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NEW HEMISPHERE AIRPORTS UNITE THE AMERICAS 

BY NORRIS M. MUMPER* 

ScoRES of airports and landing fields have been constructed in 
. the Americas in recent months, despite many wartime obstacles. There 

is little doubt, however, that the airport construction program that 
we see going on in the United States and the 20 other American 
republics will be continued, as a result of the demands of post-war· 
expansion of commercial aviation. 

It is a truism that expansion of aviation and airport facilities 
proceed together. This has been demonstrated in the rapid develop
ment of commercial aviation in the Western Hemisphere since th·e 
outbreak of war. With the expansion of commercial aviation in the 
post-war period, which some estimates place as high as at least three 
times the present service, many new airports will be needed. 

The new airports are bound to play an important role in bringing. 
about closer economic, political and spiritual relations among the 
Americas. Already airports have proven themselves to be stepping
stones to greater inter-American unity. 

There is no way, of course, of knowing exactly how great the 

*Director of Aviation, Office of Inter-American Affairs, \Vashington, D. C. l\'.Ir. Norris 
M. ~1:umper received his academic training at Dickinson College, and post graduate mechanical 
engineering course at Columbia University. He has travelled extensively in Europe, the 
Orient and in Latin America. In 'Norld \Var I, he was Captain Adjutant 309 Field, Artillery, 
78th Division, with one year's service in France. 

His aviation experience began in 1938 with Vultee Aircraft, as Latin American Sales 
Manager. His government work started in 1941 with the American Republics Aviation Division 
of Defense Supplies Corporation. Later he joined the Office of Inter-American Affairs as 
Director of Aviation, in which position he is in constant touch with all phases of aviation 
throughout the other American Republics. · 

219 



220 BOSTON SOCIETY OF CIVIL ENGINEERS 

. 
post-war development of airports is likely to be, but some idea can 
be gained by present and post-war trends that are already evident. 
For example, airport construction trends in the United States not 
only show the sizable increase in airport facilities that has taken 
place here since the outbreak of war but also give reason for believing 
that existing United States airport facilities may possibly be doubled 
in the post-war period. 

In the United States, with the completion of more than 550 air
port development projects undertaken by the Civil Aeronautics Ad
ministration at a cost of $400,000,000, there will be, at the close of 
1944, more than 3,000 civil airports, of which 940 will be class III 
or better-that is, suitable for scheduled air carrier transport. 

But because of the anticipated post-war expansion of aviation 
in the United States, the Civil Aeronautics Administration has recom
mended that the United States' goal of 4,000 airports, which was 
originally projected in· 1939, now be raised to a post-war goal of 
6,000 airports, within five to ten years after hostilities cease. This 
proposed post~war program will cost approximately $1,000,000,000. 

Latin America has similarly undergone rapid airport expansion 
since the war began. In the 20 other American republics, at the close 
of 1944, there will probably be more than 2,400 civil airports, of which 
between 300 to 400 will be class III or better. Because expansion 
of airport facilities must go hand in hand with expansion of com
mercial aviation, the other Americas will obviously experience air
port expansion of record-breaking proportions in the post-war world. 

News reports of aviation and airport developments "south of the 
border" illustrate how present and future airport trends in the United 
States are duplicated in the other Americas. In Peru, for instance, 
President Manuel Prado, in order to prepare for the post-war avia
tion expansion anticipated in his country, recently decreed the forma
tion of the Peruvian Airport and Commercial Aviation Corporation 
(CORPAC), a corporation owned entirely by the Peruvian Govern
ment, which will have an initial capital of $1,538,000 (10,000,000 
soles). The charter gives this new agency wide powers to organize 
and manage airports. 

Projected improvements for the airport at Lima will cost $183,000 
(1,200,000 soles). In the neighboring Republic of Chile, President 
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Juan Antonio Rios is reported by the Chilean radio to have signed 
appropriations of $646,000 (20,000,000) pesos) to be used, in part, 
for the construction of a network of airfields throughout the nation. 
In Brazil, Air Minister Joaquim Pedro Salgado, Jr., is reported to 
have told the press that several large airfields, capable of accommo
dating large cargo planes, and also a pilot training school would be 
built in the State of Rio Grande do Sul. 

In Nicaragua airline facilities were increased substantially_ dur
ing 1943 with the completion· of the modern Las Mercedes Airport, 
the second airport near Managua, and the inauguration of two new 
lines-one, a common carrier, to New Orleans, Louisiana, from 
Balboa, via Guatemala City and Merida, and the other, a charter 
service, to Miami, Florida, from San Jose, Costa Rica, v.ia Teguci
galpa and San Salvador. In recent years, especially during 1943, air
ports have been built· in the remote jungles of eastern Nicaragua, 
making possible the shipment of machinery to the gold mines and 
the transportation of men, supplies and foodstuffs to the rubber
tapping areas. These airports made possible the necessary quick ship
ment of highly perishable Hevea rubber seedlings and budwood of 
high-yielding clones, cinchona seedlings, derris cuttings, and other 
strategic _plant stock isolated areas. Without the aid of airways, 
establishment of these complementary agricultural crops in eastern 
Nicaragua would have been impossible, the Department of Commerce 
reports. 

In Paraguay, Panair do Brasil's new ai_rfield, near Asuncion, the 
capital, was opened in April. In Ecuador the airport-extension project 
at Guayaquil has been completed. According to the Ecuadoran For
eign Office bulletin, Ecuador plans to construct a network of airfields 
near its principal cities that will in the future facilitate national air 
transportation. Mexico, which has a splendid modern airport at 
Monterrey, will have two new ones soon-at Neuvo Laredo; across 
the border from Laredo, Texas, and at Mexico City. The airport at 
Mexico City, an expansion of the present Aeropuerto Central, will 
boast five main runways ranging in length from 5,740 feet to 8,200 
feet, and several smaller runways, according to the Mexican press. 
The area of the field will be almost twice as large as that of New 
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York's famed LaGuardia Field. Its passenger terminal will be capable 
of accommodating 1,800 persons at one time. 

Mexico also furnishes a striking example of how commercial 
air service has expanded in Latin America, as it also has in the United 
States, despite wartime shortages of planes, equipment, and man
power. 

According to Air Transport Information Division of the U. S. 
Civil Aeronautics Board, the 13 domestic and international air lines 
operating as common carriers in Mexico as of March, 1944, had un
duplicated route mileage more than 15 per cent greater than the 
unduplicated route mileage flown by 12 common carrier air transport 
companies in March, 1943. Unduplicated route mileage of common 
carrier air-transport companies amounted to 19,222 miles in March, 
1944, as compared with 16,664 miles in March, 1943. Of the 13 
common carrier air transport companies operating in March, 1944, 
two were U. S.-flag carriers-Pan American Airways, Inc., with 1,743 
unduplicated route miles, and American Airlines, Inc., with 1,521 un
duplicated route miles, in Mexican services. 

The size of the international passenger air traffic to Mexico in 
1943 can be seen from the report of the Mexican Tourist Association 
(Associacion Mexicana de Turismo) that of the record total of 
207,000 foreign visitors to Mexico last year, 37,000 of the 160,000 
visitors not in transit came by plane, as compared with 35,000 by 
rail and 88,000 by road. Unlike Mexico, tourist travel by United 
States citizens elsewhere in Latin America is banned, but essential air 
travel on governmental and business matters between the Americas 
last year did, however, bring a gain in passenger traffic over previous 

years. 
Although exact figures of the international passenger air traffic 

in the other Americas· are not yet available, Panagra (Pan American
Grace Airways), which is one of the largest international airlines 
operating in South America, reported an increase of more than 21 
per cent in passenger traffic in 1943 as compared with 1942 passenger 
traffic. Panagra announced that it carried 69,000 passengers as com
pared with 56,770 in 1942, that it flew 4,700,000 plane miles during 
the year as compared with 4,030,000 the year previous. Panagra's 
reported increase of more than 21 per cent in passenger air traffic is, 
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incidentally, double the increase reported by the ·united States domes
tic air lines for 1943. 

As for air freight, the Interdepartmental Air Cargo Priorities 
Committee, War Production Board, states that in the year 1943 the 
total movemt=mt of impnrtP.cl materials by ;;iir was 42;0l0)9·R prnmrls; 
amounting to $119,890,402 in d,ollar value, of which 5,429,522 pounds, 
having a dollar value of $25,617,865, were flown to the United States 
from the 20 other American republics, including the Canal Zone. 
Most of these air shipments from Latin America consisted of vital 
war materials such as Brazilian quartz, mica, tantalite, beryllium; 
and crude rubber. 

The foregoing are only a few of the developments in commercial 
aviation and airports reported recently by the press and radio, yet 
they afford sufficient evidence to identify the trends. There are 
important clifff':renr.es, however, hetweP.n the aviation and airport out
look in the Uniled Slales and lhe situation i11 1110sl uf Lalin America 
that must be pointed out. 

.As William A. M Burden, Assist;;int Secretary of 1.ommerce, has 
emphasized in his book, "The Struggle for Airways in Latin America", 
most of the other American republics have mountainous areas, jungles 
and arroyas which have long retarded adequate ground transporta
tion by highways and railroads. As a result of this and other common 
features, there was a rapid and early growth of air transportation in 
almost all these countries. 

"The important place which the airplane has already taken in 
transportation in Latin America," Mr. Burden explains, "is made 
clear by the fact that there are as many miles of airlines in the area 
as there are miles of railroad. In only seven of the 20 republics does 
railroad mileage exceed airline mileage. Two of the South American 
countries and every one of the Middle American countries, except 
Haiti and the Dominican Republic, have more airline mileage per 
thousand square miles than has the United States." 

Mr. Burden then expresses the opinion that Latin America is 
extremely fortunate in being the first important continent where the 
air transport system is having a chance to develop unhampered by 
the existence of what he calls "giant obsolescent surface transport 
systems". Hence, he doubts if ground transport systems will be 
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built on anything like the scale that they would have if Latin America 
had already placed huge investments in the older forms of transport. 

This novel dependence on air transport rather than railroads or 
highways in the interior will probably make the future development 
of local air transportation in some respects more important to Latin 
America than the growth of the international system which connects 
it with other continents. 

A possible indication of post-war developments elsewhere in 
Latin America is the unusual success that air cargo planes have al
ready achieved in mountainous Central America. There, Transportes 
Aereos Centro-Americanos (TACA) and its affiliates are credited with 
having carried more air cargo than all the domestic United States 
airlines combined. In 1941, for example, TACA carried 30,161,000 
pounds of express and freight compared with 11,160,000 unduplicated 
poundage carried by U. S. domestic air carriers. On t_he other hand; 
the average distance a shipment was carried in the United States 
exceeded 500 miles while on TACA the average distance was probably 
nearer 150 miles. 

TACA's success lies principally in the hauling of bulk freight 
cheaply in regions where surface transportation is difficult. In fact, 
more than 60 per cent of its income in 1940 was derived from air 
freight, as compared with less than three per cent earned by U. S. 
domestic air carriers from the carriage of express during the same 
year. 

TACA's revenue from mail was some five per cent of its total 
income that year and from passengers, 31 per cent. TACA's freight 
revenue for all types of merchandise has averaged three cents per 
pound. T ACA does not report ton-mile figures, but repres~ntative 
air express and air freight tariffs on TACA's lines, reduced to a ton
mile basis, would be approximately as follows: Managua-Bluefields-
171 airline miles-air express, 98.3 U. S. cents per ton-mile; air 
freight, 49.2 U. S. cents per ton-mile. 

Should similar air cargo service be developed elsewhere in Latin 
America in the post-war period, it would seem apparent that consider
able expansion of airports and landing fields would be necessary to 
handle internal trade and trade with neighboring republics. 

One new use of air cargo planes in the post-war period has been 
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suggested in studies of the possibilities of air cargo shipments of 
fresh fruits and vegetables. These studies are being carried on by 
several United States Government agencies and private research or
ganizations, including Wayne University, Detroit, under the Edward 
S. Evans Grant for Air Cargo Research. Papayas and figs, for exam
ple, can be picked only when they are tree-ripe. This prevented their 
shipment by rail over any considerable distance. If it is found that 
cargo planes can transport these and other fresh vegetables at not 
unreasonable costs in the post-war period, here again there will be a 
new need for airports and landing fields in the fruit and vegetable 
areas of the Americas so that cargo planes can collect such shipments. 

As for post-war markets in Latin America, many foreign traders 
believe prospects are bright for maintaining U. S. exports to and 
imports from the other Americas. They point out, for one thing, that 
Latin America is building up substantial reserves of purchasing power 
for post-war use as a result of a heavy surplus of exports. According 
to the National City Bank of New York, the other American repub
lics, as a whole, have accumulated gold and foreign exchange, mostly 
U. S. dollars, amounting to approximately $3,000,000,000. The bulk 
of this backlog of buying power has accumulated during the war 
period when United States imports from Latin America have risen 
to the highest level since 1920 in dollar value. 

In the post-war period, greatly expanded shipments of air mail, 
air express and air freight are anticipated by many shipping special
ists. Similarly, tourist and travel agencies expect greater air travel 
by business men, salesmen, engineers, students and tourists. 

The war has brought about the realization by the American 
people that the economies of the United States and most of the other 
American republics largely are complementary. We now know that 
inter-American cooperation, based on the concept of mutual aid for 
mutual benefit, has a solid economic base. The $1,300,000,000 worth 
of imports the United States received from Latin America last year 
emphasized that. 

The war also has stimulated the interest of the American peoples 
in each other. The number of United States citizens studying Spanish 
today is· unprecedented. Similarly, the study of English in Latin 
America has reached new heights. Travel authorities believe this 
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war-stimulated interest will be reflected in tourist travel after the 
war ends. 

However, it would be well, in considering the post-war aviation 
outlook, to dismiss fantastic notions as to the size either of post-war 
transport planes or of airports. · 

"Notwithstanding the comic strip and pictorial magazine super
liners," Charles. I. Stanton, former Administrator of the Civil Aeronau

. tics Administration, cautioned recently, "the 20-to-60 passenger air
planes are going to be the backbone of domestic air transport systems 
for some. years to come because they furnish long distance tr.avel with 
inter-city bus schedule frequencies." 

President Harold J. Roig of Pan American-Grace Airways has 
said that Panagra anticipates providing round-the-clock service on 
its Lat-in-American air routes after the war with 56-passenger Douglas 
DC-6s, powered with four engines and with a normal cruising speed of 
2 7 8 miles an hour. · 

According to the· airport tlassification standards of the Civil 
Aeronautics Administration, there will be, at the close of 1944, be
tween 300 to 400 class III or better airports in the other American 
republics capable of handling the twin-engined, 21-passenger plane 
which is in general use on the Latin-Americ~n main air routes. Some 
of these airports-the exact number must be withheld for reasons of 
military security-already are in the class IV .and class V category, 
equipped to accommodate the largest planes now in u·se and those 
planned for the immediate future. Construction is now under way or 
planned to create more class IV and class V airports. 

Under the Civn' Aeronautics Administration's airport standards, 
a class three airport has landing strips 3,700 to 4,700 feet in length 
at sea level, and is suited for the safe handling of present-day trans
port planes. Planes in this classification are represented approxi~ately 
by those between 10,000 to 50,000 pounds gross weight, or by those 
having a wing loading (lbs./sq. ft..) times power loading (lbs/HP) 
of 230 and over. Approaches to such an . airport should be clear 
within a glide path of 30-to-_1 in the case of class tl)ree and also class 
four airports, except for instrument landing runways, for which the 
ratio should be 40-to-1 from a point 4,500 feet from the oeginning 
of the runway. 



TABLE !.-RECOMMENDED AIRPORT DESIGN STANDARDS FOR COMMUNITIES, CITIES AND METROPOLITAN AREAS 

TYPE OF COMMUNITY 

Small communities not on pres
ent· or proposed scheduled air 
carrier system. Includes com
munities up to a population of 
approximately 5,000. 

Larger communities located on 
present or proposed feeder line 
airways and which have con
siderable aeronautical (!Ctivity. 
General population range 5,000 
to 25,000. 
Important cities on feeder line 
airway systems and many 
intermediate points on the 
main .line airways. General pop
ulation range 25,000 to several 
hundred thousand. 
Cities in this group represent 
the major industrial centers of 
the nation and important junc
tion points or terminals on 
the airways system 

PLANNING 

CLASSI

FICATION 

2 

3 

4 
and 

5 

RECOMMENDED LANDING 

STRIP LENGTHS, SEA 

LEVEL CONDITIONS 

CLEAR APPROACHES* 

TYPE. OF AIRCRAFT WHICH AIRPORT MAY 

SAFELY ACCOMMODATE 

1,800' to 2,700' 

2,500' to 3,700' 

3,500' to 4,700' 

4,500' to 5,700' 

5,700' and over 

Small private owper type planes. This includes 
roughly planes up to a gross weight of 4,000 
pounds, or having a wing loading (lbs./sq. ft.) 
times power• loading (lbs.jHP) not exceeding 190. 

Larger size private owner type planes and some 
small size transport planes. This represents roughly 
planes in 'the gross weight classification between 
4,000 and.15,000 pounds, or having a wing load
ing (lbs.jsq. ft.) times power loading (lbs.jHP) 
of 190 to 230. 
Present day transport planes. Planes in this classi
fication ·are represented approximately by those 
between 10,000 and 50,000 pounds gross weight, 
or by- those having a wing loading (lbs./sq.ft.) 
times power loading (Ibs.jHP) of 230 and over. 

Largest planes in use and those planned for the 
immediate future. This approximately represents 
planes having a gross weight of 74,000 pounds and 

•over or having a wing loading (lbs.jsq.ft.) times 
power loading (lbs.jHP) of 230 and over. 

*Approaches shall be clear within a glide path of 20 to I from the end of the usable area. in the case of Class I airports and 30 to I in 
the case of Class 2, 3, 4, and 5 airports except for instrument landing runways for which the ratio shall be 40 to I. 

NOTE.-For scheduled operations of small transport planes 3,000' is the minimum length recommended at present. For other scheduled 
operations 3,500' should be the ·minimum considered. 
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Class III airports are recommended for important cities on feeder 
line airway systems and many intermediate points on the main line 
airways. General population range for such a port would be from 
25,000 to several hundred thousand. On the other hand, the Civil 
Aeronautics Administration' recommends that major industrial cen
ters and important junction points or terminals on the airways systems 
have class IV airports. 

A clas_s IV airport must have landing strips sufficiently long to 
give the safety that landing strips 4,700 to 5,700 feet in length would 
give at the altitude of sea level, for planes having a gross weight of 
74,000 pounds and over with a wing loading times power loading ratio 
of 230 and over. 

For scheduled operations of small transport planes, 3,000 feet. 
at sea level is the minimum length recommended by the Civil Aero
nautics Administration at present, and for other scheduled operations 
3,700 feet at sea level should be the minimum, according to this 
agency. 

The length of landing strips must be lengthened for higher alti
tudes at the rate of approximately 250 feet for each 1,000 feet above 
sea level. This is because the atmosphere becomes more rarefied and 
transport planes need to make a long run ·in taking-off. A chart has 
been prepared by the Civil Aeronautics Administration showing the 
effect of elevation on landing area utility. 

The United States by the end of 1944, the Civil Aeronautics 
Administration reports, will have approximately 600 class IV or better 
airports, approximately 416 class III airports, approximately 900 
class· II airports ( for planes of the small size transport or larger size 
private owner type), and approximately 1,213 class I airports ( for 
small private owner type planes up to a gross weight of 4,000 pounds). 
Altogether these airports total 3,129. They include many built by 
the Army and Navy which will revert to civil use after the war. 

According to former Administrator Stanton, these airports are good 
-as to size-for many years to come, although additional construction 
work is needed to make the airports efficient and attractive to the 
public. For the overwhelming majority of United States cities, Mr. 
Stanton believes, runways of about 5,000 feet will be adequate for 
some time to come. 
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"It must be remembered," he says, "that when you put four 
motors on a plane instead of two, you increase the safety factor and 
thereby decrease the amount of runway needed. . . . We believe air
craft designers can turn out planes that will offer greatly improved 
performance without so increasing their· wing-loading as to require 
enormous increase in runway lengths. 

"Increasing the size of the airport probably doesn't increase the 
number of schedules that can be handled. The bottleneck is the 
number that can come in and go out under instrument flying condi
tions. With parallel runways, that is now only about six in and six 
out in an hour. This is because, under instrument flying, two air
planes cannot be brought down simultaneously unless they can be 
kept a mile apart laterally. With equipment and procedures we have 
some prospect of raising that up to 30 in and· 30 out within a few 
years." 

These views of former Administrator Stanton are most interesting 
to students of commercial aviation in Latin America. From these views 
it would appear that airport facilities in the other Americas, in view 
of the expansion now under way or planned, will be able to handle 
the post-war air transpor~ planes without any great difficulty. Thus, 
with the problem of post-war airport facilities in Latin America pre
senting no insuperable difficulties, there remains only the problem of 
trained personnel-for obviously there will be no lack of planes and 
equipment on the market when war ends. 

This problem of manpower-that is, the need in Latin America 
for skilled pilots, skilled radio men, skilled mechanics, skilled airport 
administrators, etc.-is being tackled in accordance with the pattern 
of inter-American economic and technical cooperation adopted at the 
Third Meeting of American Foreign Ministers at Rio de Janeiro in 
January, 1942. 

Civil aeronautical training in the United States has already been 
given to 609 young men from the other Americas-484 in 1942 and 
12 5 in 1943-by the United States Department of State and the Civil 
Aeronautics Administration. A third program has been begun for 
148 young men of 11 of the other American republics. The training 
is from one to two years, and already 351 candidates have been gradu
ated under the first two programs. 
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The Office of Inter-American Affairs has cooperated in these 
training programs. It also has sponsored the Inter-American Esca
drille, which is an international organization of civil flying clubs 
having for its purpose the development of Good Neighbor relations 
by civilians flying between the American republics. To meet the need 
for meteorologists, the Office of the Coordinator and the United States 
Weather Bureau jointly sponsored a meteorological school at Medellin, 
Colombia, where approximately 200 young men of the other American 
republics received meteorological training. 

Consequently, it do.es not appear that problcm:i of airport facili
ties, of planes and equipment or of trained personnel are likely to 
block to any considerable extent the increase of air-borne interchange 
of people and goods between· the Americas after the war. There is 
no question of the need-and the desire--for this interchange. Our 
southern neighbors need us, and we need them. They want to visit 
us, and we want to visit them. 

Neither is there any question but what commercial airlines 
are eager to supply air transportation. As of April 15, 1944, there 
were, for example, 45 applications pending before the Civil Aero
nautics Board for new air services to the Caribbean and Middle and 
South America. · 

Air transport, I feel sure, will overcome those natural barriers 
that in the past have prevented easy access between the United States 
and the other Americas and, equally important, between and within 
the other American republics. Our hemisphere's air systems will en
able the visitor from Buenos Aires to travel on business or pleasure 
throughout the United States with utmost ease and facility and speed. 
Similarly, the traveler from New York will be able to reach ·Buenos 
Aires in approximately 24 hours thanks to night-flyi_ng in four

engined planes. 
In the post-war era when the aspirations of the other Americas 

for modern air transport can be, physically realized, Western Hemis
phere airports will continue the development of aviation which has 
already made the other American peoples the most air-minded of any 
·in the world. 
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AN UNUSUAL FOUNDATION PROBLEM 
THE ALUMNI J>OOL BUILDING 

BY DONALD W. TAYLOR* 

THE thick buried stratum of soft Blue Clay which exists below 
large portions of greater Boston is subject to compressions which 
cause buildings in this district to settle somewhat. Many cities, how
ever, are on sites underlaid by compressible clays. In such localities, 
so long as foundation designs are restricted to relatively low values 
of bearing intensity, the settlements which are bound to occur take 
place in the great majority of cases without endangering the buildings. 

The buildings of the Massachusetts Institute of Technology 
offer interesting examples of settlements. Thus, although this article 
refers mainly to the Alumni Pool Building, brief mention of settle- . 
ments of older Technology buildings will first be given. The main 
group of buildings, completed in 1916, showed settlements ten years 
after construction which varied from a minimum of about 1 inch at 
Buildings 1 and 3 to a maximum of about 7 inches at Buildings 2 
and 10. Twelve years later (in 1938) the maximum settlement had 
increased to about 8 inches. The average gross load over the entire 
area covered by these buildings is about 1500 pounds per square 
foot and the average net intensity about 800 pounds per square foot. 
Gross load here refers to the actual building weight; net load to the 
building weight minus the weight of soil excavated for the foundation. 

It actually is differences in settlements and not uniform settle
ments which cause foundation difficulties. The large differential 
settlements at this group have been the cause of some plaster cracks 
and other signs of distortion in the buildings, and have resulted in a 
certain amount of maintenance expense. This, however, is inevitable 
in large buildings in such a district.· The Technology buildings actu
ally offer a good example of a satisfactory foundation under difficult 
foundation conditions. 

*Assistant Professor of Soil Mechanics, Massachusetts Institute of Technology, Cambridge, ' 
Mass. 
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The main reason for the difference in settlements resides in the 
vari4ble thickness of a sand layer which overlies the blue clay. The 
elevation of the ~urface of this sand varies between S and 20 feet 
below ground surface. The thickness of the sand stratum is over 20 
feet where the minimum settlements have occurred, and the buildings 
are at these locations supported on wooden piles extending a short 
distance into the s~d. Since stresses decrease with depth by spread
ing outward, much as the intensity of light decreases with the distance 
from the source, a large thickness of sand leads to stresses on the 
clay which are relatively small; therefore the settlements which occur 
are small. At locations of maximum settement the sand stratum is 
of the order of only four feet thickness, and the foundation consists 
of wooden piles penetrating the sand and extending well into the 
clay. The stresses transmitted to the clay are much larger in this 
case and thus settlements are large. Disturbance of the clay structure 
by the penetration of pi_les into it has also contributed to these maxi
mum settlements, 

It is interesting to recall certain newspaper articles which ap
peared when the buildings were new. Settlements of three inches 
were observed in the first two years and this information was the 
source of a number of spectacular forecasts. One such forecast stated 
that readers would live to see about half of the first story disappear 
below ground. Actually, settlements occur at continuously decreasing 
rates and if in years to come there is no appreciable change in loading 
at the Technology site it is probable that additional settlements will 
not exceed a few inches, even if the buildings remain for hundreds 
of years. · 

The Barbour Field House offers a more recent illustration of 
settlements and demonstrates that settlements occur even when the 
load is small. This building was constructed on the Technology 
grounds in 1934. It is founded on caissons of the Gow type, resting 
on the surface of the sand which at this site varies between S and 13 
feet in thickness. Fig. 2 illustrates this type of caisson. The build
ing has no basement and the average load intensity over the entire 
building area is very small. The net intensity of ·pressure of the cais
sons on the sand is about 600 pounds per square foot. Settlements 
at this building have been reasonably uniform and have amounted to 
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about three-quarters of an inch in nine years. During' the last two 
years no appreciable settlement has occurred. Actually, a settlement 
plug at the corner of this building, which was placed for use in· ob
s~rving settlements, has been used as a bench mark in observing 
settlements at the Swimming Pool which is but a short distance away. 

The Tech Swimming Pool, known as the Alumni Pool, was con
structed in 1940 and was also founded on Gow caissons carried to the 
sand stratum. The foundation plan is shown in Fig. 1, with the por-
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FIG. 1.-PLAN OF Burr.DING SHOWING CAISSON LAYOUT; THE POOL SECTION SHOWN BY 

HEAVY LINES; LOCATIONS OF SETTLEMENT PLUGS SHOWN BY HEAVY DOTS. 

tion of the foundation which is below the pool proper shown by 
heavy lines. Below the pool and below the northeast portion of the 
building the weight of excavated soil slightly exceeds the building 
weight; thus in these sections the net load is negative. Below the 
northeast section of the building there is no appreciable excavation 
and the net ioad has a small positive value. The design value of gross 
loading intensity on the clay below the individual caissons · was to be 
limited, according to original plans, to about 1500 pounds per square 
foot. · 

For loads as small as those of this building there would normally 
be no unusual foundation problem. In this case, however, there was 
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a severe requirement; for proper drainage at the pool curb and for 
proper appearance of the scum-gutter, practically no differential settle~ 
ment could be allowed. It therefore was specified that differential 
settlements of the caissons supporting the pool must not exceed one
quarter inch. Even if the foundation conditions had been uniform 

and free of horizontal variation, this requirement might have led to 

considerable concern. As it was, the borings brought to light an un
favorable underground condition; a variable thickness of sand strata 

was encountered with no thickness of sand whatever at one point 
at the deep end of the pool. The average depth of sand at the deep 
end of the pool was only about 2 feet, while at the shallow end the 
average depth was about 7 feet. This indicated a tendency toward 
greater settlement at the deep end of the pool, and the danger of 
differential settlements which might well exceed the very small toler
able limit of one-quarter inch. 

A cross section showing the variation in sand thickness at the 
row of caissons on the side of the pool facing toward Memorial 
Drive and the Charles River is given in Fig. 2. 

It is reported that at this site a few decades ago there was a 
carriage factory with an adjoining pier. Remains of a pier were en
countered in the excavation of the pool. Considerable dredging may 
have been required for access to this wharf and it appears likely that 
the area in which no sand existed above the clay may have been the 
location of the slip to the carriage factory wharf. 

The special design which was proposed by the writer and which 
was used for this building had for its aim the minimizing of diff eren
tial settlements. The settlements which normally would occur at the 
deep end of the pool could not be decreased by any practicable pro
cedure, they had to be accepted. It was anticipated that any conven
tional type of procedure would lead to smaller settlements at the 
shallow end of the pool. Thus the only course available was a design 
introducing increased settlements at the shallow end. 

Many factors exist which play some part in deciding the magni

tude of the settlements which occur, but only two were considered of 
major importance in this design. 

The first factor affecting the settlement is the intensity of load on 
the surface of the clay. Since it is compression of the clay that causes 
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the settlements, it is the load on the surface of the clay and not the 
load on the overlying sand which rules. The effect of loading intensity 
is demonstrated by typical loading tests and may be expressed as 
follows: Qther things being equal, the settlement" under any reasonable 
loading pressure is approximately proportional to the intensity of 
pressure. 

The second factor affecting settlement is the size of the loaded 
area. The zone below a loaded area, into which stresses of sensible 
magnitude are thrown, is sometimes spoken of as a "bulb of pres
sure." This bulb extends below the loaded area to a depth which is of 
the order of one to two· times the diameter of the loaded area. The 
depth within which appreciable compressions of the soil occur is the 
depth of the bulb and this depth is about proportional to the diameter 
of the loaded area. Thus, other things• being equal, the settlement 
at the surface of a clay stratum, under a given intensity of loading, 
is proportional to the diameter of the loaded area. In the case of 
the pool the pressure bulbs to be considered are those for the indi
vidual caissons, since there is no appreciable overlapping of these 
zones. There is no appreciable compression of the clay below these 
pressure bulbs because there is no net load. 

These two factors which affect settlement may be combined into 
a single relationship worded as follows: For various sizes of loaded 
areas and various intensities of loading, but with all other conditions 
remaining constant, the settlement is about proportional to the product 
of diameter of loaded area and intensity of loading; thus if like 
settlements are desired, the diameters of the yarious loaded areas 
should be made directly proportional to the respective net caisson 
loads. This relationship was used as the design criterion and in this 
case the diameter in feet of each bearing area was made equal to 0.15 
times the net column load in tons. In this design the net caisson load 
was assumed to be the design value of column load minus the differ
ence between weight of soil excavated and the weight of caisson con
crete within the imaginary vertical cylinder passing through the peri
meter o.f the bearing area at the surface of the clay. 

The relationship assumed between the diameter of a bearing 
area on the clay and the diameter of the base of the caisson where 
it rests on sand is shown by dotted lines in Fig. 2. The principle 



238 BOSTON SOCIETY OF CIVIL ENGINEERS 

used is quite common in foundation design; the effective area sub

jected to load at any depth below the base of a caisson is assumed 

to be given approximately by lines from the periphery of the caisson 

base extending downward and outward at an angle of 30 degrees 

to the vertical. Once the depth of the sand is known, the desired 

values of effective bearing diameter on the clay and the diameter of 

the base of the caisson can be determined by relatively simple compu

tations. The intensity of pressure on the sand was limited to 4 tons 

per square foot and to obtain diameters meeting this requirement a 

number of the caissons had to extend well into the sand, as is shown 

for some of the caissons in Fig. 2. The carrying of the caissons below 

the sand surface is not at all in line with conventional engineering 

practice but was one of the details which had to be adopted to cause 

the required settlements at the shallow end of the pool. 
During construction the site was unwatered to below the surface 

of the sand by pumping from a system of well points. This led to 

good working conditions during the excavation for the caissons. Each 

caisson was excavated to sand before its bearing diameter was deter

mined. When sand was reached a careful measurement of the depth 

of the sand was obtained by sounding to clay with a rod. It then was 

an easy matter to determine the diameter of the bell, and the depth of 

excavation into sand when such excavation was required. 

Some apprehension was felt regarding the possibility of addi

tional settlement at the Barbour Field House from the drawdown 

caused by the well point system at the pool. Observations were made 

relative to the drawdown occurring at the Field House and lines of 

levels were run for checks on settlements. No settlements of impor

tant magnitude occurred at the Field House, however, and the very 

small settlements which were indicated by the lines of levels were 

essentially equal at all points. 
Some irregularities in settlements of columns are encountered in 

almost any building on this type of foundation. In order to decrease 

irregularities as much as possible, the pool was filled with water for 

a period of about one month before grades for the setting of tile 

were established. These grades were established on May 1, 1940, 

and thus the main settlement records commence on that date. It is 

interesting to note that the differences in settlements at the pool 
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columns showing the maximum and minimum settlements between 
the first observations, taken on February 12, 1940, and the readings 
on May 1, amounted to practically one-quarter inch. This is shown 
on the settlement curves of Fig. 3.· 
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FIG. 3.-SETTLEMENT CURVES; CURVES (1) AND (2) SHOW THE AVERAGE POOL SETTLE

MENTS AT THE DEEP "END AND THE SHALLOW END RESPECTIVELY, CURVES (3) 

AND ( 4) SHOW THE MAXIMUM AND MINIMUM SETTLEMENTS OF THE 

13 SETTLEMENT PLUGS AT THE POOL AND CURVES (5) AND (6) 
SHOW THE MAXIMUM AND MINIMUM SETTLEMENT 

OF ALL 34 SETTLEMENT PLUGS 

Settlement plugs were placed at 34 points, 13 on the pool and 
21 outside the pool. Their locations are indicated by heavy dots in 
Fig. 1. Settlement observations have been made at intervals since 
the start of construction. Lines of levels were used for these observa
tions and since all level lines were run with care and closed with 
errors of less than 5 thousandths of a foot, it is believed that the 
data are in general good to about the nearest tenth of an inch. 
Differential values undoubtedly have a considerably greater accuracy 
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than this. Fig. 3 is prepared from the settlement observations. Curves 
are given to show the maximum and minimum of all settlements 
observed and the maximum and minimum values at the pool proper. 
The most important curves, however, are those which are shown by 
heavy lines and which represent average values for the shallow end 
and the deep end of the pool. Settlement observations were also made 
in July, 1942. They showed a reasonable check with the results 
given in Fig. 3 but they are not included because they are not of 
quite the same precision. 

The average settlement in three years since the grades were 
established is about 0.8 inches. The greatest differential settlement 
at the pool is between column 2 8 with a minimum settlement and the 
point midway between columns 29 and 30 with a maximum settle
ment; their difference is 0.36 inches. However, other columns differ 
in settlement by no more than 0.15 inches. This one instance of 
greater than one-quarter inch settlement is not visible to the eye, 
and is dismissed as merely an isolated irregularity. The average 
differential between the two ends of the pool has been slightly greater 
than 0.1 inch in earlier readings but in the latest series of observations 
is but 0.05 inch. 

A good opportunity is offered here for discussion of a controver
sial point which often arises when loadings are of the type occurring 
at the pool; namely, the amounts of settlement occurring when net 
loads either are negative or have small positive values. It may rea
sonably be claimed that there should be no settlement if the weight 
of excavated material is just equal to the weight of a structure itself, 
and if the building load immediately and exactly replaces the exca
vated load without disturbance to the subsoil. Even if the weight of 
the excavated material and the weight of the building are alike, how
ever, the distribution of released stress and the distribution of added 
stress will differ considerably in most buildings. Also, no building 
can be constructed fast enough to prevent the occurrence of some 
upward displacement of the soil during and immediately subsequent 
to the excavation period, overbalanced later by settlement due to the 
application of the building weight; the upward displacement may 
pass unnoticed but not the settlement. In addition, some disturbance 
to the soil immediately below the bottom of the excavation is inevi-
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table, and in many C8.?es it causes greatly increased settlements. On 

the other hand, factors sometimes exist which partially counter

balance the above mentioned tendencies toward settlement For ex-

. ample, at the swimming pool the drawdown of the water table by the 

well point system must have partially overcome the tendency toward 

upward displacement during excavation, and it was obvious that sur

face evaporation Qccurring at the base of the ~xc·avation during the 

period of caisson construction stiffened the soil and thus gave it 

greater resistance to compression. 
If it were not for the factors discussed above, the pool should 

show practically no settlement, since the net load is negative. This, 

moreover, should be the case even if the caissons had been omitted. 

Actually, however, some settlement must be expected. 
The part played by the caissons is statically indeterminate, since 

factors which have been mentioned make it very difficult to know 

how much of the pool weight is carried to soil by the caissons and 

how much by the slab forming the bottom of the pool. The design 

is based on the assumption that the caissons carry all the load, but 

undoubtedly some load is carried by the slab. It is important to note 

that the soil below the pool was in this case so poor that even if there 

had been no rigid requirements relative to differential settlement it 

would have been contrary to good engineering practice to have omitted 

the caissons and merely used a mat foundation. Also, it is believed 

to be significant that essentially the same average settlements occurred 

at the pool and outside the pool area where there was no appreciable 

excavation. 
The design method adopted, wherein release of load due to ex

cavation for -each caisson was assumed to be only that material above 

the bearing area of, the caisson, appears in this case to be reasonable. 

When the net load is large, the average settlement often depends 

mainly on the· average net pressure, but. when the net load is small 

as compared to the gross load, the logical choice of the pressures to 

be used in the design is not so simple. · 
The essentially uniform settlement of this building has been 

gratifying. No proof can be given as to what differential settlements 

would have occurred if special precautions had not been taken. How

ever, it appears probable that the shallow end of the pool would 
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have settled a smaller amount. Had this been the case, the allow
able differential of one-quarter inch would without doubt have been 
exceeded.· 

The architects for the Swimming Pool Building were Lawrence 
B. Anderson and Herbert L. Beckwith of the Architectural department 
of the Institute. The contractor was the Aberthaw Company. The 
Gow Company was _subcontractor for caisson coostruction. Settle
ment records during construction were obtained at the writer's re
quest by Mr. D. N. Bates, Resident Engineer for the Aberthaw 
Company. Settlement observations since the completion of the build

" ing have been obtained for the writer by McCreery and Theriault, 
and by the Sawyer Company, contractors on other Institute buildings 
in the neighborhood of· the Alumni Pool. 
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FLOW OF WATER IN NETWORK PIPING SYSTEMS 

BY EowIN B. COBB, Member* :j: 

(Presented at a meeting of the Hydraulics Sectio·n, Boston Society of Civil Engineers, held on 
February 2, 1944) 

IN 1936 Professor Hardy Cross1t first adapted the general meth

od of successive approximations to the problem of determining the 

flow pattern in network piping. systems. He did not go into much 

detail on the routine work of the method, but presented rather the 

basic principles which govern the solution, using any of the numerous 

formulae for flow of fluids in pipes. The method is also applicable 

to the flow of electricity in conductors. Later in 193 6, Professor 

J. J. Doland2 applied the method, using the Hazen-Williams formula 

converted to the form, h,=rQ1
·
85 , and recommending a definite pro

cedure for making and listing the computations. Tables of "r" and 

Q0·
85 were presented to simplify the computations. In 1938 Professor 

Gordon M. Fair3 showed how to apply the method using the Hazen

Williams Tables or Slide Rule, and suggested simpler methods of 

listing the computations. 
The method described herein is similar except that the Darcy 

formula, 
L v2 

h=f--· (1) 
1 D 2g 

has been substituted for the Hazen-Williams formula, thereby re

ducing the tedium of the computations without sacrifice of accuracy. 

This use of the Darcy formula was first suggested by Covil. 4 

Although the Darcy formula is one of the oldest formulae for 

estimating the friction loss caused by flow in a pipe and its derivation 

is made a part of most courses in hydraulics, few engineers or water

works men are skilled in its use. As a part of this paper an attempt 

has been made to simplify the use of this formula, u~ing the method 

of Covil4 and to present test data from published experiments in such 

*Lt. (j.g.) U.S.N.R., formerly Assistant Engineer, Metcalf & Eddy, 1300 Statler Building, 

Boston, Mass. • 
iPaper read by Allen J. Buidoin. 
tSup~rior numbers refer to the bibliography at the end of this paper. 
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form that it may be used as a reliable guide in the selection of the 
friction factor "f". 

From time to time papers are presented describing the use of 
models for solving network flow problems and theoretically an accu
rate model should give precise results. Unfortunately few engineers 
or waterworks men have the money, mechanical ability or the time 
available to construct satisfactory models for solving such problems. 
Unless the various elements of the model are based on actual tests 
made on the corresponding elements of the prototype it is difficult 
to see how in many instances the results obtained from a model study 
are superior to those obtained from a mathematical study. 

Most network problems are concerned with relatively large dis
charge at one or two points in a system such as fire flow from hydrants, 
and in such studies the net effect of many of the secondary loops 
consisting of the smaller pipe is negligible, and they may be omitted 
in· setting up the problem. Of ten the domestic consumption on such 
loops will consume such a large proportion of the flow through them 
that little is left to add to the discharge under study. The evaluation 
of the quantity and location of the· domestic demand from a network 
is often most troublesome and requires considerable judgment. In 
the study of fire flows in small networks such as army posts, the 
writer has made a practice of considering the total flow, that is fire 
flow plus domestic demand, as discharging from the hydrants under 
study. 

It should be kept in mind that although the mechanics of balanc
ing the flow is capable of precise results, the accuracy of these results 
is dependent upon the accuracy with which the pipe friction and the 
various take-offs are estimated. 

PR1Nc1P{Es oF THE SoLunoN oF NETWORK FLow PRoBLEMs BY 
. SUCCESSIVE APPROXIMATIONS 

Let the loop ABCDEA, shown in Fig. 1, represent any closed 
loop of a network with connecting pipes at the points A, B, C, D 
and E, through·which water may enter or leave the circuit. 

The solution must fulfill the following conditions: 
( 1) At any junction, the inflow and the outflow must be equal, or 

expressed in symbols ~Q=O. 
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( 2) The head loss between any two junctions is the same which
ever half of the circuit is used to figure it; or, if the head 
loss is figured all around the circuit proceeding always in 
the same direction, say clockwise, affixing a + sign to the 
head loss when proceeding with the flow or "downstream" 
and a - sign when proceeding against the flow or "up
stream", the total head loss must equal zero, or expressed 
in symbols, ~h=O. 

The method consists first in assuming a quantity Q flowing in 
each pipe consistent with condition ( 1) above. ~h is then computed 

. ·for each loop, using a friction formula of the general type, h1=rQ". 
In general, ~h will not be equal to zero, and the flow in each loop 
is corrected by assuming a small circulatory flow /J. set up in each 
loop, with a rotational direction such that when ~h is computed for 
the new flows (Q±/J.) the discrepancy between ~hand O is reduced. 
For example, if the head loss is figured in the clockwise direction, 
and ~h is +, the circulatory flow /J. will flow counterclockwise, so 
that /J. must be subtracted from all clockwise flows and added to all 
counterclockwise flows. 

It has been shown1 that 

~rQ" ( with regard to signs) 
/J.=------------'----

. x~rQ"-1 (without regard to signs) 
(2) 

Since ~rQ"=~h, the minus sign indicates that if ~h is +, pro
ceeding around tpe loop in the clockwise direction, the circulatory 



246 BOSTON SOCIETY OF CIVIL ENGINEERS 

flow ti will flow counterclockwise, and vice versa. This is equivalent 
to considering clockwise flows + and counterclockwise flows -. 

"i,h is computed again for the corrected flows· and new correc
tions ti computed. This process is repeated until "i,h=0 ( close 
enough) for each loop. It should be noted that a pipe which is an 
element of two loops must be corrected for the circulatory flow ti 
in each of the two loops of which it is a member. 

USE OF THE HAZEN-WILLIAMS FORMULA 

The Hazen-Williams formula may be written h
1
=rQ1

·
85

, and 
substituting in the formula ( 2), the corrective approximation becomes 

ti = _ "i,rQ1.s5 
( with due regard to signs) 

l.8S"i,rQ0
·
85 

( without regard to signs) 
. (3) 

This is, the basis of Doland's method.· Fair noted that rQ0185=.!!_ 
. Q 

and writes the .equation as follows: 
"i,h ( with due regard to signs) 

ti=--------------
1.85}:,!:. ( withou.t regard to signs) 

Q . . 

(4) 

where "h" is obtained by multiplying the unit head loss obtained 
from the Tables or the Hazen-Williams slide rule by the length of 
the pipe. In spite of the fact that Fair's equation looks a lot simpler 
than Doland's there is actually little to choose between them. Some 
prefer one method and some the other. Both require the use of 
special tables ( or slide rules) th_roughout the computations. 

UsE OF THE DARCY FoRMULA 

The Darcy formula ( 1) may be written 

h1 = kQ2 

in which "k" is a coefficient equal to J L where 
L=length of pipe and 

(5) 

J=Gf in which "f" = friction factor and G = ·
0606 

for flows 
. D5 

in m.g.d. Hence "k" for any particular pipe is directly proportional 
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to "f" and varies with the Reynold's number Re 
with Re. If this formula is used 

since "f" varies 

~kQ2 (with regard to signs) 
Ll=--------------

2~kQ (.without re~ard to signs) 
since x=2, and r=k. 

It may seem at first that the obvious simplification effected by 
the use of this formula has been purchased at too dear a price, since 
a fractional exponent has been traded for a variable "k". However, 
for small changes in Re, "k" may be considered constant within the 

"limits of accuracy with which "k" or "C" may be determined. Even 
if the original assumption is materially in error, the variation in "k" 
will usually not be enough to affect the final result, namely the size 
of pipe to use in the construction· or reinforcement of the distribu
tion system. If the original assumption has been a gross error, the 
values of "k" should be modified following the first correction. In 
this connection it should be noted that there is much less variation in 
"!" with "Re" for old pipes that have been in use for ·a number of 
years, than is the case with new pipes, and as distribution systems 
are usually laid out to be adequate for a number of years in the 
future, this should be taken· into account. 

The solution of a simple network flow problem is shown in 
Fig. 2. The steps in the solution are as follows: 

( 1) Set up a simplified diagram of the system omitting all pipes 
which do not carry appreciable portions of the flow. 

( 2 ) Determine the length, diameter and friction factor for each 
pipe and from this information determine the k of each pipe. 
(Tables to facilitate the evaluation of k and a discussion of 
friction factors are included in this paper.) 

( 3) Determine the. amounts and locations of the inflow and out
flow to the network in m.g.d. 

( 4) Number each pipe and each circuit serially. 
( 5) · Assume the flow in m.g.d. carried by each pipe, noting that 

the inflow at any junction must equal the outflow. Except 
with the more complicated systems a plain guess is almost 

· as satisfactory as a careful estimate. 
( 6) Assign the proper algebraic sig~ to each of the assumed 

flows. 
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(a) Clockwise flow in a circuit ~ or from left to right 
in a line - is called positive ( +). 

(b) Counterclockwise flow in a circuit r' or· from right 
to left in a line - is called negative ( - ) . 

For convenience it appears best to place the flow figures under 
each line and then have the sign represent the direction of the flow 
in the line only. 

( 7) Set up the tabular form as illustrated and fill in the circuit 
and pipe numbers and the respective k and Q values being 
sure to assign to Q the proper sign, clockwise flow in the 
circuit being + ,· and counterclockwise -. 

( 8) Solve for kQ and kQ2
• 

This is done most simply on the polyphase slide rule in 
the following manner : 
(a) Set the 1 on the B scale on the value of k on the A scale: 

Move the index to the value of Q on the B scale and 
read the value of kQ on the A scale. 

(b) With the 1 on the B scale as before, move the index 
to the value of Q on the C scale and read the value of 
kQ 2 on the A scale. 

( 9) Disregard the signs for the kQ's and add the results for. 
each circuit and mulfiply by 2. 

(10) The signs of t_he kQ2's are the same as their respective Q's. 
· Add the kQ2's algebraically for each circuit. 

( 11) Divide the sum of the kQ2 's by the. doubled sum of kQ's 
and give the result the proper sign. This is -~-

(12) List the ~'s in their column against each pipe in the circuit. 
Where a pipe appears in two circuits the ~ for each of the 
circuits should be listed, but the carry-over from the second 
circuit should have its sign changed. 

( 13) Obtain the Q1 values by adding algebraically the ~'s to their 
respective Q's. This completes the first correction. 

( 14) List the Qi's under_ their respective pipes, giving them their 
correct signs and check the inflow and outflow at each junc
tion. Where slight errors are found in the last significant 
figure, adjust the flows to give perfect agreement. 



250 BOSTON SOCIETY OF CIVIL ENGINEERS 

It is important that the flows balance at each' junction, 
otherwise the solution will not converge. 

(15) Using the original k's and the corrected Q's carry out the 
cycles of the second and subsequent corrections. 

(16) After repeating the corrections until the changes become of 
small magnitude, compute the total friction from the inlet 
to the outlet by two different paths using the corrected 
flpws and the k values for each pipe, and compare the results. 
If a satisfactory arrangement of the flows has been reached 
the friction should be the same by either route. 

For problems involving pipe from 6 inches to 24 inches in size 
the use of flows in m.g.d. gives the most convenient numbers to 
handle. For problems involving large size pipe flows in c.f .s. could 
also be used conveniently, but for smaller pipe the use of flows in 
g.p.m. would probably be better. It should be remembered, however, 
that the value of k will depend on the units used, as well as on the 
diameter of .the pipe. . 

To indicate the advantages of the method described, in com-

Net Work Trial Conditions 
Cir- Pipe Length Diam, C Q S h· ll 

m,g,d, 1/1000 ft, Q 
~ Q 

:

'1st Correction 

cuit No, 1,000 in, 
~lo, ft. 

I 1 2,0 12 120 +0.6 
2 0,5 6 120 +O,J 
J 0,5 8 100 -0.4 
4 2,0 8 100 -0.2 

- .. c:,,: = +0.~2 
20,9lxl.85 

0,58 . +l.16 l.93 
4,70 +2,35 7,SJ 
2.76 -1.JS J,45 
0,77 :!.,.i!,. ....J..,JJL 

+Q, 59 20,91 
= +0.015 

m,g,d, m,g,d, 
, . 

~.015, ••• +O. 585 
-<015+,007 +0,292 
-.015 , , , , -0,415 
-.015+,006 -0.209 

Typical Computations for lAeth:>d of Equivalent Pipe b>ize• 

Net Work Trial Conditions 1st Correction 
Cir- Pipe Length, Diam, Equiv. Q h l,J!511 Correction Q 
cuit No, ft. in, 8" pipe g,p.m. ft. Q g.p.m. g.p.m, 
No. length .c. 
I ·. 1 970 12 135 +1700 +10.6 0,012 -32 +1668 

2 370 6 1500 +JOO +4.8 O,OJO -32 -97 +171 

21 2150 l:i 2226 -400 -12.a_.Q.,,Q,U_ -32 -432 
22 550 

+ J,2 0,099 

-A = :~~9 = 32 

FIG. 3.-TYPICAL COMPUTATIONS FOR METHODS OF PROF. G. M. FAIR (ABOVE) AND FOR 

METHOD OF EQUIVALENT PIPE SIZES (BELOW), 
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parison -with other methods, Fig. 3 has been prepared, which shows" 
a portion of the bookkeeping systems employed in Fair's method and 
in the method which employs equivalent pipe sizes. Let it be remem
bered that in the writer's method but two simple slide rule operations 
are necessary to calculate kQ and kQ2

• 

In Fair's method, unless one has a Ha~en-Williams slide rule it 
is first necessary to determine the unit head loss from a table which 
may require a certain amount of interpolation. Next, the total head 
loss must be determined by multiplying the unit loss by the length; 

after which the !!._ values must be determined by- dividing the total 
Q 

head losses by the flows. Finally ~he sum of the .!!_,s must be multi-
Q 

plied by 1.85. 
The method which employs equivalent 8-inch pipe lengths was 

devised to simplify the computations through the use of specially 
prepared tables or charts. Unless a considerable number of tables or 
charts are provided to cover the possible range of friction factors the 
application of the system is somewhat limited. If tables are used, 
considerable interpolation may be necessary and if large pipes are in
vol\'.ed they become quite voluminous; furthermore, the values are 
expressed as unit values which must be multiplied by the lengths to 
get the actual values. The use of charts permits the elimination of 
the interpolation and multiplying, but the writer has found their use 
extremely tiring to the eyes, because of the multiplicity of lines cross-
ing at flat angles. ' 

It is believed that at least one-third less time is required for 
the computations by the writer's method as compared with either of 
the other two methods with which it is compared. 

A second advantage of the use_ of the Darcy formula:, as pointed 
out by Covil,4 lies in the ease with which parallel lines, various s_izes 
of pipe in series, or the losses in fittings and valves, may be expressed 
in terms of_ a single equivalent value of k. Figure 4 indicates how 
the equivalent values of k may b"e determined . 

• 
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VALUE OF ks FOR FITTINGS, V/ILYES, ETC. Fi'9ure No 4 · 

vz i z K ' 
Hf~ K 29 = K e9112 = l(s () Jc.s = i!9llz = K c9lli! 

PipeOiam . . (}inMGO (li17CF.5. 9inGPM 

(ins.) ks=K i':.9112 k..s =/( 6;4,'li! 1;s= K 13. oo~,ooo 1/2 

4 4.881<. 
5 ~o!K 
G .%SK 
8 .305K 
10 ./i!SK 
Ii! .06001(. 
14 .o3e5K 
15 .Oi!46K. 
/(. .Ol90K 
18 .OIIBK 
i!O .00780K 
c4 .OOJ7SK 
.30 .001541< 
.36 .0007421(. 
4i! .0004001(. 
48 .OOOZ3SK 

------'1..-------
P!PE. OR FITTING5 IN SERIES 

Hr= k, 9 2 
+ k z 9 2+ ks 9 2 

- - - - + I<,, () 2 

H1=(1<1 +k2 +k5 ----/.:,.) Q2 

H1=krQ2 
------'!..--------

Pl'IRIILLEL PIP£ L/NL5 

r1 sin9/e coef'rlcie11t ke may be ra,md ror two pipe lines 
in porallel honi?g co,nmon inlets andouflefs 

Hr=ke9? or <;= o/7ii alT</ 9=.fl!L +- .fl1r 
Vke ~- Ike 

fi1f + [ii( 
1k; ./ks 

divide by .J1li _I_ - 1 -,. _I_ 
Jk,,-fkn fks 

Ke = ( 1 1 )z 
{k,, ,I- fi,, 

. I 

To Solve LI.sing Polyphose Slide Rule 
I) .Set inder slider over I on O scale and St!f k11 on Bscal,, under 
hair line on indt,x ,r,,ad re.sultan [)scale under I on C scale. 

i!) Repeat f'or k 8 • 

3) lldd ~,,suits or sf,,ps /and e. 
4) Set 3um l'rom s>'ep 3 on C scale under line on indeJt, =ad value 

ol' k~ on 11, Jcole under I on t, scale. 
FIG. 4. 

THE DARCY FORMULA 

' The Darcy formula has two advantages, namely a dimensionless 
. friction coefficient and an exponent of the velocity term, which is a 

whole number. It also has two disadvantages which appear to hinder 
"' 
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its general use by engineers and waterworks men: first, in the usual 
form it is not convenient for rapid use, and second the evaluation 
of the friction factor for everyday use does not seem to have been 
giveri much study. In general, most friction formulae have been 
greatly overshadowed by the popular Hazen and Williams formula 
which, because of the handy form of its tables and slide rule, is al
most universally used by engineers and waterworks men. 

The writer believes that had equally convenient tables been pro
posed, based on the Darcy formula, it would now occupy an equally 
popular position. A simple table listing the values of G for various 
pipe sizes would go a long way toward making the formula one of 
the most convenient to use. Such a tabulation is given in Table I 
for all pipes from ¾-inch to 120-inch diameter for flows in m.g.d., 
c.f.s. and g.p.m. Table II gives values of G for cast iron pipe from 
4-inch to 18-inch diameter, for various thicknesses of lining for flow 
in m.g.d. Note that the thickness of the lining has a considerable 
effect on the friction loss, especially in the smaller sizes. Values of J 
for unlined pipe are given in Table III for various values of "!". _ 

Too often the limitations of Hazen and Williams C are over
looked and it is forgotten that with the rougher pipes results can be 
considerably in error. A plot of the Darcy friction factor f against 
Reynold's number gives a simple picture of the variation of the co
efficient for various pipes and because both are dimensionless it can 
be used universally. If one were to have such a plot on which the 
available data from actual tests were shown he could quickly see upon 
how much data his estimate of the friction factor was based and 
could also obtain a fair idea of what the possible error in his calcu
lations might be. A number of such plots based upon data gleaned 
from engineering literature are appended to this paper as Figures 6, 
7, 8, 9 and 10. That the data are by no means complete is recognized 
and the writer regrets that time was not available to gather more data. 

The term Reynold's number is a "bugaboo" to many engineers, 
due principally to the fact that they are not familiar with the use of 
viscosity. To simplify this problem the writer has prepared a nomo
graph (Fig. 5) from which one can determine Reynold's number 
easily, having given the pipe diameter, the water temperature and 
the quantity flowing. 
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TABLE I 

Inside 
Value of G 

diameter 
Qinm.g.d. Qin c.f.s. Qing.p.m. 

of pipe, G 
.06Q6 .0253 .000000125 

in. 
G=-- G 

D5 D5 D5 

¾ 32.l 

¼ 0.991 

¾ 0.131 
1 0.0248 

1¾ 0.0109 

1¼ 0.00410 

1¾ 0.00190 

2 471.0 ' 196. 0.000970 

2¼ 154.0 64.5 0.000319 

3 62.0 25.9 O.Q00128 

4 14.8 6.18 0.0000305 

5 - 4.82 2.01 0.00000995 

6 1.94 0.810 0.00000400 

8 0.459 0.192 0.00000094 7 

10 0.151 0.0630 

· 12 - 0.0606 0.0253 

14 0.0281 0.0117 

15 0.0199 0.00829 

16 0.0144 0.00601 , 

18 0.00798 0.00333 

20 0.00470 0.00196 

21 0.00369 · 0.00154 

24 0.00189 0.000791 

30 0.000620 0.000259 

36 0.000249 0.000104 

42 0.000115 0.0000482 

48 0.0000592 0.0000247, 

54 0.0000328 0.0000137 

60 0.0000194 0.00000810 

66 0.0000120 0.00000503 

72 0.00000779 0.00000325 

84 0.00000360 0.00000150 

96 0.00000185 0.0000007 7 2 

108 0.00000103 0.000000428 

120 0.000000606 0.0000002 53 

'. 



T.413LE IL-VALUES OF G (Flows in m.g.d.) 

Nominal 
inside Lined Pipe-Thickness of Lining (in.) 

diameter Unlined 
of pipe pipe 1/32 1/16 3/32 1/8 5/32 3/16 

4 14.8 15.9 17.3 18.7 20.3 n.1 24.1 

6 1.94 2.04 2.15 2.27 2.40 2.53 2.68 
8 0.429 0.478 0.497 0.518 0.539 0.548 0.584 

10 '· 0.151 0.156 0.161 0.166 0.171 0.177 0.182 
12 0.0606 0.0622 0.0638 0.0655 0.0673 0.0691 0.0710 
14 0.0281 0.0286 0.0293 0.0300 0.0306 0.0313 0.0320 
16 0.0144 0.0147 · 0.0149 0.0152 0.0156 0.0159 0.0162 
18 0.00798 0.00811 0.00825 0.00842 0.00856 ·0.00311 0.00885 

7/32 1/4 

26.3 28.7 
2.83 2.99 
0.609 0.635 
0.189 0.195 
0.0729 0.0749° 
0.0327 0.0336 
0.0165 0.0169 
0.00901 0.00919 

Nominal 
inside 

diam~ter 
of pipe 
--
4 
6 
8 

10 
12 
14 
16 
18 

'"Ij 
r' 
0 
~ 
0 
'"Ij 

~ 
> 
>-3 
t71 
::,0 
..... z 
z 
t71 
>-3 
~ 
0 
::,0 
:;,;: 
'1:1 ..... 

. '1:1 ..... z 
C) 

[fl 

>< 
[fl 

>-3 
t71 
~ 
[fl 

N 
'-" 
'-" 



Nominal* 
diam. f= f= 

of pipe G .0150 .0175 

4 14.8 .221 .258 
6 1.94 .0290 .0339 
8 .459 .00688 .00803 

10 ' .151 .00227 .00265 
12 .0606 .000912 .00106 
14 .0281 .000421 .000491 
16 .0144 .000216 .000252 
18 .00798 .000120 .000140 
20 .00470 .0000708 .000082.5 
24 .00189 .0000284 .000033.1 

l=Gf. 
*Inside. 

TABLE III.-VALUES OF J (Unlined Pipe) 
(Flows in m.g.d.) 

f= f= f= ·1= f= 
.0200 .0225 .0250 .027 5 .0300 

.295 :332 .368 .405 .442 

.0387· .0435 .0485 .0532 .0581 

.00918 .0103 .0115 .0126 .0138 

.00304 .00340 .00379 .00416 .00454 

.00122 .00137 .0()152 .ooi68 .00182 

.000561 .000631 .000702 .000772 .000842 

.000288 .000324 .000360 .000396 .000432 

.000160 .000179 .000199 .000219 .000239 

.C000942 .000106 .000118 .000130 . .000141 
.0000378 .0000425 .0000472 .0000520 .0000568 

f= f= 
.0325 .0350 

.480 .518 

.0629 .0678 

.0149 .0161 

.00492 .00530 

.00198 .00213 

.000915 .000985 

.000469 .000502 

.000259 .000279 

.000f53 .000165 

.0000615 .0000662 

f= 
.0400 

.590 

.077 5 

.0184 

.00605 

.00244 

.00113 

.000575 

.000319 

.000188 

.0000756 

N 
<.n 

°' 

tJ:j 

0 
U1 
>-3 
0 z 
U1 
0 
(") 
>-< 
tTJ 
>-3 
><: 
0 
'I1 
(") 
>-< 
< >-< r 
tTJ z 
C) 
>-< z 
tTJ 
tTJ 
~ 
U1 
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REYNOLD5 NUMBE.R ~ !!, 
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Since most of the available data on pipe friction are expressed 
in terms of Hazen and Williams' C, an attempt has been made· to 
show the relation between / and C. If the Darcy Formula is equated 
with the Hazen and Williams formula and / is solved for in terms 
of C, we obtain 

193.2 
/=-----

Cl.85 D0.16V0.15 

m which / = friction factor in the Darcy formula 
C = coefficient in the Hazen and Williams formula 
D = diameter of pipe in feet 

, V = velocity of flow in feet per second. 

(7) 

On Figures 6 to 10, curved lines have been plotted corresponding 
to different values of Hazen-Williams "C" using an assumed water 
temperature of 50° F. These lines should be quite helpful to those 
who might wish to select a value of "!" for use with the writer's 
method corresponding as closely as practicable to some value of "C". 
For the relatively smooth pipe Hazen and Williams'. C conforms to 
the data extremely well, but with the rougher pipes the error becomes 
quite marked. 

It wi~l be noted that an arithmetic scale is used in Figs. 6 to 10 
instead of the more usual logarithmic plotting. This was done because 
the writer feels that this plotting gives a·truer picture of the variation. 

In using the formula for solving network problems / is taken 
as constant for any one pipe. It is ·evident that for rough pipes or 
with high velocities this practice gives fairly accurate results; with 
the smoother pipe and lower velocities some error is evident. For-

. tunately, however, under these conditions the head losses are smaller 
and generally do not affect the result greatly. In any event some 
judgment must be used and, if necessary, changes in the value. of / 
may be made if conditions appear- to warrant it. 

For those who have been using the Manning formula the follow
ing relationship may be of assistance in evaluating the friction factor 
/. When the Manning formula is equated to Hie Darcy formuia and/ 
solved for in terms of n the result is as follows: 

186 n2 

/=---
Dl/3 

(8) 
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In this latter relationship note that for a given pipe both n and 
D are constant; therefore the relation will not vary with the velocity 
nor with Reynold's number, and the plot will be a horizontal line. 
However, it should be noted that since j varies in this relationship 
inversely with the cube root of the pipe diameter, there will be con
siderable variation for pipes of different d_iameters. A typical exam-
ple is shown below: · 

n = .014 D = 6' inches j = .0460 
12 inches .0365 
24 inches .0290 

In conclusioQ the. writer wishes to express his hope that in the 
future an attempt will be made to have the results of flow tests re-

, ported on the basis of a dimensionless friction factor and Reynold's 
riumber. It would seem that as the amount of such data increased 
in volume, a number of the uncertainties associated with the design 
of pipe lines would be reduced. 
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DISCUSSION 

Bv·ALLEN J. BuRDOIN, Member* 

Tms is a very timely paper, and Mr. Cobb has done us a service 
by applying the Darcy formula to the solution of network problems. 
Dimensional analysis has shown that the Darcy formula is the funda
mental basic formula for pipe flow, anp. tremendous progress in the 
study of pipe flow phenomena has been made since this fact was 
recognized. It is now possible by utilizing the Reynolds number to 
show on a single double log plot, friction factors applicable to any 
fluid (gas or liquid) and to any kind of pipe, provided the pipe is 
clean. We are still having difficulty with old and dirty pipes, al
though considerable progress has been made and the limits of varia
tion of "!" have been blocked. out. Probably this is because every 
badly tuberculated pipe is in a category by itself, and when we de
scribe a pipe as "badly tuberculated" or "old rusty WI", it is by no 
means as definite a specification as "clean cast iron". 

The Darcy formula is superseding the Hazen-Williams formula 
and all other exponential formulas of which we have had an ever grow-

. ing number with exponents of V ( or Q) varying from L 7 S to 2 .0 de
pending on the size and kind of pipe and range of Reynold's numbers 
encountered by the experimenter, because it embraces and explains 
all these formulas, each of which is correct for only a limited range 
of conditions, and because it is the simplest formula once "!" has 
been determined. 

The Hazen-Williams formula was a good formula for flow of 
water in cast iron pipe and will continue to be used by engineers for 
rough work for some time to come, because the tables are handy, as 
Mr. Cobb says, and when used for_ design. with C= 100 or in some 
cases 120, gives safe results. It is impossible, however, to' ignore the 
Reynolds number and viscosity any longer, even when dealing with 
so common a fluid as water, and in the light of modern knowledge 
any exponential formula can be considered little better than "rule 

*With Metcalf & Eddy, Consulting Engineers. 
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of thumb". Assuming C=140, a fair coefficient for the best new 
C.I. pipe, Hazen-Williams formula will give friction losses as much 
as 20% low for 32° F. water at certain Reynolds numbers and will 
be 20% high for 212° water at other Reynolds numbers. The Darcy 
formula is a universal formula which can be and is being used to de
sign pipes carrying air, gas, steam, oil, miscellaneous chemicals and 
industrial wastes, as well as water, and data obtained from experi
ments or tests with any fluid can be correlated by means of the 
Reynolds number. The only question is, what value of "/" to use? 

By presenting the friction factor charts, Mr. Cobb has given 
us a chance lo con elate "/" wilh some of the best experimental <la.ta, 
and also with our past background in the use of Hazen-Williams "C". 
I believe, howeyer, that the use of the double log plot for data of this 
kind is to be preferred. 

As a profession we shall have to get used to thinking in terms 
of "/" and "Re". We are way behind the mechanical and chemical 
engineers in this, and I believe we would get along faster, if we did 
as most of them do and stick to viscosity in centipoises and density 
iu µounds per cuLk foot, Llws forgetling those lwo abominatio11s, lhe 
"slug" of mass, and that awkward and nameless English un·it of vis
cosity. Then 

VDw 
Re= ---x 1000 

.672µ 
in which Re = Reynolds number 

V = velocity in feet per second 
D = diameter in feet 
w = density in pounds per cubic foot 
µ = absolute viscosity in centipoises 

One doesn't need an alignment chart to :;olvc anything UCJ ciimple 
as that.· 

It is possible to write the Reynold's number in a score of ways, 
introducing diameter in inches, quantities in c.f .s., g.p.m., m.g.d., 
c.f.m., pounds per hour, specific gravities, etc., and many of these 
are advantageous if located in a handy place in one's notebook, but 
there seems to be something about academic minds that objects to 
this procedure, possibly because they are more intent on teaching 
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their students the four systems of units, than they are on teaching 
them how to figure and use the Reynold's number. 

There are more data on "/", however, than most civil engineers 
realize. I need only mention the exhaustive study of Pigott & Kemler,* 
made in 1933 and covering all existing experimental data. 

The diagram which they presented for values of "/" has been 
reprinted in numero~s books including Daugherty's "Hydraulics", 
Kent's "Mechanical Engineer's Handbook", Mark's "Mechanical 
Engineers' Handbook", and "Cameron Hydraulic Data". It is un
questionably the best classification of existing data on pipe friction 
factors available at the present time, but it is for clean pipes only. 

I have replotted Pigott & Kemler's curves for Class E pipe 
(average cast iron) as shown in Fig. 11. The diagram gives values of 
"/" as ord_inates against Q/v as abscissae for different pipe sizes. 

The ordinate "/" is dimensionless, Q in c.f .s., and v in centi
stokes. Since v is 1 centistoke for 68 ° water, the curves may be 
used directly for water of this temperature," and generally for any 
fluid by using the proper value for v. 

Most works on hydraulics contain tables of "/" tabulated with 
pipe diameter as one index and velocity as the other. One of the 
best for clean· cast iron pipe is the one given in Russell's "Hydrau
lics," 5th Edn., page 185. This may be more convenient than the 
diagrams in some cases, but it only applies to water and, strictly 
speaking, only to water at normal temperatures. 

For old pipes perhaps the .best procedure at the present time is 
to multiply the head loss by an age factor. This will lie between 1.5 
and 2 if one wishes to obtain values approximately equal to C= 100. 
An alternative method, that appears to have possibilities, would be 
to determine the upper limit of "/" from a curve or formula such as 
Schoder's formula for "extremely rough" pipes. This formula is: 

LV2 

h,= .00069--
D1.25 

in which h1 = head loss in feet 
L = length in feet 
D = diameter in feet 
V = velocity in ·feet per second, 

*"Flow of Fluids in Closed Conduits" by R. J. S. Pigott, Mechanical Engineering, Aug. 
1933, and "A Study of the Data on the Flow of Fluids in Pipes," by Emory Kemler, Trans. 
A.S.M.E. (1933) paper No. HYD-55 Z. 
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which is the same as th~ Darcy formula, with f · ·0384
. It is prob-

. . . no.25 

able, however, that the exponent of· D is not as large as 0.25. · If this 
is done it will be necessary in cases of badly tuberculated pipe, espe
cially with the smaller sizes, to deduct something from the diameter 
of the clean pipe to allow for incrustation. The relative effect of 
.½-in. reduction in diameter is· apparent from Mr. Cobb's Table II 
giving values of G for lined pipe. When the last word has been writ
ten on this subject, there will still be ample room for judgment on 
the part of the engineer. 

At the present time there seems to be· little excuse for using the 
Manning formula for cast iron pipe, since it ignores the Reynold's 
number and fails to fit the experimental data, even for rough pipes, 
unless· "nJ" is made to ,vary with the diameter to make up for the fact 
that the exponent of the hydraulic radius, R, is too large. 
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OF GENERAL INTEREST 

LIBRARY OF BOSTON SOCIETY OF 
CIVIL ENGINEERS 

New Rules 
(Adopted March 22," 1944.) 

Books and periodicals may be used 
in the Society rooms by members and 
friends. 

Members may borrow books for home 
use-with the exceptions noted below
but no one shall have more than four 
books at any time.· Books may be kept 
for two weeks and may be renewed for 
another additional period of two weeks 
provided there has been no call for the 
books in the meantime. At the end of 
renewal period the books must be re
turned to the library. 

Volumes belonging to a set-such as 
volumes of bound periodicals and of 
proceedings or transactions of socie
ties-and such · other books · as the 
Library Committee may designate, may 
.be taken from the rooms for a limited 
time only, by special arrangement with 
the attendant. They shall be subject 
to recall at any time. 

A member borrowing a book shall at 
the time give a receipt therefor. 

A fine i;,f five cents per day_ per· vol
ume shall be charged for overtime, and 
must be paid before the delinquent can 
take any mor\! books. 

Reference. books, indexes and· current 
numbers of periodicals. must not be 
taken from the rooms. 

Books of unusual value are marked 
·with a star (*), and must not ·be taken 
from the rooms, except by writte~ per-

mission from the Librarian, to be filled 
by the attendant. 

Any person who violates the above 
rule,s may, upon written request from 
the Librarian to the Board of Govern- , 
ment, be debarred from the privileges 
of the library for such time, not less 
than three months, as the Board of 
Government 'may determine. 

BOOK REVIEWS* 
Potpourri , 

There is little doubt that the demand 
for non-fiction is greater than ever be
fore; particularly that type written: not 
on-Jy to impart information but also 
written for those who do not care to 
struggle "'.ith their reading after the 
day is done. It is significant that more 
non-fiction is being written with a view 
to enjoyment in the reading. It is 
hoped that this trend will continue in 
a larger scale and not be pigeon-holed 
as a war measure. 

* * * 
Scientists have shown they can write 

entertainingly if they set their mind 
to it, and in the doing ·they gain a wider 
reading circle and extend their sphere 
of influence well beyond their academic 

· circles. Roger D. Rusk's recent book 
Forward With Science (Alfred Knopf, 

•By R. Newton Mayall, Landscape Architect ond 
Engineer, 50 Beacon Street, Boston, Mass. 
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N. Y., 308 pp. Ill., $3.50) is such a 
book. 

Forward With Science carefully inter
prets the developments in modern sci
ence, for the layman; it offers an ex
cellent over-all picture of scientific dis
covery and theory. Excellent reading 
for all ages. 

* * * 
Time·, as it is applied to the calendar. 

has come off the press in an extremely 
interesting and readable book The Cal
endar For Everybody, by Elisabeth 

· Achelis, G. P. Putnam & Sons, N. Y., 
140 pp. Ill. $1.50). This book is of 
greater importance at the moment due 
to the recent activity for the adoption 
of the Edward's Universal Calendar, in 
this country. Calendar revision is bound 
to come some day and Miss \cheli5's 
book cannot be cast aside if one is to 
judge the relative merits of various 
new calendars proposed. As President 
of the World Calendar Association, 
Miss Achelis is well fitted to presen! 
the story oi World Calendar; and she 
does, in a pleasant mann.:!r. 

* * * 
Fletcher Pratt's, Secret And Urgent, 

The Story of Codes and Ciphers (Blue 
Ribbon Books, Garden City, 282 pp. 

Ill., $1.00) is good for several evenings' 
diversion. 

* * * 
On the more thoughtful side is Har

low Shapley's, Galaxies (Blakiston, Phil
adelphia, 22 pp. Ill. $2.50), another 
in the series of Harvard Books on 
astrono,my and in keeping with others 
already reviewed on this page and 
worthy of inclusion in any library. 

* * * 
Again on the thoughtful side is Kirt

ley Mather's latest, Enough And To 
Spare (Harper & Bros., N. Y., 186 pp. 
Ill., $2.00), which announces that man's 
trouble is ignorance; that we do not 
need to scramble to survive; that the 
laws of nature are not the so-called 
laws of the jungle; that the Golden 
Rule is not sentiment but law. 

This eminent geologist carefully de
velops the theme that the earth's ncn
renewable resources ( coal, oil, iron, etc.) 
and its renewable resources (water
power, etc.) are "enough and to spare," 
for this generation and generations to 
come. 

* * * 
BY THE WAY have you noticed that 

glistening and expanding group of new 
technical books in the Society's rooms. 
waiting' to have the shine taken off? · 

PROCEEDINGS OF THE SOCIETY 

APPLICATIONS FOR 
MEMBERSHIP 

[October 20, 1944] 
The By-Laws provide that the Board 

of Government shall consider applica
tions for membership with reference to 
the eligibility of each candidate for ad-, 
mission and shall determine the proper 
grade of membership to which he is 
entitled. 

The Board must depend largely upon 
the members of the Society for the 
information which will enable it to ar
rive at a just conclusion. Every mem
ber is therefore urged to communicate 
promptly any facts in relation to the 
personal character or professional repu
tation and experience of the candidates 
which will assist the Board in its con• 
sideration. Communications relating to 



PROCEEDINGS OF THE SOCIETY 267 

applicants are considered by the B'oard 
as strictly confidential. 

The fact that applicants give the 
names of certain members as reference 
does not necessarily mean that such 
members endorse candidate. 

The Board of Government will not 
consider applications until the expira
tion of fifteen ( 15) days from the date 
given. 

For Admission 
GEORGE S. BRUSH, Essex Junction, 

Vermont. (b. March 1, 1884, Stillwater, 
Minn.) Graduated from Newton High 
School. Attended Mass. Institute of 
Technology. Experience, 1908-1916, with 
Boston Elevated Railway, in transpor
tation, and chief clerk of subway divi
sion; 1916-1917-1918, manager, Rail
way Department, Cumberland Power 
and Light Company at Portland, Maine; 
seven months as General Superintendent, 
Springfield Street Raihvay, Springfield, 
Mass.; 1918-1924, General Superintend
ant, Houston Electric Company, Hous

ton, Texas; 1924-1926, Vice-President 
and then President, Ballard Oil Equip
ment Company, Boston and New York; 
1926-1929, New England Oil Company 
as assistant to President; 1929-1944, Shell 
Oil Company, Boston and New York, 
assistant to President, 1929-1932, as
phalt department, 1932-1944, while in 
later job was manager New England 
Asphalt sales and work consisted of 
not only selling, but worked on design
ing and laying out highway and air
port paving for cities, states and fed
eral jobs. At present retired, doing con
sulting work on paving etc. Refers to 
R. W. Coburn, L. M. Stewart, T. F. 
Sullivan. 

ALBERT L. COYNE, Cambridge, Mass. 
(b. October 3, 1891, Sturbridge, Mass.) 
Graduated from University of Maine 
(1915) in Civil Engineering. Employed 
by contractor on general construction 

work until 1917. Enlisted in U. S. A. 
in ·1917_ Transferred to Construction 
Quartermaster, Camp Devens, as engi
neer, commissioned 2nd Lt. Construc
tion Division as assistant to Construc
tion Quartermaster, Camp Upton, New 
York, in charge of engineering roads, 
buildings and sewage disposal plant un
til 1919. First Lt. in charge of main
tenance of buildings 1919-1920; em
ployed by contractor New York City 
as steel foreman and engineer 1920-
1922; engaged in business 1922-1931; 
appointed teacher, 1931, Rindge Tech
nical School, Cambridge, Mass., acting 
head, Mechanical Drawing Department; 
1933 to present co-founder of Mechani
cal Drawing Association of New Eng
land. President of same 1934-1939; 
conducted teacher training course Har
vard University, 1938-1938: conducted 
teacher training course M.I.T., 1939 and 
1940; State University Extension 
courses, 193 7-1940; instructor, U, S. 
training course, Harvard University, 
194i. Instructor U.S. Navy V-12, Har
vard University, 1943. Employed at 
present, in addition to teaching, by 
Jackson & Moreland Company, Engi
neers, Boston, Mass. Received Master's 
degree from Harvard in 193 7. Refers 
to H. P. Burden, E. H. Cameron, ]. S. 
Crandall, R. H. Lindgren, E. J. Oakes. 

ERNEST L. SPENCER, Medfield, Mass. 
(b. May 17, 1913, Norwood, Mass.) 
Graauated from Norwood High School 
in 1931, B.S. Degree in Civil Engineer
ing from Northeastern University in 
1936; M.S. in Civil Engineering from 
Harvard University in 1943. Experi
ence, June, 1936 - September, 1937, 
Everett M. Brooks, Newtonville, Mass., 
chief of party, land surveys; September, 
1937-December, 1937, M. D. C. Parks 
Division, Topo. Drafting; December, 
1937-January, 1938, Lewis W. Perkins, 
Hingham, Mass., transitman, surveys 
and street layout; January, 1938-
March, 1939, Jackson & Moreland, Bo,-
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ton, Mass., Assistant Engineer, Constr. 
193 7 extension to L. Street Power Sta- · 
tion, Lines, grades, inspection materials 
handling, etc.; March, 1938-December, 
1939, Massachusetts Department of 
Public Works·, Waterways Division, 
Junior Engineering Aide, survey, beach 
erosion soundings for dredging; Decem
ber, 1939-September, 1944, Northeast
ern University, Instructor in Civil En
gineering; September, 1944, Assistant 
Professor in Civil Engineering at 
Northe·astern University. Refers to 
C. 0. Baird, A. E. Everett, E. A. Gram
storfj, G. H. Meserve. 

WILLIAM E. STANLEY, Belmont, 
Mass. (b. August 14, 1891, near Hut
chinson, Kansas.) B

0

.S. degree in Civil 
Engineering in 1912, Kansas State Col
lege; 1913-1916, Hydraulic Engineer
ing, C.E., 1916, Purdue University. 
Experience: 1912, Bridge Inspector, 
Kansas State Highway Commission; 
1913, Land Surveyor, U.S. Land Office; 
1913-1917, Instructor in surveying and 
hydraulics, Purdue University; Summer 
1915, assistant engineer, Kansas State 
Highway Commission, city pavements; 
1916, assistant engineer, Pearse & Gree
ley, Chicago, Illinois, on garbage and 
sewage disposal studies; 1917-1919, 
military service, 1st Lt. and Capt., 
Corps of Engineers, A.E.F., France; 
19f9-1922, Resident Engineer, Pearse, 
Greeley & Hansen, on sewer construc
tion, Charleston, West Virginia, and 
dam construction, Decatur, Illinois; 
1922-1924, Designing Engineer, Pearse, 
Greeley & Hansen, Chicago, Illinois, 
waler works and sewerage; 1924-1936, 
Consulting Sanitary Engineer, junior 
partner, Greeley & Hansen, Chicago, 
Illinois, supervision construction, later 
in charge of project studies for water 
supply, sewerage, sewage treatment, 
stream pollution, refuse and garbage 
disposal, industrial wastes and stream 
pollution; 1936-1941, Professor of Sani-

tary Engineering, Cornell University, 
Ithaca, N. Y.; Summer 1938, charge of 
design, Springfield, Mass., intercepting 
sewers and sewage treatment; 1941-
1942, Project Engirieer, and Chief, 

. Sewerage and Incineration, Construc
tion Division, War Department on 
Camp Construction; 1942-1944, mili
tary service, U. S. Army Major, Corps 
of Engineers, Water Supply Officer, 7 
months; Chief of Construction, S.O.S., 
8 months in North African Campaigns. 
1944 to date, Professor of Sanitary En
gineering, Mass. Institute of Technolo
gy. Refers to C. B. Breed, T. R. Camp, 
E. S. Chase, D. W. Taylor, J. B. Wilbur. 

Transfer from Grade of Student 
RICHARD F.· DUTTING, Winchester, 

Mass. (b. March 30, 1923, Springfield, 
Mass.). Entered Northeastern Univer
sity September 4, 1941 and remained 
there until June 1943. Inducted into the 
U. S. Naval College Training Program 
July 1, 1943, and transferred to Tufts 
College, Medford, Mass. Received B.S. 
Degree in Civil Engineering from Tufts 
College in October, 1944. Under the co
operative plan at Northeastern Univer
sity was employed by Liberty Mutual 
Insurance Company as Engineering 
Draftsman. At present am at the Naval 
Construction Training Camp preparing 
for a commission of Ensign in the U. S. 
Naval Reserve. Refers to C. 0. Baird, 
H. P. Burden, E. A. Gramstorfj, G. W. 
Hankinson, F. N. Weaver. 

CARLE R. PALADINO, Waltham, Mass. 
(b. August 5, 1920, Waltham, Mass.) 
Graduated from Northeastern Univer
sity in June, 1944. Experience, under 
the cooperative system, was employed 
by the City Engineer of Waltham from 
November, -1941 to January, 1942; 
April, 1942 to June, 1942; September, 
1942 to November, 1942; February, 
1943, to June, 1942; duties consisting 
of rodman, transitman, calculation for 
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drainage and water systems, street con
struction, estimates and other jobs of 
that nature. At present employed by 
the Gruman Aircraft Engineering Cor
poration, serving an apprenticeship be
fore entering the engineering depart
ment. Refers to C. 0. Baird, C. S. Ell, 
A. E. Everett, E. A. Gramstorff. 

Transfer from Grade of Junior 
ALBERT E. ABRUZZESE, Wellesley Hills, 

Mass. (b. June 5, 1916, Boston, Mass.). 
Attended North Carolina State College 

· of Engineering from September 1934 to 
June 1936; Lincoln Technical Institute 
1936 to 1941. Experience, rodman, Bos
ton City Planning Board; January, 1937 
to October, 1938, draftsman and tran
sitman, Boston Consolidated Gas Com
pany; October, 1938 to December, 1938, 
transitman, George P. Carver Engineer
ing Company, Boston; January, 1939 to 
April, 1939, draftsman, Metcalf & Eddy, 
Boston; April, to September, 1939, Field 
work, Metcalf & Eddy, B'oston; October, 
1939 to December, 1939, transitman 
and partyman, John Bowen Company 
Contractors, Boston; December, 1939 
to present, engineer draftsman, George 
P. Carver Engineering Company, Bos
ton, Mass. Refers to H. Brask, A. J. 
Burdoin, P. S. Rice, A. L. Shaw. 

MINUTES OF MEETING 
Boston Society of Civil Engineers 

September 27, 1944.-A regular meet
ing of the Boston Society of Civil 
Engineers was held this evening at 
Richards Hall, Northeastern Univer
sity and was called to order at 7 :00 by 
Professor Harry P. Burden who has be
come President automatically according 
to the B'y Laws by filling the vacancy 
caused by the death of Samuel P. Ells
worth on August 13, 1944. One hun
dred sixty members and guests were 
present and one hundred sixty persons 
attended the dinner. 

The President announced the death 
of the following members:-

Samuel M. Ellsworth who was elected 
a member May 21, 1930 and who 
died August 13, 1944. (Elected Pres
ident of BSCE March 17, 1944). 
Ernest F. Gallagher who was elected 
a member May 20, 1931, and who 
died June 22, 1944. 
Frederic N. Fay who was elected a 
member March 17, 1897, and who 
died June 5, 1944. 
Herbert C. Keith who was elected 
a member January 20, 1886, and who 
died June 2, 1944. 
Nathan C. Burrill who was elected a 
member December 15, 1915, and who 
died May 26, 1944. 
Albert E. Kimberly who was elected 
a member October 19, 1904, and who 
died April 21, 1944. 
The President outlined briefly some 

of the activities and accomplishments 
of late President Samuel M. Ellsworth. 

This meeting was the customary An
nual Student Night held with represen
tations from the Student .Chapters of 
the American Society of Civil Engin
eers at Massachusetts Institute of Tech
nology, Tufts, and of Northeastern 
University, which is also. a Section of 
the BSCE. This meeting was a Joint 
Meeting with the Northeastern Section 
of the American Society of Civil En
gineers and with the Highway Section 
of the Boston Society of Civil Engineers. 

The dinner was held in Commons 
Hall, in the New Engineering Building 
of Northeastern University. The Student 
Engineering Society at the University 
as hosts arranged the details of the din
ner and assisted in other ways in using 
the facilities of the school which had 
been made available by the faculty 
members. 

The President extended a cordial wel
come to the one hundred students pres
ent and expressed appreciation of the 



270 BOSTON SOCIETY OF CIVIL ENGINEERS 

cooperation of the officers of the stu
dent organizations and of the faculty 
members in making this event so sue-· 
cessful. 

President Burden stated that details 
. for the October meeting would be an
nounced later. 

The President calied upon Mr. Fran
cis H. Kingsbury, President of the 
Northeastern Section, ASCE to conduct 
any matters • of business required by 
that Society. The President also called 
upoij Prof. Charles 0. Baird, Chairman 
of Highway Section BSCE, to conduct 
any matters of business required by 
that Section. 

President B'urden 'then introduced 

the speaker of the evening, Prof. Charles 
B. Breed, Profe~sor of Civil Engineers, 
Mass. Institute of Technology, who gave 
an interesting paper on "Land and -Air 
Transport after the War." Tl:ie talk· 
was illustrated with slides . 

Adjourned at 9:30 P.M. 

EVERETT N. HUTCHINS, Secretary 

I DEATHS 
SAMUEL M. ELLSWORTH, August 13, 

1944. 
JAMES L. CRANDALL, October 18, 1944. 

ADDITIONS 
WILLIAM G. HORTON, 36' Jackson Road, 

Helmont 78, Mass. 
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--------------------
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MAURICE A. REIDY 
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STAINLESS STEEL THOMAS MULCARE CORP. 
and 

Steel of Every Description 

Hawkridge Brothers Co. 
303 Congress Street 

BOSTON, MASS. 

SCIENTIFIC BOOKS 
A.ND PERIODICALS 
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Books Bound, Charts Mounted, Portfolio11, 
Lettering, Photographs Mounted 

Concrete Structure Repairing 

Resurfacing Floors 

66 Western Ave. BOSTON 
STAdium 2244 

BUFF PRECISION 
is continuously in the 

l fo~fif~~!s Repaired 
at Reasonable Cost 

BUFF & BUFF 
INSTRUMENT CO. 

Jamaica Plain, Mass. 
~ Arnold 1770 
~ Messenger will call 

• PHOTOSTAT 

• PHOTO- LITHOGRAPHY 

• BLUE PRINTING 

• DRAWING SUPPLIES 

New England's 
Outstanding Authority 

SINCE I 1886 

SPAULDING-MOSS COMPANY 
BOSTON 

WARREN FOUNDRY & PIPE €0RPORATION 
AND 

Warren Pipe Company of Massachusetts, Inc. 

Cast Iron Pipe, Short Body Specials 

Bell and Spigot Pipe, B & S Standard Specials 

Flange Pipe and Specials 
Warren (WF) Spun Centrifugal Pipe 

PROMPT SHIPMENTS FROM STOCK 

SALES OFFICES 
75 Federal St., Boston 

11 Broadway, New York 

1940 Catalog on Request 

FOUNDRIES 
Everett, Mass. 

~hillipsburg, N. Y. 

Please mention the J oumal when writing to Advertisers 



rill ADVERTISEMENTS 

DREDGING 
RIVER AND HARBOR IMPROVEMENTS 

LAND REC~AMA TION 
CONTRACTING ENGINEERS 

for 
U. S. GOVERNMENT - RAILROADS 

PRIVATE INTERESTS 

LATIN AND SOUTH AMERICAN COUNTRIES 

Gahagan· Constrnction Corporation 
90 Broad Street New York, N. Y. 

Phone WHitehall 3-2558 

CABLE ADDRESS: W ALGAHAGAN, N. Y. 

Half ~ Century of Progress 
It's over a half a century-fiftr-four years to be exact 
-since the day the HEFFERNAN PRESS made its feeble 
start. That each year since then has shown an in
crease in the volume of business over the previous 
year should prove that we have kept pace with the 
times. 

The Heffernan Press 
150 Fremont Street 

WORCESTER, MASSACHUSETIS 

Printers to . 
THE JOURNAL OF THE BOSTON SOCIETY OF CIVIL ENGINEERS 

and other good publications . . 
Please mention the J oumal when writing to Advertisers 



COMMI'ITEES 
1944-1945 

NOMINATING COMMITTEE 

Past Presidents (Members ~f the Committee) 
KARL R. KENNISON CoaooN l\I. FAm AaTBua L. SsA11 

R ., YMoNo W. CoauaN G&onc& N. B.uI&T 
WALTER N. Fin: 
FRANK L. LINCOLN 

LA WftENCE M. CE.NTLE?i:l:AN 

DONALD w. TAYLOR 

(Term e,pires March, 1945) · (Term ••pires March, 1946) 

EowARD H. CAMERON 
WILLIAM F. Covu. · 
GEOBCE H. DBUNO 

J. STUART CRANDAi.i. 

BURTIS s. BROWN 

THOMAS C. COLEMAN 

EucENE MlRABKLLI 

EDWARD s. AVERELL 
FREDERICK s. GtBBS 

CeARLES 0. BAIRD 

JAMES E. LAWRENCE 

HARVEY B. KINNISON 

J, DONALD MITSCH 

ALEXANDER J • BONE 

MILES N. CLAIR 

IRVINC B. CROSBY 

HARRY P. BueoEN 

SPECIAL COMMITTEES 

Program 
HARRY P. BURDEN, Chairman, ex officio 

FRANK L. FLOOD 
EvERE'l'T N. HUTCHINS 
HERMAN G. PROTZB 

Publication 
EVERETT N. HUTCHINS, Chairman 

GORDON M. FAIR 

Library 
ALLEN J. BURDOIN, Chairman 

Hospitality Committee 
JOHN H. H'ARDINC, Chairman 

Relations of Sections to Main Society 
FaEDKRI!:K S. Gmns, Chairman 

TRUMAN H. SuvoBD 
RALPH M. .SOUL& 
DONALD w. TAYU>B 

]OBN B. BASCOClt 

I. DONALD MITSCH 

RALPH M. SOULE 
FREDERIC N. WEAVF.R 

FeKDEJUCK. M. Jov, Ja. 
EowABD Wa1CHT 

ALLEN J. BtmDOIN LAWRENCE 1\1, GBNTLBMAN 

Welfare 
RALPH W. HORNE, Chairman 

Desmond Fitzgerald Award 
HAROT4D K. BArutows, Chairman 

Sanitary and Hydruulics Section Award 
HAROLD K. B,\HRows, Chairman 

Designers Section Award 
ARTHUR L. SeAW, Chairman 

Highway Section Award 
JAM~ E. LA WHENCE, Chairman 

Subsoils of Boston 
Do~ALD W. TAYLOR, Chai,rman 

Investment Committee 
Ce ESTER J. GINDER, Chairman 

ARTHUR L. SB.AW 

THOMAS R. CAMP 

FREDERICK N. WEA.VEIi 

P AILKEB HOLBROOK. 

STANLEY M. Dou 
LAWRENCE c. ROPES 

CARROLL A. FARWELL 
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Field and Office Equipment and Supplies 
FOR THE ENGINEER 

New and 
Used 
Transits 

and 
Levels 

Blue Prints 

Blue Lines 

ARTIST SUPPLIES 

DRAFTING ROOM FURNITURE 

Instrument 

Repairing 

Blueprint 
PAPER 
Drawing 

Black Lines 

Photostats 

B. L. MAiffiPEACE, Inc. 
387 W A.SHINGTON STREET 
STREET FWOR STORE 

462 BOYLSTON STREET 
10 BROMFIELD STREET · 

(With Entrance also at 373 Washington Street) 

BOSTON, MA.SSA.CHUSETTS 
···- - • ..-.,c.'• - -· ---.-.... - : ~ . ·- .. ~- < ~-,'l.- ~ ,..,"::'.""•-:-.•-

Sole New England Agents for Keu:ffel & Esser Co. 


