) Minimum Size of Fillet Welds.-The relation between weld 
size and the maximum thickness of material on which various sizes 
of fillet welds may be used shall, where practicable, conform to the 
following table: 

Size of Fillet 
Inches 

Maximum Thickness 
of Part 
Inches 

¾ 
¾ 

1¼ 
2 
6 

over 6 

( 4) Maximum Effective Size of Fillet Welds.-The maximum 
size of a fillet weld that may be assumed in the design of a connection 
shall be such that the stresses in the adjacent base material do not 
exceed the values allowed in Section 2803. 

The maximum size fillet weld applied to a nominally square 
edge of plate shall be 1/16 inch less than the nominal thickness of 
the edge, and the size of fillet weld used along the toe of an angle 
or the rounded edge of a flange shall not exceed three-fourths the 
nominal thickness of the angle leg or three-fourths the nominal edge 
thickness of the flange; except that when required by the design 
conditions and specially designated on the drawings, fillet welds equal 
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in size to the edge of a plate or rolled section may be used, provided 
that the weld is built out in such a manner as to insure full throat 
thickness, full fusion area, and no injury to the base metal that will 
reduce its thickness adjacent to the weld. 

( 5) Length of Fillet Welds.-The minimum effective length of 
a strength fillet weld shall be not less than four times the nominal 
size, or else the size of the weld shall be considered not to exceed one
fourth of its effective length. 

The effective length of any segment of intermittent fillet welding 
shall be not less than four times the weld size with a minimum of 
1,½ inches. 

If longitudinal fillet welds are used alone in end connections, 
the length of each fillet weld shall be not less than the perpendicular 
distance between them. 

( 6) End Returns of Fillet Welds.-Side or end fillet welds 
terminating at ends or sides, respectively, of parts or members shall, 
wherever practicable, be returned continuously around the corners 
for a distance not less than twice the nominal size of the weld. This 
provision shall apply to side and top fillet welds connecting brackets, 
beam seats and similar connections, at the tension side of such con
nections, on the plane about which bending moments are computed. 
End returns shall be indicated on the design and detail drawings. 

(7) Plug and Slot Welds.-Plug or slot welds, or fillet welds in 
holes or slots, may be used in plates not more than one inch thick, 
where subjected principally to shearing stresses or where needed to 
prevent buckling of lapped parts. 

The diameter of the holes for plug welds and the width of slot 
welds shall be not less than the thickness of the part containing the 
hole or slot, plus 5/16 inch rounded to the next greater odd sixteenth. 
The diameter of plug welds and the width of slot welds shall not be 
greater than 3 times the thickness of the weld metal. 

The maximum length of slot welds shall not exceed 10 times the 
thickness of the part containing the slot. 

(I) Spacing of Welds. 
( 1) Longitudinal Fillet Welds-The transverse spacing of longi

tudinal fillet welds used in end connections shall not exceed 8 inches, 
unless the design otherwise prevents excessive transverse distortion in 
the connection, such as may be due to the lateral contraction of the 
connected member under stress. 
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(2) Intermittent Fillet Welds.-Intermittent fillet welds shall 

not be used in members subjected to impact, vibration or repeated 

loading. When used, the clear spacing between intermittent fillet welds 

in the line of stress of compression members shall not exceed the 

permissible rivet pitches given in paragraph (h) (7). 

(3) Lap Joints.-The minimum width of laps, on lap joints, shall 

be five times the thickness of the thinner part joined and not less 

than 1 inch. Lap joints joining plates or bars subjected to axial stress 

shall be fillet welded along the edge of both lapped parts except where 

deflection of the lapped parts is sufficiently restrained to prevent 

opening of the joint under maximum loading. 

( 4) Slot Welds.-The clear distance from the edge of a slot to 

the adjacent edge of the slotted part, and the clear distance between 

adjacent slots, measured in a direction perpendicular to that of the 

main stress, shall be not less than five times the thickness of the 

slotted part nor less than twice the width of the slot. 

(5) Stitch Welds.-If two or more plates or rolled shapes are 

used to build up a member, sufficient stitch welding ( of the fillet, 

plug or slot type) to make the parts act in unison shall be provided 

as follows, except where transfer of calculated stress between the parts 

joined requires closer spacing. 
For plates, the longitudinal clear spacing between stitch welds 

shall not exceed the provisions of paragraph ( 2) above, and the trans

verse spacing shall not exceed 32 times the thickness of the thinner 

plate joined. 
For members composed of two or more rolled shapes, in contact 

with one another, the longitudinal spacing of stitch welds shall not 

exceed 24 inches or the limits prescribed below. 

For members composed of rolled shapes, separated one from the 

other by a gusset plate, the component parts shall be stitched together 

L 
at intervals such that the critical ratio -- for each component, he

r 

tween stitching, shall not exceed three-fourths the critical ratio for 

the whole member. 
(m) Fillers-In welded construction when a filler is used between 

two parts connected in shear, there shall be sufficient welding to 

transfer the shearing stress from one part to the filler and from the 

filler to the other part. Fillers of less than 1 / 4 inch thickness shall 
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not be used to transfer stress, but shall be trimmed flush with the 
welded edges of the stress-carrying element and the sizes of the welds 
along the edges shall be increased over the required sizes by an 
amount equal to the thickness of the filler. 

( n) Combination of Welds.-Two or more of the general types 
of weld (butt, fillet, plug, slot) may be combined in a single joint, 
provided that the effective capacity of each is separately computed 
with reference to the axis of the group, in order to determine the 
allowable capacity of the combination. 

(p) Rivets and Bolts in Combination with Welds.-In new work, 
rivets or bolts in combination with welds shall not be considered as 
sharing the stress, and welds shall be provided to carry the entire 
stress for which the connection is designed. 

In making welded alterations to structures, existing rivets may 
be utilized for carrying stresses resulting from existing dead loads, 
and the welding need be adequate only to carry all additional stress. 

(q) Welding Test Specimens.-The ability of welding operators 
to produce welded connections of the required strength shall be de
termined by having them prepare strength test specimens. The prep
aration of these specimens and strengths required shall be in accord
ance with the "Standard Code for Arc and Gas Welding in Building 
Construction", Appendix D entitled "Qualifications of Welding Pro
cedures and Operators", published in 1946 by the American Welding 
Society. 

The Commissioner shall at his discretion promulgate rules and 
regulations as to the inspection of welding. 

( r) High-Strength Steel Bolts.-( 1) Dimensions. Bolt, nut and 
washer dimensions shall conform to the requirements of the American 
Standards Association (ASA) as follows: 

(a) Bolt dimensions to Regular Semifinished Hexagon Bolts, 
Square and Hexagon Bolts and Nuts, ASA Designation: BlS.2-
1955. 

In determining bolt lengths, the grip ( total thickness of con
nected material) shall be calculated the same as for rivets, and the 
values shown in the table below titled Bolt Lengths shall be added 
thereto. These additions compensate for thickness of nut, two 
flat washers, and bolt point. The total bolt length shall be ad
justed to the next longer 1/ 4 inch increment up to 5 inch bolt 
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length and to the next longer 1/2 inch increment for bolt lengths 

over 5 inches. If beveled washers are used, bolt lengths shall 

be increased an additional 1/8 inch for each beveled washer 

having the mean thickness listed in the table below titled Washer 

Dimensions. The bolt lengths shall be adjusted to compensate 

for the changed thicknesses if washers other than the standard 

thickness listed in the table are used. 

Bolt Size 
(Inches) 

BOLT LENGTHS 

Add to Grip 
(Inches) 

(b) Nut dimensions to Heavy Semifinished Hexagon Nuts, 

Square and Hexagon Bolts and Nuts, ASA Designation: 

Bl8.2-1955. 
(c) Washer dimensions to Plain Washers, ASA Designation: 

B27-2-1958, and the table below titled Washer Dimensions. Cir

cular washers shall be flat and smooth. Washers may be clipped 

on one side to a point not closer than 7 /8 of the bolt diameter 

WASHER DIMENSIONS 

Square Beveled Washers for 
American Standard Beams 

Circular Washers and Channels 

Bolt Inside Outside Mean 

Size Dia. Dia. Thickness Width Thickness 

(Inches) (Inches) (Inches) Gage No. (Inches) (Inches) Slope 

¼ t'lr 1¾ 12 1¾ * 1:6 

¾ u 1¾ 10 1¾ * 1:6 

¾ u 2 9 1¾ * 1:6 

¼ ½fr 2¼ 8 1¾ * 1 :6 

1 1-nr 2 ¼ 8 1¾ * 1:6 

1¼ 1¼ 2¾ 8 2¼ h 1:6 

1¼ 1¾ 3 8 2¼ h 1 :6 
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from the center of the washer where clearance is necessary. Where 
bearing faces of the bolted parts have a slope of more than 1: 20 
with respect to a plane normal to the bolt axis, smooth beveled 
washers shall be used to compensate for the lack of parallelism. 
( 2) Bolted Parts. Except as provided for in paragraph ( r) ( 3) 

of this Section, surfaces of bolted parts in contact with the bolt head 
and nut shall be parallel. Bolted parts shall fit solidly together when 
assembled and without interposition of gaskets or any other flexible 
material. 

The contact surfaces, including those adjacent to the washers, 
when assembled, shall be descaled or carry the normal tight mill scale. 
Contact surfaces shall be free of dirt, oil, loose scale, burrs, pits, and 
other defects that would prevent solid seating of the parts. Contact 
surfaces where slippage into bearing is acceptable may carry a shop 
coat of protective paint or lacquer. Contact surfaces of joints sub
jected to stress reversal, impact, or vibration, or where stress redis
tribution due to joint slippage would be undesirable, shall be free 
of paint or lacquer. Such joints shall be designated on the drawings. 

( 3) Assembly. Bolts, nuts and washers shall meet the require
ments of Section 2 802 (a) ( 5) and shall be assembled with a hardened 
washer under the bolt head and nut. Flat washers may be used if the 
abutment surfaces adjacent to the bolt head and nut do not have a 
slope of more than 1: 20 with respect to a plane normal to the bolt 
axis; provided that, in all cases of non-parallel abutment surfaces, 
the nut shall be torqued against a non-sloping surface. 

All nuts shall be tightened to give at least the required minimum 
bolt tension values listed in the table below titled Bolt Tension and 
Torque Values. To insure that all bolt tensions in each completed 
connection achieve these values, the first-tightened of the nuts shall 
be re-tightened after all other nuts in the joint have been tightened. 
If additional turning of the nut is required, all nuts shall be re
tightened in the original sequence. This cycle shall be repeated until 
the nut of the first-tightened bolt requires no additional turning. 

The sockets used to tighten high-strength nuts shall score or 
mark the nuts so that nuts that have been tightened can be easily 
identified. 

If loosened for any purpose, high strength bolts and nuts once 
tightened shall not be re-tightened or re-used. 
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BOLT TENSION AND TORQUE VALUES 

Approximate *** 
Recommended* Required Equivalent Torque for 

Bolt Bolt Tension for Minimum** Required Minimum 

Size Calibrating Wrenches Bolt Tension Bolt Tension 
(Inches) (Pounds) (Pounds) (Pound Feet) 

¼ 12,500 10,850 90 

¾ 20,000 17,250 180 

¾ 29,000 25,600 320 

¼ 37,000 32,400 470 
1 49,000 42,500 710 

l¼ 58,000 50,800 960 

I¼ 74,000 64,500 1,350 

* Approximaely 15 percent in excess of the Required Minimum Bolt Tension. 
** Equal to 90 percent of the minimum Proof Load of Bolt (ASTl\1 Designation: A325-58T). 
*** Equal to .0167 pound feet per inch bolt diameter per pound tension for non-lubricated 

bolts and nuts. Values given are experimental approximations. If torque rather than tension 
is to be measured, the torque-tension ratio shall be determined by the actual conditions of 
the application. 

Wrenches shall be set to induce bolt tensions equal to the Recom
mended Bolt Tension for Calibrating Wrenches given in the table 

above titled Bolt Tension and Torque Values. 

In using a power wrench, the recommendations of the wrench 

manufacturer shall be consulted in its operation and care shall be 
taken that the machine is maintained in proper working condition 
and proper calibration. The proper air pressure for each power 
wrench, to produce the specified bolt tensions under field conditions, 
shall be determined at least twice daily. Proper air pressure shall be 
determined by means of torque measurements on trial bolts, using 

torques 15 o/o greater than those listed in the table above titled Bolt 
Tension and Torque Values. Once determined the proper air pressure 
shall be maintained at the wrench until it is retested, and the pressure
reducing valve shall not be adjusted without recalibrating the wrench. 
Frequent tension checks shall be made by using a bolt tension meter 
as manufactured by Skidmore-Wilhelm Manufacturing Company, 
Cleveland, Ohio, or approved equal, to insure that the torque and 

operating air pressures are producing the correct bolt tensions under 

the operating conditions. 
In using a manual torque wrench the required torque shall be 

read from the wrench dial. In other types of wrenches, the torque 
may be indicated by a release of the wrench. Care shall be taken 
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that the wrenches are properly calibrated. Nuts shall be m motion 
when the torque is measured. 

In using manual plain wrenches, a ratchet wrench of length 
consistent with the man-effort available shall be used so that the 
product of the effective wrench length in feet times the man-effort 
in pounds exceeds the equivalent torque required. 

( 4) Inspection. Fitting up of component parts and tightening 
of bolts shall at all times be under the observation of an inspector 
approved by the Commissioner. The inspector shall satisfy himself 
that the requirements of this Section are met. He shall approve the 
procedure for calibration of wrenches and installation of bolts, and 
shall further observe the field installation to determine that these 
procedures are followed. 

Not less than 5 percent of the nuts tightened by torque wrenches, 
in a sufficient number of connections to give a representative sample 
of the job, and all nuts tightened by plain wrenches, shall be checked 
after tightening by means of a manual torque wrench to assure that 
the minimum permissible torques required to turn the nuts in place 
shall be those listed in the table titled Bolt Tension and Torque 
Values in paragraph (r) (3) of this Section. 

The manual torque wrench used for checking high-strength bolts 
shall be checked daily by loading the wrench with a torque of known 
value, using a bolt tension meter as specified in paragraph ( r) ( 3) 
of this Section. 

SECTION 281O-CAST IRON COLUMNS 

(a) Cast iron columns shall not be used in the primary structural 
frames of buildings the height of which exceeds one hundred feet or 
twice the width at the ground level. Cast iron shall not be used for 
columns required to have four-hour fire-resistive protection. 

(b) The ends of cast iron columns shall be machined to a smooth 
plane surface perpendicular to the axis to provide full bearing for 
the entire cross section of the column. 

( c) Hollow cast iron columns, except when open at both ends 
and without flanges, shall have two three-eighths inch holes drilled 
in the shell to exhibit the thickness thereof. If the columns are cast 
on the side, both holes shall be at mid-height at ninety degrees from 
one another about the axis of the column. Additional holes shall be 
drilled when required by the Commissioner. If the core of a cast 
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iron column is found to have shifted more than one-quarter the thick
ness of the shell, the strength shall be computed assuming the thick
ness all around to be that of the thinnest part. 

( d) Cast iron columns shall not be smaller than six inches in 
outside diameter or side, and the thickness of' metal shall not be less 
than three-fourths inch or less than one-twelfth the outside diameter 
or widest side. 

( e) Cast iron columns supporting a floor shall not be longer 
than seventy times the least radius of gyration or twenty-four times 
the outside diameter or least side. Cast iron columns supporting 
roof loads only shall not be longer than nine-six times the least radius 
of gyration or thirty times the outside diameter or least side. 

( f) Cast iron columns shall not be used where the loading is so 
eccentric as to cause tension, nor shall they be used in garages or 
other structures where they may be subject to impact from vehicles. 

SECTION 2 811-CONCRETE-FILLED PIPE COLUMNS 

(a) Steel pipes filled with concrete may be used as columns. 
The axial loads on such columns shall not exceed the values given 
by the following formulas: 

kL 
For -- not greater than 133, 

rt 

p = [ 17,000-.485 ( ~~ r J 
kL 

For -- greater than 133, 
rt 

p = 14(,;r ( A, + ~:) 

In the above expressions and the following: 

P = allowable axial load in pounds. 

L = unsupported length in inches. 

k = factor depending upon end restraints as given by Figures 
1 and 2 of Section 2 803 and accompanying text. 

rt = radius of gyration of transformed section for axial load 
only. 
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I. + IC 
n1 

.. A • + Ac 
n1 

A. = area of steel pipe. 
Ac area of concrete. 

( A. + Ac ) = area of transformed section for 
ni axial load. 

I. - moment of inertia of steel. 
Ic moment of inertia of concrete. 
f'c - minimum ultimate compressive strength of concrete at 

age of 28 days. 
68,000 

n1 = 
f' 

C 

Columns subjected to bending as well as axial loads shall be designed 
in accordance with Section 2 807. 

(b) Steel equal in quality to that described in Section 2802, 
paragraph (a) ( 1), shall be used for pipe. Pipe shall be new and 
full size, shall be made by the seamless process or equal and for sizes 
3 inches and larger outside diameter, shall be standard weight or 
heavier. 

( c) Concrete filling shall be machine-mixed and proportioned 
for a strength of not less than three thousand pounds per square 
inch, as described in Part 26. Concrete shall be compacted by a satis
factory mechanical method while being placed. 

( d) If required to increase the strength of columns, longitudinal 
steel reinforcement may be used. Reinforcement shall be new, straight, 
continuous for the entire length of the column and symmetrically 
placed with ends milled for bearing. The ends of such steel shall be 
arranged for even bearing with the pipe and milled after filling if 
necessary to obtain uniform bearing. The strength of this reinforce
ment shall be calculated by adding its net area to the area of the 
steel pipe mentioned in paragraph (a) of this Section and including 
it in the calculation of the radius of gyration of the transformed 
section for axial load. 
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(e) Bases, caps, web ties and brackets shall be of steel. Each 
shall be attached by an approved method. Welding and cutting shall 
be done in accordance with requirements of Section 2809 (k). 

(f) Material surrounding a filled pipe column for fire protection 
shall not be considered as either load-bearing or as increasing the 
stiffness. 

(g) Filled pipe columns shall be inspected during their manu
facture by an inspector appointed by the Commissioner. This in
spector shall attach a permanent label to each column inspected 
and approved and shall file a record of all inspections with the 
Commissioner. 

(h) Copies of sanction tests of filled pipe columns made accord
ing to this section shall be filed with the Commissioner for each 
diameter of column produced by a manufacturer. These tests shall 
be made on specimens the length of which approximates twenty
four times the outside diameter of the pipe. Tests shall be made in 
an approved laboratory. For acceptance the test strength shall not 
be less than two times the working strength as computed in accord
ance with paragraph (a) hereof excepting that n1 shall be taken as 

30,000 68,000 
equal to ----rather than----

£' C f' C 

SECTION 2812-STRESSES DUE TO WIND 

Structural members subject to stress due to wind shall be so 
designed that the maximum unit stress from all loads and forces 
combined shall not exceed by more than one-third the allowable 
stress specified in this Part and the unit stress due to loads and forces 
other than wind shall not exceed the specified allowable stresses. 

SECTION 2813-MINIMUM THICKNESS OF MATERIAL 

(a) General. The minimum thicknesses required for protection 
against buckling are prescribed in Paragraphs (b) and ( c) of this 
Section and in Paragraph (b) of Section 2808, respectively. Those 
stipulations assume that the material is straight and true as erected, 
within the limits prescribed in Section 2 81 S ( n) and is not reduced 
by corrosion. 

No further stipulations as to minimum thickness shall apply to 
steel work exposed to conditions no more seriously corroding than an 
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indoor atmosphere controlled for human comfort, subject always to 
the requirements of Section 2 816. 

The following stipulations ( 1) and ( 2) as to minimum thick
ness shall apply to exterior steelwork enclosed in a nonimpervious 
envelope or exposed to frequent rain or snow, and to interior steel 
work subject to atmospheric exposure more corrosive than that men
tioned in the preceding paragraph: 

( 1) Columns, studs, lintels, girders and beams, exterior 
trusses and bracing members; ¼ inch minimum. 

( 2) Purlins, girts, trusses and bracing members sheltered 
from direct exposure to rain and snow; 3/16 inch minimum. 

These requirements do not apply to steel covered by Section 
2820, nor to signs, skylights, windows, non-bearing walls and parti
tions, suspended ceilings, cornice brackets, ventilator hoods, grating 
and miscellaneous steel and or iron items not utilized as structural 
support. 

The controlling thickness of rolled shapes for the purpose of 
stipulations ( 1) and ( 2), shall be taken as the mean thickness of 
their flanges, regardless of web thickness. Steel work exposed to indus
trial fumes, vapor or other corrosive agents shall be given special 
protection as required in the judgment of the Engineer and approved 
by the Commissioner. 

(b) Projecting Elements Under Compression.-Projecting ele
ments of members subjected to axial compression or compression due 
to bending shall have ratios of width to thickness not greater than 
the following: 

Single angle struts; 12 
Double-angle struts; angles or plates projecting from girders, 
columns or other compression members; compression flanges of 
beams; stiffeners on plate girders; flanges or stems of tees; 16. 

The width of plates shall be taken from the free edge to the first 
row of rivets or welds; the width of legs of angles, channels and tees, 
and the stems of tees, shall be taken as the full nominal dimension; 
the width of flanges of beams and tees shall be taken as one-half the 
full nominal width. The thickness of a sloping flange shall be 
measured half way between a free edge and the corresponding face 
of the web. 

When a projecting element exceeds the width-to-thickness ratio 
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prescribed in the preceding paragraph, but would conform to same and 
would satisfy the stress requirements with a portion of its width 
considered as removed, the member will be considered acceptable 
without the actual removal of the excess width. 

(c) Compression Members.-In compression members the un
supported width of web, cover or diaphragm plates between the nearest 
line of rivets or welds, or between the roots of the flanges in case of 
rolled sections, shall not exceed 40 times the thickness. 

When the unsupported width exceeds this limit, but a portion of 
its width no greater than 40 times the thickness would satisfy the 
stress requirements the member will be considered acceptable. 

The unsupported width of cover plates perforated with a suc
cession of access holes, only the least net width across holes being 
assumed available to resist compression, may exceed 40, but shall 
not exceed 50 times the thickness. 

SECTION 2814-EXPANSION OR CONTRACTION IN STEEL FRAMES 

Proper provision shall be made for expansion and contraction. 

SECTION 2815-WORKMANSHIP IN STEEL CONSTRUCTION 

(a) General. All workmanship shall be equal to the best practice 
in modern structural shops. 

(b) Straightening. All material shall be clean and straight. If 
straightening or flattening is necessary, it shall be done by a process 
in a manner that will not injure the material. Sharp kinks or bends 
shall be cause for rejection. 

( c) Gas Cutting. The use of a cutting torch is permissible if 
the metal being cut is not carrying substantial stress during the opera
tion. Gas-cut edges which will be subjected to substantial tensile 
stress shall be cut by a mechanically-guided torch, or if hand cut 
shall be carefully examined and any nicks removed. The radii of 
re-entrant gas-cut fillets shall be as large as practicable, but never less 
than 1 inch. Edges and grooves may be prepared for welding by gas 
cutting, as defined in Paragraph (f) of this Section. 

(d) Planing of Edges.-Planing or finishing of sheared edges 
of plates shapes, or of edges gas-cut with a mechanically-guided torch, 
will not be required unless specifically called for on the drawings, or 
included in a stipulated edge pr~paration for welding. 

( e) Riveted Construction.-Assembling. All parts of riveted 
members shall be well pinned or bolted _and rigidly held together while 
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riveting. Drifting done during assembling shall not distort the metal 
or enlarge the holes. 

(f) Welded Construction.-Preparation of Material. Surfaces 
to be welded shall be free from loose scale, slag, rust, grease, paint 
and any other foreign material, except that mill scale which with
stands vigorous wire brushing may remain. Joint surfaces shall be 
free from fins and tears. Preparation of edges by gas cutting shall, 
wherever practicable, be done with a mechanically-guided torch. 

(g) Welded Construction.-Assembling. Parts to be fillet welded 
shall be brought in as close contact as practicable and in no event shall 
be separated more than 3/16 inch. If the separation is 1/16 inch or 
greater, the size of the fillet welds shall be increased by the amount 
of the separation. The separation between faying surfaces of lap 
joints shall not exceed 1/16 inch. The fit of joints at contact surfaces 
which are not completely sealed by welds, shall be close enough to 
exclude water after painting. 

Abutting parts to be butt welded shall be carefully aligned. Mis
alignments greater than 1/8 inch shall be corrected and, in making 
the correction, the parts shall not be drawn into a sharper slope than 
two degrees ( 7 / 16 inch in 12 inches). 

The work shall be positioned for flat welding whenever practicable. 
In assembling and joining parts of a structure or of built-up 

members, the procedure and sequence of welding shall be such as 
will avoid needless distortion and minimize shrinkage stresses. Where 
it is impossible to avoid high residual stresses in the closing welds 
of a rigid assembly, such closing welds shall be made in compression 
elements. 

In the fabrication of cover-plated beams and built-up members, 
all shop splices in each component part shall be made before such 
component part is welded to other parts of the member. 

(h) Welded Construction-Temperatures. No welding shall be 
done when the temperature of the base metal is lower than 0°F. 
At temperatures between 32° and 0°F the surfaces of all areas within 
three inches of the point where a weld is to be started, shall be 
heated to a temperature at least warm to the hand before welding 
is started. When welds are being made in parts thicker than 1 .½ 
inches, the temperature of the base material adjacent to the welding 
shall be at least 70°F. 

(i) Welding. The technique of welding employed, the appearance 
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and quality of weld made, and the methods used in correcting defec
tive work shall conform to the "Code for Arc and Gas Welding in 
Building Construction" 1946 (Section 4-Workmanship.) of the 
American Welding Society. 

All complete-penetration butt welds, except when produced with 
the aid of backing material or welded in the flat position from both 
sides in square-edge material not more than 5 /16 inch thick with 
root opening not less than one-half the thickness of the thinner part 
joined, shall have the root of the initial layer gouged or chipped out 
on the back side before welding is started from that side, and shall 
be so welded as to secure sound metal and complete fusion throughout 
the entire intended cross section. Butt welds made with the use of 
a backing of the same material as the base metal shall have the weld 
metal thoroughly fused with the backing material. Backing strips 
may be removed by means of gas cutting, after welding is completed, 
provided no injury is done to the base and weld metal and the weld 
surface is left flush or slightly convex, with full throat thickness. 

Incomplete-penetration butt welds shall be made with as nearly 
complete penetration and internal soundness as the formation of the 
joint and the method of welding will permit. 

To insure soundness, the ends of butt welds that carry stresses 
approaching the maximum allowable working stress shall be extended 
past the edges of the parts joined, by means of short extension bars 
providing a similar joint preparation and having a width not less than 
the thickness of the thicker part joined. Where the metal is not more 
than 3/4 inch in thickness, the extension bars may be omitted if 
the ends of the butt weld are chipped or cut down to solid metal and 
side welds are applied to fill out the ends to the same reinforcement 
as the faces of the welds. If extension bars are removed upon com
pletion of the weld, the ends of the welds shall be left smooth and 
flush with the edges of the butting parts. 

(k) Welded Construction-Peening. Where required, multiple
layer welds may be peened with light blows from a power hammer, 
using an elongated round nose tool. Peening shall be done after the 
weld has cooled to a temperature warm to the hand. Care shall be 
exercised to prevent scaling, flaking or cold working of weld and 
base metal from over-peening. 

(1) Finishing. Compression joints depending upon contact bear-
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ing shall have bearing surfaces machined to a common plane after 
the members are completed. 

(m) Lacing Bars. The ends of lacing bars shall be neat and 
free from burrs. 

(n) Tolerances. Finished members shall be true to line and free 
from twists, bends and open joints. Compression members may have 
a lateral variation not greater than 1/1000 of the axial length be
tween points which are to be laterally supported. 

A variation of 1/32 inch is permissible in the overall length of 
members with both ends milled. 

Members without milled ends which are to be framed to other 
steel parts of the structure may have a variation from the detailed 
length not greater than 1/16 inch for members 30 feet or less in 
length, and not greater than 1/8 inch for members over 30 feet in 
length. 

(p) Casting. Steel castings shall be annealed. 

SECTION 2816-PAINTING OF STRUCTURAL STEEL AND IRON 

(a) After inspection and approval and before leaving the shop, 
all steel and iron work shall be thoroughly dried and cleaned, by 
effective means, of all loose mill scale, rust, spatter, slag or flux de
posit, oil, dirt and other foreign matter. Excepting surfaces to be 
encased in concrete and edges and surfaces adjacent to edges to be 
field welded and excepting where otherwise specified in this Code, all 
steel and iron work shall be given one coat of approved metal pro
tection, applied thoroughly and evenly and well worked into the joints 
and open spaces. 

After erection, any damage to the shop coat of metal protection 
and all surfaces at field welds shall be given one coat of approved 
metal protection. 

After repair of the shop coat, steel and iron work, excepting sur
faces to be encased in concrete and excepting where otherwise speci
fied in this Code, shall be given an additional coat of approved metal 
protection of another color. 

Approved metal protection shall be equal to paint materials 
recommended in "Steel Structures Painting Manual" Vols. 1 and 2 
of the Steel Structures Painting Council, Pittsburgh, Pennsylvania; 
published in 19 54 and 19 5 5 respectively. 

(b) Required shop painting of shop welded work shall be applied 
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after the welding is completed. Required shop painting of work to be 
field welded shall consist of a coat of linseed oil except that this shall 
not apply to steel joists and other secondary members formed from 
sheet steel. Required field painting of field welded work shall be ap
plied after welding is finished and shall consist of two coats of 
approved paint. 

( c) Primary frame steel built into exterior masonry walls shall 
have adequate protection against corrosion by encasing in one and 
one-half inches of Portland cement mortar, (see Section 2411 Para
graph (h) ) or by a mastic asphalt or pitch one eighth inch thick 
or its approved equivalent. Masonry protection herein mentioned 
shall not change other masonry requirements. 

( d) Welded connections and cast iron columns shall not be 
painted until after inspection and approval by the Commissioner. 

SECTION 2817-ERECTION OF STEEL 

(a) The steel frames of buildings or other structures shall be 
erected true and plumb, and temporary bracing shall be provided 
wherever necessary to support the loads to which the structure may 
be subjected, including erection equipment and its operation. Such 
bracing shall be left in place as long as required for safety. 

(b) As erection progresses, the work shall be securely bolted 
up to resist all stresses to which it may be subjected. 

( c) No field riveting, welding or permanent bolting shall be done 
in any portion of a structure until that portion has been properly 
plumbed and aligned. 

( d) In the erection of structural steel for structures other than 
multi-story tier buildings the individual pieces will be considered 
plumb, level and aligned if the error does not exceed 1: 500. 

In the erection of multi-story buildings individual pieces will 
be considered plumb, level and aligned if the error does not exceed 
1 :500, provided that: 

( 1) The displacement of the center-line of columns adjacent 
to elevator shafts, from the established column line, is no 
more than one inch at any point in the first 20 stories. Above 
this level, the displacement may be increased 1/32 inch for 
each additional story up to a maximum displacement of 
2 inches. 
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( 2) The displacement of the center-line of exterior columns from 
the established exterior column line, is no more than one 
inch toward, nor 2 inches away from, the building line at 
any point in the first 20 stories. Above this level these limits 
may be increased 1/16 inch for each additional story, but 
shall not exceed a total displacement of two inches toward, 
nor 3 inches away from, the building line. 

SECTION 2818-STEEL JOISTS 
Standardized structures or structural parts such as open-web 

joists and light rolled or formed sections which have been shown to 
meet the requirements of this Code and have been approved by the 
Commissioner may thereafter be accepted without detailed analysis. 

SECTION 2 819-COL UMN BASES 
Metal bases under all columns shall be smooth so as to afford 

even bearing; if necessary they shall be planed. They shall be de
signed on the assumption that the column bears uniformly upon the 
base, and that the base bears uniformly upon the supporting founda
tion, excepting in case the lower end of the column is restrained with 
respect to rotation and/or translation in which case the stresses 
incident to such restraint shall be considered and shall not be greater 
than those stipulated in this Part and Part 26. 

SECTION 2820-LIGHT GAGE STEEL DECK FLOORS AND ROOFS 
(a) This type of construction, for the purposes of this Part, shall 

mean decking of steel in the form of flats or of various shapes or of 
flats in combination with rolled steel sections, consisting of light gage 
cold-formed steel structural members having a thickness of less than 
3 / 16 inch and used for load-carrying purposes. 

(b) The provisions of this Part for design of structural steel shall 
apply to steel deck construction. Where elements, assemblies or de
tails of structural members are such that calculation of their safe 
load-carrying capacity or deflection cannot be determined analytically, 
tests, as approved by the Commissioner, may be used to determine 
such properties. 

Design stresses shall be based upon a factor of safety of 1.85 
applied to the minimum yield strength of the material and shall not 
exceed 18,000 pounds per square inch in flexure on the effective 
section except as otherwise permitted in Section 2 802. 
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The effective section shall be calculated by rational engineering 
methods (8*). 

( c) Light gage cold-formed steel shall be of thickness not less 
than 18 U. S. standard gage (approx .. 048 inches) for floors and not 
less than 22 U. S. standard gage (approx .. 030 inches) for roofs, 
except that the use of material of less thickness may be allowed by 
the Commissioner upon the submission of test data from approved 
sources verifying the structural behavior of the members formed from 
such material. 

Connections shall be made by riveting, bolting, welding, or by 
other methods equally secure. Adequate provisions shall be made to 
secure the decking against uplift, excessive vibration and excessive 
deflection. 

Protection against corrosion shall be provided by methods ap
proved by the Commissioner. 

REFERENCES 

The following listed references are cited only as sources of data. The material 
contained therein is not part of the Building Code. 

( 1 *) For data on limit or plastic design see Progress Reports of Joint WRC
ASCE Committee published under the heading "Commentary on Plastic 
Design in Steel" in the ASCE Journal of the Engineering Mechanics Division 
for July and October 1959, and January and April, 1960. 

(2*) For data regarding semi-rigid connections see "Riveted Semi-Rigid Beam
to-Column Building Connections" by Robert A. Hechtman and Bruce G. 
Johnston, published by the American Institute of Steel Construction, 1948. 

(3*) For methods regarding computation of stresses due to twisting see "Strength 
of Materials" Vol. II by S. Timoshenko, 3rd Edition Chapter VII "Torsion," 
D. Van Nostrand Co., Inc., 1956. 

( 4*) In this connection references may be made to "Lateral Buckling of Beams" 
by J. M. Clark and H. N. Hill, ASCE Journal of the Structural Division, 
July 1960. According to this reference a somewhat more precise value for 
R2 for asymmetrical sections than that given by Eq. (a) can be obtained 
by replacing "e" in that equation by the following in which "e" itself or the 
entire expression may be negative. 

In the above 

e + _1_ [ y ( x2 + y2 ) ( dA) 
2lx j A 

( dA) = element of the cross section. 

x = co-ordinate on axis through centroid normal to axis of beam 
and to plane of bending. 
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y = co-ordinate on axis through centroid normal to axis of beam 
and parallel to plane of bending, positive in direction toward 
tension flange. 

This reference contains a nomograph which reduces the 
labor involved in the use of Eq. (a) of the Code and similar 
equations. 

( 5*) Data pertaining to other types of members are given in "Buckling Strength 
of Metal Structures" by Friedrich Bleich, Engineering Society Monograph, 
McGraw-Hill Book Company, 1952. 

(6*) For tabulated values of "a" and "K" for some rolled sections see booklet 
S-57 entitled "Torsional Stresses in Structural Beams", published by the 
Bethlehem Steel Company in 1950. . 

(7*) For ,tabulated values of "C" and "K" for some sections see "Alcoa Structural 
Handbook" published by Aluminum Company of America, 1955 edition. 
Formulas for "C" of other sections are given in reference. (5*). 

(8*) Data regarding such methods are given in "Strength of Thin Steel Com
pression Flanges" by George Winter, ASCE Transactions, Vol. 112, 1947. 

For tables and graphs to facilitate the calculations see "Light Gage 
Cold-Formed Steel Manual," 1956 edition published by American Iron and 
Steel Institute. 
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ON THURSDAY, March 17, 1960, John Grimes Walker Thomas, 
a respected colleague and loyal friend, passed away unexpectedly. 

Mr. Thomas was born in Boston, Massachusetts, on October 22, 
1902, and lived there for many years. He later moved to Lowell, where 
he has resided for the past 20 years. 

He attended Browne and Nichols school, was graduated from 
Harvard College in 1924 with an A.B. degree in physics, and was 

graduated cum laude from the Harvard School of Engineering in 1927 
with an S.B. degree in civil engineering. He continued at Harvard 
as an assistant in civil engineering until the following year when he 
started his professional business career. 

Mr. Thomas' first business affiliation was with the Walworth 
Company in Boston. In 1930, he joined the engineering staff of the 
Turner Construction Company of Boston. Thereafter he was asso
ciated with several engineering firms and municipal agencies in a 
variety of engineering capacities, including that of safety engineer 
with both the Employers and the American Liability Insurance 
Companies. 

In 1940, Mr. Thomas was engaged by the Proprietors of Locks 
and Canals, Lowell Industrial Development Co. of Lowell. He was 
appointed chief engineer with that firm in 1943 and continued in that 
capacity until 1956. His most recent association was with Metcalf 
& Eddy, Boston, Massachusetts, where he was project engineer and 
contributed much from his broad experience and special skills. 

Mr. Thomas was elected a member of the Boston Society of 
Civil Engineers, May 18, 1932. He was chairman of the Hydraulics 
Section 1948-49, a director of the Society 1951-53, and president 
19 56-5 7. He was also a member of the Massachusetts Society of Pro
fessional Engineers, the New England Water Works Association, the 
Harvard Engineering Society, and a past-member of the American 
Society of Civil Engineers. He was a registered professional engineer 
in Maine, Massachusetts and New York. 
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John Thomas married Helen N. Dyckman of Dallas, Texas, on 
October 12, 1933. Three sons, John G. W. Jr., William, and James S., 
were born to them. 

In addition to his professional activities, Mr. Thomas held mem
bership in the Kilwinning Lodge of Masons, the Lowell Harvard Club, 
and was a member and past-president of the Lowell Exchange Club. 
He was a past-member of the Yorick Club, the Union Boat Club, and 
the Harvard Club of Boston. 

Jack was not one to talk about himself, but we know he was 
devoted to his family and was deeply interested in helping his three 
boys acquire a background and education which would equip them 
for useful careers. Those of us acquainted with Jack Thomas share 
in the loss of his warm and cheerful personality. 
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OF GENERAL INTEREST 

PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETING 
Boston Society of Civil Engineers 

APRIL 25, 1960.-A Joint Meeting of 
the Mass. Section of the A.S.C.E. with 
the Boston Society of Civil Engineers 
was held this date at the Hotel Lenox, 
Boston, Mass., President Charles H. 
Norris of the Mass. Section of ASCE 
Norris of the Mass. Section of A.S.C.E. 
presiding. 

A dinner preceded the meeting and at 
7 :30 P.M., the meeting was called to 
order by President Charles H. Norris 
who called upon Arthur T. lppen, 
President of the Boston Society of Civil 
Engineers to conduct any necessary 
business at this time. 

President lppen announced applica
tion for membership in the BSCE and 
that the following had been elected to 
membership April 11, 1960:-

Grade of Member-Joseph J. Breen, t 
Earl H. Christopher,* Gino N. 
Cosimini,* Oliver H. Gilbert, Jr.,* 
David W. Nolet,* Benedick J. 
Quirk, A. Eugene Sullivan,: Ed
ward K. True, Kenneth Wemer.* 

President Norris introduced the 
speaker of the evening, Brig. General 
Alden K. Sibley, who gave a most in
teresting paper on "Engineering and the 
Basic Sciences-The Challenge of the 
60's." 
· A brief discussion followed, with ad
journment called at 8: 30 P .M. 

t Transfer from Student 
* Transfer from Junior 

Thirty five members and guests 
attended the dinner and meeting. 

CHARLES 0. BAIRD, JR., Secretary 

MAY 18, 1960.-A Joint Meeting of 
the Boston Society of Civil Engineers 
with the Surveying & Mapping Section, 
BSCE was held this evening at the 
United Community Services Building, 14 
Somerset Street, Boston, Mass., and was 
called to order by President Arthur T. 
lppen, at 7 :00 P.M. 

President lppen stated that the 
Minutes of the previous meeting held 
April 25, 1960 would be published in a 
forthcoming issue of the Journal and 
that the reading of those minutes would 
be waived unless there was objection. 

President lppen announced the death 
of the following members:-

Carl C. Harris, who was elected a 
member March 15, 1911, and who died 
April 4, 1960. 

Walter A. Ford, who was elected a 
member March 11, 1913, and who died 
November 19, 1959. 

J. Arthur Garrod, who was elected a 
member April 15, 1908, and who died 
March 24, 1960. 

George R. Strandberg, who was elect
ed a member March 16, 1927, and who 
died March 16, 1960. 

John G. W. Thomas, who was elected 
a member March 18, 1932, and who 
died March 1 7, 1960. 

J. Richard Braks, who was elected a 
member June 15, 1959, and who died 
April 9, 1960. 

John 0. Harmaala, who was elected a 
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member November 17, 1926, and who 
died May 5, 1960. 

The Secretary announced the names 
of applicants for membership in the 
Society and that the following had been 
elected to membership May 16, 1960:-

Grade of Member-Alfred W. Hoad
ley,* Warren H. Ringer, Frank B. 
Rogers, Francis H. Turcotte 

Grade of Junior-Joseph T. Mc
Colgan, Jr. 

President Ippen stated that this was 
a Joint Meeting with the Surveying & 
Mapping Section and called upon Roy 
L. Wooldridge, Clerk of that Section to 
conduct any necessary business at this 
time. 

President Ippen then introduced the 
speaker of the evening, Mr. George 
MacDonald, Vice President, Lockwood, 
Kessler & Bartlett, Soysset, New York, 
who gave a most interesting talk on 
"Modem Trends in Surveying." Latest 
surveying instruments were on display. 

The meeting was preceded by a din
ner and 47 members and guests attended 
the dinner. Fifty-three members and 
guests attended the meeting. 

The meeting was adjourned at 8 :00 
P.M. 

CHARLES 0. BAIRD, JR., Secretary 

STRUCTURAL SECTION 
MARCH 23, 1960.-Chairman Frank 

Heger of the Construction Section 
opened the meeting in the Society Quar
ters and conducted routine business of 
that section. He then turned the meet
ing over to retiring Chairman William 
Henderson of the Structural Section 
who conducted the remainder of the 
meeting. 

There being no objection, the Chair
man dispensed with a reading of the 
Minutes of the previous meeting. Mr. 
Richard Albrecht, Chairman of the Sec
tion Nominating Committee reported 
that committee's nominations of officers 

* Transfer from Student 

for the forthcoming year. There being 
no additional nominations from the 
floor, it was moved, seconded, and un
animously voted to close the nomina
tions. It was then moved, seconded, 
and unanimously voted to elect the en
tire slate of officers proposed by the 
Nominating Committee. The new offi
cers are: 

Chairman 
Paul S. Crandall 

Vice Chairman 
Myle J. Holley, Jr. 

Clerk 
Edward N. Smith 

Executive Committee 
Percival S. Rice 
Harl P. Aldrich 
Max D. Sorota 

At the request of Chairman Hender
son, Mr. Harl Aldrich introduced the 
speaker of the evening, Prof. E. C. W. A. 
Geuze of Delft Technological Univer
sity. Prof. Geuze's subject was "Analy
sis and Design of Pile Foundations in 
the Netherlands." The speaker pointed 
out that sand is the soil material to 
very great depths throughout virtually 
all of the Netherlands, and a variety of 
pile types are employed for foundations. 
Hammer blows formulae are employed 
for verification of pile capacity, but 
design frequently is based on Cone 
Penetration test predictions of pile 
capacity. The speaker presented data 
illustrating the application of this 
method and its validity. He concluded 
his presentation with a description of 
a novel underpinning construction in
volving the use of small diameter steel 
bars which were jacked into the soil to 
serve as pile supports for an old build
ing. 

At the conclusion of Prof. Geuze's 
presentation, Chairman Henderson in
troduced the incoming Chairman, Mr-. 
Crandall, who closed the meeting. 

Attendance 70. 

MYLE J. HOLLEY, JR., Clerk 
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APRIL 13, 1960.-Mr. Paul S. Cran
dall of Crandall Drydock Engineers 
presented a talk on the rebuilding of 
the rolling caisson gates in the Charles 
River navigation locks at the tidal dam, 
Science Park, Boston. 

When replaced last year, the gates 
were more than fifty years old. Mr. 
Crandall showed photographs of the 
original drawings and pictures which 
were taken during dismantling of the 
old gates and erection of the new. 
Listed here is a summary of a few of 
the gate elements which he described. 

Original Gates New Gates 

Skin Plates 
Steel, simply 

supported 
Wrought iron, con

tinuous over sup
ports 

Rolling Support 
Wheels Cast iron rollers 

Track 
Heaviest section 

which was avail
able (but breaks 
occurred from 
time to time) 

Greenheart timber 
with plate 
mounted on 
the top 

No new business of the Structural 
Section was brought up at this meeting. 

E. N. SMITH, Clerk 

MAY 11, 1960.-Mr. Morton H. Eli
gator of the consulting engineering firm 
of Weiskopf and Pickworth gave an 
illustrated talk on New York City's 
tallest building erected in the past two 
decades, the building for the Chase 
Manhattan Bank, which will be com
pleted this year. 

In the crowded financial district of 
lower Manhattan, excavation for this 
structure was carried down 90 feet to 
bed rock; excavation area, 200 by 400 
feet. The building columns which weigh 
3 kips per foot are made from lami
nated steel plates: 3 webs and 2 flanges. 
Maximum column design load, 15 thou
sand kips; wind design load is 20 psf 

perpendicular to building face (not 
diagonal). Building height from the 
lower basement is nearly 900 feet. 

Mr. Eligator's talk will be published 
in full, in a later issue of the B.S.C.E. 
Journal. 

No new business of the structural sec
tion was brought up at this meeting. 

E. N. SMITH, Clerk 

ADDITIONS 
Members 

Leon Antosh, 3304 W. Melatine Ave. 
Kennewick, Washington 

Richard F. Battles, 2473 Centre Street, 
W. Roxbury 32, Mass. 

Robert W. Bender, 41 Chittick Rd., 
Hyde Park, Mass. 

Joseph J. Breen, 22 Stevens St., Malden 
48, Mass. 

Earl H. Christopher, 71 Forrest St., 
Reading, Mass. 

Gino Cosimini, 41 Fitchburg St., Water
town, Mass. 

Patrick F. Cox, 18 Westbourne St., 
Roslindale, Mass. 

Frank J. Cullati, 27 Duncklee St., 
Brighton, Mass. 

John D. Goodrich, 384 Commonwealth 
Ave., Apt. 17, Boston 15, Mass. 

Robert W. Hart, 114 Brigham St., 
Northboro, Mass. 

Alfred W. Hoadley, U.S. Pub. Health 
Ser. Reg. II, 42 Broadway, N. Y. 4, 
N.Y. 

Philip R. Lindquist, 27 Miller Ave., 
Brockton, Mass. 

James E. Macauley, 520 Beacon St., 
Boston, Mass. 

David W. Nolet, 41 Bickford Ave., 
Point of Pines, Revere, Mass. 

Richard Olney, 31 Clark St., Danvers, 
Mass. 

Benedict J. Quirk, 66 Chestnut St .. 
Wakefield, Mass. · 

Frank B. Rogers, 457 Beacon St., Bos
ton, Mass. 

Joseph F. Ruggio, 25 Angell St., Dor
chester, Mass. 

Warren H. Ringer, 155 Brookside Rd., 
Needham 92, Mass. 

• 
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Ulderico M. Schiavone, 51 Baker Place, 
Newton 62, Mass. 

A. Eugene Sullivan, Robt. Sullivan Co., 
45 Newbury Street, Boston, Mass. 

Edward K. True, 10 Wood St., Con
cord, Mass. 

Francis H. Turcotte, 148 Cameron Rd., 
Norwood, Mass. 

Kenneth Weiner, 247 Callendar St., 
Dorchester, Mass. 

DEATHS 
-··J. Richard Braks, April 9, 1960 

Walter A. Ford, Nov. 19, 1959 
J. Arthur Garrod, Mar. 24, 1960 
Albert Haertlein, June 6, 1960 
Carl C. Harris, April 4, 1960 
George R. Standberg, March 16, 1960 
John G. W. Thomas, March 17, 1960 
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