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SOME OBSERVATIONS ON CIVIL ENGINEERING 
EDUCATION 

Presidential Address by Eowrn · B. COBB* 

Boston Society of Civil Engineers, March 21, 1956. 

THE training of civil engineers has been the subject of much dis
cussion. Some urge that surveying be largely dropped from civil 
engineering curriculums. Others urge that more mathematics be 
taught. New civil engineering graduates often look upon drafting 
as a menial task beneath their dignity; this, to the writer's mind, 
reflects some sort of lack in their schooling. Also, young civil en
gineers commonly demonstrate a lack of ability to express themselves 
concisely and accurately in either the spoken or written word. 

In the following paper the writer wishes to discuss the rela
tive value of surveying and drafting to the civil engineer. He also 
plans to speak a word of caution in regard to possible over-emphasis 
of mathematics in the civil engineering curriculum and then to touch 
upon the importance of the art of writing and speaking well, with 
suggestions as to how .. these latter skills may be improved in the 
young engineer. 

These opservations are based upon about thirty years' experi
ence in the field of sanitary engineering, an experience which has 
included a variety of assignments, ranging from sweeping the office 
floor, during his early years, to a present partnership in a major 
consulting firm. 

First let us consider what the profession of Civil Engineering en
compasses. At one time practically all engineering outside of the 
purely military applications was included in its scope. With the 

*Partner, I\letcalf & Eddy, Engineers, Boston. 
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growth of industry, however, there developed types of specialized 

engineering such as the electrical, mechani~al, chemical and similar 

branches. In general, as some particular area in engineering has 

become specialized and tended to require a high degree of special 

technical knowledge, a separate engineering category has developed 
to cover such specialization. 

As the result of evolution the major emphasis of civil engineering. 

is on the ·design and construction of structures, facilities for trans

portation, and facilities for community living. A minor emphasis 

is the division of property by land surveying. 

In the electrical, mechanical, chemical, and similar specialized 

engineering branches the individual commonly has a rather complete 

knowledge of his entire field even though he may specialize in only 

a particular portion of it. On the other hand, civil engineers are 

apt to be specialists in a single phase of civil engineering. such as 

structures, sanitation, highways, hydraulics, or surveying, and to have 

only an elementary knowledge in many of the other phases. This 

diversity in the specialization of civil engineers makes it difficult to 

generalize upon the requirements for their education. 

Another difference peculiar to the field of civil engineering, is 

that with the possible exception of structural engineering much of 

it is far from an exact science. On the other hand, the application 

of empirical procedures requires a high degree of judgment, and such 

judgment is generally learned by experience and not from books or 

lectures. 
For a better understanding of what the civil engineer needs for 

an educational background, a consideration of the phases of his de

velopment is helpful. The progress of an engineer's career through 

a typical consulting engineer's office can perhaps be generalized m 

the following manner: 

1. The learner 
The man fresh out of college must be taught how to apply the knowl
edge he has accumulated, and at the same time taught the detailed pro
cedures of the engineering field he is entering. 

2. The subprofessional 
After a man has learned the rudiments of the application of engineer
ing principles, he is then permitted to handle routine work in connec
tion with design, preparation of plans and specifications, field inspec
tion, layout, and similar tasks in connection with minor projects. 
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3. The professional 

Having accumulated a measure of experience and judgment through the 

practical application of engineering principles, a man is entrusted to 

handle, largely on his own, important and difficult projects. 

4. The administrator 

Having mastered their professional field certain men become employers, 

or the administrative heads of engineering organizations. In these posi

tions engineering techniques often become of secondary importance to the 

problems of handling personnel, dealing with clients and guidii:ig the or
ganizations. 
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The titles given to personnel in engineering organizations indi

cate rather well the status of the individual in the profession. Typi

cal titles are draftsman, rodman, and construction inspector; junior 

engineer; engineer; junior project engineer; project engineer or de

partment head; chief engineer. 

Private engineering organizations operate in competition with 

each other, and are formed with the purpose of making a profit.. 

Public engineering organizations and those operated as service sub

sidiaries of utilities are generally required to stay within closely 

regulated budgets. Under these conditions it- is usually necessary 

that each individual engineer on the staff carry his own weight pro

ductively and by-and-large any training for future advancement must 

depend upon the initiative of the individual. It is, therefore, gen

erally necessary that the young engineer have some rudimentary en

gineering skill before he can enter an engineering organization, even 

as a learner. Few if any civil engineering organizations operate train

ing programs for new employees. 

The various types of engineering skill and experience which 

would permit the individual to become a productive member of a staff 

during the various stages of his development in a typical engineering 

organization, would probably be included in the following: 

1. Learner phase-Drafting, surveying, or simple computing. 

2. Subprofessional phase-Skill in layout drafting such as detailing, chief 

of survey party, construction inspector, simple design, quantity surveys. 

3. Professional-Advanced design, report and specification writing, check

ing, cost estimating, project coordination, routine letter writing, direct 

client relationship on minor projects. 

4. Administrative-Ability to write and speak well, broad understanding in 

technical field of specialty, knowledge of business practice, contracts, 

ethics, client relationship, and similar items. 
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In the lowest phases of the profession drafting, surveying and 
computing are the most important skills. With advancement the 
engineer gradually leaves these activities behind and passes to more 
difficult assignments. Depending upon conditions of employment 
in the civil engineering field, and the advancement program of the 
organization of which he is a part, the young engineer may stay 
from a few years to ten or more in the learner and sub-professional 
phases. T.hus an appreciable time generally elapses after gradua
tion before the engineer may have an opportunity to apply the 
more advanced subjects he may have learned at school. 

Once having reached the professional stage further advancement 
often tends away from the purely technical toward administrative 
functions where the ability to handle persons, to transmit ideas by 
writing and speaking, and to exercise judgment become increasingly 
important. The ability to rise to the top of the profession usually 
requires a nice balance between technical skill, administrative ability, 
articulateness and personality. 

Education would be much more efficient if each student could 
be cataloged as to the degree of this ultimate professional eminence. 
With such knowledge we could train those who would not advance be
yond technician status, to be good draftsmen, surveyors, etc.; those 
who would become the designer specialists could be given additional 
mathematics and other special background; and the future adminis
trators could be given a broad, well-rounded training. Fortunately 
such is not the case, for it would be a dull life for most of us if we 
did not have a "mountain top" to strive for. A knowledge of the 
future would make life as sterile as a test-tube and the spirit of com
petition, which develops the best in many men, and which gives life 
its zest, would be m1ssmg. The Creator demonstrated his wisdom 
when he left each man's future something to be developed day by 
day. 

Since we cannot predict with much certainty the future capa
bilities of any student it is essential that civil engineering education, 
at the undergraduate level, should be broad enough to give each stu
dent a fair chance at the future. Up to the present the civil en
gineering graduate has customarily left school equipped with a gen
eral knowledge of a number of technical branches of the profession, 
a limited knowledge of the application of mathematics through simple 
calculus, and with some small training in surveying and drafting. 
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In general this background has proven adequate for a majority of civil 
engineers in practice. 

A background in drafting and surveying even though limited 
gives the graduate a stock-in-trade. If necessary he can compete 
with the engineering technician who plans to make his career as a 
draftsman or surveyor. Without this elementary skill the young 
engineer would be at a disadvantage competitively with the techni
cian, and during times when opportunities for employment are less 
plentiful than at present he might find difficulty in getting a toehold 
in a desirable engineering organization. 

For those students who have less ability than the leaders of 
their class, a chance to get a start in a good engineering organiza
tion can he rliffi,11lt ancl the possPc;sion of some typf' of prnrl11,tive 
ability can be of the utmost importance to them. While such men 
may never rise high in their profession, still it is from their ranks 
that the major portion of the average organizational staff must gen
erally be composed. As shown previously, in these lower organiza
tional positions, smvPyine and drafting play an important part. Tt 
seems, unwise, tl1erefort\ lo deprive s11d1 engineers of I raining i11 lliis 
important feature of their future activities. 

Aside from the importance of drafting and surveying as a means 
for thP hPeinner to e::iin entrance into a civil f'neineering organiza
tion, they have other more subtle implications often overlooked, espe
cially by the young engineering graduate. The civil engineer has the 
following two important functions: 

1. The engineer should be creative. When presented an engineering problem 
he is ei[pected to devise out of his technical l~nowlcdgo and oxporicncc 
the most suitable and economical solution for such a problem. 

2. After the engineer has roached a solution to a problem it is generally 
necessary for him to present this solution to other persons who must 
approve, finance or construct, as applicable, the proposed works. To 
convey his ideas the engineer employs drawings, and written or oral de 
scriptions. 

Many civil engineering problems involve the development of 
land, or are affected by topography. Typical problems are building 
sites, highway routes, drainage systems, and air fields. The topo
graphic map is an important tool to the engineer in comprehending 
the problems connected with such works. It gives him the third 
dimension so necessary in his studies. 

f'ut Lhe topograµhic map Lo be musl w,ef ul iL is generally ueces
sary to have ,c;omf' knowlerlge of its methorl of pn~paration. F.xpPri-
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ence in making these maps is most helpful in understanding them. 
The ability to scan a topographic map and to visualize the terrain 
depicted by it is a very valuable asset to the creative engineering 
mind. 

With the smaller engineering organizations it may be necessary 
for the engineer to prepare his own topographic maps from which 
to develop site plans, and other studies. A knowledge of elementary 
surveying is of help in this situation and the surveying taught under
graduates in the past has generally proven adequate for such require
ments. Thus does surveying play an important part in the creative 
work of the engineer. 

The majority of civil engineering ideas are transmitted by draw
ings; therefore, a poorly executed drawing, like a poorly written 
paragraph, can be easily misunderstood or be even unintelligible. It 
is not necessary that a civil engineer be an expert delineator, such as 
the old-time draftsman who made a work of art of each drawing, but 
it does seem that a knowledge of what to show, how to show it, the 
proper symbols to use, and the suitable application of explanatory 
notes is essential to ensure easily understood drawings. 

Careless planning of drawings can often mean the difference 
between profit and loss in the engineering office, and poorly chosen 
sections or detailing can lead to some very awkward situations. Good 
drafting procedure is much like writing, it can best be learned by 
actual practice. 

For the young engineer not to undergo at least several years of 
actual drafting experience under competent leadership is to give 
him a handicap for the rest of his career. Engineers who have had 
no practical drafting experience sometimes find that they have diffi
culty in interpreting drawings, trouble with sketching details for as
sistants, and do not know how to plan work efficiently for their drafts
men. 

Drafting experience teaches one neatness in making computa
tions. Sloppy computations, no matter how profound, are a bane to 
any engineering organization: they are difficult to read, hard to under
stand, hard to check, and may leave doubt as to the technical ability 
or mental processes of the designer. 

Engineering drawing is, therefore, an essential tool of the civil 
engineer. Experience is necessary to use this tool properly, there
fore undergraduate curriculums should not overlook the preparation 
of the student toward getting this experience. 
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Of next consideration is the inclusion of more advanced mathe
matics and other specialized advanced courses in the undergraduate 
civil engineering courses. Under ordinary circumstances often five 
to ten years must elapse after graduation before a young engineer may 
be called upon to use the more difficult types of design which would 
require the use of advanced mathematics or specialized techniques. 
By this time, much of any detailed information which he may have 
been taught at school in a subject has been forgotten and must be 
relearned. Often, in addition, the techniques have been revised and 
new methods must be mastered. 

It would appear more profitable for the student, therefore, to 
avoid emphasis on highly specialized instruction in advanced subjects, 
and instead to have the emphasis placed on a broad approach to 
these fields. The student should be introduced to the advanced ma
terial and made acquainted with the reference material on the subject 
so that when in later Iif e he meets problems in these advancd fields 
he will recognize them and know where to seek information toward 
their solutions. Many of our leading practicing civil engineers today 
are experts in subjects that were scarcely mentioned in their college 
days. 

The young graduate should be impressed with the importance of 
continuing his studies after graduation. Having mastered the ele
mentary engineering skills through actual applications he is then bet
ter prepared to grasp advanced knowledge. Furthermore, he now may 
have the opportunity to apply such advanced knowledge in his daily 
tasks before it becomes forgotten. 

Of particular merit to foster advanced study are the evening 
graduate schools such as at Northeastern University in Boston and 
elsewhere in certain other schools. The young engineer, having estab
lished a foothold in the profession and selected a specialty he desires 
to follow, can now pursue advanced study and have it fresh in his 
mind and up to _date by the time he is ready to make use of it. 

Mathematics is a fascinating subject and has much value, but a 
broad education in engineering at the undergraduate level should not 
be sacrificed for mathematics beyond a certain point. 

As one advances in the field of civil engineering, he realizes that 
·success comprises more and more of the ability to convince people of 
relatively simple principles of engineering and less and less on the 
highly technical details. So much of civil engineering is empirical, 
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or based on judgment, and so much of it affects people directly, that 
unless an engineer can present a clear picture of what he is proposing, 
he may be misunderstood and not be permitted to proceed with his 
proposed works, even though he may have a technically sound solu
tion. It is imperative, therefore, that the engine~r be taught how to 
write and to speak well, and that he be taught how to deal convinc
ingly with people. 

Ability to write and speak well and to deal successfully with 
others generally is only acquired with experience. It is too much 
to expect that the engineer can learn more than the rudiments of these 
arts in school. As soon as the engineer begins his working career he 
should give these matters equal consideration with his technical ad
vancement. 

It is an excellent practice to encourage young engineers to handle 
routine correspondence in connection with their work. Writing job 
memoranda and specifications is another excellent means of helping 
them to acquire skill in writing and expression. Early practice with 
dictation, or the use of a dictaphone or similar device, makes writing 
less tedious and improves speaking ability at the same time. 

Junior engineers should be invited to attend conferences with 
clients, or others, when feasible. Often the juniors can render valu
able assistance in keeping notes, and in other ways, but it primarily 
gives them the opportunity to meet people and to observe relations 
with clients. It also gives them a better understanding, when they 
return to the office, of the reasons for special procedures for certain 
clients. 

In conclusion, therefore, it appears desirable that civil engineer
ing students be given courses in surveying and drafting to permit 
them to qualify competitively for positions in engineering organiza
tions upon graduation. Furthermore, these subjects should be recog
nized as basic tools in civil engineering and the young engineer should 
be impressed with their importance. Specialized study of advanced 
subjects, including mathematics, should not be permitted to displace 
broader studies in the technical fields; instead, the student should 
be encouraged to develop a habit of self-investigation of the more 
advanced fields so that he will develop his knowledge in these areas 
after graduation. 

Finally, more emphasis should be placed upon learning to write 
and to speak well, and how to deal with fellow men. 
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THE PORTSMOUTH AIR FORCE BASE 

By JOHN w. LESLIE* and ANTHONY MINICHIELLO** 

(Presented at a meeting of the Boston Society of Civil Engineers, held on :\lay 18, 1955). 

THE Portsmouth Air Base, now under construction at Ports
mouth-Newington, New Hampshire, is among the newest of the four 
big bomber bases now being built in New England by the Corps of · 
Engineers for the Strategic Air Command of the United States Air 
Force. The Base will support the flying operations of two Medium 
Bomber Wings, and have an ultimate military personnel strength of 
approximately 4,500. The magnitude of a construction project such 
as the Portsmouth Air Base is indicated by a few statistics. The 
completed Base will have some 12 miles of water line, 21 miles of 
storm drain, 10 miles of electrical distribution system, 4 miles of 
sanitary sewer, 10 miles of road, and 7 miles of heat distribution con
duits. Total construction contracts awarded to date amount to 
$45,000,000, of which $23,000,000 has been for buildings. 

Construction problems at the Portsmouth Air Base present some 
interesting comparisons to those encountered at the Loring Air Force 
Base at Limestone, Maine, previously described in this publication.t 
Both Bases are bomber bases. Of the two, Loring Air Base is the 
larger, having approximately 9,000 acres in contrast to the approxi
mately 4,500 acres of the Portsmouth Base. Where the Loring Base 
was hewn from virgin territory consisting of wooded land and a few 
scattered potato farms, Portsmouth was constructed in what is vir
tually a city suburb, the site being that of the old Municipal Airfield 
approximately three miles from the heart of Portsmouth. The site 
of the original airfield has been expanded by the acquisition of addi
tional land from adjacent dairy farms and rural homes. The old 
Municipal Airfield had three runways approximately 5,000 feet long 
and 150 feet wide, but very little apron area and extremely limited 
support facilities. · 

*Asst. Chief. ** Project Engineer, Engineering Division, New England Division, Corps 
of Engineers, Boston, ~{ass. 

t"The Limestone Air Force Base," JOURNAL OF THE BOSTON SOCIETY OF CIVIL 
ENGINEERS. October, 1949, pp. 458-481. 
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In certain matters, the suburban location of the Portsmouth 
Base presented distinct construction advantages. In contrast to the 
situation at Loring Air Base, the provision of elecric power at Ports
mouth presented no serious problem. At Loring it was necessary to 
develop all electric power required for use at the Base. Since the 
Portsmouth Air Base is adjacent to facilities of the New Hampshire 
Public Service Company, it was a relatively simple matter to extend 
a 34.5 KV line from these facilities to on-Base substations. This, of 
course, saved the considerable expense of developing the power source 
required at Loring. 

Established rail facilities were similarly convenient. Branch 
lines of the Boston and Maine Railroad pass close to the Base, one 
the Greenland Branch, and the other a branch paralleling the Pis
cataqua River. The Greenland Branch, which would have entered 
from the south end of the Base, was discarded early in the planning, 
inasmuch as it would cross the flight zone thus presenting a mental 
hazard to flyers. In addition, it would be adjacent to existing hous
ing, and made for a poor routing within the Base. Since the Ports
mouth Branch, along the Piscataqua, provided much better accessi
bility, a spur was built from it to the Base to provide rail facilities for 
bringing in aggregates and all other necessary building and construc
tion items. An available area adjacent to the Branch track itself 
permitted the construction of a storage or holding yard providing 
space for seventy cars. This yard has been highly active, and has 
permitted substantial savings in cost by providing contractors with 
area for car storage. 

Again, at Loring there were no access roads. In contrast, the 
road access at Portsmouth is ideal, inasmuch as the New Hampshire 
Turnpike and the new U. S. Route 4 both border the Air Base. No 
access roads, therefore, were necessary, and it has been possible to 
provide three entrances to the Base from Route 4. 

DESIGN AND CONSTRUCTION OF RUNWAYS, TAXIWAYS, AND 

PARKING APRONS 

Both the Loring and the Portsmouth Air Bases were ideally 
suited for the development of runways and parking aprons, from a 
construction point of view, although it is believed that the Ports
mouth site is in some respects the better of the two. Geologically, 
Loring was basically ~ glacial till with rock approximately 20 feet 
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below the surface. Although there were no particular groundwater 
problems, frost conditions necessitated the construction of runways 
and parking aprons to a depth of 72 inches. This condition imposed 
a tremendous problem in the procurement of adequate construction 
materials. Portsmouth, in contrast, is sandy and gravelly, with a 
high water table in some places, but no appreciable rock close to the 
surface. A relatively flat area, Portsmouth has been a very easy 
construction area. In addition, construction was considerably ex
pedited by clearing the site of the runway and parking area before 
plans and specifications for these portions of the project were com
pleted. 

Although the runways at both the Loring Air Base and the Ports
mouth Air Base are of bituminous concrete, those at Portsmouth have 
the ends for 1,000 feet constructed of portland cement concrete, in 
keeping with the latest Air Force criteria. With respect to this differ
euce, however, it is lo be note<l that runway exlensiuns and alteralions 
presently under construction at Loring will provide similar concrete 
ends also. The parking aprons of the two Bases present distinct con
trasts. That at Loring, preponderantly bituminous concrete through
out, is based on a herringbone design, using a center ladder as a 
means of access, wilh chevrons fanuiug f10111 llie center la<l<ler!:> un 
which planes are parked. That at Portsmouth, in contrast, is all 
portland cement concrete and uses a mass-type apron. 

It is significant to note that the parking apron at Portsmouth 
w;.i.:; nnP nf f·llP fir<;t tn hP. sP.lec:terl for thP. use of portlanrl c.emP.nt con
crete. The Air Force had found that black top, or bituminous con
crete, did not resist the large spillage of fuel and oil occurring on 
parking aprons as well as cement concrete. Consequently, they were 
willing to accept a slightly greater cost, if by so doing a pavement 
requiring less maintenance could be provided. At the time that alter
uale bi<ls fur the lwo lyµes of surface were lu be lak.eu, a µulicy ueci
sion was made. It was agreed that if the cost of cement concrete 
aprons, basically black top runway, and taxiways did not exceed by S 
per cent the cost of black top throughout, portland cement concrete 
should be used. In the case of Portsmouth, the cost differential was 
slightly less than the specified S per cent. 

The Portsmouth runway is a single runway extending approxi
mately 11,320 feet north and south, with a width of 200 feet. While 
the Loring runway is 300 feet wide, it was originally considered that 
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a 200-foot· width would be sufficient at Portsmouth for the type of 
plane to be used. Subsequent developments indicate that a 300-foot 
width is now necessary, and, under the FY-S6 Program, provisions 
are being made to increase the runway width by SO feet on each side. 
There is likewise provision for a future crosswind runway, extending 
approximately NE-SW for about 8,000 feet. Significant construc
tion details of the runways and taxiways will be of interest. 

The profile is basically 0.2 % grade with one stretch of 4,200-
foot length falling between plus 0.8 and minus 0.4%. The transverse 
grade is 1 ¼ % with a shoulder grade of 2 % . The shoulders are 200 
feet wide and the end slopes of fills and side slopes of cuts beyond the 
shoulders are 10%. 

The portland cement concrete ends of the runway will have a 
14-inch thickness with a 700 pound modulus of rupture. Underly
ing the slab will be 8 inches of gravel and 26 inches of frost-free ma
terial. The earthwork will have a compaction of 9S%. 

The bituminous concrete portion of the runway will have a pave
ment surface of 4 inches of bituminous concrete and 6 inches of 
crushed stone. In cut areas there will be a non-frost material for a 
depth of 38 inches of which the top 20 inches will be compacted to 
100% and the succeeding 24 inches to 9S%. In fill sections there 
will be 8 inches of gravel and 30 inches of sand on top of required 
random fill. In this section again, the top 20 inches will be compacted 
to 100%; the succeeding 24 inches to 9S%, and the remainder of 
the fill to 90 % . 

ThP.rf'. will be four taxiways, one located at each f'.n<i of thf'. nm
way and one each at the third points. The taxiways will be 7 S 
feet wide and 900 feet long, with SO-foot shoulders. The transverse 
grades will be 1 ¼ % and the longitudinal grades will be those required 
to meet the grades of the runway and the parking apron at the points 
of contact. The construction of the taxiways will consist of 4 inches 
of bituminous concrete, 6 inches of crushed stone, 10 inches of gravel 
and 28 inches of sand. 

There will be two warm-up pads, one at each end of the run
way, adjacent to the taxiways, approximately 17,300 square yards 
each. These will both have 14-inch portland cement concrete pave
ments with the same base as the ends of the runway. 

The total ultimate area of the parking aprons (Figure 1) will be 
1 ¼ million square yards. Of this, approximately 1 ¼ million square 
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FIG. 1.- PARKING APRON D U RING CON STRUCTION. 

yards is presently under construction, the remaining 370,000 square 
yards being planned for the future. 

The main parking apron, paralleling the runway, will be 8,800 
feet long and 1,000 feet wide, approximating 1 million square yards . 
The longitudinal grade of the apron will be less than 1 % throughout. 
Basically, the cross section will be a "W" shape, with 1,½ % maxi
mum slope. As stated earlier, the parking apron will be portland 
cement concrete. In addition to the major apron, there will be 
minor hangar aprons totaling 120,000 square yards. In contrast 
to all other portland cement concrete aprons, these latter aprons will 
have a slab thickness of 13 inches in lieu of 14 inches. 

The construction of all concrete apron areas will be the same 
as that used for the ends of the runway, Figure 2. Pavement will 
be laid longitudinally in 2 5-foot widths . Expansion joints will be 
provided longitudinally every 350 feet and transverse joints will be 
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FIG. 2.-PLACING C ONCRETE . 

400 feet apart. Longitudinal expansion joints will consist of thick
ened edges with ¾ -inch premoulded expansion filler , while the trans
verse joints will have a ¾ -inch filler with dowels added. Construc
tion joints at each side of the lane will be carried with keyed joints 
in a longitudinal direction and dowelled with butt joints transversely. 
Dummy groove joints will be used every 2 5 feet transversely. 

The drainage system at the Portsmouth Air Base is essentially 
conventional in pattern. The apron has two collectors of extra 
strength reinforced concrete pipe, with manholes spaced every 200 
feet , laid in the troughs of the cross section. Every fourth inlet was 
made long to .intercept the flow in the relatively flat valley. The 
runway and taxiways are provided with drain lines laid in the ditches 
at the edge of the shoulders in cut sections, and with open ditches 
in fill sections. Reinforced concrete pipe is again used as collectors 
for the runway arid taxiways, with manholes spaced approximately 
200-2 50 feet apart. 
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The whole system is integrated and empties into Great Bay on 
the west side of the field through a 108-inch diameter outfall of rein
forced concrete pipe with a series of five drop structures emptying 
into a final open ditch with 12-foot bottom and one-on-two side slopes. 
The drop structures were introduced to reduce the velocity of the 
large volume of water. A channel without the drop structures would 
have an excessively steep gradient, requiring lining and a stilling 
basin. The design discharge of the outfall for a two-year design storm 
is approximately 500 c.f .s. 

CONCRETE BATCH PLANT AND RELATED FACILITIES 

Construction of the Loring Air Base required the acquisition of 
aggregates without· excessive cost. Extensive explorations by the 
Corps of Engineers resulted in the location of some rather large gravel 
sources and a crushed stone source within Government property 
limits. Considerable savings to the Government were effected by 
developing and working these sources under separate contracts. In 
contrast, at Portsmouth practically all the gravel and sand required 
for the Base was obtained from excavation and from site borrow 
areas. 

The problem of securing necessary concrete aggregates, how
ever, was one of considerable concern at Portsmouth, but was solved 
by the fact that the pavement contracto,r, Morrison-Knudsen, suc
cessfully developed the old Iafolla pit by setting up new crushing 
equipment and processing the material so that aggregates could pass 
all Government specifications. In contrast to the Loring Base, how
ever, where the crushed stone quarry is only approximately two miles 
from the actual runway site, the Iafolla pit is some five miles from 
the Portsmouth runway site, requiring a longer haul. The concrete 
batch plant and its supporting facilities as- developed at the Ports
mouth Air Base is one of the more interesting aspects of the construc
tion project.. 

Rock for coarse aggregates to be used in batching of concrete is 
obtained from a quarry operation. Rock is broken down by drill
ing 4-inch holes with a Joy T-500 4-inch drill mounted on a D-6 
crawler tractor. The depth of holes varies with the elevation of the 
quarry floor. The quantity of rock blasted at one time is approxi
mately 40,000 tons. The broken and shattered rock is then subjected 
to further breaking in order that it may pass into the feed of a 42-inch 
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by 48-inch primary jaw crusher. This further breaking is accom

plished by secondary blasting and breaking by steel drop ball mounted 
on a crawler crane. 

After rock is broken to a size which will pass into the primary 

crusher, it is loaded into end dump trU<,ks by crawler shovels located 
in the quarry, and trucked to the primary crusher. After crushing 

by the primary crusher, the rock is dropped by a conveyor belt into 

a surge pile, which is used for supplying the screening and secondary 
crushing plant independent of the quarry. From under the pile con

veyor, the crushed stone is fed to the secondary crushers and vibrat

ing screens. After the final screening to obtain the desired grada

tions, the rock is finally transferred to storage bins or stock piles for 
later hauling to the batch plant, aggregate unloading site, five miles 

distant. 
The fine aggregates or concrete sand are purchased at a natural 

sand pit and loaded by a weighing feeder into sand-carrying railroad 

bottom dump hopper cars. 

At the batch plant a railroad spur was built to handle the sand 

and cement needs for batch operations. A double track allows for 

approximately 10 cars.of cement storage and 15 cars of sand storage. 

The railroad spur was designed with a grade of 0. 7 5 % to allow the 

movement of railroad cars by gravity. Two crossovers were provided 
on the spur to permit easier- handling of loaded and empty cars. Some 

switching is done by a 10-ton diesel-powered dinkie. 

Two under-the-track hoppers with a volume of 30 c.y. each are 
located at approximately the center of the railroad spur with one 

hopper under each track. The track is carried over the unloading 

hoppers by means of a 30" W.F. steel beam under each rail. The 
sand is discharged directly into one hopper from the bottom dump 

hopper cars and is either stored for a short time or discharged onto 

a 30'' wide stacking conveyor. The sand cars are vibrated with a 
"Robbins" type car shaker to loosen up the packed sand which clings 
to the sides of the railcars. 

Coarse aggregates are end-dumped from trucks directly into the 

other hopper and the rock is either held for a short period of time or 
fed directly onto the aggregate stacking conveyor. 

From the undertrack hoppers, the sand and/or coarse aggregates 

are elevated to a height of approximately 40 feet and discharged onto 
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another conveyor running over the sandpile and the sized coarse ag
gregate piles. This conveyor is supported by a steel bent and truss 
arrangement. The storage piles for various sizes of rock and sand 
are separated by wood bulkheads to prevent the mixing of the differ
ent sizes. 

Beneath the aggregate and sand storage piles an 8-foot diameter 
corrugated metal pipe tunnel was constructed, with holes cut in the 
tunnel top under the various piles and fitted with air-operated tunnel 
gates to allow the stored aggregates and sand to be fed onto a 30-inch 
conveyor belt for transportation to the top of the batch plant where 
they are discharged into the various storage bin compartments of the 
batch plant. The aggregate handling system will handle approxi
mately 5 7 5 tons per hour. 

Cement arrives on the rail spur in bulk form in the center bot
tom dump hopper cars furnished by the supplier. Two cement screws 
extend from the cement elevators to the center of one track. At the 
end of the screws in the center of the track a small hopper is provided 
to receive the cement from the hopper car. The cement is then trans
ferred by the screws to the cement elevators at a rate of approxi
mately one carload of cement per hour. 

The 12-inch by 7-inch cement bucket elevators operate at the 
rate of three hundred barrels per hour each into two five-thousand
barrel cement storage silos. One five-hundred-barrel silo is used 
for batching. The batching silo is equipped with twin screws which 
feed ninety pounds of cement or approximately one bag per second 
to the batching plant. 

The batch plant (Figure 3) is a new Noble CA-500 Plant, 
equipped for dry batching only. The aggregate bin is a four-compart
ment type with a storage capacity of five hundred tons . The batch 
plant is a fully automatic operating plant with twin batchers. Each 
batcher is equipped with independent beam scales and weight hop
pers. Cement is weighed by a third scale and hopper, and all scales 
are cut off at the correct weights by an electric eye device. The 
dump gates of the plant are air-ram operated from the operator's 
control stand. The over-all width of the batch plant is 24 feet , the 
length is 24 feet, and the height is approximately 55 feet. 
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FIG . 3 .-BATCII PLANT. 

The following figures summarize the most significant plant ca

pacities and requirements: 

SUJ.vIMARY OF CAPACITIES AND REQUIREMENTS 

Rated capacity of cement handling system 
Working capacity 
Aggregate handling system 
Maximum output of plant @ 1¼ bbls/ c.y. 
Estimated output of plant @ 8 hr . shift 
Coarse Aggregates 2" maximum 
Coarse Aggregates 1" maximum 
Sand 
Cement 

600 bbl/hr. 
57 5 bbl/hr. 
5 7 5 tons/ hr. 
366 c.y./hr. 

2900 c.y./ shift 
1450 tons/ shift 
1450 tons/ shift 
1682 tons/ shift 
4350 bbls/ shift 
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BASE AND CITY OF PORTSMOUTH WATER SUPPLY 

The problems of water supply were among the more serious in 
construction of the Portsmouth Base. 

The City of Portsmouth uses approximately 2 million gallons per 
day of water. One-half of this source, or 1 million gallons, came 
from gravel-packed wells located on the site of the proposed Air 
Base. The actual location was half way between the proposed run
way and the parking apron. It was estimated that with the denuding 
of the area and the paving of a large expanse of surface, the per
colation would be considerably reduced with the resultant depletion 
of the water source to little less than one-half of its then existing 
capacity. In addition, it was deemed undesirable to continue the 
City supply within a Military Base. Investigations by the Corps of 
Engineers indicated that there were no close-by sources that could 
be obtained as a substitute for the displaced portion of the Ports
mouth supply and for the additional 1,300,000 gallons required in 
the ultimate development on the completed Base. 

Inasmuch as the Corps had I found there was no water close by, 
the engineering firm of Whitman & Howard was engaged to conduct 
explorations and attempt to find a suitable source of water to replace 
that portion of the City's supply that would be lost and to obtain 
sufficient water for the Base. Explorations were conducted north of 
Great Bay in the Dover area. In this area an underground river was 
found running north of Great Bay and extending northwesterly 
through Dover. A total potential of approximately 9 million gallons 
per day was found in five specific areas. Practically all of the areas 
lie within the City of Dover with the exception of one area located 
in Madbury. 

It was decided that the area in Madbury would be the one most 
beneficial to the Government inasmuch as it was closest to the site 
of the Base and explorations and extensive tests indicated that the 
total water supply desired could be obtained at this location. 

Four gravel-packed wells, approximately 50 to 90 feet deep, have 
been placed. Tests have proved that a dependable supply of water 
of approximately 2,500 gallons per .minute based on 17 hours pump
ing per day could be obtained. This gives a yield of approximately 
2 ¼ million gallons a day which amply replaces an agreed 2 million 
gallons required by the City of Portsmouth plus approximately 
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500,000 gallons which is required in the first phase of the Air Base. 
The original Base source will be modified and utilized for the Base 
supply to supplement that furnished by the new development. 

The analysis of the water furnished by the new development was 
fully satisfactory. Samples taken by the State of New Hampshire 
indicated that turbidity, sediment, odor and color all registered zero; 
nitrates less than .05 parts per million; chlorides 8.2 to 9.8 parts per 
million; hardness 40 parts per million; iron O .1-0 .15 parts per mil
lion; CO2 6 parts per million. The pH factor was 7 .0. 

As stated, there are four gravel-packed wells to be provided 
with deep-well type turbine pumps. Water will be pumped 8 miles 
by a 24" main that extends from the well-field at Madbury to Little 
Bay. At Little Bay a dual line will extend across the bottom of the 
Bay, using two 20-inch pipes laid at the bottom of the Bay and cov
ered with approximately 3 feet of fill. At the Fox Point side of 
Great Bay the pipes again lead to a 24-inch pipe which will extend 
to a Booster Station and a million and one-half gallon ground stor
age tank. From this point a 20-inch line will extend to the City sys
tem and a second line to the Air Base. The capacity of the 20-inch 
line is approximately four million gallons per day. The land 20-inch 
and 24-inch pipes are prestressed concrete, whereas the underwater 
pipes are cast iron, flexible-joint and cement lined. 

The booster pumping station is not used in the daily operation 
of the water supply for the City of Portsmouth. Its basic purpose is 
to pump the water into the Base supply where there are two 400,000-
gallon elevated tanks approximately 140 feet above ground. The 
booster pumping station also finds a use for pumping water into the 
City supply under emergency conditions. Normally the water is 
pumped directly into the City system by the pumps at the well-field. 
However, there is a tie-in to the City system at the lower end of the 
Base, so that the two 400,000-gallon tanks will provide considerable 
protection to the City of Portsmouth in a catastrophe. 

At approximately the time that the Government was developing 
a water supply for the City of Portsmouth, there were several local 
proposals for developing a metropolitan water supply system for 
many of the areas local to Portsmouth. One plan proposed was to 
dam the Isinglass River, creating a storage reservoir and constructing 
a supply main providing water to the local distribution systems of 
Dover, Rockingham, Portsmouth, Rye and many of the other towns. 
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Similarly, it was proposed to use Lake Winnipesaukee as a surface 
supply. The cost of both of these proposals was much more than 
the municipalities could afford to undertake and inasmuch as the Gov
ernment demands would be only a small portion, its contributant por
tion was not enough to enable these projects to materialize. 

BUILDINGS 

A Base such as the Portsmouth Air Force Base requires a large 
number of buildings with widely distinct functions, all of which must 
be laid out to provide maximum efficiency. At Portsmouth, the great 
majority of these Base buildings lie between the main runway, which 
extends northwest-southeast, and U. S. Route 4, which lies to the 
eastward and forms the boundary of the Base. 

The heart line of the Base is formed by the operational buildings 
along the flight line, directly eastward of the main runway and park
ing aprons. This group includes such buildings as the DC Hangar, 
which occupies the center of the line, the Control Tower, the Fire 
and Crash Station, the Multipurpose Hangars, the Tactical Squadron 
Headquarters Buildings, and others. 

Paralleling the flight line, and just eastward of it, are grouped 
the large variety of necessary Maintenance Shops, Warehouses, and 
Storage Facilities. This group includes such facilities as the Aircraft 
Shops, the Automotive Maintenance Shop, the Parachute Building 
and Air Installations Shops, the Central Heating Plant, the Electrical 
Sub-Station, and at the extreme northwestern end of the area, the 
Bulk Fuel Storage Facilities. 

Dividing the flight line and Maintenance Shops from the living 
quarters of the Base stretches Easy Street, the main northwest-south
east street of the Base. Eastward of Easy Street lies the complex of 
buildings which constitute the living facilities of the Base personnel. 
Along the length of the street are located at intervals five groups of 
SAC Barracks, each with its individual Mess Hall. A short distance 
to the southeast are located the BOQ's and the Officers Mess Hall. 
At the northwest end of the Barracks is situated the Community Cen
ter, the heart of the Base living facilities. In this Center are such 
buildings as the Post Exchange, Commissary, Post Office, Bank, Li
brary, Bowling Alleys, Gymnasium, Theatre, Chapel and other similar 
community and recreational facilities. Bordering the buildings of the 
Community Center are the administrative facilities of the Base, in-
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eluding the Base Headquarters, the Communications Buildings, the 
Wing Headquarters, and the Operational Training Building. 

Portsmouth Air Force Base is considered a permanent Base, and 
all buildings are designed for 2 5-year life. The design is governed 
by a policy of austerity, and provides the minimum structures con
sistent with the functional requirements of the Air Force. In the 
early stages of design many of the buildings were of wood frame 
with cement asbestos siding. Roof construction in all cases was 5-ply 
roofing. During the past year, criteria have been modified to provide 
for the design of buildings with brick veneer walls. This modifica
tion is based upon the belief that such construction will result in 
lower maintenance costs. 

It is of interest to note that construction at Portsmouth was 
considerably expedited by contracting for the construction of a drain
age ditch to drain the building area before building construction was 
undertaken. The building area east of the parking apron is generally 
rolling terrain, consisting for the most part of glacial till and clay 
formation. The dividing line between the sand and gravel deposit 
and the glacial till follows, in general, the easterly edge of the park
ing apron. Portions of the building area, particularly in the vicinity 
of the Hangar, Warehouse, and B_arracks, were swampy, and drain
age of this area was urgently needed in advance of construction. The 
decision to contract for the drainage ditch proved to be particularly 
timely in view of the heavy rainfall which occurred during the Spring 
of 1954, as well as during 1955. Further, it was possible in laying 
out the drainage ditch, to integrate ultimate portions of the drain
age system with it, and to facilitate later construction of underground 
elements of the utilities system. 

While the majority of the many buildings of the Base present 
no unusual f ea tu res of design or construction, a more detailed discus
sion of certain buildings in the over-all project will be of interest. 

HANGARS 

The DC Hangar is the most impressive structure of the Base 
(Figure 4). With plan dimension of 600 by 2 SO feet, it is large 
enough, in fact, to stage two football games in simultaneously, with 
ample room for spectators. 

The foundation of the structure consists of Franki piles, approxi
mately 30 feet deep. Its most unusual feature is its double cantilever 
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FIG. 4.-D OUBLE CAN TILEVER HANGAR . 

construction. The Hangar roof is supported on four steel towers, 

generally 60 by 60 or 60 by 70 feet , located along the center line of 

the buildings, one at each end and one at each of the third points. 

These towers support cantilever trusses 20 feet deep , which extend 

93 .5 feet on either side of the face o·f the towers . The over-all length 

of these trusses is thus the width of the towers plus 18 7 feet , or ap

proximately 2 50 feet . Extending between the cantilever trusses are 

three hinged arched trusses, each spanning 120 feet. Combined with 

the length of the supporting towers, these arched trusses give an 

over-all length of approximately 600 feet. The use of the arched 

trusses provides the maximum space clearance for tail assemblies of 

planes. The roof deck of the structure consists of steel decking with 

rigid insulation, and 5-ply roofing. The end walls are of protected 

metal. 
The tower frames of the Hangar are enclosed with masonry 

block, and in addition to providing supports for the roof trusses , pro

vide maintenance area. Each tower has two concrete floors sup

ported on steel framing above the ground level, thus providing shop 

areas with a total of 33 ,000 square feet of shop space in addition to 

the four areas enclosed at ground level. Elevators are provided in 

each tower. 
Six rlom 011P11ings arP provided acrnss flw e1 1rl,.., of il1P cantilever 

trusses. All doors are electrically operated sliding doors , each 65 

feet high. The door pockets consist of steel framing. Each door is 
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equipped with insert panels consisting generally of a sponge rubber 
gasket to fit around the fuselage of large aircraft such as the B-5 2, the 
C-124, and the B-36. 

The floor slab of the Hangar is of portland cement concrete, 
with a thickness of 13 inches, designed for a wheel load of 80,000 
pounds. 

Electric power is provided by a primary circuit to the Hangar 
through three main oil circuit breakers, thence to eight load centers. 
These load centers are mounted on the tower roofs below the main 
hangar roof. Four of these centers are of 150 KVA capacity for 
120/ 208 volts, 3 phase; and four are of 225 KVA capacity for 
240/ 416 volts. The lighting provided is a combination of mercury 
vapor and incandescent in the Main Hangar area, and fluorescent and 
incandescent in the shop areas. A series of floor and wall receptacles 
is provided for heavy duty equipment. 

Though the old type of reinforced concrete arch-ribbed Hangar 
completed at Limestone in 1949 was then considered to be a huge 
and efficient Hangar, it can accommodate only three Medium or 
two Heavy Bombers, compared to the six Medium or five Heavy 
Bombers that can be accommodated in the Portsmouth Hangar. The 
efficiency of the cantilever design is indicated by the fact that with 
less than 50 per cent more total floor space on the ground level 
than the Limestone Hangar, the Portsmouth Hangar can accom
modate 100 per cent more Medium or 150 per cent more Heavy 
Bombers, in addition to providing a total shop space, including ground 
floor area enclosed in the supporting towers , of nearly 50,000 square 
feet. 

The construction of the Portsmouth Hangar involved the erec
tion of 3,500 tons of structural steel. The total cost was $3,265 ,000. 
Included in this figure is the cost of a deluge sprinkler system capable 
of discharging at the rate of 10,000 gallons per minute for one hour; 
and the cost of a 500,000-gallon water storage reservoir. The double 
cantilever Hangar was developed by engineers of the Kuljian Cor
poration in Philadelphia. 

In addition to the main DC Hangar, nine Multipurpose Hangars, 
commonly referred to as Nose Hangars, are presently under con
struction at the P ortsmouth Air Force Base. T-shaped structures 295 
feet long, with a depth of 12 6 feet at the center, these Hangars are de
signed to envelop the nose and wings of the massive aircraft of the 
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Strategic Air Command when they are undergoing maintenance. The 
Hangars are constructed of corrugated metal siding and roofing on 
structural steel frames, with portland cement concrete floor slabs 
designed for the same wheel load as the DC Hangar. The doors , 
composed of sliding sections, are 30 feet high and extend across the 
entire length of the Hangars. Specially contrived insert sections close 
around the protruding fuselages of the aircraft while they are in the 
Hangars. Each Hangar costs approximately $400,000 and is large 
enough to contain one B-36 or B-52 bomber, or two B-29 or B-47 
bombers. Although the Multipurpose Hangar is, of course, some
what more limited in its function than the DC Hangar, it provides 
cover for the majority of necessary aircraft maintenance operations 
at substantially less cost than the DC Hangar. The construction of 
such additional Hangars at the Portsmouth Air Force Base is being 
considered. 

BARRACKS 

The Barracks at Portsmouth are divided into five groups. Each 
group is laid out in the shape of an open Y with a bar across the 
top, the Mess Hall forming the leg of the figure, and the Barracks 
forming the bars. A small administration building located in the 
center of each group provides the space for the administrative and 
supply functions of the group. Parking space adequate for between 
40 and 50 per cent of the personnel capacity is provided with each 
Barrack group. 

Each individual Barrack (Figure 5) will provide semi-private 
quarters for 300 Airmen, and has a lounge and reading room on each 
floor. Where Barracks constructed in the past have had common 
toilet and shower facilities , the SAC Barracks at Portsmouth are 
being provided with toilet facilities for each two adjoining rooms. 

Structurally, the SAC Barracks consist of a structural steel 
frame with steel sandwich type panels for exterior walls, the sandwich 
panels on the end walls being placed vertically and extending the full 
length. Floors consist of asphalt tile over concrete, the first floor 
being concrete slab on fill , and the upper floors being concrete slab 
supported by ribbed steel. The under side of the ribbed steel is 
painted to form the ceilings. The Mess Hall in each Barrack group 
is of masonry construction, and is designed to feed 500 men, or slight
ly more than 50 per cent of the housing capacity of the Barrack group, 

• 
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FIG. 5 .- S TEEL B ARRACKS-S EEN F ROM I NTERIOR OF Q UARTERS. 

at one sitting. All kitchens are provided with stainless steel equip
ment and represent the finest in military food service facilities. 

The Bachelor Officers' Quarters each accommodate 49 officers. 
These buildings are of wood frame construction with cement asbestos 
shingles. The Officers' Mess is of the same type of construction. The 
BOQ's and Officers ' Mess Hall are the only buildings on the Base 
which have an independent Boiler Room and are not served from the 
Central Heating Plant. 

Throughout the Base, and particularly in the housing and related 
areas, every effort has been made to preserve as much tree cover as 
possible. This, of course, contrasts sharply with many war projects 
where the need for haste required that areas be completely cleared 
and denuded of all vegetation. In the design of the Portsmouth Base, 
and other Air Bases now, the policy is to preserve as much vegetation 
as possible for its favorable effect on the appearance of the Barrack 
areas and the morale of the personnel. 



PORTSMOUTH AIR FORCE BASE 107 

CENTRAL HEATING PLANT 

The Centr.al Heating Plant serves all buildings on the Base ex

cept the BOQ's and the Officers' Mes~ Hall. The plant uses as a 

medium, high temperature, high pressure hot water, and is one of the 

few such plants of its capacity constructed to date in this country. 

This high temperature water system was originated in Europe where 

it has been successfully used for some years, but only during the 

past decade has it been developed in this country, where it is now 

being increasingly adopted. 
The building which houses the plant is steel framed, with cor

rugated cement asbestos siding. This structure houses two forced 

circulation hot water boilers, and provides space for a third boiler to 

supply the ultimate demand of the completed Base facilities. The 

capacity of the Plant with two boilers is 220,000,000 BTU per hour. 

Hot water is generated at the Plant and leaves at a temperature 

of 360° and a pressure of approximately 250 pounds per square inch. 

The temperature of return water is approximately 2 50°. Most build

ings served by the Heating Plant have a Utility Room in which are 

located converters which utilize the high pressure hot water to gen

erate steam for heating the building, and to heat hot water for indi

vidual- building use. The Warehouses, Hangars, and some shops uti

lize the high temperature hot water directly through unit heaters for 

space heating. 
The completely closed pipe system prevents loss of water. The 

system minimizes accessories subject to frequent repairs, and reduces 

corrosive and scale deposits by using recirculated water. The entire 

installation tends to 'provide improved temperature control. 

The present installation uses Number 6 oil, and fuel storage 

tanks will be located nearby. However, in the design of the-Plant, 

provisions have been incorporated for quick conversion to coal, if 

necessary. In addition, provisions have been incorporated in the 

burners for the use of natural gas when and if natural gas lines are 

extended into the Portsmouth are~. The .entire plant and distribution 

system were designed by the firm of Guy B. Panero, Inc. of New 

York City. 
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STRUCTURAL FAILURES AND HOW TO A VOID THEM 
By JACOB FELD, PH.D.* 

(Presented ;t a meeting of the Structural Section, B.S.C.E., held on December 14, 1955.) I 

STRUCTURAL engineering concerns itself with the provision of 
necessary and sufficient man-made or altered natural materials to 
counteract natural forces and the continuous tendency of inanimate 
matter to disintegrate. The resistances provided against gravita
tional. pulls and horizontal forces as well as against disintegration 
must be sufficient and furthermore, economy of design also brings 
in the criterion of necessity. Any omission below the requirements 
of sufficiency will result in a failure of the designed or expected per
formance. 

Formal engineering education teaches one what to do and to a 
lesser extent, how to do it. But only practice, yours or someone else's 
if you profit by his experience, teaches what not to do. No,single 
life time is sufficient to experience all the lessons of what not to do, 
even in a restricted specialized field of work. The purpose of this 
paper is to repeat the warnings that failures do occur, more often 
than we care to admit, that they have similar shapes and probably 
similar causes and that if we are to be considered as independent pro
fessionals, we must provide for ourselves and for future engineers 
a record of what not to do as well as a record of glorious successes. 

If we define structural failure as observed collapse, there are 
comparatively few failures, but still far too many that cause loss of 
life and property. On the other hand,· if non-conformity with design 
expectations is structural failure and if one takes the trouble to meas
ure the shape and position of completed structures, there are many 
failures. This is more true in the complicated framings than in sim
ple spans or pin connected trusses. Unwanted settlements, some
times unexplainable deformations, are often found and it is ques
tioned whether they are failures, or normal (but unexpected) strains 
or merely "incidents", using a foreign term to describe these condi
tions. Sometimes there is a single explanation for a failure; usually 
it is a combination of conditions, mistakes, even dishonest perform-

*Consulting Engineer, New York, N. Y. 
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ance but not a single item by itself can be picked as the sole and only 

cause of failure. Yet, each in a way is what may be the responsible 

straw that broke the camel's back. 
To only enumerate the recorded structural failures found in the 

engineering literature of the past 100 years would take up the full 

time allotted to this paper. In a paper presented in October 19 54 

at the New York meeting of the ASCE, the writer described some ten 

examples of various types of failure and causes as far as they had 

been determined. In the discussion of the paper, Bryant Mather re

ported 65 tank failures from 18 79 to 19 53 similar to the one case 

included and Thos. C. Kavanagh brought attention to a report of 502 

bridge failures between 1878 and 1895. That, of course, was the 

time when iron bridges were being sold by non-technical salesmen on 

highly competitive basis with no designs available, merely on span 

and load capacity. To these summaries of failures in specialized 

fields, shouid be added the AREA report of Nov. 1918, on Con

crete Structures, in which some 60 examples are given with detailed 

description of the form and cause of each failure. The examples are 

from construction work in Europe as well as in the U. S. A. during 

the previous 2 5 years when reinforced concrete was coming into ex

tensive use. The same types of failures are still being reported; pos

sibly a required course in this phase of engineering information should 

be added to all school programs to warn the embryo engineer that 

some judgment must be exercised in the application of the knowledge 

absorbed. 
Let us look at some few examples of structural failures and the 

possible causes and what lessons can be learned therefrom. 
. . 

RETAINING WALLS 

As a preliminary item, there is the case of a retaining wall which 

certainly would have failed if I had not stopped in to see the work in 

progress. It was a standard design cantilever stem reinforced by 

vertical bars on the filled side. Part of an apartment house develop

ment in the suburbs, the wall was being built by the foundation sub

contractor. The forms and steel were being erected and I saw that 

the bars were being set in the front face of the wall and not as shown 

• on the plans. The foreman gave me a reasonable but wrong explana

tion by his off side remark that he didn't wai:it to bother the architect 

or the engineer, but the plan was wrong and h·e made the fix per-
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sonally. You see, he said, the bars belong on the_ outside because 
the earth holds one face and you need something to hold the other 
face of the wall. The rods were changed and new dowels put into 
the footing and the wall is still standing (it is now some 2 5 years 
old) but if it had failed could one blame only the foreman? What 
about lack of supervision, inspection, control and explanation. Struc
tural design must be tied in as a single package, with control of per
formance as well as of planning. 

Another retaining wall case, this one a serious failure of a proper 
structural design, but a poor drafting job resulted in someone or
dering one-quarter inch rods where 1¾ inch was intended. The 
"one" of the 1 ¾ had been placed directly over a vertical dimension 
line and as the tracing was used for making prints some of the pencil 
carbon wore off and later prints could easily be mis-read. Investi
gation disclosed that the design had been checked by an independent 
consultant for the village inspector before a building permit was 
issued, but no one on the job objected to the use of the hairpin wires, 
although the construction superintendent, the reinforcing detailer, and 
the foreman placing the steel all admitted questioning the light steel, 
but no one was on the job to see that the designer's intent was car
ried out, and apparently no one checked the reinforcing orders or the 
details, both of which showed the wrong steel. 

Retaining wall failures are still much too common; evidently copy
ing standard designs is not sufficient. One clue to the probable cause 
is the statistical fact that most failures in the New York area occur 
within days after the usual warm spring rains. Possibly the over
all cause was given by Robert Frost in his poem "East of Boston", 
when he said: "Something there is that doesn't love a wall, that wants 
it down." 

FUNNELS OF FAILURE SHAPE 

Some years ago, a complete collapse of a 6-story building with 
wood floors and masonry walls, affected so many financial interests 
that it was necessary to determine the real causes. Under our direc
tion, the wreckage was taken apart floor by floor, and the contents 
of each floor weighed and the construction carefully inspected. For
tunately the failure occurred after all employees had gone home, and 
eventually the fact that there were no fatalities so impressed the 
various interested parties that each one took a share of the loss by 
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agreement without litigation. The photographs of the collapse indi
cate a definite axis of the funnel of failure. This axis was traced 
down floor by floor and actually pointed to a structural weakness 
which was probably the cause. The building had been used as a 
part of a large department store, built about 1870, with ·glass cov
ered light wells in the center area of each section. When the build
ing was converted to commercial use, someone removed the panels 
and completed the wood flooring without changing or adding to the 
beam supports. On the first floor, there was found a paper cutting 
machine partly resting on the added flooring supported on 2 x 4's to 
fill in the old light well with a load of paper delivered on the day of 
the collapse surrounding the machine. The floor just couldn't take 
the concentration and sagged downward carrying everything down 
with it. 

In 1940 at the Purdue University conference on Soil Me
chanics, I showed some _sketches to explain sudden changes in bracing 
reactions in trench sheeting. The same explanation is applicable 
to several types of structural frame failure where unexpected loads 
and reactions occur and so it is here repeated. A rigid timber car
ried by four men who have located themselves so as to support equal 
loads is being carried along a smooth surface. When man A steps 
into a depression, man B is overloaded and may collapse, throwing 
load back to A and some additional load to C with possible uplift 
on D. It is a simple qualitative description of how the reactions of 
a continuous structure are sensitive to displacement of the supports. 
H is the explanation of many types of structural failures. Many 
failures caused by gravity result from an earlier lateral displacement 
along a contact where uplift cannot be resisted. 

An interesting and successful repair project handled a few years 
ago was the reconstruction of the structural steel frame of a 12-story 
office building where two interior columns suddenly dropped some 12 
inches at 8 A.M. on a cold Saturday morning. Only the watchman 
was around and he first noticed that the roof water tank was broken 
and the water ran through the building washing papers into the 
street. Inspection of the column bases showed that 24-inch beam 
grillages under two columns had collapsed and squeezed down 12 
inches. Careful mathematical analysis of the frame as a continuous 
structure indicated that the maximum loads which could come to 
these columns, if all foundations were equally stable-were not 

... 
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enough to overload the columns or the grillages. The materials ex
isting on each floor were measured and weighed to determine actual 
live load, which was found to average 60 pounds per square foot, far 
below the rated permissive loading. The only source of load suffi
cient to crush the grillages was the exterior wall and excavated ex
posures indicated new separations at foundation level. The section 
shows how neighboring excavation and dewatering caused temporary 
release of the foundation support under the exterior wall, transfer of 
the load to the next interior line of supports and collapse from over
loading. The collapse readjusted conditions to force the outside foot
ing to take load again. Reconstruction procedure was rather simple. 
After shoring the floors at the failure areas, new grillage beams were 
placed of reduced depth to fit the space beween the continuous pile 
cap and the column base, and each floor was jacked back to level 
with steel fillers set to close the gaps between the bottom of the floor 
girders and the column brackets reused as gtrder supports. 

A more recent well publicized collapse of a concrete structure 
was also diagnosed on the basis of photographs which showed a fun
nel of failure pointing to an interior column as the axis of first move
ment. · In addition it was found that a model made to scale of the 
portions which collapsed, when suspended upside down, balanced at 
the same column. Later investigation showed that this column in the 
bottom story was tipped toward the exterior wall and the foundation 
conditions under the exterior wall columns were not the sound rock 
called for on the design plans. Transfer of load, in this case the 
weight of the ronrrete only, caused overstress at foundation level, 
tipping and loss of support in the flat sln.h floors. ThP- slah rnuld not 
span 54 feet, after one support became inoperative, and so collapse 
resulted. Investigation showed several discrepancies between de
sign assumptions and actual performance, in addition to the founda
tions, and the structure was almost completely demolished (Figure 1) 
before reconstruction and some 40 column footings reinforced or en
larged. Lack of control and inspection has cost everyone concerned 
tremendous sums of money, not to mention the loss of three lives and 
injury to other workmen. 

In 1895, one of the early skyscrapers in New York, the 8-story 
Ireland Building, collapsed when the roof was just being completed. 
The design was a system of concrete floors between iron beams 25-ft. 
span, supported by the exterior walls and a single line of cast iron 



STRUCTURAL FAILURES 113 

FIG. 1.-CONCRETE FRAME FAILURE DURING CONSTRUCTION. 

columns. The second interior column had punched through the foot
ing which was found to have one corner built directly over an old 
well. The concrete had filled the well completely but most of the 
footing was on fine wet silt. The footing tipped and the entire rear 
part of the building fell into the cellar. 

Again in 1904, a 13-story framed apartment building in New 
York City failed completely when the steelwork was at the 10th 
floor and the concrete floors were being installed on the 7th floor. 
the front wall was supported on square cast iron columns carrying 
loadings with 12 inches eccentricity and with footings founded on 
rock. · The rear of the building was on clay soil with some quick; 
sand. The framework started to sway towards the street, reversed 
itself and fell into the lot. The loss of 25 workmen caused a detailed 
inve.stie::i.tion, h11t no lesson was ]parned from the 1 R9.'i rnllapse, nor 
did the failure prevent later repetition of the same mistakes, eccen
tricity of loading on cast iron columns and unequal soil values within 
a single structure. · 

CONCRETE STRUCTURES 

An editorial in "Engineering News" of April 9, 1903, · warns 
about the lack of attention and control on reinforced concrete work 
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which have resulted in so many failures, that the material is not fool
proof but needs control and watching to prevent careless work. 

Within the next year, the same magazine reports two complete 
failures of concrete work carelessly built. A four-story mill building 
in Trenton, New Jersey, failed December 8, 1903, during a load test 
on the third floor. The plan consisted of two 25-ft. spans supported· 
by a center girder on columns and the outside brick walls. Failure 
was caused by the concrete beams pulling out of the wall where in
sufficient bearing had been provided. 

A week later, a three-story department store in Corning, New 
York, failed under a load test on 5- x 5-ft. areas on the two upper 
floors at 200 lb./s.f., even though the first floor had previously passed 
a similar test at 400 lb./s.f. The architect had refused to accept the 
building without a load test because of rumors that the mesh rein
forcement had not been properly placed. The wreckage showed that 
most of the mesh had been omitted. 

Stricter building codes and construction control has practically 
eliminated this cause of collapse, but there still is real necessity for 
supervision and probably even more necessity for training of .crafts
men. Without properly experienced workers, sufficient supervision 
is not possible. 

Failures from frost have also become less common. The out
standing example is the Benton Harbor, Mich., eight-story apartment 
structure. Work started late in November 19 2 3, and by January 
28, 1924, the seventh story columns were being built and the shores 
removed under the fifth floor. One column collapsed at the fifth 
floor, with progressive disintegration and in 30 hours the entire 100-
x 100-ft. building was a wreck down to the first floor. Reliance on 
the addition of some calcium chloride in the mix was found to be 
unsafe. Temperatures fluctuated considerably during the two months 
of work with several freezing and thawing cycles. 

In 1906, a concrete bathhouse in Atlantic City, New Jersey, fail
ure was also blamed on poor supervision, carelessness and negligence 
on the part of the people in charge. Considerable frost damage was 
found in the columns and beams, in which the rods had not been 
carried to the supports, the slabs separated from the girders and the 
12-inch brick supporting walls were found to consist of three distinct 
layers of 4-inch brick with no bonds and poor mortar. 

More recent concrete structure failures are usually of rigid frame 
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or special construction types. It is difficult to obtain precision in con
crete operations and it is doubtful whether a design that requires 
machine shop or watchmaking tolerances can be called a good design. 
IL only re4uires a single careless or inexperienced workman wilh a 
single misbehaving piece of P.f111ipment to provirle the conditions not 
contemplated in the design and the result is a failure. 

The lifL slau technique is a wouderful developmeut of economical 
concrete design if it workc; With the close rli>aranre tolP.rnnces and 
tlie i1u:ipie11l instability uf Lhe columns d1~ri11g the ja'.«:ki11g operations 
failures must be expected and they have occurred. The 50 x 50 
waffle slab in Miami, Florida, 1952, dropped 3 ft. and was destroyed 
when a pipe stub on one jack failed. The operation was repeated 
and failed again because of a defective thread on the inverted flange 
supporting the slab. A third attempt was also unsuccessful when 
diagonal tension cracks appeared in the precast coffers with grit
crete filled joints. 

A solid 65- x 70-ft. slab lifted in San Mateo, California, failed in 
1954 when one of the columns went 3 inches out of plumb and while 
guys were attached Lo pull Ll1e columns back Lhe slal> fell and drifled 
15 ft. west of the original position. 

During the past year or so both' the Army and the Navy have 
had trouble with concrete frames. Figure 2 shows the failure of the -....... ,,.. .,~---,_, __ , ___ , 

✓ . . . 

FIG. 2.-RIGID FRAME FAILURE AT KNEE JOINT. 
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concrete rigid frame at Coronado, California, a Navy warehouse, has 
been blamed on a poor splice detail at the heel of the arch, although 
there has been considerable dissent in lhe discussiu11 since Lhe 1eµurl 
came out on November 11, 19 54. The failure of three concrete 
frames at the Shelby, Ohio, Army warehouse last August, under no 
exterior loadings has caused a series of investigations and reports 
on that design and several similar designs used elsewheres with the 
present blame being placed on an inadequacy in the ACI Concrete 
Code, but other possible causes are still being investigated. It may 
well be that our standard methods of concrete design, developed as 
they were for simple spans, may require considerable modification 
when applied to rigid indeten11i11ale structures esµecially wheu de
signed for very light live loading. 

PRESTRESSED CONCRETE 

The new techniques of prestressed concrete also lend themselves 
to possible failure, especially when the ready failure of concrete under 
combined tensile and compressive stresses as described in the ACI 
Journal of October, 1953, by G. M. Smith is not considered. Tensile 
stress from shrinkage anrl temperature on planes normal to the rom
pressive stresses imposed by external loads will cause sudden failure. 
A simple exau1µle is lhe receully repurled iuddent frum \:Velliugluu, 
New Zealand, where a 105-ft. span precast and tensioned beam dur
ing shipment turned over and exploded, and in so doing "touched off" 
another beam that was standing upright. 

Wire failure from stress corrosion, refusal to carry stress around 
sharp curves, unequal strains in parallel members and metal fatigue 
can provide many more examples, but reference is made to the re
ports at several international meetings on Prestressed Concrete sin•ce 
1951 for further information. The men interested in the subject 
should be complimented for the frank and complete reporting of "in
cidents" in the field of prestressed concrete, from which safe practice 
is being developed. As a warning, it should be noted that the defini
tion of safe practice is changing continually and that is the reason 
for the considerable objection raised at the 1951 Ghent meeting and 
also at the 1955 Amsterdam meeting to any fixed permissive codes or 
regulations. 

Combination of prestressed steel with indeterminate framework 
causes considerable trouble. Some recent bridge failures in Austria 
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and Germany have seriously affected general acceptance of prestress
ing for continuous spans. In 19 53, there was a failure of pres tressed 
concrete Vierendeel trusses at Lodi, California. All trusses collapsed 
during the night except one that was still on wood shoring. No ex
planation was ever given, except that the reconstruction was with 
modified design of the truss, adding a vertical at mid-span and using 
high bond bars in place of wires as reinforcement in the chords. 

CONCRETE FORMWORK 

There have been at least five reported collapses of formwork 
supports in the past few years, all of which were of similar cause. 
Concrete form supports do not get equally distributed load until all 
the concrete is in place. As the concrete filling progresses, the reac
tions vary and where the timbers are continuous there is a possible 
uplift at form supports located beyond the concrete placing. If the 
timber falsework is not completely bolted or spiked together, sup
porting posts will· come loose and may fall when loaded. This is 
especially true when the falsework is ·high and the posts are in two 
lengths separated by a continuous intermediate sill member not bolted 
to both the lower and upper post sections. Horizontal impact forces 
resulting from power buggies operating on temporary runways can 
induce waves in the plastic concrete which cannot be stopped. The 
failure of forms in three reservoir decks and in several large building 
areas in recent years, all show similar patterns of rotational move
ment during collapse and are likely results of such linear horizontal 
forces acting on the wet mass. 

Form failures are fairly common experiences in the construction 
industry and seldom is the design of the falsework or forming im
proper or with too low a safety factor. They cannot be avoided by 
having signatures of approval on the design drawings or even by in
sisting on more inspection or by licensing contractors. There are 
so many possible weaknesses that can be built into, either by error 
or omission, a form system that reliance must be had on the experi
ence and integrity of the workers. At present, any wood butcher is 
considered good enough to build forms. It is the most costly single 
item that makes up the total cost of reinforced concrete; specially 
trained men must be developed for this work, just as only experienced 
shorers would be trusted with an underpinning work if success is ex
pected. 



118 BOSTON SOCIETY OF CI\'IL EXGINEERS 

The report of a 1902 form failure in Chicago merely describes 
how a workman had been ordered to remove some panels but also 
took out the braces under a slab about four weeks old. The con
crete was wet and had set slowly, it was late in November, and the 
slab fell through four floors of completed work. In 1903, a similar 
occurrence in Pittsburgh on the 6th floor and that fell through to the 
cellar. And during the same month, the same type of failure on a 
three-story building in Milwaukee. The editor of "Engineering 
News" then editorially indicted the concrete industry for the dan
gerous claim that unskilled labor can be used in concrete construc
tion, pointing out that wet concrete has no strength but is just dead 
weight with hydrostatic pressures that must be designed for and the 
installation needs experienced men and close supervision. Half a 
century has passed, progress in this phase of construction is somehow 
lacking. The same warning is still in order. 

In 1941, a large area of double tier all timber framing for the 
roof of the water reservoir in Washington, D. C. ·collapsed and the 
investigation called it "sabotage". In 1949, the same conditions at 
Santa Monica, California, were constructed and a 40- x 85-ft. section 
fell down during concreting. In that year, the 5th floor of the Parke
Bernet Gallery building in New York, supported on 22-ft. high double 
posting also fell, dropping an area 40 x 67 ft. Power buggies were 
used for concrete placing. 

In 19 53, at Everett, Mass. the concrete tank roof formed on 
spliced wood posts, with 400 cu. yd. placed in five hours, fell com
pletely, although previous areas with similar formwork were success
fully completed. In 1955, the forms under the Louisville, Ky. State 
Fairground Stadium supported by steel joists on double 2-in. pipe 
shores, 16 to 18 ft. long, fell down. Also, the upper exhibition floor 
at the New York Coliseum on double tier shoring, the bottom of wood 
framing and the top of steel pipe, with 700 cu. yd. placed in less than 
seven hours, started to weave, rotated and fell 22 ft. to the lower floor, 
Figure 3. Tests proved that no damage resulted to that floor, but all 
formwork then in progress was rebuilt, some $300,000 spent in repair 
and replacement and a $30,000,000 operation delayed about 6 weeks. 
Do we need to revise our design methods when moving loads are in
volved or do we need inspectors to check every nail and scab before 
concrete is placed? The Coliseum area which fell was on about 1000 
shores, and that area had between 8 and 10,000 nails. Omission of 
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FIG. 3.-FORMWORK FAILURE AT N.Y. COLISEUM STRUCTU RE. 

toe nails at three successive posts would be sufficient explanation for 
the start of movement. The horizontal force from braking a 2500-
lb. loaded power buggy, imposed in synchronism to a plastic mass of 
500 cu. yd. of concrete can start a shock wave that no ordinary form 
framing can resist. It seems that form design must take into con
sideration the tractive forces of the equipment and the rate of con
crete placing. When power buggies were first introduced into New 
York City, about 1946, a design of formwork for a large garage to 
penpit the safe use of the buggies including special runways with 
safety curbing showed so great an increase in forms cost that the 
smaller buggies were considered more economical. 

TORSION 

Torsional strains are the frequent cause of local failures, cracks 
in spandrel facings, displacement of brick surfaces, and even en
croachment on shaft openings After a stair contractor complained 
that the shaft in a school building was encroached by the bottom 
flanges of the steel beams, exposure showed that the tops of the beams 
were out of level by ¾" and the beams had twisted in their connec
tions, the bottom flanges being as much as two inches out of position. 
To definitely prove that the condition was the result of construction 
methods, a typical steel framing panel was set up in the yard and the 
concrete man hung forms in the usual way. Telltale rods were con-
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nected vertically to the top flanges of the beams and as the concrete 
was placed, rotation of the beams was evident. The forms were hung 
by one sided wires to permit easy stripping. The load of the con
crete caused torsional rotation of the beams and when the concrete 
hardened the beams remained in a distorted position. This is a 
common error in supported formwork, the hangers should be either 
on both sides of the beam or alternately placed, if the steel beams are 
to remain in a vertical position. 

Torsion also occurs in concrete designs. Some 30 years ago 
when flat slab design standards required rather deep spandrel beams, 
diagonal cracks in the exterior faces of the spandrel and horizontal 
cracks in the exterior columns just below floor levels were investi
gated analytically. The amount of added reinforcing needed to keep 
such trains within desired limit was not economical and the writer 
advised that shallow spandrels be used with continuous hoops ex
tended into the slab as top reinforcement to add torsional rigidity 
with reduced dimen ion of the strains. Recent examples of excessive 
deflection in long exterior spans are tied in with the failure to con
sider torsion of deformations of exterior spandrels. 

Static design of roof slabs often indicates that very light posts 
are sufficient. But if loading is uneven, or if someone leans against 
a post, corkscrew rotation is possible without any change in dimen
sion of the roof or of the posts and failure results. This was found in 
a number of shelter canopies where pipe columns support a quare 
concrete deck and rigid connections were necessary to prevent col
lapse. 

STEEL STRUCTURES 

Unbraced long span beams or trusses will bow or buckle from 
unbalanced loading or even from temperature expansion if the ends 
are not free to move. Such a failure was responsible for radical 
code changes in East Los Angeles in 19 5 5. Welding is usually a more 
economical fastening device than rivets. However, failures from lack 
of sufficient welding experience are still frequently reported. A large 
steel welded Vierendeel Truss over the Albert Canal in Belgium failed 
in 1938. Investigations were extensive and detailed, resulting in the 
recommendations that brittle fracture resulting from welding proce
dure were the cause of failure. As summarized by P. P. Bylaard in 
"Engineering News-Record" ( April 2 6, 19 51), high triaxial stresses 
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will occur in welding thick steel plates where shrinkage in all direc

tion is impeded. All such stresses are tensile and are added to the 

loading tensile stress, usually from low temperature shrinkage, and 

brittle failure must result. He advises against welding plates over 

one inch thick. Only last month "Engineering News-Record" re

ported the sudden cracking of 1¼- and 2-inch plates welded in the 

field for penstocks. The repairs cost 1.5 million dollars and the 

power production was delayed several months representing a serious 

loss in investment return. 
J. H. Jennison in "Engineering News-Record" (March 24, 1955) 

also points out that the failure in welded pressure pipe is caused by 

a combined internal pressure and bending stress, since mild steel. acts 

as a brittle material under biaxial stress when it is restrained against 

longitudinal contraction. 
Bridges like walls must be supported to resist the "something that 

wants it down". The Sullivan Square overpass, here in Boston, in 

1952, a series of 17 beams 96 ft. long, suddenly slipped off one sup

port, where rockers on a steel bent permitted spreading of the sup

porting bents. 
The collapses of the Quebec Bridge have always been described in 

engineering text-books, yet bridges still fail during erection, as for ex

ample, the 208-ft. central span of the Bluestone River Bridge in 1949 

which fell into the river with a derrick on the free end as it picked 

up the closure panels. There were no outside loadings and no wind; 

the erection procedure was as planned and designed. No satisfactory 

explanation has ever appeared. 
Steel towers, especially radio towers are common examples of 

failure, possibly because prior to 1916, designs were based on the 

principle that high winds occur seldom an_d the risk was economi

cally sound to design for normal conditions only. As reported by 

A. W. Buell to the Institute of Radio Engineers in 1928, the United 

Fruit Co. then decided to provide radio towers so that wireless service 

was available during and after tropical storms. Considerable re

search, most of it checked by full scale exposure to hurricanes showed 

that three-legged flexible designs were most economical both for 

guyed and self-supporting towers. An interesting near-failure oc

curred in the 45-story pipe scafford material lift tower at the Socony 

Mobiloil building in New York last August, -during the unusual high 

and long heat spell. The pipe columns were braced and the frame 
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was sway guyed at each floor level. Enough resistance was afforded 
by these diagonals to prevent expansion longitudinally and the pipes 
at the 18th floor bowed out several feet and the top of the tower set
tled seven inches. Had the clamp connections given, a major dis
aster would have occurred. Temperature changes in long structural 
members which have end restraint, must be treated as if the number 
were a long column. 

The Hartford, Conn., water tank failure in 1923 proved the neces
sity of horizontal resistances for sloping columns, even if symmetri
cally positioned. A 50,000 gallon tank on four inclined columns was 
set on a brick square tower 65 feet high and enclosed within walls. 
Then the diagonal steel braces and the horizontal ties at the bottom 
of the columns were removed to provide clearance for windows, and 
the legs kicked the masonry out. 

Engineering magazines from 18 7 5 to 189 5 were as full of re
ports of railroad accidents and bridge failures as today's daily news 
reports of automobile traffic accidents. Even as late as 1905, the 
weekly summary also describes the most serious railroad wreck of 
the week, usually tied in with a bridge wreck. Better design methods, 
more carefully organized maintenance resulting from public demand 
have considerably reduced the incidence, although far from entirely 
eliminated railroad wrecks and bridge failures, reports of which plane 
and highway accidents seem to squeeze off the "front page" of our 
newspapers. 

The "Railway Gazette" in 1895 published a discouraging sum
mary of iron bridge failures . resulting from railway traffic, listing 
502 such failures in the period 1878 to 1895 inclusive, collected by 
C. F. Stowell, and noting that the first 251 occurred in 10 years while 
the second 251 occurred in only 8 years. In the years 1888-1891 in
clusive, there were 162 such accidents. These reports received wide 
publicity and attention and must have had considerable influence on 
the designing engineers as well as the bridge salesmen of those days. 

TEMPERATURE 

Temperature expansion is another physical factor often over
looked. Long span trusses and girders in closed attic spaces will ex
pand enough to push masonry walls out of position. Rigid tile roof 
covering not isolated from the parapet wall, will expand enough to 
push the wall off the supporting beams. Frost and water result in 
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expansive forces, with damage to structures often reported. In a 
large structure in New York where foundations were built during the 
winter, oversize sleeves for i:;olumn anchor bolts were left open in the 
concrete piers, filled with rain and froze, cracking the tops of many 
piers. Such water collecting spaces must be filled or covered. Post
stressed concrete beams in Northern European countries have cracked 
open during grouting operations, when done in cold weather, the con
crete itself having reached below freezing temperatures. Recent 
standards require addition of alcohol to the grout mix to prevent 
freezing until the grout is set. 

TANKS AND SILOS 

Tanks and silos seem to be another vulnerable type of structure; 
failures from many causes are reported. Two similar steel rectangu
lar bulk oil storage tanks failed early one morning in 1945, even 
though located about 40 miles apart, one in Linden, New Jersey, and 
the other in the eastern edge of the Bronx, New York. The storage 
was #6 fuel oil requiring steam to keep it fluid; the temperature was 
close to zero and during the night the moisture exiting through the 
vents froze up the vents solidly. At early ~orning, when oil was 
withdrawn for distribution, the reduced internal air pressure was not 
balanced through the vents and the roofs collapsed. This is the prin
ciple of the Swedish soil compaction device which consists of a large 
plastic sheet sealed to the sur~ace along the perimeter and a small air 
suction pump unbalancing the air pressure on the covering. 

The molasses tank disaster in Boston harbor in May 1919 among 
other serious damage put the elevated railroad out of service for 
several weeks. The 90-ft. diameter steel rivetted plate tank was filled 
to a height of 48'-10" when the bottom plates failed in tension. The 
¼" plates showed a design stress of 26,400 psi if the rivet holes had 
not been punched out. About half the section was so eliminated and 
failure resulted at tensile stresses of about 50,000 psi. Almost iden
tical failure occurred in Havana harbor in 1925. 

The recent sudden total collapse of a grain elevator in Fargo, 
North Dakota, which included twenty ft. diameter by 120 ft. high 
silos constructed in 19 54 and in use less than a year, has been blamed 
on l!nequal foundation support permitting tipping of the structure. 
The much larger example of such action was the Canadian Pacific 
Railroad grain elevator in 1914, which tipped 45 degrees as a unit 
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and was later righted by underpinning and completely salvaged. The 
Fargo bins burst outwards and the total explanation may not have 
been found. Possibly the study by L. E. Vandegrift in ACI "Jour
nal" 1954 showing the lateral wall failures that can result from filling 
the interstices with main bins empty and the necessity for reinforced 
fillets at bin wall intersections, may provide some other clues to the 
many bin failures. L. J. Mensch in the November 1955 "Civil En
gineering" also points out the necessity for special design features 
at the bottom of tanks and bins where ring deformations are not com
patible with the restraint of the floor. 

SOIL PRESSURES 

Since this paper started with examples of earth pressures on 
retaining walls, it may be proper to close the list with some examples 
of lateral pressure on other structure types. The list of failures of 
dams from unforseen, usually liquified, soil pressure, from alteration 
of the base soils and rocks with resultant loss of bearing and friction 
resistances, is sufficient to warrant a separate paper. To mention a 
few of the outstanding examples, the coagulation basin dividing wall 
at Baltimore in 1929, the St. Francis Dam in 1928, the Bonners Ferry 
Dam, Idaho, and the Tryon, N. C., Dam both in 1926. Sometimes 
it takes a double occurrence to convince some people and this was 
the case in a housing development in Hartford, Conn. in 1940. Clay 
backfill against cellar walls dried out during the summer weather 
sufficiently to provide a cavity for the water pressure following a 
thunderstorm. Collapses were rebuilt and again backfilled with the 
clay soil. The second collapse, figure 4, convinced the authorities 
that drainable material was necessary. 

These are only a few of the types and causes of structural fail
ure and the subject of foundations, soil slips and slides, and misbe
having piles have not been included in this paper. Nor is the large 
mass of material on tunnels and open excavation difficulties included, 
especially since so many fine contributions are found in the Boston 
Society Civil Engineers JOURNAL. 

The literature on structural failures is too scant, especially in 
this country. Somewhat more prominence is given in other countries 
to the lessons to be learned from non-successful designs. In Belgium, 
the Bureau Seco, organized under the guidance of the late Professor 
Magnel, controls designs and construction methods to prevent "inci-
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dent" and also to determine the causes of "incidents." The State 
of Sao Paulo in Brazil has a governmental department to make full 
investigation and public report on structural failures. In recent 
years, at the meetings covering foundation and soil mechanics the 
subject of failure is no longer tabu. In 1952, Henry Loissier of 
France published a book on the Pathology of Reinforced Concrete, a 
study of failures, their causes and methods of correction. In Holland, 
the organization Stuvo was founded by inter:cstcd engineers and con 
structors to investigate and explain failures in prestressed concrete 
work. An excellent book on landslides and slips by Alexander Col
lin published in 1846 has just been translated by W. R. Schriever of 
the Canadian Building Research Station with a foreword by A. W. 
Skempton, under the guidance of Robert Legget. 

Many a structure must pass through a critical stage during con
struction before the engineer can be satisfied that it is stable and a 
successful performance of his design . Such critical "operational 
shock" always requires special watching in tunnel excavations, in 
bridge erection, underpinnings and concrete falsework. Failures re
sulting not from insufficiencies of the structural design of the com
pleted work but from unexpected movements in the construction ex-
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pedients are, in the public mind, not distinguished from structural de
sign failures. The printed reports of such incidents indicate that they 
usually occur near the end of a job when progress is at the maximum 
scheduled rate and man power is not sufficient to provide all the 
necessary functions to guard against failure. Even if the man power 
is sufficient, the work is often so concentrated that space is not avail
able for proper performance. The forces which cause these failures 
are not of the same magnitude or even direction as the loads used 
for the structural design, and simultaneously the strength of fresh 
concrete, unbraced steel or blasted rock faces and roofs is lower than 
the desired values as assumed by the designers. Failures in completed 
structures are much less common than when steel bridges were being 
sold by non-technical salesmen on open competition, or when less was 
known about concrete than the much too little now commonly known. 
With very few exceptions, failures in completed structures are from 
dishonest performance and noncompliance from ignorance rather than 
from improper design. 

In summary, the profession knows what to do, but has not been 
able to teach the performance phase what not to do. Correction of 
this deficiency is the key to the solution of this problem. 
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EXAMPLES OF SIMPLIFIED COMPUTATION OF THE 
LOADING TERMS IN THE ELASTICITY EQUATIONS* 

(Explanatiun uj a New Theorem by Dr.-lng. Otto Braun, 
Augsburg, Germany) 

LET us analyze the statically indeterminate system, having three 
redundants, shown as Fig. 1 (a). The statically determinate primary 
structure, formed by inserting three hinges in the frame, is shown in 
Fig. 1 (b). Let the redundants selected be the moment at the mid
dle of the girder and the half-sum and half-difference of the two mo
ments M,. and M". The moment-curves shown in Figs. 1 ( c), 1 ( d), 
and 1 ( e) indicate the effects of the redundants, i.e., they show the 
effects of the conditions X = 1. Since all the ll1k-values are zero, one 
obtains three equations of elasticity which are independent of each 
other. 

If one wishes to investigate a particular condition of loading, for 
example, wind loading, he must next determine the moment curves M 0 

for the statically determinate primary structure: for the example in 
hand these are shown in Fig. 1 (f). From these one can compute the 
loading terms llo,1, llo,2, llo,3 and then, from these, the unknowns 

ll'o,1 
X=--

1 ll ' 1,1 

llo.3 
X3=---. 

ll:1.:1 

The development of the M0-curves in our not-too-simple primary 
structure is not wholly simple. In such cases, one may use a new 
principle and thus arrive at a simplification of the work: this was 
published, for the first time, by me, in the JOURNAL, "Beton- und 
Stahlbetonbau," Transactions 47, Part 1, January 1952. It states: 

"It is permissible to let the external loading operate on any pos
sible primary system (i.e., to use any possible condition of equi
librium for the external loading), no matter what primary system 
was used· when it was subjected to the redundants." 

*This paper was submitted unsolicited and was not read before the Roston Society of 
Ci,•il Engineers. It is pul.,li~l1c.d a! 9ubmittcd by author without review or rnmmPnt hy 
members of this Society. 
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According to this, one may use any M 0-curves which are possible 
under wind pressure on the final structure, for example, the simple 
parabolic load curves shown in Fig. 1 (g). With these moment curves, 
which, in order to distinguish them from those used previously, will 
be called M' 0-curves, one gets loading terms ll' 0,1, ll' 0,2, and ll' o,s and, 
from these, 

llo.1 
X' =---

1 ll ' 1,1 

ll'o,2 
X'~=---·-, 

- 82.2 

ll'o,a 
X~e=---. 

Ila.a 
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These redundants are not equal to Xv X 2, and X 3 , but the final mo
ments computed from them 

M = M'0 + M 1X'1 + M 2X'2 + M 3X'3 

are the same as the following: 

M _:_ M 0 + M 1X 1 + M 2X 2 + M 3X 3 

computed by the usual procedure. 
For the sake of completeness, it may be shown by a simple ex

ample that the new procedure leads to correct results. Let us con
sider a beam continuous over two equal spans of length l and sub
jected to a concentrated load at the middle of one span. See Fig. 
2 (a). Let the statically . determinate primary system be the beam 
having a span of 2 l. The redundant X 1 is equal to the reaction B. 
Using the rn:>rmal procedure ( Fig. 2), one would next compute the 
deflection at B because of the load/P. From the M0-curve, because 
of P, as shown in Fig. 2 ( c), and the 1\11-curve as shown in Fig. 2 ( d) 
because of X 1 = B = -1, one gets 

l Pl 2 Pl l 11 
EI )lo,1 = - (- . - l + - . - ) = - Pl3 

2 4 3 4 4 96 

p 

a) L 

bJ f x, .. .B 
t.<-------2{---~ 

• 

C) 
' f 

d) 
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The deflection because of X 1 = B = -1 is 

l2 2 l3 

EI . 81,1 = - . - l = -
4 3 6 

The deflection at 3 vanishes if 

80,1 11 X 6 Pl3 11 
x1 = B =--=---.--=-P 

81.1 96 l3 16 

The support moment at B is 

Pl l 11 3 
MH = M 0 - M 1X 1 = - - - . - P = - - Pl 

4 2 16 32 

Instead of this customary procedure, we could start by arbitra
rily selecting a value for the reaction at B and then checking to see 
whether, with this value for the reaction, the deflection at B would 
actually disappear or whether, and by how much, the· reaction is to 

p . 
be corrected. If we take B'0 =-,we obtain the M'0-curve shown in 

2 . 
Fig. 2(e), which is the same as the moment curve for a beam having 

. a span l. Using this, the residual deflection at B is computed as 

l Pl l Pl3 

EI. 8'0,1 = - . - . - = --. 
2 4 4 32 

Since the deflection at B is not zero, the reaction was incorrectly 
p 

chosen and is, in fact, too small. We ·must mcrease B'0 = - by 
2 

8'0,1 Pl3 6 3 
6.B = X' 1 = -- = -- . - = - P: with this correction the rest 

81.1 32 l-3 16 

of the deflection disappears and we obtain the improved value for the 

reaction 

. P 3 . 11 
B = B' + 6.B = - + .:._ P = - P 

. 
0 

2 16 16 

as above. Instead of the M'0-curve. selected, we have an improved 

moment curve 
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for example, the support moment at B becomes 

3 l 3 
Mn = 0 - - P - = - - Pl 

16 2 32 

as above. 
We _could select B'0 arbitrarily. By variation of B'0 we could 

set up on the primary system of Fig. 2, the moment curve fqr any 
other primary system, for example, a cantilever beam. We could 
also use here the M 0-curve for any possible primary system without 
changing the final result. The 8'0-values have, in fact, the signifi
cance of residual deflections, and the X'-values have the significance 
of corrections to the redundants, but this is of no importance so far 
as the practical operation of the procedure is concerned. The order 
of computation is the same as if the new primary system ( in this case 
two simple beams of span l) had been used from the beginning. 

It may be shown, by similar developments, that the new prin
ciple has quite general validity. As was demonstrated when the beam 
continuous over three supports was used as an illustration, the fol
lowing two considerations are very important in developing the proof. 

( 1) In the analysis of a structure which is indeterminate to 
the nth degree, one may select a statically determinate primary sys
tem, on which the redundants X1 to Xn operate. If these are known 
one may compute any ,of the stresses, for example a bending moment, 
by using the equation: 

M = M 0 + lV1 1X 1 + M!!X~ + ...... + M 11X 11 • 

1\10 fo a bending moment in the primary system because of the e:,ter
nal load. If one introduces arbitrary values xa for the as yet un
known quantit~es X, one obtains an arbitrary moment curve 

M' = M 0 + M1X\ + M2X'\ + ...... + M 11X\. 

If one varies the unknowns XU, i.e., if one lets them take successively 
a series of values, one may, by this means develop every possible 
moment curve caused by the external loading on the structure. This 
concept is important, because, if one can develop each possible mo
ment-curve by varying the quantities Xa, one can also develop the 
M 0-curves for every other pos~ible primary system. Let these be 
designated by M' 0• Then 

1\1' 0 = Mo + Mlxa 1 + M2Xa2 +. : ...... MnX''.,. 
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This first consideration leads to the concept that, from the mo
ment curve (M0 ) for the statically determinate primary system taken 
as a basis for the analysis, one may develop the moment-curve (M'0 ) 

for every other primary system, since one may introduce any values 
whatever, for the values xa, in the equation 

M'0 = M 0 + M 1X\ +.: .... + M 11X\. 

In this way, in dealing with the beam continuous over three supports 
as shown in Fig. 2, the M'0-curve for the beam of span l, (Fig. 2e) 
was developed from the l\10-curve fo_r the beam of span 2 l, (Fig. 2c) 

P. 
by selecting the arbitrary value X\ = B' 0 = - for the unknown 

2 
x1 = B. 

( 2) The second consideration which is important in develop
ing the proof is the following: 

The equations of elasticity are work equations, which come from 
the conditions S1 = 0, (i = 1, 2, ... , n). They run 

ds 
1. S1= fM 1 • M. - = 0, (i = 1, 2, ... , n). 

EI 
In these equations, 

Mi = the moments because of_ Xi = 1 
M = final moments = M 0 + M 1X 1 + . . . . . . + M 11X 11 

If we substitute these expressions for M, we have 

ds 
fM1 (Mo + M1X1 + ...... + MnXn) - = 0 

EI 
i.e., 

i.e., 

810 + X1. S(il> + + Xn . Sin= 0 (i = 1, 2, ... , n) 

This is the usual derivation. 
We may now suppose that each redundant X is a combination 

of two parts, an arbitrary part xa and a residual, or correction, part 
X'. Thus we can write X = xa + X'. If we introduce this in the 
expressions above, one gets for the final moments 
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M =Mo+ M1(X\ + X'i) + ...... + Mn(X\ + X',J 
i.e., 

M = (M0 + M1X\ + ...... + MnX"u) 
+ M1X'1 + M2X'2 + ...... + M11X\

1 

The term in parentheses is the same as the quantity M'0, used in 
our first development, for the new primary system. Then 

M = M'o + M1X'1 + ...... + M,,X'n 
If we set up the work equations with this new expression for M, 

we get 

i.e., 
ds • · , ds 

fM;M'0 - + X'JM)\11 - + 
EI . EI 

i.e., 
8'10 + X'i811 + .... + X'118111 = 0 (i = 1, 2, ... , n) 

As one may see, these are the same elasticity equations as before ex
cept that, instead of the quantity 810 developed from M 0 for the old 
primary system, we now have the quantity 8'10 found by using the new 
primary system. In addition, the redundants X are replaced by the 
correction values X'. The final moments are computed from 

M = M'o + M1X'1 + ...... + MnX'n 
in a manner exactly similar to that used in the usual normal proce
dure. 

It is shown by the relation between the first and second develop
ments that it is permissible, when computing the load terms 810, or 
the more nearly correct values 8'10 , to think of the external loads as 
applied to any arbitrary primary structure, and to compute ( the load 
terms) as if this primary structure had been used from the beginning. 

It has been known for a long time that it is permissible to as
sume values for the redundants X and to compute corrections to the 
values assumed by using the elasticity equations. It is also known 
that one may, by varying the values of the redundants X, set up all 
the possible · conditions of stress corresponding to the load system 
acting on the structure. It is worthy of note that no one has, so 
far, drawn the basic conclusion that one may use any arbitrary pri-
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mary system when dealing with the external loads. This concept• 
provides for great simplification on the computation. 

By using this theorem one has the possibility of eliminating at 
least a part of the excessive labour which is a result of unskillful 
choice of primary structure. To arrive at the simplest possible pro
cedure it is advantageous to select the equilibrium condition X' = 0 
so that the forces (Moments M'0 ) extend over as small a part of the 
structure as possible. 

For example, if one is analyzing the triply redundant bent of two 
bays shown in Fig. 3(a) and he chooses the primary system shown in 

Ma+ Mb Ma-Mb 
Fig. 3 (b) with the redundants X 1 = 

2 
X2 = 

2 

Xa = B, he can treat the outer forces as if they were applied to a pair 
of simple beams each having a span l. For two equal concentrated 
loads, as shown in Fig. 3, acting at the joints near the middle support, 
it would be more convenient to use the M' 0-curves shown in Fig. 3 ( c). 
If one were to select the primary structure formed by cutting through 
members of the frame in the manner shown for the triply redundant 
frame shown in Fig. 4 (a), he obtains a primary structure with over
hanging arms, Fig. 4 (b). Primary structures with cantilever arms 
often lead to very inconvenient M 0-curves, and, if one wishes to draw 
influence lines, one has also inconvenient curves of deflection 8111 cor
responding to the conditions X = 1, Fig. 4(c). Also one can use 

a) 

b) 

C) 

FIG. 3. 
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here the simpler M'0-curves for beams on two supports, or, in develop
ing influence lines, one can use the simpler deflection curves for sim
ply supported beams, Fig. 4 ( e). The X' -curves developed from the 
B'm-curves, Fig. 4(f), are naturally quite different from the X-curves, 
Fig. 4 ( d), but the influence lines for the final moments formed by 
combining influence lines for X' 

M = M'0 + M 1X'1 + M2X'2 + M 3X'3 

are nevertheless again correct. One must be careful only that the 

a) 
b) 

c) 

9) 

h} 
FIG. 4. 
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M' 0-curves are those for the new primary structure, i.e., in this case, 

for the beams on two supports. For example, one uses here the 

M'110-curve of Fig. 4 (h) instead of the M110-curve of Fig. 4 (g). It 
may be demonstrated that this new procedure for drawing influence 

lines is permissible by comparing its result with the procedures for a 

concentrated load in a fixed position, for one can also develop in

fluence lines point by point. 
The field in which the new theorem is of greatest value is that 

of three-dimensional statically indeterminate structures, because in 

these it happens often that one can see simple conditions of equi

librium which cannot be recognized in the original primary structure. 

As a simple example, let us consider a bridge with three main girders 

and having floor beams continuous over the main girders, Fig. S(a). 

If torsion is neglected, a structure having n floor-beams has n-2 re

dundants. If one introduces a hinge in the main girder under each 

floor-beam, the result is a statically determinate primary system, 

Fig. 5 (b). The redundants are the moments in the middle girder 

under the floor beams. Because of a condition X,, = 1, there exists 

a set of moment curves such as are shown in Fig. 5 ( c). The equa

tions of equilibrium have five terms. A load P applied to the mid

dle girder leads to the complex condition of moment shown in Fig . 

.5 ( d). By applying the new theorem one can substitute for this the 

simple M'0-curve extending over the middle girder as shown in Fig. 

5 ( e). 
As a further example of three-dimensional structures let us con

sider the wind stress analysis for an arch bridge with curved lateral 

bracing in the planes passing through the members of the top chords, 

Fig. 6. According to our theorem, we are free to select any primary 

structure. It will be satisfactory to use any possible condition of 

equilibrium in computing the wind stresses. Let us imagine that 

the whole bracing system, including chord members is separated from 

the bri_dge and is supported vertically on it, Fig. 6 ( c). The stresses 

in the members of the wind-bracing system are independent of the 

redundants and their final values may be obtained from the trans
verse forces acting on the system developed in a horizontal plane. 

The chord stresses for the disconnected bracing system are obtained 

from the horizontal projection, Fig. 6 (b), and the inclinations of the 

members. 
M 

Iri the horizontal projection, the chord stress is ± 
b' 



\ 

138 BOSTON SOCIETY OF CIVIL ENGINEERS 

d) 

b) 

C) 

d) 
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in which M is the moment of the wind forces on the projected wind 

M 
truss in Fig. 6 (b). The actual chord stress is S0 = ± ---. Because 

b cos <l> 

of its curvature, the wind truss applies to the arch the vertical loads 

M 
V = ± - ( tan <l>1 - tan <l>.,) 

b -

in addition to which one has loads because of wind pressure on the 
bracing system in the plane of the deck. One obtains the redundants 
X ancl all the bar stresses, caused by thP for.f's V, from the influence 
lines, while the effect of the redundants X 1 corresponding to the chord 
stresses S

0 
are found from lhe summation fo1111ulas for oio aml lhe 

equilibrium solution. In this, the summation formulas extend over 
the members of the top chord only. The final values of the wind 
stress in the bars arc found by adding the two parts. 

An important range of prohlr.ms to which our thr.orr.m may be 
applied is the computation of temperature stresses. In finding the 
llt-values, it is sufficient to use auy ar l.iitrary co11Jilion uf temperature 
expansion which is free from constraint and in which the structure 
may raise itself from its supports. By usi11g lhe work equation, the 
values Bit can be found from these displacements. If ~st are the 
spaces, which occur in the constraint-free extension, between the 
supports and suitable points of support in the frame, or, in cases 
where the primary system has been developed by cutting members, 
the rPlative displacement of points on opposite sicles of a rut, and 
if Si are Lhe stresses of lhei,e µoiuls, urn!:leu by cow.litiuu X 1 - 1 (rf:'
actions, bar stresses, etc.), then according to the work-equation, 

Bit = lS1 . ~st 

This procedure may be illustrated by considering the suspension 
bridge with stiffening truss, statically indeterminate to the first de
gree, shown in Fig. 7. 

Fie. 7. 
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The most convenient pruceuure is to suppose that the mill-point 
of the bottom chord remains stationary. The expanded steel struc
ture is completely similar (geometrically) to the structure before 
change of temperature. At the supports of the stiffening truss there 
are horizontal relative displacements but no lifting of truss from its 
supports. When the temperature of the structure increases by t 0

, 

the steel rises from the top of the pylon at C a distance ~st = £ th. 
At the anchorage the steel moves horizontally through a distance 
~st = £ ta and vertically downward through a distance ~st = £ tv. 
Then 

ll1t = 2 (11 • £ th + H 1 . £ ta + V 1 £ tv 

If we elect to write X 1 = Hi, i.e., equal to the horizontal component 
of the stress in the cable, then l1 = tan a + tan /3, H = 1, and V1 = 
tan /3. When these values are introduced, one gets 

/lit = 2 d[h . tan a + a + (h + v) tan /3] 
and 

ll 
X =H =--1.t-

1t t ll 
11 

The result is the same with any other constraint-free condition of 
expansion. Also the summation formula ::E S1 . £ ts extending over the 
whole structure leads to the same result but its evaluation requires 
much more labour and thus offers more opportunity for error. 

The new procedure is also applicable in analyses using !.:itatically 
indeterminate primary systems. The reduction principle allows the 
arbitrary selection of a primary system statically indeterminate to 

V (V) the 1/11 degree in computi_ng the ll0-values for condition X = 0. The 
final moments are 

(V) 
in which the quantity in parenthesis is the moment M 0 in the stati-
cally indeterminate primary system. Our new procedure allows us 
to choose arbitrarily the conditions X' = 0 for the final structure 
which is statically indeterminate to the n th degree. Arbitrary con
ditions of equilibrium are possible in the final system. In this one 
must compute the ll' 0-values for the statically determinate primary 
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(V) • 

system and B0 '-values for the statically indeterminate primary sys-
cvi 

tern, and these do not agree with the B0 , and B0 values. From the 
equations of elasticity, one finds the unknowns X' of the basic system 

I • 

(V) 

and X of the primary systems. Further, one gets the moments 

(U) (V) 

+ .... +Mn Xn,1 

in which, however, the expression in parenthesis is no longer the 
mo111e11f. in 111~ pr i111ary system, but is a 111111nent. which, by itself, has 
no significance. Nevertheless, the final result is correct. So long as 
we use conditions X' = 0 which are possible conditions of equilibrium 
in Ll1e slali<.:ally irnlelerminale primary system, our procedure pro
duces results which agree with those derived from the application of 
the reduction-principle, i.e., the use of the reduction principle is a par
ticular case of our more general procedure. 

It has been shown that the application of this new principle, 
which allows one to select arbitrary conditions of equilibrium for the 
external loads, frequently leads to perceptible simplification of the 
analysis of statically indeterminate structures. This holds particu
larly when one is dealing with statically indeterminate structures hav 
ing more than one redundant or with three-dimensional structures. 
The application of the principle is possible not only for static loading 
conditions, but also for the development of influence lines and for 
finding temperature stresses. Even when one uses statically inde
terminate primary systems it can be used. 
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DONALD WOOD TAYLOR 
1900-1955 

DONALD vVoon TAYLOR, who was born in Worcester, Massachu
setts, received his S.B. degree from Worcester Polytechnic Institute 
in 1922. After nine years with the U. S. Coast and Geodetic Survey 
and with the New England Power Association, he joined the M.I.T. 
staff in 193?. as a research assist.ant in soil mechanics in the Depart
ment of Civil and Sanitary Engineering. His promotion in 1934 to 
research associate was followed by successive appointments as as
sistant professor of soil mechanirs in 1938 ancl, in 1944, as assor.iat.e 
professor of soil mechanics. He served as head of the Soil Mechanics 
Division from 1938 to the time of his death. In 1942 the Institute 
awarded him the degree of master of Science. 

Professor Taylor was active in the work of professional societies. 
A member of the Boston Society of Civil Engineers, he was chairman 
of the Committee on Subsoils of Boston for many years, and just 
prior to his death had been nominated for the society's presidency. 
He was a member of the American Society of Civil Engineers, of the 
American Sociely for Engiueering Educalion, aml of lhe Internaliuual 
Society of Soil Mechanics and Foundation Engineering, having serverl 
as International Secretary of the latter from 1948 to 1953. 

He was well known as a consultant in foundation engineering. 
In addition to private firms such as The Southern California Edison 
Company and the New Englanrl Electrir System, he servecl on m1m
erous consult.ine; hoards for the Corps of Engineers, TT. S. Army. This 
latter phase of his consulting activities included work on flexible 
pavements and on three classified projects associated with atomic 
blast programs. 

His textbook, "Fundamentals of Soil Mechanics", is one of the 
leading texts in its field. He was the author of numerous reports and 
technical papers, dealing primarily with the consolidation of clays, 
the shear strength of soils, and the stability of embankments. His 
paper, "Stability of Earth Slopes", was awarded the Desmond-Fitz
gerald Prize-the highest annual award of the Boston Society of Civil 
Engineers. 
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Throughout his career, his work , whether in teaching, or in re
search , or in engineering, was characterized by the highest profes
sional standar-ds, by great care and attention to accuracy, and by an 
allegiance to the scientific method in his quest for new knowledge. 
His high standards were as evident in his personal life as they were 
in his professional career. A man of utmost integrity, he was guided 
in his thinking and his action by an analysis of existing facts and 
by a desire to meet problems and to treat people with fairness and 
full cooperation. His high character and his scholarly attainments 
won him undeniable recognition in the field of soil mechanics, where 
he stood among the leaders of the country. 

Those who had the good fortune to know him through shared in
terests and activities will miss a dedicated colleague and a friend 
held in high esteem. 
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OF GENERAL INTEREST 

PROFESSOR ALBERT G. H. DIETZ 

Receiving the Desmond FitzGerald Medal from President 
Edwin B. Cobb at the Annual Meeting. 
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PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETING 

Boston Society of Civil Engi~eers 

JANUARY 25, 1956.-A Joint Meet
ing of the Boston Society of Civil En
gineers with the Surveying and Map
ping Section, BSCE and the Transpor
tation Section, BSCE, was held this eve
ning at the United Community Service 
Building, 14 Somerset Street, Boston. 
Mass., and was called to order by 
President Edwin B. Cobb, at 7 :00 P.M. 

President Cobb announced that the 
minutes of the previous meeting De
cember 7, 1955 would be published in 
a forthcoming issue of the JOURNAL 
and that the reading of the minutes 
would be waived unless there was ob
jection. 

The President announced the death 
of the following member:-

Donald W. Taylor, who was elected 
a member November ·21, 1934 and 
who died December 24, 1955. 

In the absence of the Secretary due 
to illness the President announced the 
names of applicants for membership in 
the BSCE, and also announced that the 
following had been elected to member
ship on January 23, 1956. 

Grade of Member-Dante F. Mon
tuori,* Cesareo Perez,* Arma11d L. 
Phaneuf, Richard D. Raskind, 
Tracy B. Slack, Francis C. Tyler, 
Victor H. Weidman, Jr.,* John T. 
Yunits. 

President Cobb presented a recom
mendation of the Board of Govern
ment to the Society for action. He 
stated that this matter was before the 

Society in accordance with provisions 
of the By-Laws and notice of such ac
tion was published in the ESNE JouR
NAL dated January 15, 1955. 

The President presented the follow
ing recommendation of the Board of 
Government:-

MOTION "to recommend to the So
ciety that the Board of Govern
ment be authorized to transfer an 
amount not to exceed $1500 from 
the Principal of the Permanent 
Fund to the Current Fund for Cur
rent Expenditures". 

On motion duly made and seconded 
it was VOTED "that the Board of 
Government be authorized to transfer 
an amount not to exceed $1500 from 
the Principal of the Permanent Fund 
to the Current Fund for Current Ex
penditures". 

President Cobb stated that final ac
tion on this matter would be taken at 
the February 15, 1956 meeting of the 
Society. 

President Cobb announced that Dr. 
Karl Terzaghi would be the speaker 
at the February 15 meeting of the So
ciety. 

The President announced . that this 
was a Joint Meeting with the Survey
ing & Mapping Section and the Trans
portation Section and called upon 
Chairman Alexander J. Bone of the 
Surveying and Mapping Section to 
conduct any business of that Section. 

*Transfer from Grade of Junior. 
The President stated that the Trans, 

portation Section had been inoperative 
for the past two years and to reactivate 
this Section he had appointed a Norn-
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inating Committee consisting of the 
three Past Section Chairmen to present 
a list of Nominees for the coming year 
and called upon H. Lowell Crocker for 
report of the Nominating Committee. 

In the absence of the former Chair
man or Vice-Chairman of the Trans
portation Section President Cobb acted 
as presiding officer for the Section, 
there being no objection expressed by 
members of the Section who were 
present. The members of the Trans
portation Section present voted to ac
cept the report of the Nominating 
Committee. No additional nomina
tions were presented from the floor. 
President Cobb called for an election 
of the Nominees by a show of hands. 
The following were elected with no dis
senting votes being cast-Chairman, 
John Clarkeson; Vice-Chairman, Paul 
A. Dunkerley; Clerk, Leo F. DeMarsh; 
Executive Committee, Marcello J. Gua
rino, Robert A. Snowber and Joseph 
W. Lavin. 

The President then introduced the 
speaker of the evening, Prof. John T. 
Howard, Dept. of City and Regional 
Planning, Mass. Institute of Technol
ogy who gave a most interesting talk 
on "Planning Transportation for To
morrow's Cities". 

A discussion followed the talk. 
A rising vote of thanks was given 

the speaker. 
Forty-eight members and guests at

tended the dinner preceding the meet
ing and sixty-eight attended the meet
ing. 

The meeting adjourned at 9 :00 P.M. 
EDWIN B. COBB, Secretary Pro-tem 

FEBRUARY 15, 1956.-A Joint Meet
ing of the Boston Society of Civil En
gineers with the Structural Section, 
BSCE, was held this evening at the 
United Community Service Building, 14 

Somerset Street, Boston, Mass.. and 
was called to order by President Edwin 
B. Cobb, at 7 :00 P.M. 

President Cobb announced that the 
minutes of the previous meeting Jan
uary 25, 1956 would be published in a 
forthcoming issue of the JOURNAL and 
that the reading of the minutes would 
be waived unless there was objection. 

The Secretary announced the names 
of applicants for Membership in the 
BSCE, and that the following had been 
elected to membership on February 13, 
1956. 

Grade of Member-Carmin J. De
Vito, John J. Gillis,* Robert B. 
Nunley,* John J. Walsh,* Sumner 
J. Weinstein.* 

President Cobb requested the Secre
tary to present a recommendation of 
the Board of Government to the So
ciety for final action. He stated that 
this matter was before the Society in 
accordance with provisions of the By
Laws and notice of such action was 
published in the ESNE JOURNAL dated 
February 6, 1956. 

The Secretary presented the follow
ing recommendation of the Board of 
Government. 

MOTION "to recommend to the 
Society that the Board of Govern
ment be authorized to transfer an 
amount not to exceed $1500 from 
the Principal of the Permanent 
Fund to the Current Fund for 
Current Expenditures". 

On motion duly made and seconded 
it was VOTED "that the Board of 
Government be authorized to transfer 
an amount not to exceed $1500 from 
the Principal of the Permanent Fund 
to the Current Fund for Current Ex
penditures". 

*Transfer from Grade of Junior. 
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President Cobb stated that this was 
the final action on this matter. 

The President announced that this 
was a Joint Meeting with the Struc
tural Section and called upon C. J. 
Kray, Chairman of that Section to 
conduct any business of that Section. 

President Cobb then introduced the 
speaker of the evening, Dr. Karl Ter
zaghi. Professor of Practice of Civil 
Engineering, Harvard University, who 
gave a most interesting illustrated talk 
on "The Project for the High Aswan 
Dam in Upper Egypt". 

A discussion followed the talk after 
which the President announced that a 
collation would be served. 

Two hundred twenty-four members 
and guests attended the meeting. 

The meeting adjourned at 8:35 P.M. 

ROBERT W. Morn, Secretary 

MARCH 21, 1956.-The one hundred 
eighth annual meeting of the Boston 
Society of Civil Engineers was held 
today at the Hotel Vendome, 160 Com
monwealth Avenue, Boston, Mass., 
and was called to order at 4: 20 P.M., 
by President Edwin B. Cobb. 

President Cobb announced that the 
reading of the minutes of the Society 
meetings have been omitted during the 
year. The minutes of the January and 
February, 1956 meetings will be pub
lished in a forthcoming issue of the 
JOURNAL. The minutes of the April, 
May. September, October, November 
and December, 1955 meetings to be de
clared approved as published. 

President Cobb announced the death 
of the following member: 

William S. Crocker, who was elected 
a member June •16, 1954 and who 
died March 10, 1956. 

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

Grade of Member-Everett D. 
Burns, Keistutis P. Devenis,* 
George L. Fuller, William H. 
Hamilton, Maurice A. Reidy, Jr., 
Richard J. Supple, Frank W. 
Tomasello, Jr.* 

The Secretary also announced the 
names of- applicants for membership in 
the Society. 

The Annual Reports of the Board of 
Government, Treasurer, Secretary and 
Auditors were presented. Reports 
were also made by the following com
mittees :-Hospitality, Library, John 
R. Freeman; Subsoils of Boston, Mem
bership, Advertising, Publicity and 
Joint Committee on Legislative Affairs. 

It was VOTED "that these reports 
be accepted and placed on file". 

The Annual Reports of the various 
Sections were read and it was VO.TED 
"that the Annual Reports of the vari
ous Sections be accepted and placed 
on file". 

President Cobb stated that all fore
going reports would be published in 
the April issue of the JOURNAL. 

The Report of the Tellers of Elec
tion, Dean F. Coburn and George M. 
Reece was presented and in accordance 
therewith the President declared the 
following had been elected officers for 
the ensuing year. 

President-John G. W. Thomas 
V-President (for one year) Arthur 

Casagrande 
V-President (for two years) William 

L. Hyland 

Secretary (for one year) Robert W. 
Moir 

Treasurer (for one year) Charles 0. 
Baird, Jr. 

Directors (for two years) Edward C. 
Keane, George G. Bogren 

*Transfer from Grade of Junior. 
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Nominating committee (for two 
years) Ariel A, Thoman, Alexander 
J. Bone, H. Lowell Crocker 

The retiring President, Edwin B. 
Cobb then gave his address entitled 
"Some Observations on Civil Engineer
ing Education". 

The meeting adjourned at 5: 50 P.M., 
to re-assemble at 8:00 P.M., the An
nual Dinner being held during the in
terim. 

Forly-three 111e111Lers auu guesls al
tended the business meeting. 

President Cobb called the meeting to 
order at 8:00 P.M. 

Following general remarks and intro
duction of the newly elected President 
John G. W. Thomas and other guests 
at the head table, the various prize 
awards were made. 

Award Recipient 

Desmond FitzGerald Albert G. H. Dietz 
Medal 

Clemens Herschel 
Award 

Structural Section 
Award 

Sanitary Section 
Award 

Eric Reissuer 

John C. Rundlett 

Clair N. Sawyer 

President Cobb on behalf of the So
ciety thanl~cd Mr. Snow for a most on , 
joyable talk and then turned the 
meeting over to Pre'sident elect John 
G. W. Thomas. 

President elect John G. W. Thomas 
presented retiring President Edwin B. 
Cobb with a certificate for services ren
dered and then adjourned the meeting 
at 9:50 P.M. 

One hundred eighty-two members and 
guests atleuueu Lhe dinner meeliug. 

ROBERT W. Morn, Secretary 

SA NIT ARY SECTION 
DECEMBER 7, 1955.-A joint meeting 

with the Main Society Section was held 
at the United Community Service 
Building. 

Paper 

"Physical and Engineering Prop
erties of Plastics". 

"On Some Aspects of the Theory 
of Thin Elastic Shells". 

"Development of Pre-stressed 
Concrete in Bridge Construc
tion". 

"High-Rate Sludge Digestion". 

Hydraulics Section 
Award 

Donald R. F. Harleman "Effect of Baffle Piers on Stilling 
Basin Performance". 

Student Chapter 
Award 

Alfred W. Jones 

President Cobb then introduced the 
speaker of the evening Mr. Edward 
Snow who gave an illustrated talk on 
"Above and Below the Beautiful Dan
gerous Sea". 

At the conclusion of the Address 

"Toll Roads: Are They J eop
ardizing Our Free Highway 
System?". 

The meeting was called to order by 
President Edward B. Cobb who pro
ceeded to ask Chairman Ariel A. 
Thomas to conduct any business of the 
Sanitary Section. 

The following three most recent past 
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chairmen of the Section were nom
inated to be the Section Nominating 
Committee, as follows: 

Fozi M. Cahaly 
John S. Bethel, Jr. 
Edward W. Moore 

The nominations were closed and the 
clerk directed to cast one ballot for 
the three nominees, who will bring in a 
slate of officers for the Section at the 
Annual Meeting on March 7, 1956. 

Mr. Cobb then took over the chair 
and introduced the speaker of the eve
ning Mr. Ross E. McKinney, Asst. 
Prof. of Sanitary Engineering at 
Massachusetts Institute of Technology. 

Prof. McKinney gave a paper en
titled "A Cooperative Approach to 
Steam Pollution Control in Massachu
setts". 

This interesting paper was followed 
by a very spirited discussion. 

Sixty-five were present at the meet
ing. Forty attended the Dinner in the 
Adams Room preceding the meeting. 
The meeting was adjourned at 8: 30 
P.M. 

JOHN F. FLAHERTY, Clerk 

MARCH 7, 1956.-The meeting was 
called to order at 7: 15 P.M. by Chair
man Ariel A. Thomas after an infor
mal dinner at Patten's Restaurant. 
Eighty members and guests attended 
the meeting, and thirty members and 
guests attended the dinner. 

The Annual Report of the Executive 
Committee was read by the Clerk of 
the Section, and the report was ac-

'\ cepted as read. · 

The report of the Nominating Com
mittee was submitted. Said Commit
tee nominated the following people for 
the offices of the Sanitary Section for 
the coming year. 

Chairman, Darrell A. Root 
Vice-Chairman, John F. Flaherty 
Clerk, Clair N. Sawyer 
Members, Joseph C. Knox, Harold 

A. Thomas, Jr., George M. Reece 

The report of the Nominating Com
mittee was accepted. The nominations 
were closed, and the Clerk cast one 
ballot for the nominees as presented. 

The speaker of the evening was Mr. 
Richard Hazen of Hazen & Sawyer, 
Consulting Engineers, New York. Mr. 
Hazen presented an illustrated paper 
on "Competitive Water Uses: Sanitary 
Engineering Aspects". The speaker 
reviewed the growing competition for 
water and cited several examples from 
his own experiences in the Middle and 
South Atlantic States. 

After a short discussion, the meet
ing was turned over to the newly 
elected Chairman, Darrell A. Root, who 
adjourned the meeting at 8 :45 P.M. 

JOHN F. FLAHERTY, Clerk 

STRUCTURAL SECTION 
DECEMBER 14, 1955.-The monthly 

meeting of the Structural Section was 
held on this date in the Society Rooms, 
Tremont Temple, Boston, Mass. The 
meeting was called to order by Chair
man Kray at 7 :00 P.M. 

The speaker of the evening was Dr. 
Jacob Feld, Consulting Engineer, New 
York City, whose subject was "Struc
tural Failures and How to Avoid 
Them". 

Dr. Feld expressed the opinion that 
the engineering profession was not 
properly informed as to the cause of 
failures and as a result did not bene
fit from the experience. By a series 
of slides the speaker illustrated how 
the location of debris often gave clues 
as to the origin of the collapse. Dr. 



150 BOSTOl\'" SOCIETY OF CIVIL EXGIXEERS 

Feld also discussed in particular lift
slab failures, the failure of continuous 
frames in cert~in Navy warehouses, 
and the failures of the formwork in 
the New York Coliseum. The talk 
was concluded by a pictorial presenta
tion of the various construction stages 
of the New York Coliseum. 

The attendance was 56 members and 
guests. 

JoHx M. BIGGS, Clerk 

JAxUARY 11, 1956.-The monthly 
meeting of the Structural Section 
was held on this date at the Society 
Rooms, Tremont Temple. The meet
ing was called to order by the Chair
man, Mr. C. J. Kray, at 7: 10 P.M. 
There were 65 members and guests 
present. 

The Chairman requested that a nom
inating committee be elected to pre
sent a slate of officers for the coming 
year. It was moved, seconded and 
passed that the Chairman be authorized 
to appoint such a committee. The 
following committee was then ap
pointed: Ruth D. Terzaghi, C. H. Nor
ris and E. C. Keane. 

Chairman Kray then introduced the 
speaker, Mr. Eugene Smith, Engineer, 
Freyssinet Company, New York City, 
who spoke on the. subject, "Plant-pro
duced Pretensioned Concrete Products". 

Mr. Smith described with the aid 
of slides several pre-tensioning yards 
which have been built in recent years. 
He discussed in detail the manufactur
ing processes used as well as the erec
tion procedures for such pre-cast units. 
Of particular interest was Mr. Smith's 
description of the pre-tensioning and 
erection of the 24-mile Lake Pontchar
train Causeway Bridge. 

The talk was followed by a very in
teresting discussion period. 

JoHl, M. BIGGS, Clerk 

FEBRUARY 15, 1956.-A Joint Meet
ing with the Main Society was held at 
the United Community Services Build
ing with over 200 persons present. 

After Mrs. Ruth Terzaghi presented 
the report of the nominating commit
tee the following officers were elected 
for the coming year. 

Chairman, Augustine L. Delaney 
Vice Chairman, John M. Biggs 
Clerk, Richard W. Albrecht 
Executive Committee, William A. 

Henderson, Earle F. Littleton, 
Paul S. Crandall 

Dr. Karl Terzaghi, Professor of the 
Practice of Civil Engineering at Har- · 
vard University, presented an illus
trated talk on the proposed High Aswan 
Dam to be constructed on the upper 
Nile River. The speaker outlined 
events leading to the decision by the 
Egyptian Government to attempt the 
project, including both the political 
and economic factors involved. Dr. 
Terzaghi discussed the geologic and 
topographic features of the area, the 
construction materials available, and 
the proposed methods of construction. 
The talk was concluded by a tour, 
through the medium of slides, up the 
Nile from Cairo to the site of the pro
posed dam. 

JOHN M. BIGGS, Clerk 

MARCH 14, 1956.-The regular •meet
ing of the Structural Section was held 
on this date at the Society Rooms. The 
meeting was called to order by Chair
man Kray at 7 :05 P.M. 

The speaker of the evening was Mr. 
Reino Laine, Sales Engineer, Hedge / 
and Mattheis Company-formerly Con
struction M1tnager, George A. Fuller 
Company. The subject was "The 
M.I.T. Auditorium-Construction De
tails and Formwork of Dome". The 
talk which was illustrated by slides cov-



OF GENERAL INTEREST 151 

ered many of the interesting problems 
which were encountered in the con
struction of this unusual building. Of 
particular interest was the formwork 
which was used to construct the curved 
surfaces of the shell. 

A discussion period' followed the 
presentation. 

Attendance was 43. 
JoHN M. Brees, Clerk 

SURVEYING AND MAPPING 
SECTION 

JANUARY 25, 1956.-The twenty
ninth meeting of the Surveying and 
Mapping Section was held at Adams 
Room, United Community Services 
Building, at· 7 :00 P.M. It was a joint 
meeting with the Transportation Sec
tion, BSCE. President of the Boston 
Society of Civil Engineers, Mr. Edwin 
Cobb, opened the joint meeting and 
called on Professor A. J. Bone to con
duct the meeting of the Surveying and 
Mapping Section. Professor Bone 
opened the business meeting, dispensed 
with the reading of the minutes of the 
October 26th meeting. The Clerk was 
called upon to read the slate of officers 
as submitted by the Nominating Com
mittee previously appointed. The 
slate, nominated, accepted and duly 
voted on was as follows: 

Chairman, Dewellyn T. Schofield 
Vice-Chairman, Ernest A. Herzog 
Clerk, George A. McKenna 
Executive Committee, Nelson W. 

Gray, Roy L. Wooldridge, Rudolf 
S. Slayler 

The business meeting of the Survey
ing and Mapping Section was then ad
journed. The Transportation Section 
then conducted their business meeting, 
including election of officers. 

The speaker of the evening, Profes-

sor John T. Howard, Department of 
City and Regional Planning, M.I.T., 
was introduced at 7: 30. Subject gen
erally was Transportation Planning for 
Tomorrow's Cities. Professor How
ard discussed the problems and possible 
trends to be studied in providing ade
quate access to a city-Boston was par
tially used as an example-in the year 
2000. 

Nationally, the trend indicates three 
hundred million persons in the U. S. A. 
with a probable two hundred seventy 
million living in cities. This might 
mean an urban population increase of 
50% and an area increase of 100%. 

For Boston this probably would mean 
100,000 new industrial employees, and 
a possible 1,000,000-acre increase in 
industrial real estate. The centroid of 
most urban communities would prob
ably stay pretty much as they are at 
present. Housing ideas would change 
but little, high-density and low-density 
apartments in and around the center, 
with rings of suburban communities be
ing added. Intra and interurban trans
portation will of a necessity become 
more complex. 

Possible solutions might include, in 
addition to the completion ·of the pres
ent highway schemes: 

(1) Planned provision for parking. 

(2) Rapid transit modernization 
and extension to the belt highway sys
tem, where large parking areas could 
be incorporated into the rapid trans
portation system. 

(a) Financing of the rapid transit 
expansion could be through the other 
successful commissions, such as Pub
lic Works and M.D.C. 

( 3) Public and state interest in 
local railroad problems resulting in im
proved commuter facilities. 

Questions and open discussions fol-
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lowed and the meeting was adjourned 
at 8:40 P.M. There were 52 persons 
present. 

E. A. HERZOG, Clerk 

HYDRAULIC SECTION 
NOVEMBER 16, 1955.-A Joint Meet

ing with the Main Society was held at 
the new meeting place in the United 
Community Service Building on this 
date. The meeting was convened at 
about 7 :00 P.M. A Nominating Com
mittee consisting of the last three past 
Chairmen was appointed to submit a re
port containing a slate of new officers 
at the February 1, 1956 meeting. 

Mr. David R. Campbell, Project En
gineer for the New England Power 
Service Company gave an interesting 
talk on the "Progress of Construction 
of the Littleton Development". The 
talk was illustrated with slides and a 
moving picture film, which added to 
the value of the program. 

After the talk, the members and 
gue~ts adjourned to partake of a colla
tion available in the rooms. The num
ber attending the meeting was 42. 

CLYDE W. HUBBARD, Clerk 

ADDITIONS. 

Members 

Ambrose Burton, 18 Shefield Road, 
Wakefield. Mass. 

Oscar L. Donati, 12 5 Webster Street, 
West Newton, Mass. 

Thaddeus C. Johnson, Off Sudbury 
Road, Concord, Mass. 

Lawrence E. Maibach, SO Sterling 
Street, N. Quincy, Mass. 

Warren 0. Peterson, 135 Summer 
Street, Andover, Mass. 

Armand L. Phaneuf, 346 Park Avenue, 
Revere, Mass. 

Richard D. Raskind, 16 Tennis Road, 
Mattapan, Mass. 

William E. Sullivan, 207 Lamartine 
Street, Jamaica Plain, Mass. 

Tracey B. Slack, 177 Montague Road, 
North Amherst, Mass. 

Francis C. Tyler, 87 Independence 
Ave., Quincy, Mass. 

John T. Yunits, So. Franklin Street, 
Holbrook, Mass. 

DEATHS 
William S. Crocker, March 10, 1956 
Donald W. Taylor, December 24, 1955 
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ANNUAL REPORTS 

REPORT OF THE BOARD OF GOVERNMENT FOR YEAR 
1955-195~ 

Boston, Mass., March 21, 1956 

To the Boston Society of Civil Engineers: 

Pursuant to the requirements of the By-Laws the Board of Government 
presents its report for the year ending March 21, 1956. 

The following iG a Gtatemcnt of the GtatuG of memberGhip in the Society: 

Honorary 8 Juniors 72 
Members 912 Students 7 
Associates 4 

Total 1,003 

New 
New 

Student Chapters 

Summary of Additions 

Members 49 New Associates 
Juniors 20 New 

Reinstatements 
Members 

Students 

Summary of Transfers 

Juniors to Members 

Summary of Loss of Members 

Deaths 

2 

3 

13 
Resignations ; 11 
Dropped for non-payment of dues 22 
Dropped for failure to transfer 6 

LlfuM=~n lM 
Members becoming eligible today for Life Membership 5 
Remission of dues 2 
Applications pending on March 21, 1956 1s· 

Honorary Membership is as follows: 

Frank M. Gunby, elected, February 15, 1950 
Richard K. Hale, elected, February 15, 1950 
Karl R. Kennison, elected, February 7, 1951 
Charles W. Sherman, elected, February 19, 1947 

1 
4 
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Charles M. Spofford, elected, December 19, 1945 
Howard M. Turner, elected, February 18, 1952 
Karl Terzaghi, elected, March 3, 1952 
William F. Uhl, elected, February 7, 1955 

The following members have been lost through death: 
Albert J. Cummings, July 20, 1955 
George E. Dionne, March 10, 1955 
Walter M. Fife, April 22, 1955 
Otto Germanis, July 10, 1955 
Albert E. Kleinert, Sept. 23, 1955 
Francis J. Mulvihill, Nov. 24, 1955 
Frederic M. Rice, May 7, 1955 
Porter 0. Robinson, April 28, 1955 
Calvin C. Sears, May 3, 1955 
Louis J. St. Amand, 1954 
Donald W. Taylor, Dec. 24, 1955 
George C. Wallace, Nov. 27, 1955 
William S. Crocker, March 10, 1956 

1vf eetings of the Society 

Jl!Iarch 16, 1955. Address of the retiring President, Miles N. Clair. "Some 
Thoughts Relative to the Society". 

April 20, 1955.-Joint Meeting with American Society of Civil Engineers, 
Northeastern Section. "The National Highway Program". Gen. Frank H. Mer
rill, Commissioner of Public Works and Highways, State of New Hampshire. 

May 18, 1955.-"The Portsmouth Air Force Base". John W. Leslie, Asst_. 
Chief Engineer, N. E. Div. Corps of Engineers, and Anthony Minichiello, Asst. 
Chief, Military Branch, N. E. Div. Corps of Engineers. 

September 21, 1955.-Inspection Trip to the Massachusetts Turnpike. 

October 19, 1955.-Joint Meeting with American Society of Civil Engineers, 
Northeastern Section. "Esthetic Aspects of Civil Engineering". Dr. John B. 
Wilbur, Head, Dept. of Civil and Sanitary Engineering, Massachusetts Institute 
of Technology. 

November 16, 1955.-Joint Meeting with the Hydraulics Section, BSCE. 
"The Report on Progress of Construction of Littleton Development". David R. 
Campbell, Engineer, New England Power Service Company. 

December 7, 1955.-Joint Meeting with the Sanitary Section, BSCE. "A 
Cooperative Approach to Stream Pollution Control in Massachusetts". Ross E. 
McKinney, Asst. Prof. Sanitary Engineering, Massachusetts Institute of Tech
nology. 

January 25, 1956.-Joint Meeting with Surveying & Mapping Section, BSCE, 
on "Transportation for Tomorrow's Cities". Prof. John T. Howard, Dept. of City 
and Regional Planning, Massachusetts Institute of Technology. 
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February 15, 1956.-Joint Meeting with Structural Section, BSCE. "The 
Project for the High Aswan Dam in Upper Egypt". Dr. Karl Terzaghi, Pro
fessor of Practice of Civil Engineering, Harvard University. 

Attendance at Meetings 

DATE PLACE MEETING D1:--NER 

March 17, 1955 
April 20, 1955 
May 18, 1955 
Sept. 21, 19 5 5 
October 19, 1955 
November 16, 1955 
December 7, 1955 
January 26, 1956 
February 15, 1956 

Hotel Vendome 55 
Boston City Club 100 
American Academy of Arts and Sciences 7 5 
Inspection Trip to Massachusetts Turnpike 51 
Mass. Institute of Technology 217 
United Community Service Building 45 
United Community Service Building 63 
United Community Service Building 68 
United Community Service Building 224 

*Collation served after meeting. 
Average attendance-100. 

Sections 

235 
86 
* 

51 
217 

* 
38 
48 
* 

Twenty-two meetings were held by the Sections of the Society during the 
year. These meetings of the Sections offering opportunity for more detailed dis
cussions continue to demonstrate their value to their members and. to the Society. 
A wide variety of subjects was presented and large attendance at these meet
ings has continued. The Annual Reports· of the various Sections will be pre
sented at the Annual Meeting and will be published in the April issue of the 
JOURNAL. 

Funds of the Society* 

Permanent Fund. The Permanent Fund of the Society has a present value 
of $63,380.99. The Board of Government authorized the use of as much as 
necessary of the current income of this fund in payment of current expenses. 
By vote of the Society (as prescribed by the By-Laws) at the January 25, 1956 
and February 15, 1956 meetings, the Board of Government was authorized to 
transfeJ an amount not to exceed $1,500 from the Principal of the Permanent 
Fund for Current Expenditures. The amount necessary to transfer for Current 
Expenditures was $52.98. 

John R. Fr-eeman Fund. In 1925 the late John R. Freeman, a Past President 
and Honorary Member of the Society, made a gift to the Society of securities 
which was established as the John R. Freeman Fund. The income from this 
Fund is to be particularly devoted to the encouragement of young engineers. 
Mr. · Freeman suggested several uses, such as the payment of expenses for ex
periments and compilations to be reported before the Society; for underwriting 

*Details regarding the values and income of these funds are given in the 
Treasurer's repbrt. 

~ 
l 
j 
1 
j 
', 
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meritorious books or publications pertaining to hydraulic science o'r art; or a 
portion to be devoted to a yearly prize for the most useful paper relating to 
hydraulics contributed to this Society; or establishing a traveling scholarship 
every third year open to members of the Society for visiting engineering works, 
a report of which would be presented to the Society. Lawrence C. Neale, mem
ber, was awarded the John R. Freeman Scholarship for year 1954-55. 

Edmund K. Turn.er Fund. In 1916 the Society received 1,105 books from 
the library of the late Edmund K. Turner, and a bequest of $1,000, "the income 
of which is to be used for library purposes". The Board voted to use $50 of 
the income for the purchase of books for the library. The expenditures from this 
f~nd during the year was $4 7 .-50. 

Alexis H. French Fund. The Alexis H. French Fund, a bequest amounting 
to $1,000 was received in 1931, from the late Alexis H. French of Brookline, a 
former Past President of the Society. The income of the fund is "to be devoted 
to the library of the Society". The Board voted to use $50 of the available in
come for the purchase of books for the Library. The expenditure from this 
fund during the year was $47.50. 

Tinkham Memorial Fund. The "Samuel E. Tinkham Fund", established in 
1921 at Massachusetts Institute of Technology by the Society, "to assist some 
worthy student of high standing to continue his studies in Civil Engineering, 
had a value of $2,625.86 on June 30, 1955. George Meir Dach of Israel, a stu
dent in Civil Engineering, class of 1956 was awarded this Scholarship of $100 for 
the year 1955-56. 

Desmond FitzGerald Fund. The Desmond FitzGerald Fund, established as 
a bequest from the late Desmond FitzGerald, a Past President and Honorary 
Member of the Society, provided that the income from this fund shall "be used 
for charitable and educational purposes". The Board voted on May 16, 1955 to 
approp1iale from lhe income of ll•is fund lhe sum of $100 lo be known as lhe 
Boston Society of Civil Engineers Scholarship in memory of Desmond FitzGerald, 
and to be given to a student at Northeastern University. This year it was voted 
"to adopt the recommendation of the Committee at Northeastern University", 
namely, a $50 Scholarchip be given to Franklin J. Morrison and Walter L. Osgood. 
The presentation was made by President Cobb at the Dean's List Dinner, June 2, 
1955. 

Clemens H erscltel Fund. This fund was established in 1931, by a bequest 
of $1,000 from the late Clemens Herschel, a former Past President and Honorary 
Member of the Society. The income from this fund is "to be used for presenta
tion of prizes for papers which have been particularly useful and commendable 
and worthy of grateful acknowledgment". The Board of Government voted on 
April 4, 1955 that payment of the Herschel Prize Award and Section Prize Awards 
be appropriated from the income of this fund. The expenditures made during 
the year from the income of this fund was $134.2 5. 

Edward W. Howe Fund. This fund, a bequest of $1,000 was received De
cember 2, 1933 from the late Edward W. Howe, a former Past President of the 
Society. No restrictions were placed upon the use of this money,'but the recom-

,,, 
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mendation of the Board of Government was that the fund be kept intact, and 
that the income be used "for the benefit of the Society or its members". The 
Board of Government voted on April 4, ,1955 "that no appropriation be made 
from this fund". No expenditure was made during the year from this fund. 

William P. Morse Fund. This fund, a bequest of $2,000 was received April 
8, 1949 from the late William P. Morse, a former member of the Society. No 
restrictions were placed upon the use of this money but the recommendation of 
the Board of Government was "that the fund be kept intact and that the income 
be used for the benefit of the Society or its members". Upon recommendation of 
a Committee appointed by the President, the Board voted on January 24, 1944 
"to use a sum not to exceed $100 from the income of this fund for a Scholarship 
to a worthy student in Civil Engineering at Tufts University to be known as 
the Boston Society of Civil Engineers Scholarship in memory of William P. 
Morse". The Board of Government voted on May 16, 19 5 5 that this Scholarship 
in the amount of $100 be awarded to Gerald Lee Hathorne, Student at Tufts 
University, in recognition of his schalastic attainments. 

Prizes 

AWARD RECIPIEXTS 

Desmond FitzGerald Albert G. H. Dietz 
Medal 

Clemens Herschel Eric Reissner 
Award 

Structural Section John C. Rundlett 
Award 

Hydraulics Section Donald R. F. Harleman 
Award 

Sanitary Section Clair ~. Sawyer 
Award 

Student Chapter Alfred W. Jones 
Award 

Library 

PAPER 

"Physical and Engineering Prop
erties of Plastics". 

"On Some Aspects of the Theory 
of Thin Elastic Shells". 

"Development of Pre-stressed 
Concrete in Bridge Construc
tion". 

"Effect of Baffle Piers on Still
ing Basin Performance". 

"High Rate Sludge Digestion". 

"Toll Roads: Are They J eopardiz
ing Our Free Highway Sys-
tem?" • 

The report of the Library Committee contains a complete account of the 
Library Committee activities during the past year. 

Committees 

The usual special committees dealing with the activities and conduct of the 
Society were appointed. The membership of these committees is published in the 
JouRXAL and the reports of the committees will be presented at the Annual 
Meeting. 
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In addilion to routine business of the Society the Board of Government took 
action as follows: 

April 4, 1955 
The President was authorized to appoint a Committee to make a study of 
the quarters situation in view of a letter received from Tremont Temple 
increasing rental to $4,000. Subsequently a lease of three (3) years dura
tion was negotiated at an increased rental to $3,000. 
Also the President was authorized to appoint a Committee to consider more 
Joint Meetings and Activities with the local Section of ASCE, Northeastern 
Section. 

May 16, 1955 
Voted to reserve the period from January to March, 1957 for a Seminar on 
Waste Water Treatment and Disposal. 

September 26, 1955 
Voted to appoint a Flood Committee to prepare a report on Floods of 
August 18-19, 1955. 
Also the President was authorized to appoint. a Committee to investigate and 
make recommendations concerning formation of a "Construction Section". 

February 13, 1955 
Voted to oppose several bills entitled "An Act Making Mandatory the Regis
tration of Persons Rendering Land Surveying Services", and "An Act Regu
lating the Preparation of Plans and Specifications for Construction, Recon
struction, Alteration, Remodeling or Repair of Public Buildings". Letters 
in opposition to these bills were sent to the Committee on State Adminis
tration. Hearings on these Bills have been held but no action by Legisla
tive Committee involved has been reported. 
Your Doard in conclu::;ion, wi::;hc3 to cxprc::;::; it::; appreciation of tho oxcollent 

work done by the Officers of the Sections and by the Committees of the Society. 
EDWIN B. COBB, President 

REPORT OF THE TREASURER 

Boston, Mass., March 21, 1956 
To the Boston Society of Civil Engineers: 

This report of the treasurer is for the fiscal year March 1, 19 5 5 to March 1, 
1956. 

The Boston Safe Deposit and Trust Company continues to be custodian of 
our securities and to be our investment counsel. The sale or purchase of all 
securities shown in this report have been made upon the recommendation of the 
Boston Safe Deposit and Trust Company and by approval of the Board of 
Government of the Boston Society of Civil Engineers. Six tables, accompanying 
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this report, summarize the financial standing of the society as of March 1, 1956. 
These six tables are:-

Table I Record of Investments-Purchased 

Table II Record of Investments-Sold 

Table III Distribution of Funds-Receipts and Expenditures 

Table IV Record of Investments-Bonds 

Table V Record of Investments-Stocks 

Table VI Record of Investments-Cooperative Bank 

It was necessary to transfer $3,146.62 from the permanent fund, of which 
$3,093.64 was net income to the permanent fund and the remainder, $52.98, was 
transferred from the principal of the permanent fund. The receipts and expendi
tures, rounded off to the nearest dollar, are compared for the past five years as 
shown below to and from the current fund. 

1951-1952 1952-1953 1953-1954 1954-1955 1955-1956 

Receipts 
Dues $ 6,643 $ 6,627 $ 7,085 $ 7,428 $ 7,589 
Other than dues $ 6,004 $ 5,505 $ 5,754 $ 5,782 $ 6,340 

Total Receipts $12,647 $12,132 $12,829 $13,210 $13,929 
Total Expenditures $15,760 $14,576 $14,724 $15,814 $17,075 

Deficit $ 3,113 $ 2,444 $ 1,885 $ 2,604 $ 3,146 

The book value of securities and bank deposits are shown, comparing the 
last five years. The value of the Society's library, other physical properties, and 
the secretary's petty cash fund are not included in this comparison. 

)larch 1, 1953 March 1, 1952 March 1, 1954 )Jarch 1, 1955 March 1, 1956 

Bonds $38,494.23 $39,475.48 $40,643.42 $ 39,671.01 $ 48,713.37 
Coop. Bank 9,984.59 10,221.96 5,425.68 5,559.44 5,697.24 
Stocks 45,836.05 45,858.01 46,112.29 49,359.89 50,406.00 
Cash 1,513.75 2,322.89 4,605.98 6,269.11 5,661.13 

Totals $95,828.62 $97,878.34 $96,787.37 $100,805.45 $110,477.74 

From the above table, it will be noted that an increase of $9,672.29 in the 
Society's cash assets occurred during this year. 

Lawrence C. Neale, our Freeman Scholar for 1955-1956, received $2,100 
during our fiscal year 1954-1955 and the remainder of his $4,200.00 scholarship 
during the first six months of this fiscal year. 

T'wo funds, shown in Table III, are of great interest to our Society. First. 
the Publication Fund used for Volumes I and II, "Contributions to Soil Me
chanics", has netted $3,121.95 from an original investment of $5,000.00 and sec
ondly, $1,118.48 has been expended for our cooperative "Structural Lectures" 
series. 
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Again, a reflection of the Nations' economic condition is seen in the market 
value of all our funds. Last fiscal year an increase of market value of $26,353.2 S 
was noted and this fiscal year an increase of $15,497.06 is noted. t 

Market Value 

Funds March 1, 1954 March 1, 1955 March 1, 1956 

Bonds $ 41,518.73 $ 40,152.48 $ 48,791.84 
Stocks 78,823.89 104,746.50 112,074.38 
Cash 4,605.98 6,269.11 5,661.13 
Coop. Bank 5,425.68 5,559.44 5,697.24 
Secretary's 30.00 30.00 30.00 

• Totals $130,404.28 $156,757.53 $172,254.59 

CHARLES 0. BAIRD, JR., Treasurer 



TABLE I-RECORD OF INVESTMENTS-PURCHASED 

March 1, 1955 to March 1, 1956 

Bonds Maturity 
Interest 

Rate 

Georgia Power Cci. 1st. Mtge. 
General Motors Acceptance Corp. Deb. 

Totals 

Stocks 

Scott Paper Company 
Hartford Fire Insurance Co. 
Converted $1,000 Am. Tel. Co. Conv. Deb. 
Scott Paper Company 

Totals 

1977 
1975 

Classification 

Common 
Common 
Common 
Common 

3,375 
3,625 

Number of 
Shares 

20 
¼ 
10 
55 

TABLE II-RECORD OF INVESTMENTS-SOLD 

March 1, 1955 to March 1, 1956 

Book Value 
Name Date Sold March I, 1955 

Am. Tel. and Tel. Co. Conv. Deb. Jan. 25, 1956 $1,167.94 
40 Rights So. Cal. Edison Co. Ltd. Preferred June 2, 1955 20.98 
45 Rights Southern California Edison Co. Common June 2, 1955 23.60 
52 Rights Am. Tel. and Tel. Co. (common) Sept. 21, 1955 159.80 
1,500 North American Trust Shares Dec. 23, 1955 5,342.00. 

Totals $6,714.32 

Date 
Purchased 

Jan. 31, 1956 
Jan. 31, 1956 

Date 
Purchased 

May 23, 1955 
Aug. 9, 1955 
Jan. 25, 1956 
Jan. 31, 1956 

Amount 
Received 

$ 1,167.94 
20.98 
23.60 

159.80 
14,054:55 

$15,426.87 

Cost 

$ 5,162.50 
5,101.80 

$10,264.30 

Cost 

$1,299.78 
86.50 

1,527.94 
3,678.27 

$6,592.49 

Profit 

$ 0.00 
0.00 
0.00 
0.00 

8,712.55 

$8,712.55 



Bonds 
Coop. Bank 
Stocks 

TABLE III-BOSTON SOCIETY OF CIVIL ENGINEERS 

Report of Treasurer March 1, 19 56 
Distribution of Funds Receipts and Expenditures 

Book Value 
)[arch I, 1955 

I 

Tnterest and Dividends 
Net Profit or Loss 

of Sale or l\l aturity Transfer of Funds 
Cash Credit + 

2 3 4 

$1,311.35 
30.00 $13 7 .80 

4,222.07 $8,712.55 

+ 
6 

$10,264.30 

6,592.49 

$1,167.94 

5,546.38 

Book Value 
)farch I, 1956 

8 

Available for Investment 

$39,6-17 .01 
5,559.44 

49,359.89 
4,769.11 607.98 

$ 48,713.37 
5,697.24 

50,406.00 
4,161.13 

$99,305.45 $5,563.42. $137.80 $8,712.55 $1(856.79--$7,322~30 $108,977.74 

Columns I + 3 + 6 - 7 = 8 

Book Value Allocation of Tncome - _P.!_ofit and Loss Book Value 
Funds )larch I, 1955 Income Columns 2 & 3 Net Profit Col. 4 & 5 Received Expended i\iarch I, 1956 

Permanent $ 57,682.39 $3,407.05 $5,206.58-$-545.00 $ 3,460.03* $ 63,380.99 
John R. Freeman 28,704.61 1,754.52 2,681.22 2,261.39 31,878.96 
Edmund K. Turner 1,081.97 63.91 97.66 53.38 1,190.16 
Desmond Fitzgerald 2,159.55 127.53 194.93 113.71 2,368.30 
Alexis H. French 1,094.86 · 64.66 98.83 53.43 1,204.92 
Clemens Herschel 1,165.51 68.83 105.20 140.56 1,198.98 
Edward W. Howe 1,083.08 63.97 97.76 5.88 1,238.93 
William P. Morse 2,220.96 131.17 200.46 112.07 2,440.52 
Publicalion 2,270.20 933.00 81.25 3,121.95 
Surveying Lectures 331.38 19.58 29.91 1.80 379.07 
Structural Lectures 510.94 ____ 1,182.50 1,118.48 574.96 

$99,305.45 $5,101.22 $8,11Tss $ 2,660.50 $ 7,401.98 $108,977.74 
Current 1,500.00 3,093.64* 13,981.59 17,075.23 1,500.00 

Totals $100,805.45 $8,794.86 $8,712.55 $16,642.09 $24,477.21 $110,477.74 
----------

Secretary's change fund of $30-:-00 should be added to show total cash. 
Cash balance March 1, 1956 

Investment Fund $4,161.13 $3,146.62* Transferred from Permanent Fund 
Current fund 1,500.00 3,093.64 Transferred from Income of Permanent Fund 
Total Cash $5,661.13 52.98** Transferred from p~incipal of Permanent Fund 



TABLE IV-RECORD OF INVESTMENTS-BONDS 
March 1, 1955 to March 1, 1956 

Fixed or 
Date of Current 

Maturity or Interest Interest Book Value Market Value 

13onds Classification Rate Received Par Value March I, 1956 March I, 1956 

U. S. Savings Bond Series G Nov. 1, 1956 2¼% $ 25.00 $ 1,000.00 $ 1,000.00 $ ·1,000.00 

U. S. Savings Bond Series G May 1, 1958 2¼% 100.00 4,000.00 4,000.00 4,000.00 

U. S. Savings Bond Series G May 1, 1960 2¼% 25.00 1,000.00 I 1,000.00 1,000.00 

U. S. of America Treasury Bond June 15, 1983 3¼% 260.00 8,000.00 8,000.00 8,460.00 

U. S. of America Savings Bond 
Se~ies K 

Aug. 1, 1966 2.76% 193.20 7,000.00 7,000.00 7,000.00 

Amer. Tel. & Tel. Co., Conv. Deb. Dec. 10, 1965 3.75% 37.50 1,000.00* 

Columbia Gas System Inc. Deb. July 1, 1979 3.50% 70.00 2,000.00 2,066.17 2,071.24 

Series D 
Consumers Power Co. 1st Mtge. Sept. 1, 1975 2¼% 86.25 3,000.00 . 3,140.35 2,951.25 

Florida Power Corp. 1st Mtge. July 1, 1984 3.125% 31.25 1,000.00 1,017.50 960.00 

Province of Ontario Sept. 1, 1972 3¼% 97.50 3,000.00 2,936.25 3,026.25 

Public Service Electric & Gas Co. June 1, 1979 2¼% 115.00 4,000.00 4,097.50 3,870.00 

1st & Ref. 
So. Pacific 1st Series A, Oregon March 1, 197-7 4.50% 180.00 4,000.00 4,191.30 4,250.00 

Lines 
Georgia Power Co. 1st Mtge. Dec. 1, 1977 3.375% 5,000.00 5,162.50 5,128.10 

General Motors Acceptance Corp. Sept. 1, 1975 3.625% 90.65 5,000.00 5,101.80 5,075.00 

Deb. 

Totals $1,311.35 $48,000.00 $48,713.37 $48,791.84 

"" Converted to 10 shares of American Telephone and Telegraph Company common Jan. 25, 1956. 



Stocks 

American Telephone and Telegraph Co. 

TABLE V-RECORD OF INVESTMENTS-STOCKS 

March 1, 1955 to March 1, 1956 

Number of Dividend 
Classification Shares Received 

Common 62 $ 472.79 
Consolidated Edison Co. of New York, Inc. Common 50 120.00 
Continental Insurance Co. Common 68 221.00 
General Electric Co. of New York Common 150 255.00 
Hartford Fire Insurance Co. Common 23 65.25 
Jewel Tea Co., Inc. Common 30 60.00 
National Dairy Products Corp. Common 100 160.00 
New England Electric System Common 198 183.15 
North American Trust Shares July 15, 1955 1,500 255.00* 
Pacific Gas and Electric Co. Preferred 100 150.00 
Pacific G/l.S and Electric Co. Common 100 220.00. 
Radio Corporation of America Preferred 20 70.00 
Southern California Edison Co. Ltd. Preferred 40 92.00 
Southern California Edison Co. Common 45 108.00 
Standard Oil of New Jersey Common 108 568.88 
Southern Railway Co. Preferred 30 75.00 
Texas Company Common 104 442.00 
Union Carbide and Carbon Corp. Common 100 325.00 
Union Pacific Railroad Common 44 352 .00 
Scott Paper Company Common 75 27.00 

Totals $4,222.07 

• Sold December 23, 1955 

Book Value Market Value 
March I, 1956 March I, 1956 

$ 7,168.82 $ 11,439.00 
2,556.12 2,393.75 
3,483.73 7,089.00 
2,341.47 8,737.50 
1,016.75 3,864.00 
1,442.90 1,485.00 
1,154.74 3,712.50 

• 3,106.60 3,390.75 

2,704.89 3,687.50' 
3,387.28 5,012.50 
1,720.75 1,722.50 
1,140.24 2,160.00 
1,350.65 2,295.00 
3,328.16 16,888.50 
1,136.80 1,533.75 
2,956.32 12,480.00 
2,958.44 11,26i.5o 
2,473.29 7,755.00 
4,978.05 5,165.63 

$50,406.00 $112,074.38 

.,_ ..... 



TABLE VI-RECORD OF INVESTMENTS-CO-OPERATIVE BANKS , 

March 1, 1955 to March 1, 1956 

Co-operative Banks 

Suffolk Co-operative Federal Savings and 
Loan Association 

Suffolk Co-operative Federal Savings and 1 

Loan Association Account No. 5-631 

Totals 

Classification 

Matured Certificate 

Savings Account 

Number of 
Shares 

5 

Dividend Book Value 
Received March I, 1956 

$ 30.00 $1,000.00 

137 .80 4,697.24 

$167 .80 $5,697.24 
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REPORT OF THE SECRETARY 

Boston, Mass., March 21, 1956 

To the Boston Society of Civil Engineers: 

The following is a statement of cash received by the Secretary and of the 
expenditures approved by the President, in accordance with the Budget adopted 
by the Board of Government. 

FOR THE YEAR ENDING MARCH 21, 1956 

0 jfice 
Secretary, Salary & Expense 
Stationery, Printing & Postage 
Incidentals & Petty Cash· 
Insurance & Treasurer's Bond 
Quarters, Rent, Lt. & Tel. 
Office Secretary 
Social Security 

Meetings 
Rent of Halls, etc. 
Stationery, Printing & Postage 
Hospitality Committee 
Reporting & Stereopticon 
Annual Meeting, March, 1955 

Sections 
Sanitary Section 
Structural Section 
Transportation Section 
Hydraulics Section 
Surveying & Mapping Section 

Journal 

Editor's Salary & Expense 
Printing & Postage 
Advertisements 
Sale of Journals & Reprints 

Library . 
Periodicals 
Binding 
Fines 
Binding Journals for Members 
Badges 

Forward 

Account 
Number 

(20) 
(22) 
(23) 
(24) 
(26) 
(28) 
(31) 

(40) 
( 41) 
(42) 
( 43) 
( 44) 

(45) 
(46) 
(47) 
(48) 
(SO) 

(60) 
(62) 
(64) 
(63) 

(69) 
(70) 
( 6) 
(81) 
(80) 

Expenditures 

$ 500.00 
518.06 
129.18 
26.00 

2,831.98 
3,598.00 

92.00 

205.00 
50.00 

817 .34 
8.00 

854.59 

17 .71 
64.60 

6.50 
IS.SO 

516.00 
4,816.58 

90.99 
63.31 

$15,231.84 

Receipts 

$1,250.00 

729.52 

808.30 

2,233.00 
1,230.05 

1.24 
IO.SO 
32.00 

$ 6,294.61 
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Bank Charges (82) .18 

Miscellaneous (84) 423.7 5 45.00 

Engineering Societies Dues and 
Charge for Journal Space (88) 909.04 

Membership Committee (66) 325.39 

Public Relations Committee (67) 185.03 

Dues from BSCE Members (10) 7,589.00 

Trans. Income Permanent Fund 3,093.64 

Trans. Principal 52.98 

$17,075.23 $17,075.23 

Entrance Fees to Permanent Fund $545.00. 
Forty-nine New Members; 20 New Juniors; 4 New Students; 10 Juniors 

transferred to Member. 

The above receipts have been paid to .the Treasurer, whose receipt the Secre
tary holds. The Secretary holds cash amounting to $30 included as payment 
under item 23 _(Petty Cash) to be used as a fixed fund or cash on hand. $82 
withholding tax and $34 Social Security, which is payable to the Collector of 
Internal Revenue in April, 19.56 is not included in the above tabulation. 

ROBERT W. Morn, Secretary 

REPORT OF THE AUDITING COMMITTEE 

Boston, Mass., March 21, 1956 · 

To tile Boston Society of Civil Engineers: 

We have reviewed the records and accounts of the Secretary and Treasurer 
of the Boston Society of Civil Engineers and we have compared the bank state
ment of securities held by the Boston Safe Deposit and Trust Company with the 
enumeration submitted by the Treasurer. 

We have found them to be in order and, to account accurately for the 
Society's Funds. 

CHARLES H. NORRIS 

THOMAS A. BERRIGAN 

Auditing Committee of the Directors of 
Boston Society of Civil Engineers 
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REPORT OF THE EDITOR 

Boston, Mass., March 1, 1956 

To the Board of Government, Boston Society of Civil Engineers: 

The JOURNAL was issued quarterly, in the months of April, July, and Octo-
• ber, 1955 and January, 1956 as authorized by the Board of Government on Decem

ber 20, 1935. 
During the year there have been published 17 papers presented at meetings 

of the Society and Sections. 
The four issues of the JOURNAL contained 374 pages of papers and proceed

ings and 64 pages of advertising, a total of 438 pages. An average of 1,425 copies 
per issue were printed. 

The cost of printing the JOURNAL was as follows: 

Expenditures 
Composition and printing ...................... . 
Cuts ................. : ........................ . 
Wrapping, mailing & postage .................... . 
Editor ............................. : .......... . 
Copyright ..................................... . 

Receipts 
Receipts from sale of JOURNAL and reprints ....... . 
Receipts from Advertising ...................... . 

$3,616.85 
944.65 
255.08 
500.00 

16.00 

$1,230.05 
2,233.00 

$5,332.58 

$3,463.05 
Net cost of JOURNAL to be paid from Current Fund $1,869.53 

CHARLES E. KNOX, Editor 

REPORT OF THE HOSPITALITY COMMITTEE 

Boston, Mass., March 12, 1956 

To the Boston Society of Civil Eiigineers: 

The Hospitality Committee submits the following report for the year 1955-
1956. 

Five regular meetings, an Annual Dinner, two joint meetings with the Ameri
can Society of Civil Engineers ( the October 19th meeting inviting· the Student 
Chapters of the New England Colleges), and an inspection trip were held dur
ing the year at the locations noted in the following table. 

A collation was served by this Committee in the Adams Room of the United 
Community Service Building at the meetings as noted. 

The attendance at regular meetings at the United Community Service Build
ing averaged 95, a decrease of 25 over the previous year (a decrease of 20%). 
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SUMMARY OF MEETINGS AND ATTENDANCE 

Date Place Meeting Dinner 

Mar. 16, 1955 Hotel Vendome 55 235 
Apr. 20, 1955 Boston City Club 100 86. 
May 18, 1955 American Academy of Arts 

and Sciences 75 * 
Sept. 21, 1955 Inspection Trip to Massachusetts 

Turnpike 51 51 
Oct. 19, 1955 Mass. Institute of Technology 217 217 
Nov. 16, 1955 United Community Service Building 45 * 
Dec. 7, 1955 United Community Service Building 63 38 
Jan. 2 5, 1-956 United Community Service Building 68 48 
Feb. 15, 1956 United Community Service Building 224 * 

The average attendance at all nine meetings was 100. 
ROGER C. COLLETTE, Chairman 

*Collation served after meetings. 

REPORT OF THE LIBRARY COMMITTEE 

Boston, Mass., March 1, 1956 

To the Boston Society of Civil Engineers: 

On behalf of the Library Committee, I submit this report for the year 
1955-56. 

During the y'ear 228 books were loaned, and a total of $1.24 was collected 
in fines. /The number of books loaned was slightly higher than that of the pre
vious year. 

The following expenditures were made during 

Subscriptions to Periodicals 
New Books 
Binding Periodicals · 

the year: 

$90.99 
95.00 
63.31 

The following books were purchased for the library: 
Introduction to Mathematical Statistics, 2nd Ed. 1954, P. J. 

Hohl 
Time-Saver Standards, 3rd Ed. 1954, F. W. Dodge Company 
Fluid Mechanics, 5th Ed. 1954, Daugherty & Ingersoll 
Principles of Industrial Waste Treatment, 1955, C. F. Gurnham 
Soil Mechanics & Engineering Practice, 194 7, K. Terzaghi and 

R. B. Peck 
Design of Prestressed Concrete Structures, 1955, T. Y. Lin 
Handbook of Chemistry and Physics, 37th Ed. Chemical Rub

ber Pub. Co. 



170 BOSTON SOCIETY OF CIVIL ENGINEERS 

Standard Methods for the Examination of Water, Sewage and 
Industrial Wastes, 10th Ed. 1955, Amer. Pub. Health Assoc. 

Waterhammer Analysis, 1955, John Parmakian 

The Library has a complete set of U. S. Geological Survey Maps, but insuffi
cient file space for keeping them. The Library Committee recommends that 
steel files of proper size be purchased for the filing of these maps. 

It is also recommended that the Society members be informed of the new 
book acquisitions and of the invaluable geological map collection through an eye
catching announcement in the JouRNAL of the Society. 

GEORGE M. REECE, Chairman 

REPORT OF COMMITTEE ON SUBSOILS OF BOSTON 

Boston, Mass., March 14, 1956 

To the Boston Society of Civil Engineers: 

The program of the Committee on Subsoils of Boston has suffered from the 
illness and unfortunate death in December of its chairman, Donald \\I. Taylor. 
There has resulted some delay in the preparation of the last section of the present 
series of reports on "Boring Data from Greater Boston", but the committee ex
pects to publish this section in the JOURNAL during the coming year. 

With completion for the present of the work on boring data the committee 
will turn to other projects, such as compilation of data on ground water levels 
and on settlement of buildings in the Boston area. 

LAWRENCE G. ROPES, A_cting Chairman 

REPORT OF THE MEMBERSHIP CENTRAL COMMITTEE 

Boston, Mass., March 12, 1956 

To tlw Boston Society of Civil Engineers: 

The Membership Central Committee has held four meetings during the past 
year, as follows: May 24, 1955, June 30, 1955, October 13, 1955 and January 
26, 1956. 

All present members of the BSCE have been sent a circular letter accom
panied by a copy of a brochure prepared by a previous committee in 1951. This 
letter enlists the support of the present membership in the drive for new members. 

Also, working in co-operation with the Public Relations Committee, 2,000 
copies of an attractive new brochure in color have been printed. About 400 of 
these new brochures have been distributed to date to prospective new members, 
and the distribution is continuing. These brochures have been sent to recent 
graduates (residing in this area) from seven universities; Federal, State and 
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municipal engineers in Boston ,area; qualified engineers in consulting offices; and 
certain members of other societies, namely New England Section; ASCE; Massa
chusetts State Engineers Association; and New England Water Works Association. 

The work of the Committee has been held up by a delay in the preparation 
and printing of the new colored brochure, and for this reason the full momentum 
of the 'membership drive may not have materialized as of this date. 

The new members and enrollment status for the current year is as follows: 

Elected to grade of Member 
Elected to grade of Junior 
Elected to grape of Student 

Total new members 
The total membership of the Society is presently 1,003. There are 18 appli

cations on hand pending action. 
Your committee recommends that continued efforts be made to increase the 

membership of the Society, and to that end that a Membership Committee be 
appointed for the ensuing year: 

JOSEPH C. LAWLER, Chairman 

REPORT OF ADVERTISING COMMITTEE 

Boston, Mass., March 9, 1956 

To the Boston Society of Civil Engineers: 

The following advertising has been carried in the JOURNAL during the year. 

January 
April July October (1956) 

Professional cards 35 34 35 35 
¼ page ads 2 2 2 2 
¼ page ads 24 22 23 24 
Full page ads 3 3 3 2 
Total page~ of advertising 13 13 13 12 

During the past year $2,233.00 was collected from advertisements which 
represents a slight decrease from the net income received last year. No com
missions were paid to solicitors. 

The Advertising Committee has been unsuccessful in obtaining a new full
time or a part-time solicitor. Advertisements placed in the BSCE JouRNAL 
and the ESNE Journal resulted in only one inquiry, that from a professional 
solicitor employed by one of the Boston newspapers, who, after reading the 
proposed agreement and the advertising section of the JouRNAL, stated he was 
not interested. 

The Committee also had notices posted on the bulletin boards of each of 
the engineering schools in the Greater Boston Area, seeking the services of a 
part-time solicitor. Only one response to these notices was received, that being 
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from a student who requested amendments to tl!e agreement form which were 
not acceptable to the Board of Government. 

This matter of obtaining a solicitor is of considerable importance but does 
not lend itself to an easy solution. The requirements that all advertising matter 
be confined to the back pages of the JOURNAL is a deterrent to obtaining new 
advertisers. It is respectfully suggested that a policy of inserting pages of ad
vertising bet\veen papers be adopted. 

JOHN F. FLAHERTY, Chairman 

REPORT OF THE JOHN R. FREEMAN FUND COMMITTEE 

Boston, Mass., March 5, 1956 

To the Boston Society of Civil Engineers: 

In the last report, reference was made to proposed contribution by the Free
man Fund to a Seminar on Waste Water Treatment and Disposal. No request 
for this contribution was received, and it was therefore not made. 

Mr. Lawrence C. Neale returned from his scholarship trip in Europe on 
December 16th, having been away almost a year. He visited sixty-six hydraulic 
laboratories operated by universities, governments and private individuals in Eng
land, Scotland, France, Italy, Switzerland, Austria, Germany, Belgium, Nether
lands, Sweden and Norway. He also visited various hydraulic construction work. 
A census of European laboratories has not been made since the war started and 
will prove of great value. He is now compiling his report, which it is hoped will 
soon be published. 

The Committee is not planning on any scholarship this year. 
HowARD M. TURNER, Chairman 

REPORT OF PUBLIC RELATIONS COMMITTEE 

Boston, Mass., March 12, 1956 

To the Boston Society of Civil Engineers: 

Last year, following the suggestion contained in the annual report of the 
Publicity Committee, the Society authorized the creation of a Public Relations 
Committee. The purpose of this new arrangement was to widen the scope of 
activities of the Committee in order to achieve greater prestige for the Boston 
Society of Civil Engineers. 

This report, therefore, is a summary of the activities and accomplishments 
of the Public Relations Committee in its first year of operation. 

Previously, the sole function of the Committee was the securing of news
paper notices prior to the regular monthly meeting of the Society. This function, 
the Committee has continued . . . with even better success than in the past. 



ANNUAL REPORTS 173 

\Ve have been fortunate in getting at least two stories into the Boston daily 
papers as advance publicity for each meeting of the Society; on some occasions 
we had notices in all of the Sunday newspapers, with accompanying photographs. 

~ otices also appeared prior to each meeting in the bi-weekly New England 
Construction 1W agazine, in the semi-monthly Dodge Reporter, and in the daily 
Dodge Bulletin. 

In line with our expanded functions, and our offer of assistance to other 
committees of the Society to publicize their activities, we have worked closely 
this year with the Membership Committee. The result of our efforts has been 
the publication of a new brochure designed to attract additional members to the 
Society. The content of the brochure includes all pertinent information about 
the Society, its aims and its purposes; and the benefits which accrue to members; 
all in line with the previous brochure. In design, however, we feel the brochure 
is a considerable improvement over the old one; it is an attractive piece which 
commands attention and will, we believe, interest prospective members in read
ing it in its entirety. 

The accomplishment of the Public Relations Committee working in con
junction with the' Membership Committee, should serve as a compelling example 
to other committees of the Society as to what can be achieved through co
operative action. In accordance with this precept of co-operative action, the Pub
lic Relations Committee again offers its services to the various working com
mittees of the Boston Society of Civil Engineers. 

There are many areas in which we can bring to public attention the work 
of these committees : .. what they are doing for the Society and what they are 
doing to advance the prestige of the engineering profession as a whole. To this 
end it is considered important to have the Public Relations Committee familiar 
with what is happening in other Committees of the Society; otherwise it is not 
in a position to give its best service. In order to keep abreast of the activities 
of all other committees it is believed essential that the Chairman of the Public 
Relations Committee and his assistant sit in with all committee Chairmen at 
stated intervals. If such meetings of Committee Chairmen are not considered 
advisable, they should be invited to sit in at each of the individual committee 
meetings and in that way be in a position to offer suggestions and recommenda
tions to benefit the particular committee and the whole Society. 

Inasmuch as the Public Relations Committee work is a year round job and 
carries on from year to year, it is important that the new Chairman should be 
one familiar with the full background of the Committee. He therefore should 
have been a member of the Committee at least a year, and each succeeding 
Chairman should have in mind training a Chairman to follow him. Furthermore 
the outgoing Chairman should be willing to stay on the Committee a second year 
to help the new Chairman so far as possible. Perhaps the Chairmanship should 
be made a two-year appointment to attain in better measure the desired continuity. 

Your present Chairman has followed this procedure, working very closely 
with one of the Committee Members in order to fit him to take over the work 
of the Committee for the coming year. I have assured him that if he is made 
Chairman I will continue to assist him all I can. There will be some letter writ
ing required over the year for which I shall be glad to make my office available 
to him if he so wishes. 
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To summarize my recommendations: First, keep the Public Relations Com
mittee in constant touch with all other committees either at special meetings of 
Chairmen or at each Committee meeting. 

Second, arrange for the Chairman of the Public Relations Committee to be 
trained for a year by the existing Chairman and have the existing Chairman 
stay on another year to assist the new Chairman. 

Third, have the outgoing Chairman recommend his successor subject to ap
proval of the new President and his Board, in accordance with which I recommend 
the man referred to above now ready to take over whose identity I will disclose 
to the new President. 

As stated above the Public Relations Committee can do the Society consider
able good but only if it works much closer with all activities of the Society. If 
the Society should ever reach a point where it could afford the cost of a full time 
Executive Director he would be the one to handle public relations to the greatest 
advantage. Since howeve1· an Executive Director at present is out of reach of 
the Society, the Public Relations Committee is the best means for doing this 
important work; and it must be done, as the Society owes a serious obligation 
to itself, to its members, to the young civil engineers coming alo'ng, to the young
sters who are trying to make up their minds whether to be civil engineers, and 
to the entire community to tell them all the importance and the necessity and 
the tremendous value of the civil engineer to the every day American way of life 
in our city, our Commonwealth and our Nation. 

JOHN H. HESSION, Chairman 

REPORT OF THE COMMITTEE ON LEGISLATIVE AFFAIRS 

Boston, Mass., March 12, 1956 
To the Boston Society of Civil Engineers: 

As requested and acting as Chairman of the Committee on Legislative 
Affairs I submit the following report: 

The Committee consists of the writer and James F. Brittain, also Ralph 
Horne and Arthur L. Shaw as additional members. The Committee has met 
from time to time and has acted jointly with a similar committee of the North
eastern Section of the ASCE and also with the Committee on Public Affairs of 
the Engineering Societies of New England. The joint committees have been 
particularly concerned with Senate Bill 404 regulating plans and specifications 
for the construction of public buildings and Senate Bill 390 and House Bills 
1008 and 1883 on making mandatory the registration of land surveyors. 

Most of these bills came up for a hearing before the Committee on State 
Administration on January 25, 1956. The three latter bills were referred by the 
committee to the Rules Committee on February 6, 1956 with an order for a 
study by the Committee on State Administration with a report on or before 
December 5, 1956. This Study bill appears as House Bill 2 533. 

At the suggestion of your committee Senate Bill 404 and also the Land 
Surveyors bills were brought to the attention of your Board of Government and 
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to the Executive Committee of the Northeastern Section, ASCE on February 10. 
1956 with the result that both boards on February 13th and February 15, 1956, 
respectively, unanimously expressed objections to the bills and recommended that 
they ought not to pass. Various letters were sent to the Committee on State 
Administration objecting to piecemeal registration acts and indicating the de
foability of further study. Offers of co-operation were made by the governing 
boards of the two Societies. 

A further hearing was given to Senate Bill 404 on February 29, 1956 which 
your committee attended. Speakers in opposition to Senate Bill 404 consisted of 
the writer, Ralph Horne, Edward Keane, Ho"ivard Turner, George Coffin (by his 
attorney), Edwin Howard, Hall Nichols and others. Your chairman urged that 
Senate Bill 404 be made a part of the Study bill, House 2 533. Your chairman 
is of the opinion that Senate Bill 404 will either be made a part of the study bill 
or that it will be killed. The committee is of the opinion that the BSCE should 
offer to assist in any legislative study on these bills. 

EDWARD \1/RIGHT, Chairman 

REPORT OF THE EXECUTIVE COMMITTEE OF THE . 
SANITARY SECTION 

Boston, Mass., March 7, 1956 

To the Sanitary Section, Boston Society of Civil Engineers: 

Four meetings of the Sanitary Section were held during the year as follows: 

March 2, 1955.-Annual Meeting. An illustrated paper on "Sanitary En
gineering Problems in Alaska", was presented by Clarence I. Sterling, Jr., Chief 
Sanitary Engineer, :Massachusetts Department of Public Health. 

Thirty-two members and guests attended the meeting. Eighteen members 
and guests attended the informal dinner at Patten's Restaurant. 

May 21, 1955.-Joint Meeting with the Main Society. Inspections were 
made of the Lawrence Experiment Station. Lawrence. and the site of radio active 
wastes experiments at Cochickewich Pond, North Andover. Mr. Joseph A. Mc
Carthy, Chief of Laboratory, conducted the tour of the Experiment Station and 
after lunch gave an outline of the activities and aims of the station. Members 
and guests had lunch at the Andover Country Club. Professor Harold A. Thomas. 
Jr., Harvard University, discussed the study being made of the capacity of streams 
to handle radio active wastes and then conducted a tour of the study site which 
included a demonstration of the equipment being used. Seventeen members 
attended. 

October 5, 1955.-Charles G. Hammann, Direct.or of Public Works of Woon
socket. R. I., and John S. Bethel. Jr .. Partner. Metcalf & Eddy, delivered papers 
on "A Comprehensive Sanitation Plan for \Voonsocket". Fifty members and 
guests attended the meetings and twenty-five the informal dinner at Patten's. 
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December 7, 1955.-Joint Meeting with the Main Society. Professor Ross 
E. McKinney, M.I.T. presented a paper on "A Co-operative Approach to Stream 
Pollution Control in Massachusetts". Sixty-five members and guests attended 
the meeting. Forty attended dinner in the Adams Room of the United Com
munity Service Building. 

Total Attendance for the four meetings was 164. Average attendance was 
41. Four meetings of the Executive Committee were held during the year . 

· JOHN FLAHERTY, Clerk 

REPORT OF THE EXECUTIVE COMMITTEE 
OF THE STRUCTURAL SECTION 

Boston, Mass., March 12, 1956 

To tlte Structural Section, Boston Society of Civil Engineers: 

Eight meetings of the Structural Section were held during the year as follows: 
April 13, 1955.-Dr. A. A. Warlam, Consulting Engineer, Hastings, New 

Y1>rk, spoke on the subject "Recent Developments in Soil Testing Equipment". 
Attendance 39. 

May 11, 1955.-Mr. John C. Rundlett, Bridge Engineer, Department of 
Public Works, Commonwealth of Massachusetts, presented a paper entitled "De
velopment of Prestressed Concrete in Construction". Attendance 54. 

October 19, 1955.-Joint Meeting with the Main Society and the North
eastern Section of the American Society of Civil Engineers. Dr. John B. Wil
bur, Head of the Department of Civil and Sanitary Engineering at the Massa
chusetts Institute of Technology spoke on "The Esthetic Aspects of Civil En
gineering". · Attendance 217. 

November 9, 1955.-Dr. D. B. Steinman, Consulting Engineer, New York 
City delivered an illustrated talk on the subject "The $100,000,000 Mackinac 
Bridge-Conquering the Impossible". Attendance 200. 

December 14, 1955.-Dr. Jacob Feld, Consulting Engineer, New York City 
presented a paper entitled "Structural Failures and How to Avoid Them". At
tenda·n-ce · 56. 

January 11, 1956.-Mr. Eugene Smith, Engineer, Freyssinet Company, Ne,\' 
York City, spoke on the subject "Plant-produced Pre-tensioned Concrete Prod
ucts". Attendance 65. 

February 15, 1956.-Annual Meeting Joint with the Main Society, Dr. Karl 
Terzaghi, Professor of the Practice of Civil Engineering at Harvard University 
presented a paper entitled, "The Project for the High Aswan Dam in Upper 
Egypt. Attendance 224. 

March 14, 1956.-Mr. Reino Laine, Construction Manager, George Fuller 
Company spoke on "The Construction of the l\1.1.T. Auditorium" .. Attendance 43. 

The total attendance for the year was 894; average attendance 112. 
JOHN M. Brees, Clerk 
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REPORT OF THE EXECUTIVE COM.MITTEE OF THE 
HYDRAULICS SECTION 

i77 
-. 

Boston, Mass., February 29, 1956 

To the Hydraulics Section, Boston Society of Civil Engineers: 

The following meetings were held during the year: 
May 4, 1955.-A meeting was held at the Hydrodynamics Laboratory of the 

Massachusetts Institute of Technology. Following a descriptive talk by Dr. 
Arthur T. Ippen, Director of the Laboratory, demonstrations of hydraulic tests 
and apparatus in the laboratory were observed. Attendance 56. 

November 16, 1955.-A Joint Meeting with the Main Society was held at 
the United Community Service Building. Mr. David R. Campbell, Project En
gineer for the New England Power Company, gave a talk on the Littleton Hydro 
Development. Attendance 42. 

February 1, 1956.-The Annual Meetings and election of officers was held 
in the Society Rooms. Mr. Lincoln Reid, U. S. Army Corps of Engineers, spoke 
on "Hurricane Tidal Flooding in Narragansett Bay". Attendance 51. 

Total attendance for the year was 149. Average attendance was 50. 
CLYDE W. HUBBARD, Clerk 

REPORT OF THE EXECUTIVE COMMITTEE OF THE. 
SURVEYING AND MAPPING SECTION 

Boston, Mass., February 28, 1956 

To the Surveying and Mapping Section, Boston Society of Civil Engineers: 

The following meetings were held during the past year. 
April 6, 1955.-Professor John B. Wilbur, Professor Charles O'Baird, Mr. 

Charles M. Anderson and Mr. Nelson W. Gay discussed the "Educational 
Methods, formal and practical, Producing the Best Results in Training Today's 
S~rveyor." Attendance-38. 

October 26, 1955.-Mr. Herman J. Shea spoke on the subject, "Recent 
Developments in Surveying Instrumentation." Attendance-48. 

January 25, 1956.-At a joint meeting with the transportation section, Pro
fessor John T. Howard discussed the City Planning and Transportation Prob
lems to be Faced by Urban Communities During the Next Fifty Years. At
tendance-52. 

Total attendance-138; average attendance-46. 
ERNEST A. HERZOG, Clerk 
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1woJyll1'oko/ PERMANENCE 
utl DEPENDABILITY 

Having withstood centuries of exposure to wind 
and weather, the Pyramids of Egypt are symbolic 
of ''Permanence''. 

Similarly, this pipe cast by Warren in 1862 i:s still ... 
in service and has proved its permanence and .,. 
dependability. 

While this cast iron pipe was produced in our foundry 
nearly 100 years ago and serves to give added proof of 
the durability and permanence of cast iron pipe instal
lations, this example is by no means either exceptional 
or even one of the oldest of recorded long-time service. 

THE CAST IRON PIPE CENTURY CLUB 
This unique club whose membership is made up of 
those cities in the U. S. A. having cast iron pipe instal
lations of 100 years of age or more, was established 
by the Cast Iron Pipe Research Association in 1947. 
Today's membership is 69 and is growing regularly. 

BIG SAVINGS 

In addition to the value of permanence and uninter-

Over $1,000,000 saved 
by reusing 93 year old 
Cast Iron water pipe 

rupted service, many cities and communities are real
izing sizable dollar savings in instances where exten
sions or various changes in layouts need be made. 
With the pipe illustrated, Jersey City, New Jersey, 
was able to clean, relay and reline the old existing 
36-inch pipe at a saving of over $1,000,000 based upon 
the estimated cost of placing a new line into service. 
The re-laid main will provide a capacity of 35 m. g. d. 
of water when required and the City anticipates an
other century of service from this pipe. 

Warren pipe and fittings have been making their con
tribution to projects and developments for 1qo years -
literally providing 

uA Century of Quality in Service". 

WARREN FOUNDRY & PIPE CORPORATION 
75 Federal Street, Boston, Massachusetts 

EXECUTIVE OFFICES 55 LIBERTY ST., NEW YORK 5, N. Y. 
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