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CHARTER MEMBERS OF THE BOSTON SOCIETY OF 
CIVIL ENGINEERS (1848) AND THE AMERICAN 

SOCIETY OF CIVIL ENGINEERS (1852) 
Bv E:1nL A. GRAMSTORFF, PRESIDENT, B.S.C.E.* 

SINCE. this occasion is one celebrating the engineering accom
plishments of the past one hundred years and since our own Boston 
Society of Civil Engineers pre-dated this period by four years, being 
the oldest engineering society in the United States, it seemed some 
attention might be given to our contribution to engineering and to the 
historical aspects of our society. 

It did not take me long to conclude that I could add little, if any
thing, to our historical background. That has been so well and so 
comprehensively covered by our present- able historian that it would 
be boldness on my part to assume I could offer any worthwhile 
additions. 

I refer to the Presidential Address of John B. Babcock, 3d, en
titled "The Boston Society of Civil Engineers and Its Founder Mem
bers" published in the July 1936 JouRNAL and to his "Centennial 
History of the Boston Society of Civil Engineers" published in our 
Centennial Anniversary issue of the JOURNAL, July 1948. 

Relative to our Society's contribution to engineering advance
ment and understanding over this same period, I am sure you are all 
familiar with the very fine treatment of this topic by Professor 
Charles B. Breed for Transportation, Dean Gordon M. Fair for Sani
tary Engineering, Professor Charles M. Spofford for Structural Engi
neering and Mr. Howard M. Turner for the field of Hydraulics (all 

*Prepared for presentation at the B.S.C.E. luncheon in Chicago on Se1,tember 9, 1952 held 
in connection ,,·ith the Centennial Annivcroary of the American Society of Civil Engineers. 
Profco~or Cramr.torff prencntcd thi::. addrcno in abbrc\·iatccl form in order that memberi:: could 
attend the .-\.S.C.E. afternoon technical sessions. 
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Past-Presidents of the Boston Society), as 'presented on the occasion of 

our Centennial Celebration and published in our Anniversary issue of 

July, 1948. 
It then occurred to me a talk on recent activities and develop

ments in society affairs was appropriate. However, as the luncheon 
reservations came in, it was noted that our attendance, with the 

exception of a half-dozen or so, was to be from metropolitan Boston 
composed of society members as well or better informed on society 
affairs than myself. 

Reflection brought the conclusion that the celebration was pri
marily prompted by the 100th birthday of the American Society of 

Civil Engineers and it was known that certain members of our own 
society took part in its formation and were active in its development 

during the following years. 
Upon examination of Professor Babcock's writings, it was noted 

that there was listed thirty-three engineers as founder members. Some 
few of these were elected after the society's organization on July 3, 
1848, but included as such since they were early members of the 

society. 
From the special publication entitled "Historical Sketch of the 

American Society of Civil Engineers 1852-1897" it was observed there 
was a total of fifty-five designated as charter members of this organi
zation: six honorary, one corresponding, and forty-eight members. 

It is not known how many of these became members as of Novem
her 10, 18.52. Apparently, all hut one became affiliated during the 

ensuing two year active period of the American Society. 
Seven of our founder members were instrumental in the organi

zation of the American Society and took part in its activities for the 
following two years after which time society operations were tempo -
rarily suspended. In the years following the resumption of American 
Society operations, twelve engineers who were members, or at one 
time were members of the Boston Society, served as President of the 
national organization.* Many of these and others have rendered serv
ice in other offices as well through those years. 

It seems to me this is a most appropriate occasion on which to 
remind us of these gentlemen, to refresh our memory of these grand 

pioneer'.:, in our field who have contributed ~o much to the expansion 
and understanding of engineering, engineering knowledge and pro-

*Brief biographies of these twelve A.S.C.E. presidents were presented by Professor Babcock 
at an A.S.C.E.-B.S.C.E. luncheon in Boston, October 13, 1948. 
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fessional society affairs. It is my purpose to present these gentlemen 
to you by restating their service to both the Boston Society and the 
American Society, together with the highlights of their careers. In 
the brief time alloted, let me limit myself to those who were charter 
members of both societies. 

Of these, I believe it would be most appropriate to begin with 
that figure who served so prominently both societies, James Laurie. 
One of the first Directors of the Boston Society serving during 1848 
and 1849, and the first President of the American Society elected upon 
its organization and serving until 1867, he had already established 
himself as a competent engineer having been connected with several 
railroads in various capacities. Opening a Boston office of his own in 
1848, he continued for a time work in connection with railroads and 
related engineering projects. In 1849, he was called to become engi
neer of the Central Railroad of New Jersey and later in 1852, opened 
a, New York office principally connected with bridges. 

No doubt his call to other areas accounts for his absence from 
our Boston Society records as a member rendering continued service 
as an officer of our Society, for by his New York activities he must 
convince all that he possessed a keen interest in organizing civil 
engineers for both professional and social purposes. This interest 
led him to take a prominent part in the formation of the American 
Society, in its organization through service on the committee which 
prepared its constitution and by-laws, followed by his election as 
President. Under his leadership there came two years of substantial 
activity of this new organization, but with a gradual decrease in meet
ing attendance, so that suspension of activities occurred and were 
not resumed until 186 7. This resumption took place following ener
getic efforts upon Mr. Laurie's part to revitalize the Society into re
newed activity. Since that time we can readily trace increasing growth 
and strength in this fine organization as we know it today. 

In his professional activity Mr. Laurie continued his work in 
the field of railroad engineering and structures from one project to 
the next, both as principal and consultant until his retirement. 

He presented the first paper given before the Boston Society on 
the subject of "Coal and Iron Trade of Great Britain and the United 
States." He enjoyed that same distinction in the American Society 
by his paper "The Relief of Broadway." 

If the foregoing extremely abridged outline of his career is not 
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enough, surely closer examination of it would provide ample support 
for the resolution passed at the annual meeting of the Board of the 
American Society on November 6, 1867: 

"Resolved, that we tender our thanks to Mr. James Laurie for his faith
ful services as our president, for his efforts to re-establish and reorganize 
this Society on a basis which gives promise of a successful and useful con
tinuance. and particularly for his care of our funds, to which we are greatly 
indebted for our present unencumbered and hopeful position." 

Further honor to him and his memory came upon the establish
ment of the James Laurie Prize by the American Society of Civil 
Engineers, October 1, 1912. 

Ellis S. Chesbrough began as a railroad rodman and continued in 
railroad work for eighteen years, then was called to service as Chief 
Engineer for the Western Division of the new Boston Water Supply 
Project. He is listed as becoming a member of the American Society 
in June of 1868, some months following its resumption of operations 
in November, 1867. It is perhaps, because of the inactive period that 
he is officially listed as a charter member of the American Society. 
He served as Director in 1870 and became its President in 1878, the 
second Boston Society member to serve in that capacity, the then 
expanding organization. 

His service in our organization was substantial and embraced the 
offices of Director, 1848-1851; Vice-President, 1852; Treasurer, 1853-
1855. He was elected an Honorary Member in 1877. 

His active service to our own Society terminated upon his resig
nation as City Engineer of Boston to accept the position of Chief 
Engineer for the Chicago Sewerage Board. During the period of his 
work for the City of Chicago, in several capacities, he became con
sultant on a variety of water and sewerage works projects throughout 
the country. Following his Chicago positions he became permanent 
consultant for the Croton Water Supply of New York as his last pro
fessional activity. 

A third charter me.mber of both Societies was our own highly 
esteemed James B. Francis. Coming to New England from Old Eng
land about fifteen years before our Boston Society was founded, he 
entered the railroad field in Connecticut and when his employer, 
Whistler, became Engineer of Locks and Canals at Lowell he followed 
with him. When Whistler resigned in 1837, Francis was appointed in 
his place, from which time his increasing activities and studies in the 
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field of hydraulics dates. His improvements and developments in the 
field of water power, the Francis' formula, and Francis' Folly are 
familiar to us all, but these were not the limit of his interest. He 
devoted attention to other engineering problems and experiments: 
the strength and behavior of materials, fire protection and preserva
tion of timber. He found time to serve the Commonwealth and his 
city of residence, Lowell, in various capacities, and participated in 
other scientific and community affairs. 

His many activities made heavy demands upon his time yet he 
served both societies in several offices; as President of the Boston 
Society in 1874, as Vice President of the American Society in 1870 
and, again in 1879-80, and finally as its President in 1881. He was 
elected an Honorary Member by each Society during the last few 
years of his life. 

He will long be remembered for his many writings and experi
ments which have contributed so much to increased knowledge in the 
-field of applied hydraulics. 

The following four gentlemen, founder members of both societies, 
were not prominent through serving as officers of these organizations 
with one exception. However, they were regular attendants and 
supporters of the societies, served on committees through whose work 
the society profited, and in addition, became engineers of accompiish
ment. They formed part of that nucleus of members without whose 
support and service the two societies could not have survived. 

The first of these, George M. Dexter, did have the advantage of 
a few years at Harvard College, advanced training most of our found
er members did not have. Ill health took him to Paris where he 
became interested in engineering and architecture. Upon his return 
to New England, he became active in railroad construction, then 
turned to architecture and building construction. Next on call he 
returned to railroad work, in particular, in connection with the finan
cial problems of the Vermont Railroad which he served as Treasurer, 
and later as President and a Director. 

He was Vice President of the Boston Society from 1848 through 
1849, and served as its President from 1850 through 1852. 

Waldo Higginson, a Harvard graduate, after a few years studying 
law, entered the employ of Loammi Baldwin. For the next fifteen 
years he was engaged in the practice of railroad engineering and 
survey both in railroad employ and private practice. Following a 
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period of inactivity due to an unfortunate illness, he became sufficiently 
recovered to return to business and became interested in the field of 
insurance. He was the founder and President, until shortly before his 
death, of the Arkwright Mutual Fire Insurance Co. 

While he did not hold office in either society, he was active in the 
affairs of the Boston organization by the presentation of reports and 
by service on its committees. 

Josiah Hunt was also fortunate enough to have the advantage of 
some college training attending Brown University for three years. 
Leaving Brown he engaged in railroad construction work on a variety 
of Southern N·ew England lines until he became Chief Engineer of 
the New Haven and New London Road. From this assignment, he 
moved westward serving as Chief Engineer of several roads until he 
settled permanently in Missouri. Here he not only maintained his 
interest in railroads but took an active part in community affairs, 
political and educational. His early movement westward about 1852 
precluded his active participation in Boston Society affairs but he 
most certainly left his mark on the railroad development of the mid
west of his time. 

The last of the seven was Martin B. Inches of whose engineering 
career little seems to be known from about 1860 on. 

Like those previously presented, it appears he began his work 
in the railroad field at first in the employ of Waldo Higginson. For 
a time, he seems to have been located in Albany. A little later he 
apparently made studies and rendered a report to the City of 
Worcester on its water supply. From about this time, according to 
sources consulted, he seems to have carried on little in the way of 
engineering practice. Reports appear to indicate he perhaps con
cerned himself more with commercial interests in which his family 
was actively engaged. 

Records indicate he served as Librarian of the Boston Society 
from 1852-55, that he was a regular attendant at meetings, and con
cerned himself earnestly with its activities. 

This completes the very .much abridged presentation of the 
careers of those seven men who were a part of each of two groups 
forming these two societies which have endured even though there 
was in the life of each a brief period of darkness. With three excep
tions, they brought into the beginning of their engineering careers no 
formal training. A number entered their work in this field at an age 
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when the present generation has just finished or is about to finish high 
school. Through self-study and earnest application they carried them
selves far and have inscribed an indelible record on the pages .of our 
own society's and the American Society's engineering accomplishments 
and affairs. 

Let me take this opportunity to acknowledge the free use of the 
• writings of our various members and the records of both the Boston 

and American Society and in particular to those mentioned earlier 
in my talk. 

Further, I should like to bring to your attention the work of 
Professor Haertlein, the chairman of the Boston Society's Centennial 
Committee of which our Presiding Officer, Mr. Langdon Pearse of 
Chicago, is a member. Mr. Pearse has been the worker at the Chicago 
end in making and perfecting the arrangements for this meeting. 
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AN IMPROVED SETTLING TANK DESIGN 
BY HAROLD A. THOMAS, JR.,* MEMBER 

A:\'D JAMES L. DALLAS,** MEMBER 

MucH has been said and written on the design of settling tanks 
for water and sewage works and an impressive amount of experimenta
tion has been carried out. Yet there persists a common belief that 
knowledge of the subject is incomplete and that sedimentation units 
designed by the usual criteria too often give a disappointing perform
ance. It is the intention herein to indicate the merits of a new type 
of design, the features of which induce higher settling efficiencies and 
allow lower construction costs. The investigation described pertains 
primarily to sewage tanks but the advantages apply also to settling 
tanks used in water purification. 

The dimensions of settling tanks are usually set to provide stand
ard detention periods as recommended by state health departments. 
Typical recommendations, such as those of California, Illinois, Kansas, 
Minnesota, New York, and Texas, specify various minimum detention 
periods ranging from 2 to 4 hours as based on average daily flow. 
In some states limiting overflow rates are prescribed; i.e., for primary 
sewage tanks rates range from 650 to 1000 gal/sf/day. In a few 
states, recommendations specify minimum length: width ratios and 
maximum weir loadings. It is pertinent to indicate the extent to which 
these prescriptive criteria are effective. 

Operating results for primary tanks in eighteen sewage treatment 
plants at military posts were summarized in 1946 by the Subcom
mittee on Sewage Treatment of the National Research Council ( 1). 
These plants were selected from a group of several hundred on the 
basis of the completeness and accuracy of their operational data. 
The period of study comprised twenty months for each plant follow
ing the "breaking in" period. In each case, the study-period chosen 
was one during which the loadings remained fairly uniform and well 
within the limits of conservative practice. The survey affords an un
usual opportunity for evaluating the validity of conventional design 
criteria since all basins were designed in accordance with a standard-

*Associate Professor of Sanitary Engineering, Harvard Univer.sity. 
**Senior Sanitary Engineer, )lassachusetts Department of Public Health. 

• 
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ized code similar to criteria applied to municipal plants. Moreover, 
all plants treated sewage of domestic character without the obscuring 
influence of industrial wastes. All used identical methods of analysis 
and control. 

Overall performance relating to B.O.D. and S.S. removal is 
presented in Table I. 

TABLE 1.-SEDIMENTATION EFFICIENCY OF PRIMARY SETTLING TANKS AT EIGHTEEK 

MILITARY POSTS OPERAT_ED DURING WORLD WAR II. 

Per cent Reduction 
Median Lower Quartile Upper Quartile 

B'.O.D. 35.0 31.7 38.3 
S.S. 57.3 49.5 65.1 

The arithmetic mean B.O.D. removal in the eighteen plants ranged 
from 10% to 61 %- Not only was there a large variation in perform
ance from plant to plant as indicated in Table I, but also a large 
variation in efficiency in individual plants from one three-month period 
to the next. This latter variation amounted to about 1/3 to .½ the 
variation from plant to plant. 

The tanks were designed conservatively according to the common 
criteria. The average detention period was 3. 77 hours, the average 
overflow rate was 506 gal/sf/day. For the rectangular tanks in the 
group, the average length:width ratio was 3.4 and the length:depth 
ratio was 6.0. The median displacement velocity was 25.2 fph. 

' Considering the large variations in efficiency in these similar 
tanks, loaded with the same type of sewage containing no industrial 
wastes, it must be concluded that some important factor or factors 
affecting efficiency remain unknown and are not being taken into 
account in design and operation. 

In particular, it appears that detention period and overflow rate 
are not sufficiently good parameters for design. In the foregoing study 
the detention period was found to bear a closer degree of correlation 
with removal efficiency than the overflow rate. However, the corre
lation for both was low. 

In view of the significant variations in efficiency observed in indi
vidual plants from time to time, it would appear to be desirable to 
provide means for changing the settling characteristics ·of tanks, 
analogous to provisions made for changing the mixing speed in floe-
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culating units in water treatment plants. In this way settling tanks 
could be adapted to meet changing conditions of load, temperature, 
wind, shade and other climatic and seasonal changes. 

As a point of departure in considering theoretical aspects of 
sedimentation having a bearing on the design of efficient settling units, 
it is pertinent to review the elementary theory of the settling process 
as formulated by Hazen (2) in 1904. 

Elementary Theory of Sedimentation. The following_ assumptions 
are made: ( 1) particles are discrete and do not flocculate; ( 2) the 
flow is purely irrotational; streamlines and particle pathlines are 
straight or smoothly curved; there are no eddies or local irregularities 
in the flow caused by turbulence; ( 3) particles striking the bottom 
remain fixed. 

In a vertical column of still water, such as shown in Figure 1, 

J I 
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-= __g_ 
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the initial suspension will form a slowly falling blanket and a gradual 
clarification of the upper layers will occur. In an ideal basin ( Fig. 2 a), 
of depth, D, and detention period, T, with horizontal flow, for which 
the foregoing assumptions hold, the concentration of sediment re
maining in the effluent will be the same as that in the tube of Fig. 1 
above a depth, D, when sampled after time, T. The settling velocity 
of a particle starting at the top and just reaching depth, D, would 
be V,. = D/T. If the length of the ideal basin were L and the width, 
W, then the pathline of this article would be as indicated by line S 
in Figure 2b. Since the triangles of this figure are similar, the relation 

T 

f,+- Seff//n_g 7ime or l)islonce in Toni<--, 

PATHS OF SETTLEMENT 

IN P.ID£AL" SETTLING TANX 

F/G. 2b Se.TTL/NG ZONES OF /OEAL TANI< 

FiGURES 2a ond 2b 

VjVh = D/L holds, where Vh is the displacement velocity, Q/DW. 
Therefore, it follows that V,. = Q/LW. The latter term is the over
flow rate, the discharge divided by surface area. The implication of 
the equation is that all particles with a subsidence velocity of V v, or 
larger,· would be 100% removed in passing through an ideal basin 
having an overflow rate, V,.. Particles with a smaller subsidence 
velocity, say v., would be only partly re.moved in the proportion 
V /\\.. The analysis shows that the removal efficiency depends only 
on the overflow rate and not upon the depth of the basin. It ~ay be 
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shown that for other conditions of flow geometry, such as that with 
a weir outlet, in which streamlines are not horizontal but are inclined 
or curved, the same lack of dependence of efficiency upon depth still 
obtains provided that the initial assumptions ( 1), ( 2) and ( 3) are 
valid. If these hold, then it would be economical to design shallow 
tanks with large areas and with large displacement velocities. · 

It is common knowledge that the Hazen elementary theory of 
sedimentation does not accord completely with actuality.* Neverthe
less, the concepts serve as a convenient framework of reference from 
which the effect of non-ideal conditions may be measured. 

Limitations of the Elementary Theory. It is generally agreed 
that most of the oversimplification of the elementary theory stems 
from the facts ( 1) that particles often do not remain discrete but 
agglomerate to form larger particles, and (2) that flow patterns are 
not streamline but exhibit irregularities caused by inlet turbulence, 
density currents from temperature and sediment concentration gradi
ents, secondary currents in corners and near baffles, and incidental 
mixing from wind and sludge removal mechanisms. 

Despite these conditions, experience has shown that within limits, 
depth is demonstrably less important in settling units than the hori
zontal dimensions. On the other hand, there have been numerous 
attempts during the past half-century to operate shallow, short
detention tanks. These have, almost without exception, failed to per
form with the high efficiency predicted from the elementary theory of 
sedimentation. 

*Hazen was aware of the limitations of the elementary theory and proposed a 
series of useful modifications of the basic formula V v = QILW to make it more realistic. 
Professor G. M. Fair has shown that these modifications may be incorporated in a ::;eneral 
formula, 

100 
E = 100-------

(1 + V/nVv)" 
where E = per cent removal efficiency for a particle with subsidence velocity, 

V,, in a tank with an overflow rate of V,. = Q/WL. 
n = a parameter reflecting the degree of turbulence or quiescence in the basin. The 

precise value of n applicable to a given design depends primarily upon the inlet-outlet 
arrangements, loading, and upon shape. For poorly designed continuous flow basins, 
n = O to 1; fair, n = 1 to 2; good, 2 to· 8; excellent, 8 to oo. For the case of the ideal 
basin described, n = -1. Such a degree of quiescence, ho~vever, cannot be obtained 
excei5t if!" ·fill-and-draw operation. The upper limit of quiescence in a well designed 
continuous flow basin obtainable in practice corresponds to the case n = oo, with 
E = JOO( 1 - e-Vs/Vv), where e is the Napierian base of logarithms. 
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It is worthwhile to consider the manner and extent by which the 
various non-ideal conditions impose limitations on the practical de
sign of settling tanks. 

Inlet Turbulence. In a tank of typical design the kinetic energy 
of the inflow that is dissipated in the tank is of the order of a hundred 
to a thousand times as large as the potential energy lost by the sedi
ment in settling out of the flow. If only a small proportion of this 
inlet energy is expended in such a manner as to interfere with settling, 
the reduction of efficiency may ·be considerable. Turbulence engen
dered by inlet energy is hard to control and the design of a good inlet 
arrangement is difficult. Schemes that look good on the drawing board 
are likely to give disappointing results when installed. 

Three methods are available for the elimination of inlet energy. 
( 1) The kinetic energy may be reduced by providing for veloc

ity head recovery. This may be accomplished in conical pipes tapered 
at an angle of about 10°. Such expanders are expensive and are apt 
to be inconveniently long. 

( 2) Provision may be made for baffled vestibules separated 
from the settling compartment by perforated or slotted plates to dis
tribute the flow uniformly over the cross-section. Such arrangements 
require a considerable amount of space and may entail a sizeable drop 
in the energy gradient to accomplish the requisite degree of flow 
distribution. Moreover, the kinetic energy of jets coming from small 
orifices or slots is not dissipated in a short distance. Tests show that 
the center-line velocity in the jet from a small orifice discharging into 
a large body of fluid decreases to about 60% of the initial value at 
a distance of 10 diameters downstream, and falls to 6% at a distance 
of 100 diameters. Thus the installation of perforated plates or slots 
in the flow does not eliminate excessive turbulence for an appreciable 
distance on the downstream side in the sedimentation zone. In addi
tion, it is difficult to prevent septicity in elaborately partitioned en
trance chambers, particularly those having baffles in the horizontal 
plane. Such considerations have led most designers to resort to the 
third method of handling inlet kinetic energy. 

( 3) Tanks may be made larger so as to provide additional 
space and mass for the dampening of the inlet turbulence. This prac
tice is similar to that used in breakwater design at harbor entrances 
in which the economical solution is to provide a large outer harbor 
for use as a stilling basin. If this method is relied upon for handling 
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inlet energy, the specification of a minimum detention period by state 
health departments is rational inasmuch as it amounts to fixing simul
taneously an upper limit on the overflow rate and a lower limit on 
depth (T = D/V"). In this way a satisfactorily small overflow rate 
may be obtained without allowing excessive shallowness. 

Bottom Scour. One deterrent to the use of shallow, high-velocity 
tanks has been the possibility that excessive scour of deposited sludge 
might reduce removal efficiencies. It is believed that this is not gen
erally a valid objection provided that a reasonably uniform velocity 
distribution is obtained. If such were feasible, displacement velocities 
considerably larger than those commonly used could be employed 
without causing excessive scour. However, it is difficult and expensive 
to secure uniform velocity distributions particularly near the inlet. 

In dewatered tanks it is often possible to see local areas on the bot
tom where scour has occurred even though the displacement velocities 

were not large. In some cases the scoured areas amount to a con
siderable proportion of the total area. Unless adequate precautions 
are taken to secure a uniform velocity distribution, it is desirable to 
avoid a high displacement velocity. 

Disturbance from Sludge Removal Mechanisms. In shallow, high
velocity tanks the disturbing effect from sludge removal mechanisms 
is accentuated. The history of unsuccessful attempts to operate t-ray
tanks points up the difficulty of designing reliable, inexpensive sludge 
removal mechanisms that do not create damaging irregularities in the 
flow pattern. While the difficulty may not be· insurmountable, it does 
pose serious mechanical problems that as yet have not been solved. 

Other Factors Unfavorable to Shallow, Short-Detention Tanks. 
Shallow tanks are more susceptible to disturbance from extreme 
climatic conditions such as high winds and periods of extreme cold. 

Heat transfer computations show that the margin of safety against 
freezing of conventionally designed secondary tanks during prolonged 
cold spells is ordinarily quite small, especially during periods of low 
flow. With shallow tanks of low heat capacity the hazard is signif
icantly larger. Covering or heating circumvents these difficulties but 
the factors of added cost, odor and corrosion are introduced. 

In complete sewage treatment plants sedimentation tanks serve 
an important function beside that of settling. This is the reduction 

of the variation in the concentration of organic matter applied to bio
logical units during the diurnal cycle. This balancing or integrating 



AN IMPROVED SETTLING TANK DESIGN 361 

of the daily organic load is effective if the settling tanks are relatively 
large and recirculation is provided during the night hours. Even with 
a small recirculation ratio, the plant continues to treat the sewage 
on a 24-hour basis. In many installations this has proved to be an 
economical method of obtaining a higher overall degree of treatment. 
The effectiveness, however, is predicated upon large settling tanks. 

In a similar way, large primary tanks are useful in reducing the 
concentration of toxic slugs of waste that may appear in the raw 
sewage. With shallow, short-detention tanks the reduction of peak 
concentrations of toxic wastes may be insufficient to prevent impair
ment or destruct.ion of activity in biological treatment units. 

In view of all the foregoing considerations that are unfavorable 
to the construction of small, shallow tanks, it is pertinent to consider 
an alternative method of obtaining a low overflow rate without increas
ing displacement velocities or running the risk of lowered efficiencies 
from inlet turbulence. 

Radically Sloped-Bottom Tank. In Fig. 2b the pathline is shown 
of the particle w:ith the smallest subsidence velocity of <!-II particles 
that are 100% removed. That is; if the ideal conditions assumed in 
the elementary theory obtained, all particles having this subsidence 
velocity would be completely removed. Insofar as such partkJes and 
all more rapidly settling particles are concerned, the volume of the 
tank above and to the right of this critical pathline makes no contri
bution to the settling performance of the tank. In theory all particles 
of any size whatsoever entering this zone are not removed and hence 
this volume is ineffective in settling. 

With the non-ideal conditions that actually occur, the zone be
yond the critical pathline still is relatively unimporta:n_t from a func
tional standpoint and serves no useful purpose except in an ancillary 
way in providing space for the reduction of weir drag. In a triangular 
tank with a radically sloped bottom shown diagrammatically in Figs. 
3 and 4, the ineffective zone is eliminated. Streamlines extend oblique
ly upward toward a series of effluent troughs spaced at intervals on 
the surface. 

With this arrangement there are a number of advantages: 
( 1) The surface area is not reduced even though the volume 

of the tank has been reduced by fifty per cent; consequently the over
flow rate is not altered. 

(2) Despite the reduction in volume, the displacement velocity 
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is increased only by an insignificant amount-the horizontal compo
nent of the velocity remains the same as in the rectangular tank. 

( 3) At the upstream end the same amount of volume as in the 
rectangular tank is provided for the dissipation of inlet turbulence. 

( 4) The slope on the bottom aids in the return of sludge. The 
flights need only nudge the sediment and it flows smoothly. \\Tith the 
smaller slopes conventionally used, the flights may plough through 
the deposit and disperse it upward into the flow. 
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( 5) As a consequence of the tapered profile and the presence 
of a number of weirs,· the streamlines converge in almost all portions 
of the tank. This tends to increase settling efficiency, inasmuch as 
fluid tends to be more stable in regions of converging streamlines. In 
diverging flow, irregularities of motion persist for greater distances. 

( 6) With the adverse slope on the bottom there is less tendency 
for slugs of dense fluid entering the tank to short-circuit along the 
bottom at high velocities directly toward the outlet. Density currents 
of this character derive from slugs of cold fluid or fluid with higher 
than average solids-concentration. In addition to causing short-cir
cuiting, they introduce added turbulence in the tank. Density currents 
are often an important factor in reducing efficiencies in tanks of con
ventional design . 
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In Fig. 5, the basic design is shown with two modifications. 
( 1) The depth at the downstream end; d; cannot be zero but must be 
at least 4.0 ft in order to accommodate sludge removal .mechanisms 
that are now commercially available. This still permits a saving of 
1/4 to 1/3 of the volume of a conventional rectangular tank with the 
same overflow rate. In tanks without mechanical sludge removal 
equipment, the downstream depth may be made small, and the theo
retical upper limit of a saving of ¼ the volume may be approached. 
( 2) The inflow is introduced in a series of down-pipes across the tank. 
'With the flow entering near the bottom the likelihood of the forma-
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tion of high velocity density currents is reduced. Moreover, the 

arrangement lengthens the pathline to the nearest outlet weir and 

tends in part to secure the advantages of upward-flow tanks. With 

some types of waste, the arrangement promotes the formation of a 

sludge blanket and clarification is thereby enhanced. 
A number of design features applicable to a full-scale installa

tion are indicated in Fig. 6. The scum removal trough is located just 
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upstream from the first weir. Inflow is guided downward by a baffle 

extending 60% of the distance to the bottom of the tank. 
Experimental Studies. Two model settling tanks were tested at 

the Ward Street Pumping Station in Boston. Arrangements and di

mensions are presented in Fig. 7 and Table II. 
The tanks were identically rectilinear in plan and similar in all re

spects except depth and bottom slope. The settling tanks were oper

ated in series with coagulating tanks that had ·a volume of about 

45 gallons each. The coagulating tanks were stirred by paddles rotat

ing at 15.4 rpm. The settling tanks were equipped with sludge re-
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TABLE JI.-DIMENSIONS OF MODEL TANKS 

Up- Down-
stream stream 

Length, Width, Depth, Depth, Volume, 
ft ft m. in. gal. 

8.0 2.0 17.0 16.5 167.1 
8.0 2.0 17.0 8 124.7 

Surface 
Area, 
sq ft 

14.67 
14.67 

moval flights ¾"X¾"X23.4" spaced at 16¾"; these traveled at a 
speed of about 1 foot per minute. The coagulation tanks each meas
ured 3.0' long, 1'5" deep, and 1'5" wide. 

Four dentated weir troughs were installed in each tank and pro
vided a total weir length of about 14 feet per tank. These were 
located at the quarter points of each tank. Scum baffles were installed 
in both tanks just upstream from the first weir. In Test IV the three 
upstream troughs were removed iri the conventional tank. 
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The flash mixers were run only in Test I and then discontinued 
since chemicals were not added. Discharge was controlled by orifice 
boxes; three pairs of different orifices were used. The flows, deten
tion periods, and overflow rates are indicated in Table III. 

TABLE Ill.-FLOWS, DETENTION PERIODS, A:XD OVERFLOW RATES OBTAINED 

WITH \1 ARIO US ORIFICES 

Orifice 
Diameter, 

inche~ 

Flow 
per Tank, 

gpm 

2.64 
4.37 
8.90 

Detention 
Period, 

minutes 

Conven- Sloped 
tional Bottom 

63 47 
38* 28 
19 14 

*38.5 in Test lV with 3 weir troughs remo,·ecl. 
**402 in Test IV with 3 weir troughs remo\'ed. 

Overflow 
Rate, 

gallons/sf/day 

Conven- Sloped 
tional Bottom 

260 260 
429** 429 
874 874 

Sampling. Samples were taken of the raw sewage after comminu
tion, and of the effluent of each tank. These were composited from 
additions made every 15 minutes during a run. Runs in all tests ex
tended over a period of an hour or more. Effluent samples were blend
ed from subsamples taken from each weir trough in proportion to 
flow. Troughs were adjusted at the beginning of runs so as to split 
the flow as nearly as feasible into four equal parts. 

Analytical Methods. Determinations were made of biochemical 
oxygen demand, suspended solids, and turbidity of influent and effluent 
samples from both tanks. Standard techniques were employed. Sev
eral replicate subsamples from each sample were tested so as to mini
mize sampling error. In B.O.D. tests five bottles in each of two dilu
tions were incubated and titrated. Three replicate suspended solids 
sub-samples were tested. Turbidities were measured both by the 
standard method and by a photo-electric cell. Results were in excel
lent agreement 

Results of Analytical Determinations. A summary of tests of 
four runs is given in Table IV. The first three runs were conducted 
at various discharges, each tank having four weir troughs. In the 
last run the three upstream weir troughs were removed from the 
conventional tank. 

The test results de.finitely corroborate the theoretical reasoning. 
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TABLE !V.-SUMMARY OF TEST RESULTS ON MODEL SEDIMENTATION TANKS AT 

WARD STREET PUMPING STATION, APRIL -JUNE 1950 

Test: I II III IV 

Date: 4/6/50 4/8/50 4/9/50 6/20/50 

Flow, gpm 
Conventional tank: 2.65 4.37 8.90 4.37 

Sloped bottom tank: 2.65 4.37 8.90 4.37 

Detention Period, minutes 
Conventional tank: 63.1 38.2 18.8 38.5 

Sloped bottom tank: 47.1 28.5 14.0 28.5 

Biochemical Oxygen Demand 
Raw Sewage, ppm 

Conventional tank: 201 150 154 235 

Sloped bottom tank: 204 145 158 240 

Effiuent, ppm 
I 
I 

. I 

Conventional tank: 108 127 116 185 I 

Sloped bottom tank: 118 117 116 192 

% Removal 
Conventional tank: 46 15 25 21 

Sloped bottom tank: 42 19 27 20 

Suspended Solids 
Raw Sewage, ppm 

Conventional tank: 160 180 165 263 

• Sloped bottom tank: 170 180 150 254 

Effluent, ppm 
Conventional tank: so 30 60 111 

Sloped bottom tank: 40 50 55 111 

% Removal 
Conventional tank: 69 83 63 58 

Sloped bottom tank: 76 72 63 56 

Turbidity 
Raw Sewage, ppm 

Conventional tank: 184 195 250 

Sloped bottom tank: 171 205 260 

Effluent, ppm 
Conventional tank: 129 160 225 

Si oped bottom tank: 120 158 225 

% Removal 
Conventional tank: 30 18 11 

Sloped bottom tank: 30 23 13 

For equal flow rates the detention period in the sloped bottom tank 
was about ¾ that of the conventional, yet it gave very nearly the 
same efficiency. In half the runs the sloped bottom tank gave a higher 
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B.O.D. efficiency. Results of suspended solids and turbidity deter
minations indicated about the same performance in both tanks. 

Temperature Variation. Since small tanks are apt to adjust more 
rapidly to differences between the temperatures of sewage and air 
than large tanks, and since thermal currents may impair sedimentation 
efficiency, precautions were taken to avoid large temperature gradients 
in the model tanks. 

During Test II the temperatures at the inlets and outlets of both 
tanks were measured every 15 minutes to ascertain whether a signif
icant difference in the thermal environment existed between the tanks 
that might be a factor causing disparity in performance. The measured 
temperature differences were found to be small-the maximum change 
during the run was 0. 7° C. in the effluent of the conventional tank: 
Average temperatures ( C

0

) noted during the run were as follows: 

Conventional tank 
Sloped bottom tank 

Influent 
13.6 
13.3 

Effluent 
13.4 
13.3 

Model Similitude. In the testing of a model tank for sedimenta
tion efficiency, the question naturally arises as to how the results 
obtained at a given rate of flow will apply to .a full-scale tank of the 
same design. While the primary purpose of the investigation was to 
compare the performance of the two model tanks, it was desirable to 
carry out the study with loadings that yielded removal efficiencies iin 
the range normally obtained with full-scale tanks. 

Where model tanks are tested with sewage the subsidence veloci
ties in the model and the prototype tanks are the same.* Therefore, 
in order to maintain geometrically similar particle pathlines ( Fig. 2) 
and hence equal removal efficiencies, the displacement velocity should 
have the same magnitude in the model as in the prototype. This is 
equivalent to stipulating that the model be operated with the same 
overflow rate ( vertical displacement velocity) as the prototype. It is 
to be noted that this law of model similitude differs from both the 
Froude and Reynold's model criteria, and necessitates operating the 
model tanks with detention periods smaller than those ordinarily used 
in municipal settling basins. 

In Table V is presented a comparison of the operating character-

*If the time rate of increase in subsidence velocity due to agglomeration of particles is 
neglected. In these tests this effect was small, if not absent, since such agglomeration as 
could be effected was accomplished in the coagulating tanks. 
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istics according to the different criteria for similitude for the model 
conventional tank and a prototype tank with ten times its linear 
dimensions. The larger tank is assumed to have a 2-hour detention 
period. . 

TABLE V.-0PERATING CHARACTERISTICS FOR MODEL CONVENTIONAL TANK 

ACCORDING TO SEVERAL CRITERIA FOR DYNAMIC SIMILITUDE 

Model Criterion 

Overflow 
Flow Characteristic -Froude Rate Reynolds 

(1) (2) (3) 

Discharge, cfh 35.5 112 1120 
Detention period, hr. 0.63 0.2 0.02 
Displacement velocity, fph 12.6 40 400 
Overflow rate, fph 2.22 7.0 70 

(1) Vm/Vp = V Lm/Lp 
(2) Overflow rate in model = overflow in prototype 
(3) Vm/Vv = Lv/Lm 

Detention 
Period 

(4) 

11.2 
2.0 
4.0 
0.7 

( 4) Detention period in model = detention period in prototype 

Proto-
type 
(5) 

11,200 
2.0 

40.0 
7.0 

(5) Prototype with a length-scale ten times that of model and with a 2.0 hour 
detention period 

It will be noted from Table V that the flow characteristics of the 
model tank operated in accordance with the criterion of equal over
flow rates foll between tho:::.e :::.tipulated by the Froude and Reynolds 
criteria. Both theory and experiment (Test I) indicate that a model 
tank operated with detention period:::. comparable to those used in 
full-scale tanks will give larger removal efficiencies than are attained 
in the larger tanks. 

The tests summarized in Table IV were conducted over a fairly 
wide range of detention periods and overflo,v rates in both tanks, and 
it would appear that the results are indicative of the performance of 
full-scale sloped bottom tanks. 

Flow Dispersion Tests. A series of flow tests were conducted 
using fluorescein dye, brine solutions, and radioiodide, 1-131, as 
tracers. The objectives of these tests were two-fold. 

(a) To determine whether any significant difference in the stability of the flow 
pathlines could be observed between the two model tanks. In both tanks 
replicate tracer tect:; indicated about the same degree of ctability a£ evi
denced by the shape and reproducibility of time-concentration curves 
plotted from tracer determinations on effluent samples collected at regular 
intervals. 
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(b) To ascertain the extent of short-circuiting in the tanks as measured by 
the time of first appearance of the tracer in the effluent. Results of these 
tests give an indication of performance of tanks used for disinfection as 
well as settling. In chlorine contact tanks, for example, a high degree of 
short-circuiting is likely to result in low bactericidal efficiency. A typical 
series of tests with fluorescein are summarized in Table VI. The measure
ments indicate that despite its shorter detention period, the sloped bottom 
tank did not short-circuit to a greater degree than the rectangular tank. 
The tests show, however, that in both tanks the time of first appearance 
of the tracer is materially reduced when multiple weirs are used. 

TABLE \11.-FLOW TIMES FOR FIRST TRACE OF DYE AT \IARIOUS OUTLETS IN TERMS OF 

THE DETENTION PERIOD 

Detention Period, 
min. Time of First Appearance -:- Detention Period 

Conven- Sloped 
tional Bottom 1st Weir 2nd Weir 

Test Date Tank Tank (C) (D) (C) (D) 

I 4/6/50 63.1 47 .1 0.16 0.14 
II 4/8/50 38.2 28.5 0.04** 0.07 0.09 0.15 
IV* 6/20/50 38.5 28.5 0.10 0.16 

(C) = conventional tank and (D) = sloped bottom tank. 
*\Vith three upstream weirs removed from con,·entional tank. 

3rd Weir End Weir 
(C) (D) (C) (D) 

0.32 0.30 
0.22 0.24 0.35 0.33 

0.28 0.18 0.35 

**The dye first appeared at the 1st weir of the co1ne11Lloual ia11k in 0.04 (38.2) = 1.53 min. 

During Test IV the tanks were dosed simultaneously each with 
2.6 millicuries of radioiodide, I-131, and samples of the effluent were 
collected at 5-minute intervals and assayed for radioactivity with an 
end-window Geiger-Mueller counter and automatic scaler. Results 
are shown in Figure 8. Logically, as in the dye tests, the tracer ap
peared sooner in the effluent of the sloped bottom tank with multiple 
weirs than it did in the conventional tank which during this test had 
one weir only at the downstream end. The conventional tank during 
this test was operated with one weir only at the downstream end. The 
general trend of the curve for the sloped bottom tank indicates a 
smaller flow dispersion than the rectangular tank-an indication of 
the absence of "dead spaces" in the flow that are relatively ineffective 
in sedimentation. 

It is of interest to note that in both tanks radioactivity was de
tected in the effluents before the first trace of dye that was added 
simultaneously (wit_h the I-131) came through. 

Density Current Investigation. To determine the effectiveness 
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of the adverse slope in arresting the movement of high-density cur
rents along the tank bottom, a series of tests were conducted upon 
two model tanks at the Lawrence Experiment Station of the Mass. 
Department of Public Health. Flows and dimensions are summarized 
in Table VII. . 

TABLE VII.-DIMENSIONS AND FLOWS OF MODEL TANKS USED IN DENSITY CURRENT 

STUDIES 

Up- Down-
stream stream Distance (in.) from Det'n 

Length Width Depth Depth 1st 2nd 3rd Flow Period 

Tank (ft) (ft) (in.) (in.) weir weir weir gpm (min) 

Conventional 6.0 1.5 18 18 36 60 72 0.825 124 

Sloped-bottom 6.0 1.5 18 6 28 53 72 0.55 124 
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The inlet flow to each tank was adjusted to give the same deten
tion period in each tank (124 min). An arrangement was made to 
dose the influents with a sodium chloride solution. The average 
chloride concentration in the influent during the 3 .¼-hour run was 
650 ppm. The test was started with both tanks full of sewage at 
normal chloride concentration ( 42 ppm). Effluent samples yielded 
chloride concentrations as follows: 

Time,min 
Chloride (ppm) 

Conventional 
Sloped-bottom 

0 

42 
42 

60 

48 
42 

80 

178 
55 

100 

315 
166 

120 

400 
407 

140 

466 
476 

160 

504 
524 

The observations point up the effectiveness of Lhe adverse slope 
in relarding Lhe movemenl of high-density fluid al velodlies greatly 
in excess of the displacement velocity. From these studies it would 
appear that the sloped bottom tank is less prone to this type of short 
circuiting than basins of conventional design. 

The authors wish to acknowledge the cooperation of Mr. Thomas 
A. Berrigan, Director of the Sewerage Division and Chief Sewerage 
Engineer of the Metropolitan District Commission, and Mr. Arthur 
D. Weston, former Director and Chief Sanitary Engineer of. the Engi
neering Division, Mass. Dept. of Public Health for making available 
testing facilities at the Ward Street Pumping Station and at the 
Lawrence Experiment Station. 

Summury. A desigu fu1 sellliug Lauks has Leen described whicl1 
on the hasis of t.hroretk;:il n~;:isoning and model experiments ;:ippears 
to hav,e a number of advantages that bring about higher removal 
efficiencies and lower construction costs. 

The <}nest.ion of morlel similitude is discussefl, \Vith a rnrlin1 lly 
sloped bottom the volume of the tank is reduced without alteration 
of surface loading. The longitudinal profile of the design is such that 
the movement of sludge is facilitated and the short-circuiting of 
density currents is inhibited. At the inlet end the design provides 
the same depth and mass of water as in conventional designs for the 
dissipation of inflow turbulence. The principles of the design may be 
;ipplierl to singfo or rnulfiple tank units, recbrngular or round in ph1n 

REFEREXCES 

1. Sewage Treatmont at Military Installations, Sub committee on Sewage Treat
ment, National Research Council, Sewage Works Journal, 18, 876, 1946, 

2. Hazen, Allen, On Sedimentation, Trans. ASCE 53, 63, 1904. 



WATER OR MILK? 

THE OPTIMUM VEHICLE FOR FLUORIDATION 
WATER OR MILK? 
BY J. E. McKEE,* MEMBER 

373 

THE practice of adding fluorides to municipal water supplies, as 
a prophylactic measure to minimize dental caries, has gained wide 
acceptance in recent year:s. Moreover, it is being urged upon many 
reluctant waterworks aull101ilie:,, 1..,y an aroused public. Dy rnid-1951, 
according to Cox ( 1), fluorirlP wac; being added to 8?. s11pplies serving 
a total population of 1,700,000 and approval had been granted for 
fluoridation of 95 other supplies, to serve nearly 6,000,000 persons. 
Today, almost every waterworks superintendent in the country is 
faced with llie JJlUblern of whether to fluoridale or to lry Lu ie:,,i:,,l lhe 
landslide toward this practice . 

. ADVANTAGES OF WATER FLUORIDATION 

The enthusiasm for fluoridation of public water supplies is not 
without reason or merit. Already there are scores of papers in the 
waterworks and public-health literature that attest to the fact that 
the presence of natural fluorides up to 1.0-1.5 ppm, or the addition of 
artificial fluorides to water supplies so as to produce concentrations 
of 0.8-1.2 ppm, is associated with 50 to 60% reductions in the preva
lence of dental caries. This effect is shown most dramatically by Dean, 
Arnold, and Elvove ( 2), who plotted the incidence of dental caries 
in permanent teeth of 7,257 children in 21 cities against the fluoride 
content of the public water supplies. Furthermore, it appears to be 
well established that the presence of 1.0 ppm of fluoride ion in water 
is not detrimental to the teeth .and bone structure of children or 
adults; nor does it produce unfavorable reactions or effects in indus
trial JJ:rocess walers used for soft t.hiuks, uiewiug, fouu µrncessiug, 
metal plating, chemical industries, etc. Only in the manufacture of 
ice has fluoride been troublesome, and this effect can be overcome by 
proper control of the process. Thus, the evidence in favor of fluorida
tion of public water supplies seems to be so positive and so over
whelming that many people cannot understand why it should not be 
put into effect immediately at all municipal waterworks . 

................... ______ _ 
*Associate Professor of Sanitary Engineering, California Institute of Technology, and 

Affiliate of Camp, Dresser, and :McKee, Consulting Engineers. 
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OBJECTIONS TO WATER FLUORIDATION 

There are other sides to the problem, however, and like the argu
ments in favor of fluoridation those in opposition have a certain logic. 
Natural resistance arises from the waterworks superintendent whose 
supply originates in numerous wells or surfac.e sources, each of which 
must be equipped with proportional-feeding fluoridating devices. 
Scott ( 3) estimates that the cost of equipment for each source of 
supply will vary from $1,000 to $15,000, with the higher figures pre
dominating for most municipal sources. As an example of this prob
lem, consider the water supply of San Bernardino, California, which 
originates in 17 separate well fields and surface streams, all of which 
are pumped directly into the distribution grid with reservoirs floating 
on the system throughout the city. The initial cost of fluoridating 
equipment and appurtenances for this city would be at least $200,000, 
not to mention the problems of servicing and maintaining the equip
ment. Such a cost, to be sure, is a small fraction of the total water
works value and can be readily amortized. On a national basis, the 
total operating and amortized investment cost of fluoridation hac. been 
estimated ( 4) at from 5 to 15 cents per capita per year, but for San 
Bernardino the annual cost of amortization alone ( at 3 % interest for 
20 years) would be $13,500, or about 20 cents per capita. To this 
muc.t be added the coc.t of extra servicing and maintenance a'.l well a:, 
chemicals. It is understandable, then, that the complexity and magni
tude of such multiple installations cause the public officials to think 
twice before committing the city to fluoridation. 

Perhaps more serious than the cost of fluoridation is the limited 
supply of fluorides. As more and more cities climb on the bandwagon, 
the present capacity for production is being approached rapidly by 
the demand. If several of the large cities should institute the practice, 
the existing supplies would probably have to be rationed, unless meas
ures are taken to increase production. An argument against fluorida
tion of public water supplies arises from the fact that only a small 
proportion of the water ic. consumed by children to whom fluoridation 
will be advantageous. Thus, if a city uses 150 gpd per capita, only 
about 0.3 gpd will be consumed by the average person, or about 0.2 % 
of the supply. Assuming that 20%· of the population consists of chil
dren in the ages during which fluoride affects teeth, only about 0.04% 
(four leu-Lliuusandlhs) of the added fluoride would be serving a use
ful purpose. Most of the remainder would be flushed or drained into 
the sewer, or used for garden watering or car washing. 
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The third and perhaps most vociferous objection comes from 
Christian Scientists and other religious groups who balk at "mass
medication". The same type of opposition arose several decades ago 
when proposals were made to add iodine to water supplies to counter
act tendencies toward goiter; but fortunately this argument abated 
with the introduction of iodized salt, the use of which is optional. 
While many public-health-minded citizens may be provoked by such 
opposition of minority religious groups, few of them wish to violate 
the concepts of religious freedom or to incur the ill will of fellow 
citizens. 

Another reason for urging caution in the hasty adoption of water 
fluoridation arises from the uncertainties and irregularities of water 
consumption by children. Maier ( 5) points out that the degree of 
caries protection and the severity of fluorosis varies ( within limits) 
with the fluoride intake, and this in turn is dependent upon the amount 
of fluoridated water consumed, inasmuch as food is a small contributor. 
Consumption of water, in turn, hinges upon the temperature and 
relative humidity of the locality, and the season of the year. To 
determine the optimum rate of fluoridation it has been suggested that 
the highest concentration be used that will produce no more than the 
mildest degree ( 10% incidence) of dental fluorosis. At Charlotte, 
N. C., according to Maier, the fluoride level in the water supply is 
altered from month to month to correlate inversely with water con
sumption, varying from 1.1 ppm fluoride in January when consump
tion is a minimum to 0.6 ppm in July when consumption is a maximum. 

In his thorough study of food and water requirements of children 
from one to 12 years old, McClure ( 6) states "Drinking of water is 
a variable factor, especially among children, whose drinking habits 
are greatly influenced by muscular activity as well as by atmospheric 
temperature and humidity. It is likewise true of children's diets espe
cially that the requirement of water is met largely by preformed 
water in the food or by liquid food, particularly milk. The water 
deficit made up by drinking water may be a relatively small fraction 
of the total daily amount of water ingested." That the water con
sumption varies widely from child to child, and for the same child 
from day to day and season to season is evident to all parents. Very 
few observers of children's habits cite specific data to show the magni
tude or the variation of the quantities of water consumed. It is this 
extreme variation in water consumption that may account, in part, 
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for the dental fluorosis in some children while others in the same com
munity have numerous caries. 

ALTERNATE VEHICLES 

Granted, then, that the objections to fluoridation of public water 
supplies have some merit, is there any way that the aforementioned 
advantages of fluoridation can be achieved without the disadvantages? 
To answer this question it is necessary to investigate other vehicles, 
especially pills, tooth-paste, chewing gum, salt, solid foods, and milk. 
The first four of these can be ruled out quickly for obvious reasons. 
Fluoridated pills or tooth-paste, already on the .market, reach a very 
small segment of the population even when highly advertised. Chew
ing gum is not an aesthetic way nor a reliable means to promote 
prophylaxis. Fluoridated salt would provide fluorides for adults to 
whom it would be of no advantage, but very few children like salt 
on their foods, nor could careful control over the dosage be exercised. 
The selection narrows, therefore, to food and milk. 

The fluoride contents of meats, fish, hen's egg, cow's milk, citrus 
fruits, non-citrus fruits, tea, cereals and cereal products, vegetables 
and tubers, .miscellaneous substances, and wine have been tabulated 
by McClure ( 7). With the exception of seafoods and tea, the majority 
of foods found in the average diet contain from 0.2-0.3 ppm or less 
of fluoride in the food as consumed, and consequently the average diet 
exclusive of drinking water appears to provide 0.2-0.3 mg of fluoride 
daily. Tea was found to contain as high as 398.8 ppm of fluoride in 
the dry tea, with average values of about 100 ppm, 7 .5 7, or more of 
which is extracted by boiling water. At 100 ppm, one tea ball alone 
would provide approximately 0.2 mg. of fluoride. Unfortunately, in 
this respect, children under 8 years of age seldom drink tea. Nor is 
seafood generally a favorite of the younger set. 

Attempts have been made ( 7) to increase the fluoride content of 
vegetables, fruits, and grains by adding calcium fluoride to the soil 
or water in which the plants are grown. The results demonstrate, how
ever, that the fluoride content of the soil or water has little or no 
influence on the fluoride content of leaves, fruit, or roots. Hence, the 
possibility of increasing the fluoride content of solid foods, other than 
by the addition of fluoridated salt, appears to be remote. The search 
narrows further, then, to liquid foods that are acceptable to and pre
ferred by children, or, in other words, to milk. 
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MILK AS A FLUORIDE CARRIER 

The fluoride content of cow's milk, with no unusual fluoride in the 
cow's ration or drinking water, varies from 0.07 to 0.55 ppm, with a 
median value of 0.10-0.20 ppm, according to McClure ( 7). Further
more, the addition of fluoride to the cow's ration or drinking water has 
no appreciable influence on the fluoride content of the cow's milk, the 
added fluoride probably being excreted in feces, urine, and perspira
tion as it is for humans ( 8). 

Inasmuch as the natural fluoride content of milk is too low to pro
vide an adequate dietary supplement in the volume normally con
sumed by children, serious consideration should be given to artificial 
fluoridation of bottled milk. Such consideration involves questions 
of assimilation of milk-borne fluoride, quantities and variations of 
daily consumption, effects of fluoridation on the palatability and 
nutritive value of milk, universal application, cost, and reception by 
the public. 

ASSIMILATION OF MILK-BORNE FLUORIDES 

To be effective in reducing dental caries, it is apparent that 
fluorides must be assimilated and must be carried in the blood stream 
to the tooth buds during the formative period. Mere contact of the 
fluoridated liquid with exposed enamel of fully formed teeth seems to 
have little, if any, prophylactic value. For these reasons it is desirable 
that optimum fluoride intake be maintained during the ages from 1 
to 10 years, and that the fluoride be in a form that can be assimilated. 

It appears that natural fluorides in food and milk, or artificial 
fluorides added thereto, are largely available for assimilation. In fact, 
McClure (9) showed that when no control was exercised over eating 
and drinking habits, there were no indications of a difference in total 
assimilation by young rats of water-borne versus food-borne fluorides. 

In other tests, McClure, Mitchell, Hamilton, and Kinser ( 8), added 
3 .50-6.00 mg of fluoride per day in the form of N aF, CaF 2 , mineral 
.cryolite, and bone meal to the food or water of five young men, and 
measured the fluoride eliminated via feces, urine and perspiration. 
The results showed that about 13-55 % of the ingested fluoride re
mained in the feces and hence was not assimilated. Maximum assimi
lation (80-90%) occurred from NaF in food and water, and from 
CaF 2 in water, while less fluoride was assimilated from cryolite and 
.bone meal. Of the assimilated fluoride, about 50-80% appeared in the 
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urine and 20-50% in the perspiration, depending upon muscular 
activity, temperature, and humidity. The total daily intake, even at 
these high rates of ingestion, appeared to have been eliminated prac
tically 100%. 

The foregoing tests lead to the assumption that N aF or CaF2 

added to milk would be available for assimilation as readily as the 
fluorides added to drinking water, and that in concentrations of 
1.0-1.5 ppm almost all assimilated fluorides would be eliminated from 
the body rather than accumulate in bones or tissues. It has been 
demonstrated, moreover, ( 6) that food-borne and water-borne fluo
rides both have inhibitory effects upon dental caries in rats and both 
cause mottled enamel when concentrations exceed 1.5 ppm of fluoride. 
Although NaF or Na2 Si F 0 .may form insoluble CaF2 with the natu
rally high calcium content of milk, there appears to be no reason 
to believe that such fluoride would not be readily assimilable or that 
it would produce effects different from those of fluorides added to 
water. 

QUANTITIES AND VARIATIONS OF MILK CONSUMPTION 

Milk consumption by children is subject to far less variation, by 
age, sex, season, or climate, than is water consumption. Dairies in 
large cities report that liquid milk consumption is about one pint per 
capita per day for the entire population and it is estimated that the 
average child consumes about 1.5 pints per day. Most children from 
2 to 8 years of age drink a glass of milk at each meal and possibly a 
mid-afternoon or mid-morning glass. Moreover, milk consumption by 
children does not change much with season, temperature, or humidity, 
for children tend to vary their water consumption instead. The more
uniform consumption of fluoridated milk than of water should tend 
to reduce the variations in total fluoride intake from child to child 
and from season to season and thereby should minimize the probability 
of dental fluorosis in one child while another in the same community 
has a deficient fluoride intake. 

Cox ( 1) claims that "the consumption of any given food, includ
ing milk, is not universal. ... " There are some children, to be sure, 
who do not drink milk but they are relatively few in number.* Deliv
eries of bottled milk in most metropolitan areas cover wider terri
tories than do the municipal water supplies; in fact, many rural areas 

*One of the cxceptionc wac thic writer, who wao allergic to milk when young; yet he 
has had relatively few dental caries. Perhaps his good fortune in this respect is attributable 
to the fact that he was weaned on tea, which has a high fluoride content. 



WATER OR MILK? 379 

throughout the nation are well served with bottled milk. In Los 
Angeles County there are reported to be over 500 municipal and pri
vate water companies supplying domestic consumers, with hundreds 
more in contiguous areas; yet the Los Angeles telephone directories 
list less than 70 milk distributors. To reach a high proportion of 
chiidren through the few dairies would be infinitely more certain than 
to try t9 do it through the numerous water supplies. Similar examples 
can be cited for almost all metropolitan areas, where a few large 
milk companies reach far beyond the limits of the water distribution 
systems. 

PALATABILITY AND NUTRITION 

Any detrimental effects of fluorides upon the palatability and 
nutritive value of milk re.main to be demonstrated. Inquiries of local 
dairy research staffs and biochemists at local universities have failed 
to uncover any arguments or proof to show that the addition of 
0.8-1.0 ppm of N aF would alter the taste, nutritive value, or enyzmes 
of milk. The writer has been adding 0.5 ppm of fluoride in the form 
of NaF to the milk used by his family, including three children, and 
has yet to notice any change in the palatability of the milk, or to 
receive any complaints from the children. This is a matter, however, 
that deserves more thorough consideration and research. 

COST AND ACCEPTANCE 

The cost of chemicals for the fluoridation of milk, up to 1.0 ppm, 
is infinitesimal ($0.000,005 per quart) and the dairies should be will
ing to absorb the cost as part of routine operations. If it becomes 
necessary, however, to increase the cost of milk by 1 cent per quart, 
most parents of small children should be willing to pay the difference, 
considering the ultimate savings in dental bills. It is assumed, more
over, that the dairies would then advertise and otherwise attempt to 
promote the sale of fluoridated .milk. Thus, we come to the question 
of acceptance of fluoridated milk by the general public. 

It is sometimes surprising how rapidly the public will accept a 
new idea and clamor for its adoption in local communities, especially 
following a few newspaper editorials or advertisements or an article 
in Life, Reader's Digest, or a similar national magazine. That the 
public should oppose the concept of fluoridated milk, especially when 
its purchase is optional, seems inconceivable. Dairies could advertise 
the availability of fluoridated milk for families with small children, 



380 BOSTON SOCIETY OF CIVIL ENGINEERS 

pointing out that regular milk is still sold for adults or for those who 
object to fluoridation. This optional feature should appeal to religious 
groups who now oppose water fluoridation. 

SUMMARY 

This presentation of the possible case for milk rather than water 
as the optimum vehicle for fluoridation is intended not as a firm 
indorsement thereof but rather as a stimulant for further thinking 
and research into the matter. The many arguments in favor of milk 
as a fluoride carrier are so enticing that some action should be taken 
by research agencies either to confirm or discredit them on the basis 
of sound fundamental data. The author urges such research and 
welcomes any logical criticism or reasons in opposition to the ideas 
propounded in this paper. 
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MODERN EARTHQUAKE-RESISTANT BUILDINGS AND 
CONSTRUCTION METHODS IN JAPAN 

Bv ALBERT G. H . D IETZ,* MEMBER 

THIS paper summarizes some observations made by the author 
while on a visit to Japan . It pays particular attention to the earth
quake-resistant structures developed for large office buildings, and 
uses several recent buildings as examples. An account is also included 
of the open caisson method of installing large building foundations , 
with particular reference to the Nikkatsu International Building m 
Tokyo, which has aroused wide interest both in Japan and abroad. 

EARTHQUAKE RESISTANT DESIGN 

Japan has long been acutely aware of the problem of building 
for resistance to earthquake forces. In the days of predominantly 
lightweight wood construction the problem was not as serious as it is 
in today's era of large steel and concrete office buildings. Hundreds 
of years ago, however, splayed masonry walls built for stability against 
the sidewise motion of earthquakes; and sturdy interlaced timber con
struction , securely tied with gracefully interlocking wooden cantilevers 
and with metal straps, were standard construction for palaces and 
temples, as may be seen from Figures 1 and 2, which are details of 
the wall around the Imperial Palace Grounds in Tokyo, and the great 
wooden temple at Nara . 

Today Japanese engineers, under the leadership of such pioneers 
as Dr. T . Naito, are designing advanced structures in steel and con
crete to meet the challenge of severe earthquake stresses, the need for 
strict economy in materials, and the requirement of safety in highly 
congested cities like Tokyo, Osaka, and Kobe, still acutely conscious 
of previous disasters like the great Tokyo earthquake and fire of 1923. 

The Japanese Building Standard makes a simple declaration re
specting seismic stresses which merely sets certain minima, and leaves 
design largely up to the engineer. The Standard, as translated into 
English, states: 

*Professor, Structural Engineering, Department of Building Engineering and Consfruction, 
i\1:assachusetts ln stitut e of T echno logy , Camh1·idge , '.\rassachuse tt s; ·Me mb er, Engin eering Edu~ 
cation :Mission to Japan, 1951. 
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FIG. 1.- P ORTION OF THE W ALL AROUND THE I MPERIAL PALACE GROUNDS, TOKYO . 
THE SPLAYED CONSTRUCTION P RO\"IDED R ESISTANCE TO EARTHQUAKES. ( Photo by Author). 

"Art. 19. Ea rthquake force shall be computed by multiplying horizontal 
seismic coefficient by the sum of dead and live loads. In snow regions, snow load 
should also be considered . 

"Art. 20. Horizontal seismi c coefficients shall be determined in accordance 
with the following provisions: 

1. It sha ll be more than 0.2 for ordina ry structures. For upper stories in 
mu lti-storied buildi ngs and for exposed roof structures, the value of the 
seismic coefficient should be increased. 

2. For wooden structures on reclaimed or filled land that is soft and weak, 
seismic coefficient shall be more than 0.3. 

3. For independent chimneys, chimneys above roof level, it shall be more 
than 0.3. However, thi s value may be reduced to one-half in calculations 
for overturning of the foundation. 

4. When the earthquake force acting on structure is known definitely to be 
small, the seismic coefficient may be reduced properly." 

The stresses at any horizontal plane are computed by multiplying 
the total dead load, live load, and snow load ( if any) above that plane 
by the seismic coefficient for that plane. 

In practice, Japanese engineers customarily increase the seismic 
coefficient by 0.01 per floor above ground level. In the Nihon-Mujin 
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FIG . 2 .- DETAIL OF R OOF OF GREAT T EMPLE AT N ARA. SUCCESSIVE I NTERLOCKED 

CANTILEVERS PROJECTI 'G FROM (OLUMNS SUPPORT P URLINS AND BEAMS SUPPORTING 

Rom-. (Photo by Author) . 

building to be described briefly, the coefficient employed was 0 at the 

second or lowermost basement, 0.15 at the fir st basement, 0.20 at 

ground level, and increased uniformly per floor until it became 0.30 

at the roof. This value was retained for the two-story penthouse. 

Similar coefficients were employed in the Nikkat u International Build

ing, and the Marinouchi Tumber Two Building, also to be described 

later. 
The J apanese coefficients are considerably larger, in general, than 

those recommended for use in earthquake areas in th e United States. 

The Recommendations of the Pacific Fire Rating Bureau,* for exam

ple, use the total dead load plus 2 5 or 50 percent of the vertical de

signed live load depending upon the type of structure. With this as 

a basis, the seismic coefficients are specified as follows : 

*Recomm endation s, Earthquake Re s istant D es ig n of Buildi ngs, Structures and Tank Towers, 
1950 Edition, Pacific Fire Rating Bureau, San Fr::ncisco, Califcniia. 
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TABLE !.-SEISMIC COEFFICIENTS, PACIFIC FIRE RATI'.\'G BUREAU 

Building or Structure and 
Part or Portion Thereof 

1. The building or structure as a 
whole 

2. Bearing walls, curtain walls, en
closure walls, fire division walls, 
panel walls. 

3. Fire wall , parapet wa ll , cantilever 
parapet and cantilever walls. 

4. Exterior and interior ornamenta
tions and appendages, marquises . 

5. Chimneys, smokestacks, flag poles, 
penthouses. 

6. Tanks, towers, tanks and towers , 
plus contents. 

Value 
of "C" 

.10 

.20 

1.00 

1.00 

.20 

Direction of Force 

Along major axis of build
ing or at ri ght angles to any 
elevation. 

Normal to surface of wall. 

Normal to surface of wall. 

Any horizontal direction. 

Any horizontal di rection. 
ee Special Rules governing 

design. 

Where the building or structure rest on piling or filled ground , 
or on ground which will withstand safely a vertical load not greater 
than 1 ton per square foot, the value of "C" in Items 1, 2, and 5 
a hove is increased at least 2 5 percent. 

The high seismic coefficients and large vertical loads used by the 
Japanese are partially offset by the allowable working stres es for 
various materials. It is instructive to compare the requirements set 
forth in the Japanese Building Standards with those of the Pacific 
Fire Rating Bureau: 

TABLE 2.-COMPARISON OF EARTHQUAKE DESIGN STRESSES 

Type of tress 

Structu ral Steel 
Tension 
Compression 
Bending 

Rivet Steel 

Reinforcing Steel 
Concrete 

Compression 

Tension 

Shear 

Pacific Fire Rating Bureau 

Not more than 25 % above allow
able working stresses, local build
ing codes. 
Tension, same value as single 
shear. 
20,000 psi. 

50% of 28-day, 1200 psi max. 

40% of 28-day , 100 psi max. 

J apanese Building 
Standards 

34,000 psi 

Tension 34,000 psi 
Shear 25,600 psi 

34,000 p-i 

2/ 3 of 28-day. 2000 
psi max. 

1/ 15 of 28-day. 200 
psi max. 
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The Japanese values given above for steel are 50 percent greater 
than for sustained loading, and for concrete are double the values for 
sustained loading. For wood and for welded joints the allowable earth
quake stresses are also double the allowable for sustained loading. 

It may be remarked that wind loads in many parts of Japan are 
high because of typhoons, or whirlwinds as they are designated in the 
Japanese Building Standard. Wind and earthquake loads are not 
combined, however. Combined stresses therefore include dead , live, 
snow ( if any ), and wind or earthquake. 

Japanese practice is to design rigid rather than flexible buildings. 
Every effort is made to have the building move or deflect as a unit, 
rather than to attempt to allow parts of the structure to move flexibly , 
or independently of the rest. The efficacy of such rigid structures has 
been proven in earthquakes both in Japan and in the United States. 

In striving for rigidity column footings are customarily inter
connected by footing beams, basement columns are often cross-braced, 
floors are made into rigid diaphragms to distribute force horizontally, 
beam to column connections are made rigid and are often haunched, 
outside walls are heavily reinforced- usually reinforced concrete- to 
provide stiffness, and cross walls and partitions are also likely to be 
made into strongly reinforced diaphragms to stiffen the entire 
structure. 

Obviously, if horizontal earthquake forces are to be kept at a 
minimum, the lighter the structure, especially in the upper stories, the 
better the building will be. For this reason, as well as to save scarce 
.materials, every effort is made to lighten the structure wherever pos
sible . Lightweight concrete is widely used for floor construction and 
as fireproofing for steel. Partly to save weight, partly to obtain large 
moments of inertia with minimum materials, and partly because the 
Japanese steel industry is not equipped to roll large sections, columns 
and beams are almost always built up . Structural steel and reinforced 
concrete are widely combined in the same members, such as columns 
and beams. In this connection one drawback has been the unavail
ability of deformed bars for reinforced concrete. Until now, only 
round bars have been available, but it is expected that deformed bars 
will soon be produced. 

Some of the foregoing principles may be illustrated briefly by 
considering typical details of three recently-constructed Tokyo build
ings ; the Nikkatsu International Building built by the Takenaka 
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Construction Company, the Marinouchi Number Two Building built 
by the Shimizu Construction Company, and the Nihon-Mujin Building 
also built by the Shimizu Construction Company. The large Japanese 
construction companies customarily carry out the architectural and 
engineering design of a building as well as its construction . 

The N ikkatsu International Building, shown under construction 
in Figure 3, is noteworthy not only for the earthquake-resistant design 

FIG. 3.-NIKKATSU I NTERNATIONAL B UILDING, T OKYO, SHOWING STEEL ERECTION 
ABOVE CONCRETE CAISSON F OUN DATION. ( Take n a k a Co n s tructio n Co mpa n y). 

but for the caisson method by which its foundations were built. This 
will be described in a later section of this paper. The building is a 
nine-story combined hotel and office building with four subbasements 
devoted largely to automobile parking, which is becoming a problem 
in Tokyo's downtown area. As may be seen in Figure 3, outside col
umns are large latticed members providing great stiffness . Spandrel 
beams are likewise large built-up members spanning from column to 
column and occupying the wall space from window head to window 
sill above. The entire effect is one of lightness with strength and 
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rigidity. Shown in the picture also are two features familiar to Amer

ican building-the guy derricks and the construction shanty on the 

sidewalk bridge. 
A close-up view of one typical outside column and spandrel beam 

is shown in Figure 4. Both members are built up. Reinforcing steel 

is in place and the method of interlacing the reinforcing in floor, beam, 

and column is shown. Forms for concrete are partly in place. 

Figure 5 is a detail of an inner column with several deep stiffen

ing girders framing into it. Moment-resistance is increased by heavy 

connecting angles at tops and bottoms of the girders. Reinforcing 

Frc . 4.- D ETAIL OF O U TSIDE COLUMN AND SPANDREL BEAM, 

BUILDING. (Photo by Author). 
ATIONAL 
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FIG. 5 .- D ET,UL OF I NSIDE COLUMN AND STIFFENING GIRDERS, N IK KATSU INTERNA
TIONAL BUILDING. (Photo by Author) . 

steel is interlaced with structural steel. (The two poles lashed together 
in the foreground are part of the scaffolding.) 

A detail of the Marinouchi Number Two Building is shown in 
Figure 6. This will be Japan's largest office building and is a com
panion to an earlier building erected before the war. The column in 
the foreground with its beam connections illustrates the principles of 
stiffness obtained by widely-spaced members latticed together and 
combined with a deeply-haunched beam connection to provide maxi
mum shear and moment resistance. The big beam connections are 
shop-riveted ; · field connections are made at the points of inflection 
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FIG. 6.-D ETAIL OF C OLUMN AN D GIRDER C ONSTRUCTIO-', M ARI ' OUCH I N UMBER T wo 
B U ILDING, T ox vo. (Photo by Author ) . 

,of girders and columns. Wing-like beam to column connections can 
be seen on the tall columns in the background. 

The N ihon-Mujin Building (Figures 7-9) is of especial interest 
because it is the first all-welded multi-story building in Japan. Weld
ing was chosen primarily to save weight in the upper 6 to 8 stories 
of this narrow 10-story building in which every effort had to be made 
to save weight to reduce the earthquake stresses. Weight saving was 
more important than saving steel, important though that was. 

In the ihon-Mujin Building the lower two stories , above the two 
s ubbasements, are devoted to a large clear-span banking room and to 
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the heavy trusses and plate girders spanning it. Basement columns 
are cross-braced and combined with first and second story framing 
to provide massive rigid bents. Above this the superstructure is tall 
and slender, and every effort has been made, by means of welded 
framing, lightweight concrete, and such items as aluminum sash , to 
lighten the structure. A partial view of this framing is shown in 
Figure 7. 

Because large rolled sections are unobtainable in Japan, columns 
and beams for the Nihon-Mujin Building were all fabricated by weld
ing. Because of the distortion to be expected with such long welds 
the problems of alignment and field fitting of distorted members were 

FIG. 7.-ALL-WELDED FRAMING, NrnoN-MuJIN BUILDING, T OKYO. (Photo by Author) . 
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serious, especially when coupled with the necessity for strong reliable 
moment-resisting joints between columns and girders. This was inten
sified by the desire to avoid haunches. The problem was typically 
solved as shown in Figures 8 and 9. The column consisted of built-up 

FIG. 8.-TYPICAL DETAIL OF ALL-\VELDED COLUMN-TO-GIRDER CONNECTION, NIHON

MUJIN BUILDING. (Shimizu Construction Company). 

channels with connecting web. One girder was an I shape with wid
ened flanges at the column, the other girder became a pair of built-up 
channels. A column section long enough to reach from one point of 
inflection to another was shop-welded to girder sections long enough 
to reach to their points of inflection. Intermediate column and girder 
sections were then field-welded into place by means of overlapping 
joints, of which typical girder joints are shown in Figure 9. Distor
tions and uneven lengths could be accommodated in this manner. 

FOUNDATIONS OF THE NIKKATSU INTERNATIONAL BUILDING 

The Nikkatsu International Building has created great interest in 
Japan and abroad because of the method by which the foundations 
were installed. Soil conditions in downtown Tokyo consist of clay and 
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FIG. 9.--METHOD OF MAKING FIELD-WELDED GIRDER CONNECTIONS, NnrnN-MUJrn 

BUILDING. (Shimizu Construction Company). 

mixtures of sand, clay, seashells, and fill to a depth of approximately 
fifty feet. Below this are found good bearing strata of gravel and mix
tures of clay, gravel, and sand. It was decided, therefore, to carry the 
foundations of the Nikkatsu International Building down to the first 
firm bearing stratum. This, moreover, permitted four subbasements 
to be included in the design, thereby providing desirable automobile 
parking areas and space for mechanical equipment. 
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The Nikkatsu International Building is situated at one of the 
busiest intersections in Tokyo. The moat surrounding the Imperial 
Palace Grounds is directly across the street and surrounding the site 
are a number of large office buildings. The Takenaka Construction 
Company, therefore, decided to install the foundations in the form 
of a large caisson to be sunk into the ground at the same time that 
construction of the superstructure was proceeding. The advantages 
of the process were many, including safety and the avoidance of any 
possibility that the streets would cave into the excavation, lack of 
noise, complete utilization of the entire building site, shortened con
struction time, and lower construction costs. 

Although caissons have been used before for the construction of 
buildings, this one is perhaps unique in size and in some of the pro
cedures employed. The building is roughly triangular and is approxi
mately 300 feet long, with an average width of approximately 150 
feet. The caisson, therefore, was a large one. 

The procedure adopted is shown diagrammatically in Figures 10 
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FIG. 10.-SCHEMATIC CROSS SECTION OF NIKKATSU INTERNATIONAL BUILDING FOUNDA

TION CAISSON SHOWING .CUTTING EDGE AND FRAMING AT BEGINNING OF EXCAVATION. 

(Takenaka Construction Company). 

and 11. Short sheet piling was driven around the periphery and a 
wedge-shaped excavation permitted the construction of a heavy re
inforced concrete cutting edge armed with a steel cutting point entirely 
around the periphery of the building. This cutting edge was approxi
mately the depth of the fourth subbasement. The walls of the upper 
three subbasements were then formed above ground, and the girders 
and columns for these three subbasements were installed to form a 
large open caisson. Temporary diagonal members transformed this 
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FIG. 11.-CROSS SECTION OF NlKKATSU INTERNATIONAL BUILDING SHOWING Fot:NDA

TION CAISSON APPROACHING FINAL POSITION. INTERIOR COLUMNS AND FOOTINGS BEING 

PLACED. (Takenaka Construction Company). 

structure into a series of heavy transverse trusses capable of support
ing the building loads and of withstanding the lateral thrust of the 
soil as the caisson was lowered into place. 

With this structure completed, excavation began as shown in 
Figure 10. Soil was dug by hand and loaded into skip buckets to be 
hoisted to the surface and carried away in dump trucks. Excavation 
proceeded from the center outward. When excavation approached the 
outside walls, the weight of the caisson forced the cutting edge down
ward into the soil at the same time that the remaining soil was forced 
inward toward the center of the excavation. A wide horizontal shelf 
at the top of the cutting edge prevented undue sinking of the caisson 
beyond the level of excavation. 

Digging was controlled in such a way that the caisson generally 
settled approximately two feet at a time. Careful checks were main
tained at all times of the rate of subsidence of the building. During 
.most of the digging periods the building settled slowly, but when the 
time for an abrupt drop approached, the building would begin to settle 
at an increasing rate. The previous experience of the company in 
installing caissons of this type enabled it to know when to warn the 
workmen to leave the excavation, generally several hours before the 
abrupt drop would occur. Subsidence usually took no more than sev
eral minutes at the most once it had begun. A large pointer on the 
outside of the building, as shown in Figure 12, marked the progress 
of subsidence of the foundation, and at the same time was a fascinating 
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FrG. 12 .-INDICATOR ON O UTSIDE OF CAISSON MARKING PROGRESS OF S UBSIDENCE OF 
FOUNDATION . ( T a k e n aka Con st ru cti o n Compa n y). 
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exhibit to the numerous sidewalk superintendents who, m Japan as 

in the United States, watched the progress of the job. 
The heavy clay soil made the installation of this type of caisson 

feasible. Subsidence usually occurred uniformly around the periphery, 

and the soil was pushed aside in almost perfect accordance with theo

ries of soil mechanics. This is brought out in Figures 13 and 14, 

FIG. 13 .-SLIDE P LANE IN CLAY SOIL S UBSEQUENT TO S UBSIDENCE OF CAISSON AND 

LATERAL DISPLACEMENT OF SOIL. ( T a k e n a ka Construction Company). 

which show the movement of the displaced soil along a curved sliding 

plane over the undisplaced soil. 
At all times careful measurements were made of pressures in the 

walls and in the members of the transverse trusses. Large soil pressure 

plates were built directly into the outside walls as shown in Figure 15. 

These consisted essentially of steel diaphragms approximately one 

and one-half meters in diameter whose displacement under the outside 

measuring gages, Figure 16, were fastened to the sides of the tempo

rary diagonal members and records of strain were maintained at all 

times. By these means the engineers could check whether loads were 

building up uniformly on the entire structure and could alter the dig

ging process as necessary. A central control point was established at 

which the entire process could be watched simultaneously at all times. 
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FIG . 14.-DISPLACED CLAY SOIL SUBSEQUENT TO SUBSIDENCE OF CAISSON. (Takenaka 
Construction Company). 
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Frc. 15.- PRESSURE P LATE Bu rLr INTO CAISSOK WALL. (T akenaka C o n s truction 

Company) . 

When the caisson approached its final position as shown in Figure 11 , 
the footings for the interior columns were placed and the columns for 
the fourth subba ement were suspended from the structure above as 
shown in Figures 11 and 1 7. When all was in readines the final dig
ging along the cutting edge of the caisson proceeded as shown in Fig
ure 18, and the building was allowed to drop to its final position. 

Careful measurements were made of the ubsidence of the sur
face of the ground and of the streets in the immediate vicinity of the 
building. It was anticipated that the friction of the subsiding caisson 
against the surrounding soil would cause some consolidation , and in 
order to overcome this, the caisson was given a slight inward taper 
toward the top. Sand was dropped into the space between the caisson 
and the urrounding soil to fill in the tapered area. With these precau
tions the maximum settlement of the soil directly adjacent to the 
building was approximately seventeen centimeters, and at distances 
of eight to ten meters from the building settlement practically dis
appeared . 

The time saved by this procedure was considerable and is esti
mated by the builders at approximately six months. Some 700 tons 
of steel for sheet piling were saved and approximately 1700 tons of 
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· FIG. 16.--MEASURING STRAINS IN DIAGONAL FRAMING MEMBERS. (Takenaka Con
struction Company). 
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F IG . 17 .-BOTTOM-MOST I NTERIOR COLUMNS SUSPENDED FROM FRAMING ABOVE, 
READY FOR F INAL DROP OF CAISSON. ( T a kenaka Construction Company). 

steel shoring and strut beams were eliminated. The superstructure 
was erected at the same time that the caisson was being sunk, as can 
be seen from Figure 3. In this figure, the upper portion of the caisson 
is still well above ground at the same time that some four to nine 
stories of steel have been erected over different portions of the build
ing. There were no undue mishaps even though once or twice the 
building did not settle uniformly, and it was necessary to straighten 
the structure on subsequent drops by allowing it to subside more on 
some sides than on the others . When it reached its final position the 
building was straight and plumb. 

Recently the builders were given an unprecedented double award 
by the Japan Institute of Architects for the best architectural design 
of the year and for the best and most original construction procedure 
employed in the same year. The building has aroused considerable 
interest among engineers abroad and has been described in a number 
of engineering publications. The Soviet Union has recently made a 
special award to the builders for originality in design and construction. 
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FIG . 18.-DIGGING AWAY SOIL UNDER C UTTING EDGE OF CAISSON FOR DROP TO FINAL 

POSITION. (Takenaka Construction Company). 
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TOLL ROADS 
Bv Rov E. JORGENSEN* 

(Presented at a joint meeting of the Boston Society of Civil Eng in eers and th e Transportation 
Section B.S.C.E., held on September 24, 1952.) 

TOLL roads have become one of the most popular topics of dis
cussion in the 1950s ... the traffic-clogged 1950s. We have seen the 
tide of interest sweep from the heavily populated East Coast to the 
Mid West and to the fast-growing vVest Coast. 

A few years ago I had everal speaking engagements in Califor
nia. At the first one, I discussed, among other things, the potentialities 
of toll roads and gave orne arguments for and against. After the 
meeting, a friend .told .me there was no need to discuss toll roads in 
California. "People here ju t don 't go for them," he said. 

So, at the next meeting I made no mention what oever of toll 
roads. But the first question from the floor was, "How about solving 
our highway problem with toll roads?" I understand that at the 
present time, thoughtful consideration is being given to toil road 
financing in California , just as it is in many states in the country. 

I used to argue against toll road . One evening after presenting 
such an argument to a group of Connecticut citizens and feeling that 
I had done a rather good job of buttoning up my initial presentation 
with devastating answers to questions from the floor , an individual 
way in back was recognized for the last question. "Have you ever", 
he said, " in all the year the Merritt Parkway has been operating, 
heard anyone object to paying the toll?" I hadn 't ... and I haven' t. 

ince then, I have refused to argue against toll roads. I am only will
ing to discuss toll roads. And, that's what I shall attempt to do tonight. 

WHY ARE TOLL RoAns So POPULAR WITH THE MoTORIST? 

They are popular because they provide a road geared to the 
modern automobile; a road on which an automobile, made to move, 
can move unhindered by unnecessary conflicts wjth other vehicles. 
Cross traffic is eliminated because bridges carry it over or under the 
toll road. Thus, there are no traffic lights, no stop signs or similar 
devices which partially plug so many of our major highways . Road-

*Engineering Counse l. Nat iona l Hi g h way Users Confere nce, \\"ashi ngton, D. C. 
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side conflict with entering and leaving traffic is held to a mm1mum 
because access from abutting properties is not permitted. Vehicles 
can enter and leave only at access road connections. These are im
portant reasons why the motorist likes the toll road. He knows he 
will find these conditions so favorable to comfortable travel and so in 
contrast with most of our roads today. 

The motorists are sold on toll roads, too, because they are built 
rapidly and give him a road now, rather than a plan for the future. 
He is all too familiar with the slow progress made in piece-meal im
provement of important highways. Why shouldn't he be enthusiastic. 
about the rapid construction of an entire turnpike over a period of a 
couple of years? 

The toll road develops support, too, because the motorist, already 
loaded with taxes, and more and more conscious of their increasing 
burden, sees an opportunity through toll financing to get the roads 
without increasing taxes as such. 

These are all strong inducements for support of toll road pro
posals. As I discuss other questions, it will be obvious that there are 
other aspects of the problem, but the foregoing are the important 
elements and the factors which have been so effective in creating toll 
road enthusiasm. 

CAN TOLL ROADS MEET THE DEMAND FOR ADEQUATE RoADs? 

To a degree the answer is obviously, yes. We see the successful 
operation of toll roads in some locations. But it is also apparent that 
toll road financing is not adaptable to all situations and toll roads 
cannot fully meet the demand for adequate roads. 

A study made this year for a proposed toll road in Georgia be
tween Atlanta and Chattanooga, found insufficient traffic would utilize 
the toll road to pay for it. There have been other proposals for high
way modernization through toll financing which have been found to 
be financially unsound. In such cases, toll-free road construction 
must be relied on to bring modernization. 

In some cases there are physical and operating conditions which 
make toll road development of new facilities impractical. Much of 
the urban and suburban problem falls in this category. Frequent 
traffic interchanges, limited space within which to develop toll collect
ing facilities, and tremendous volumes of traffic are factors which 
impair successful utilization of toll financing. 
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The June ( 19 5 2) issue of Engineering News Record carried a 
comprehensive article on the status of toll road development. It re
ported 7 52 miles built and in service, 623 miles under construction 
and 785 miles authorized. Some of the latter have been deferred 
because of unfavorable engineering reports. However, the total 
mileage is 2160-only 2160. There is talk about more toll roads. 
Some will be developed, no doubt, but others will be found lacking 
when put to the test of traffic earnings and cost. Let us assume that 
we shall see an additional 1000 or even 2000 miles developed in the 
next 10 years to give a total of 4000 miles. Will that solve our prob
lem of highway inadequacies? 

I recently made an evaluation of reported highway deficiencies 
in the states. From this it appears that about 30% of the Federal
aid primary system is critically deficient. The Federal-aid primary 
system includes 219,000 miles of the most important rural highways 
and about 16,000 miles of urban arterials. The critically deficient 
parts of the Federal-aid primary system totals 70,000 miles roughly. 
Compare this with the 2000 miles that we might possibly see devel
oped over the next ten years as additional mileage of toll roads. The 
toll roads may represent the spectacular development of the moment, 
but it just isn't in the cards to expect such development to solve the 
major part of our problem. 

Even some who have been strong advocates of toll roads recog
nize fully the limitations of this type of development. It was reported 
that Governor Alfred E. Driscoll of New Jersey cautioned a meeting 
of state governors that the highly successful New Jersey Turnpike 
should not be used as a pattern for other roads. In fact, the whole 
idea of toll roads might be overdone, he thought. 

Let me point out, further, in connection with the New Jersey 
Turnpike and similar facilities, that their effectiveness in solving the 
total highway problem within the state is not nearly so complete as 
it appears from a distance-from here in Boston, for example, or 
down in Maryland, where I now live. As my family and I travel to 
or from New England now, it is easy for us to feel that the New 
Jersey highway' problem is solved. But what does it do in the total 
New Jersey picture? Does it make a big dent in the backlog of urgent 
highway needs? It may have solved 100% of the New Jersey problem 
as far as I, as a cross-state traveller, am concerned. But, what about 
the New Jersey motorist? I am impressed by this simple fact. Only 
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4% of all the motor vehicle travel in New Jersey is being accommo
dated by the Turnpike. In spite of the fact that traffic on it is of 
a large magnitude and exceeds preliminary estimates by 100%, this 
great Turnpike has solved the highway problem in New Jersey to 
only a small degree. Ninety-six percent of the total New Jersey 
travel is on other roads and streets. 

ARE TOLL ROADS A DIFFERENT KIND OF ROAD? 

There has developed the impression, rather generally, I believe, 
that toll roads represent a different kind of road, physically, than is 
provided by toll-free highway development. This is not true. A 
modern toll-free road to serve large numbers of vehicles must have 
the same high standards as are incorporated in a toll road. Ample 
pavement and shoulder widths, good alignment, moderate grades, con
trol of access from abutting properties, separation of opposing traffic 
with a median divider and carrying of cross-traffic over or under by 
bridges are all essential elements of an important highway, be it toll 
or not. 

There are two things which make toll roads distinctive in im
portant degrees. First, they are built with dispatch to meet the present 
urgent need for highway modernization, providing long continuous 
stretches of high-standard highway in contrast with the piece-meal 
improvements associated with almost all of our toll-free highway 
program. This rapid development is an essential element of toll roads. 
Completion of the facility with great rapidity is necessary so revenue 
can be collected as soon as possible to counter the interest charges 
which add up with unremitting regularity. The other distinctive char
acteristic is, of course, the method of getting the money to pay for 
the highway. Instead of using funds from the gasoline tax and regis
tration fees levied on all road users, the toll road is financed by special 
charges for using the particular road. 

,vHAT VAR1AT10Ns ARE THERE As BETWEEN ToLL RoAD PRoJEcTs? 

Most toll roads are completely self-liquidating projects. Earnings 
from tolls and from concessions .must maintain and operate the high
way and provide in full the interest and principal payments associated 
with the bonds which provided the funds for financing the road. 
Exceptions to this are such roads as the Merritt Parkway on which 
tolls are collected to provide in part for its extension but which, in 
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no way, contribute to the financing of the Merritt Parkway. Another 
exception is the making of provision for partial financing of the facility 
from other than toll sources. Colorado, for example, in setting up 
the Denver-Boulder Turnpike provided that up to 30% of the costs 
could if necessary be provided from regular highway revenue. 

As indicated, most toll roads are set up as completely self
liquidating projects. Only the revenue which can be collected from 
special charges associated with the project are available: Generally, 
the bonds have been sold with no security except the toll road revenue. 
But, in some instances states have provided that the full faith and 
credit of the state would guarantee the bonds, thus adding additional 
security and getting lower interest rates on the bonds. The New 
Hampshire Turnpike was so financed and that is the way the New 
York Thruway bonds are secured. New Hampshire got financing at 
1.6% interest in contrast to interest rates ranging from 2.25 to 3.84% 
on straight revenue bonds on the other Turnpikes, such as those in 
Pennsylvania, New Jersey, Maine, Oklahoma and West Virginia. 
Variations in interest rates of this magnitude-as between full state 
credit bonds and the straight revenue bonds-result in tremendous 
differences in the final total cost of toll roads. It represents a strong 
argument for placing the state's credit behind such ventures. But, 
there are some arguments against it. 

One of the great values associated with toll road development is 
the rigorous economic test the project must meet, based solely on the 
service value associated with its development. If the state's credit is 
placed behind the bonds the economic test need not be as rigorously 
applied because the sale of bonds is not going to be dependent on it. 
Further, the financial pressures for very rapid development of the 
facility are, to a degree, lost; and so, also, is some of the impetus for 
stringent control of operations. 

Placing a state's credit behind toll road projects would make the 
potential for toll road development much greater than it would other
wise be. Many more miles of toll road construction could be under
taken, because the use of the state's credit would eliminate the neces
sity for a reasonable margin of safety in the balance between earnings 
and cost, such as is required in straight revenue financing. Thus, jobs 
which would be marginal prospects on the straight revenue basis 
could be undertaken with the state's credit behind the bonds. Also, 
because of the savings in interest cost, projects giving an unfavorable 
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balance on a straight revenue bond basis might obtain a favorable 
balance on the basis of state faith and credit bonds. These might 
sound like arguments for placing the faith and credit of the state 
behind toll road bonds, but they are even stronger arguments for 
steering clear of toll roads all together. If the state is going to place 
its credit behind bonds, it can retire the bonds from regular sources 
of revenue as well as from tolls and give further monetary savings to 
the road users as will be discussed later. 

WHAT ARE THE ADVANTAGES AND THE DISADVANTAGES OF TOLL 

ROADS FROM THE ENGINEERING STANDPOINT? 

As previously indicated there is no fundamental difference in the 
desirable basic standard for toll roads and toll-free roads. You will 
note that I said desirable standards. Under such, the width of pave
ment and shoulders, the curvature and gradient, grade separations and 
the control of access are determined by traffic volumes and not by 
method of financing. However, in actual practice we find rigorous 
observance of the standards on toll roads but frequent lapses from 
those standards on much of our toll-free road development. 

Here, I believe, is one of the valid reasons for the support toll 
roads have received. The roads must be and are constructed to the 
very best standards-standards that will guarantee good traffic service 
now and for many years in the future-only thus can they be econom
ically sound. And, they have to be sound or the bankers won't take 
the bonds and provide the funds with which to build the roads. 

On the other hand, there are numerous factors which work against 
the attainment of the desirable basic standards on toll-free roads. In 
most places the backlog of urgent needs for highway improvements 
exceeds greatly the funds currently available for their accomplish
ment. Modifying the standards and doing a stop-gap job will permit 
spreading the program over more miles of the highway system. Be
cause adequate financing for the total job is not in sight, the stop-gap 
job presents a strong inducement and one to which many officials have 
yielded in a conscientious effort to spread the available funds as far as 
possible. The results provide the unsatisfactory contrast we have 
between many important toll-free roads and their toll road counter
parts. Unsatisfactory alignment and grade may have been retained 
from an earlier construction, to economize on right of way and con
.c;truction cost. Control of access from abutting properties was prob-
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ably sacrificed, also, because property development had already 
reached a stage where acquisition of access right would run into pro
hibitive costs. Separation of traffic at cross roads by bridges is de
ferred in the interests of economy. Each of these things may be done 

with the thought that "this is only temporary", but in most cases it 
will be found that the project willl have to carry on with little if any 
further improvements over the years1 serving more and more traffic, 

with less and less efficiency. The die was cast, in a case like this, when 
decision was made to sacrifice standards in the interest of getting 
some salvage from an old road. Getting access control in the future 
or developing grade separations later just aren't in the cards. There 
are all too many examples, of this or similar nature, demonstrating in 
varying degree the inefficiencies and hazards to traffic resulting from 

compromises with sound highway standards. 

A further advantage under toll road development results from 
the insulation of the engineers from public pressure and political in
fluences. I have just discussed the situation under which the highway 
·engineers may on their own initiative elect to sacrifice basic standards 

to make the money go farther. There will be other cases where there 
will be pressure brought on the highway agency to forget about con
trol of access, because, it is alleged, local business will suffer; to pro
vide cross-overs in the center median under similar reasoning and to 
locate the highway thus and so because of local interests. These 
types of influences may in many cases actually prevent development 
of modern free roads, as alternatives to toll roads in places where the 

latter could be financed and built. If that is the case, it represents a 
very strong reason for turning to toll roads. The authority building 
the toll road must retain all of those elements of modern highway 
design which are so important to the continuous effectiveness of the 
facility. But a public agency building a free road is obliged to a large 
degree to satisfy the individual communities through which the road 
must go and, frequently, it is difficult, if not impossible, to reconcile 
the viewpoint of the communities with the broader interests of the 

state. 
Florida has a situation down its East Coast which illustrates 

this. There are numerous locations where the existing U.S. 1 can only 

be fully modernized by building a new facility with control of access, 
separation of important cross roads, etc. But, communities situated 

along the existing route have indicated objections to improvements of 
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this nature, which would in effect by-pass them. It is conceivable 
that, even though there is evidence that by-passes have helped busi
ness in the by-passed communities, many· of the communities along 
Florida's East Coast could effectively forestall modernization of U.S. 
Route 1 for many, many years. On the other hand, there has been 
developed as a result of a recently completed state-wide study by a 
consulting-engineering firm, a proposal for toll roads in Florida in
cluding a route down the East Coast. If this proposal is accepted by 
the State, there will be a certainty that the entire route will be devel
oped to the highest standards of highway design regardless of the atti
tude of individual communities. 

I have indicated some real advantages from toll road develop
ment from the engineering standpoint. There are, also, some dis
advantages. 

Toll roads are planned as single entities and not as a part of a 
state-wide or ·region-wide program. The September 13 issue of Busi
ness Week titles an article "Crowded Free Roads Result in Jumbled 
Network of Toll Roads". Need I say more? A jumbled network cer
tainly is not the best solution to the highway problem. 

Toll roads are planned as individual business enterprises. For 
this reason, plans for them may sacrifice the over-all interests of 
highway transportation to provide the best financial relationship be
tween costs and revenue. For example, interchanges are placed only 
where there will be sufficient potential traffic generated to cover the 
cost of developing the interchange and maintaining a toll station on it. 
This represents a strong deterrent to the provision of the ultimate in 
traffic service .. On a free road, there does not have to be this fine 
balance struck before interchanges are provided. Further, even if it 
were necessary to justify individually each interchange on a free 
road, it would be found that the interchange costs would be much 
less and, of course, a toll station does not· have to be operated. 

In the establishment of locations for toll roads there is again 
the over-riding influence of the business enterprise character of the 
facility. A location which might take the cream of the traffic from 
the revenue standpoint-the long distance trips-is the primary aim 
of the toll project. ·whether that location is best to solve the total 
traffic problem in the area is not a consideration. In locating a free 
road, cognizance is taken of the total traffic requirements and a route 
selected which, with other highway developments, will best serve in 
the total picture. 
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When earnings reports for toll projects are developed, as they 

must be to provide a basis for obtaining the financing, certain assump
tions must be made. These represent what have been referred to as 
the "fine print" in such reports, because no one seems to give them 
much thought in the enthusiasm for development of the project. Yet, 
these assumptions can be very important in their determination of 
the way in which other parts of the highway system are developed in 
the future. To a degree, they establish a guarantee of the soundness 
of the proposed modern toll highway by assuring continued mainte
nance in an obsolete condition of competing routes. The assumptions 
also may stipulate requirements for certain free road improvement 
where this would give feeder service to the toll road and enhance its 
earnings' potential. Right now, in areas where traffic conditions are 

so bad as to make toll roads so popular and successful, it may be 
difficult to appreciate the significance of this so-called "fine print". 
However, as the movement for development of adequate roads takes 
hold-and there is ample indication that it is beginning now to do 
just that-then, we shall begin to see the conflict imposed by the 

assumptions under which the toll roads have been built. For example, 
there may be an urgent need for modernization of a main route 
paralleling a toll road-a need created by large volumes of traffic 

and a thoroughly obsolete highway, and a need which cannot be satis
fied by the toll road because of the predominately short distance char
acter of the traffic. A condition of this kind cannot be solved by 
building another toll road because the location of the route and the 
character of the traffic are not adapted to the toll road solution. If 

the paralleling toll road were not in existence the solution would be 
clear-the development of an express highway designed to provide a 
fully modern facility. To do that, however, would put the toll road 
in a difficult competitive position-a position that was anticipated in 
the original toll road report when the assumption was made that there 

would be no competition of this character. You might think this is 

borrowing trouble because there apparently are more highway require
ments now than appears to be possible of being met. However, I have 

confidence that the growing awareness of the critical nature of our 

highway problem, the realization of what it is costing us as we fail 

to meet the problem, and the American responsiveness and ingenuity 

that has developed solutions to other problems will result in an over

all approach in the states that will assure attainment of fully adequate 
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road systems. How the toll road conflict will be handled will be one 
element in the solution of the over-all problem. 

\i\THAT ARE THE FINANCIAL ADVANTAGES OF TOLL ROADS? 

We hear it said frequently by advocates of toll roads that it pro
vides a way of getting needed highways without a tax increase. This 
is true, literally, but it ignores the fact that the motorist who pays 
the registration fee and the gasoline tax also pays the toll. 

Toll road financing is advocated, too, because only those who use 
the road pay for it. This might be a good argument if we could carry 
it to its ultimate application-if in the case of all roads only those 
who used each one paid for it. It obviously would be impractical 
to set up toll collecting facilities for such an arrangement. But, it 
should also be obvious that under such an arrangement the lesser used 
roads would either have to have tremendous toll charges or would 
have to remain unimproved because the toll revenue wouldn't provide 
enough money for improvement. 

In considering the suggestion that toll roads are justified because 
only users should pay for them-presumably on the assumption that 
they are getting a special super facility-these are a couple of points 
that should be recognized. First, there is, through gasoline taxes and 
registration fees, a charge made against all the motorists-a charge 
recognized as a collection for road users and a basis for financing 
road maintenance and construction. This charge results in large 
accumulations of taxes and fees because of the usage of main, heavily
travelled roads and lesser accumulation from little used roads. In 
general, the use of heavily travelled roads and the revenues derived 
therefrom helps to support other parts of the system. And, if in the 
interests of equity, tolls were to be levied against users of specific 
roads to reflect fairer distribution of the costs, then the extra charges 
should go on the least-travelled and not the heaviest-travelled roads. 
This is made pretty clear when you relate the cost of improving roads 
to the volume of traffic using them-to get a cost per vehicle mile. 
We did this in Connecticut for all highway improvements made in a 
ten year period. We then compared costs per mile of construction 
and costs of construction per vehicle mile of travel for roads of differ
ent traffic volume. As would be expected the heaviest travelled roads 
cost more per mile of construction, appreciably more as we got to 
the parkways. However, the cost per vehicle mile showed a reverse 
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trend. The most costly roads in relation to traffic using them are the 

low traffic roads. There is a sharp reduction as traffic increases and 
a vast difference between the cost per vehicle mile on the lowest 

and the highest traffic roads. 

In many states there is a reluctance to finance regular highway 
work with bonds, or it may be prohibited or greatly restricted by the 
state's Constitution. In such states there is provided a striking im
petus to toll road financing, because without bond financing the free 
road program cannot be accelerated sharply enough to meet urgent 
needs of a large magnitude in a short period of time. Large increases 
in current revenue tax and fee rates are not practical of attainment, 
nor can they be justified to meet an accumulated large backlog of 

needs and to build costly facilities which are going to give service 
over many years in the future. 

The bond financing associated with the toll roads represents a 
realistic approach to the problem. It permits full scale development 
of the project in short order but provides payment by the users as 
the benefits are obtained from its use. The "pay as you go" term 
applied to current revenue financing of highways is a misnomer. It's 

actually "pay before you go". Bond financing of major highway im
provements allows us to develop a fully modern highway facility and 
to pay for it as we use it. It represents the only practical way of over
coming the huge backlog of major improvements in many of our states 
today. 

There are some financial drawbacks to toll roads. 
It has already been pointed out that the interest on toll revenue 

bonds is much higher than on the state credit bonds with which some 
states have been expanding their highway programs. Because the toll 
roads are set up as independent facilities unsupported by regular roa_d 
user taxes is no reason we should ignore the great additional costs 
associated with their financing. The road user pays the bill in either 
case. Millions paid for interest above the rate otherwise obtainable 
make the toll road unnecessarily expensive. 

Another unproductive expense associated with toll roads-unpro
ductive in that it returns nothing to the user-is that involved in 

building and maintaining toll stations. And, this is a big continuing 
item. Manning toll stations year around and other incidental expenses 
associated with the collection runs into millions of dollars. 

Toll roads have emphasized the effectiveness and appropriateness 
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of bond financing for major highway development. But, where free 
road construction of important highways can be financed from bonds 
secured by the credit of the state and retired from the regular high
way revenue, it represents a desirable alternative to toll financing. 

u SERS OPPOSE TOLL ROADS IN PRINCIPLE 

The National Highway Users Conference has in the last several 
years somewhat modified its long-standing position of uncompromising 
opposition to toll roads. The Conference still opposes the development 
of toll roads, in principle, recognizing full well the added costs im
posed on the highway users as compared with equally good free road 
development, and recognizing, also, the discordant influence such 
facilities have on the over-all approach to the solution of our highway 
problem. However, the present policy of the NHUC accepts toll road 
projects under circumstances where there exists no practical alterna
tive means of financing urgent major highway improvements and pro
vided certain safeguards of the public interest are incorporated in 
the proposal, some of which are as follows: 

1) The planning of the toll road should be subject to direction 
by the state highway department to obtain coordination with 
other parts of the highway network. 

2) The credit of the state shall not be pledged as security for any 
toll road bonds. 

3) When the outstanding obligations are retired the toll road shall 
become a free public highway. 

It must by now be clear that the toll road-free road subject is 
not one for which there is a simple answer. The highway situationr 
in which toll roads can be developed, is one in which we have failed 
through our established public agencies to provide adequately the 
urgently needed facilities on which our national economy and our way 
of life become more and more dependent-a situation which encour
ages ingenuity and the use of expedients because of too little promise 
of a sound, over-all approach within a reasonable time. John Q Public 
who insists on getting a motor vehicle with all of the latest develop
ments is not satisfied with a program that says maybe he'll have a 
modern highway on which to use the vehicle in 20 years. The eco
nomic losses, the discomfort and the unnecessary hazards which 
develop from use of present congested traffic arteries provoke an in-
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sistent demand for action. If the over-all job is not being attacked 

with vigor and promise of relief soon, it is no wonder that we turn 
to toll roads as a partial answer to our demands. 

Several years agoi after hearing me give a lengthy answer to a 
question about toll roads, my wife suggested that I get prepared for 
further questions of that nature with a brief reply-preferably one 

sentence. I've been devoting myself toward that end ever since, but 
it must be obvious to you by now that I haven't gotten very far. The 
best I can do is this : · 

Toll roads do give us modern facilities now, but it's a very ex
pensive alternative, although in some cases apparently the only prac
tical one. If you can get the job done without them, it will be a 
better job and one which will provide savings of great amounts to 
the highway user. 
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OF GENERAL INTEREST 

PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETING 
Boston Society of Civil Engineers 

SEPTEMBER 24, 1952.-A Joint Meet
ing of the Boston Society of Civil 
Engineers and the Transportation Sec
tion, B"SCE, was held this evening at 
the American Academy of Arts & 
Sciences, 28 Newbury Street, Boston, 
Mass., and was called to order by Presi
dent Emil A. Gramstorff, at 7: 10 P.M. 

President Gramstorff announced that 
the reading of the minutes of the pre
vious meeting May 19, 1952 would be 
waived unless there was objection. 

It was VOTED "to dispense with the 
reading of. the minutes of the May 19, 
1952 meetmg". 

President Gramstorff announced the 
death of the following members: 

Joseph P. Dever, who was elected a 
member January 21, 1952 and who 
died August 19, 1952. 
William H. Ellis, who was elected a 
member October 20, 1908 and who 
died July 20, 1952. 
Nathaniel S. Thayer, who was elected 
a member May 17, 1948 and who 
died May 20, 1952. 
Charles C. Turner. who was elected 
a member April 15, 1908 and who 
died in 1950. 
Willis T. Knowlton, who was elected 
a member November 20. 1895 and 
who died June 17, 1952.· 

President Gramstorff called upon the 
Secretary to announce the names of 

applicants for membership in the BSCE. 
The Secretary announced that the 

following had been elected to member
ship: 

Grade of JV[einber-James W. Lambie. 
President Gramstorff announced that 

this was a Joint Meeting with the 
Transportation Section, BSCE, and 
called upon H. Lowell Crocker, Chair
man of the Transportation Section to 
conduct any necessary business for that 
Section at this time. 

President Gramstorff stated that at 
the May 19, 1952 meeting of the Soci
ety action on a form of Resolution 
concerning Professional Practice as 
Relating to Competitive Bidding, had 
been deferred and that this matter was 
now before the Society for discussion 
and such action as the members wish 
to take, in accordance with provisions 
of the By-Laws. (Notice of such ac
tion circulated to members bv letter 
dated September 12, 1952.) ' 

President Gramstorff called upon the 
Secretary to read the Resolution which 
is as follows: 

RESOLUTION 
W !tereas, the Boston Society of Civil 
Engineers through its Board of Gov
ernment authorized the appointment 
of a "Committee on Professional 
Practice as Relating to Competitive 
Bidding", which Committtee recom
mended that a resolution be referred 
to the membership of the Society, 
and 
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W ltereas, engineering services as cus
tomarily rendered to clients by prac
ticing engineers, are, at le:Jst in part, 
of a professional nature: and 
W !tereas, such services r.annot be 
definitely specified; and 
W lzereas, "There is hardly anything 
in the world that some man cannot 
make a little worse and sell a little 
cheaper and the people who consider 
price only are this man's lawful 
prey". (Attributed to John Ruskin); 
and 
W lzereas, The Code of Ethics of the 
Society states "Aggressive competi
tion which often prevails in ordinary 
commercial transactions cannot exist 
among engineers without diminishing 
their usefulness and lowering the dig
nity and standing of the profession''. 
and 
Wlzereas, a report on "Recommended 
Procedure for Securing Professional 
Engineering Services by Public Au
thorities," endorsed by vote of the 
Society on November 9, 1949, states 
" ... it is contrary to the best pub
lic interests to procure professional 
engineering services on the basis of 
competitive prices . . " 
Therefore be it 
Resolved: That it is undesirable for 
an engineer knowingly to compete 
for services to clients on the basis 
of price. 
It was moved and seconded that the 

Resolution be adopted by the Society. 
Mr. T. R. Camp moved that an 

amendment to the Resolved portion to 
change the word "undesirable" to "un
ethical" be adopted. This motion was 
seconded. 

President Gramstorff then called up
on the Secretary to read letters ad
dressed to the Board of Government 
by the members of the Committee who 
drafted the Resolution, namely, Carroll 
A. Farwell, Oliver G. Julian, and Har
vey B·. Kinnison, who suggested that 
if the Resolution was to be amended 

that the Resolved portion read as·. 
follows: 

"Resolved: that it is unethical for 
an ~ngineer to compete with another 
engmeer on the basis of charges for· 
work by underbidding through re
ducing his normal fees after having· 
been informed of the charges named 
by the other". 
No motion having been offered to 

make this amendment, the discussion. 
1nc,v!'d on. 

Amendments were offered (Clarkson) 
to the Whereas portions of th'~ R('solu·
ti on as follows: 

2nd paragraph, strike out "at least 
in part". Seconded 

3rd paragraph, change "cannot" to
"can". Seconded 

4th paragraph, strike this out com
pletely. Seconded 

A motion was then offered (T. A. 
Berrigan) that the whole Resolution be 
returned to the Committee for revision. 
This motion was seconded. :\lotion 
was ruled out of order. 

A motion was then offered (R. W. 
Horne) that the Committee's suggested 
statement be adopted. This motion was. 
seconded. 

No further amendments or discussion 
being offered, action was taken first on 
the proposed amendments to the 2nd, 
3rd, and 4th paragraphs of the Resolu
tion, as follows: 

Amendment to strike out "at least in 
part" from the 2nd paragraph was 
unanimously adopted. 
Amendment to change word "cannot" 
to "can" in 3rd paragraph was unan
imously defeated. 
Amendment to strike out the whole 
of the 4th paragraph was unanimous
ly adopted. 
Action was then taken on the pro

posed amendment to the "Resolved" 
portion of the Resolution, i.e., to sub
stitute the Committee's suggested state
ment as given above. 

On a show of hands, this amendment 
was defeated. 
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Action on the proposed amendment 
to the "Resolved" portion, namely to 
substitute the word "unethical" for the 
word "undesirable" was then taken. 

The amendment was adopted almost 
unanimously. (There were two nays) 

The Resolution, as amended, was 
then read by the Secretary, and on 
voice vote the Resolution was adopted. 
(There were two nays) 

RESOLUTION 

Whereas, The Boston Society of Civil 
Engineers through its Board of Gov
ernment authorized the appointment 
of a "Committee on Professional 
Practice as Relating to Competitive 
Bidding", which Committee recom
mended that a resolution be referred 
to the membership of the Society, 
and 
Whereas, engineering services as cus
tomarily rendered to clients by prac
ticing engineers are of a professional 
nature; and 
Whereas, such services cannot be 
definitely specified; and 
Whereas, The Code of Ethics of the 
Society states "Aggressive Competi
tion which often prevails in ordinary 
commercial transactions cannot exist 
among engineers without diminishing 
their usefulness and lowering the dig
nity and standing of the profession". 
and 
Whereas, a report on "Recommended 
Procedure for Securing Professional 
Services by Public Authorities", en
dorsed by vote of the Society on 
November 9, 1949, states " ... it is 
contrary to the best public interests 
to procure professional engineering 
services on the basis of competitive 
prices .... " 
Therefore be it 
Resolved: That it is unethical for an 
engineer knowingly to compete for 
services to clients on the basis of 
price. 
President Gramstorff stated that the 

majority of members present having 

voted in favor of the Resolution this 
matter would be referred to the mem
bers of the Society by letter ballot to
be canvassed at the next meeting of 
the Society to be held on October 15,. 
1952. 

President Gramstorff stated that a. 
Petition to BSCE for a form of Reso
lution to Authorize the Board of GoY
ernment to Act for the Society at Legis-• 
lative Hearings in Massachusetts Relat
ing to Registration of Architects, Engi
neers and Land Surveyors, signed by 
six members of the Society was con
sidered by the Board of Government 
and that this present meeting had been 
designated for discussion of the Reso
lution and for such action as the mem
bers wish to take, and that this matter 
was now before the Society in accord
ance with provisions of the By-Laws. 
(Notice of such action to be taken cir
culated to members by letter dated 
September 12, 1952.) 

It was moved and seconded that this 
Resolution be adopted. 

During the discussion a motion was. 
made and seconded to table this mat
ter. This motion was defeated. 

Action was then taken on this Reso
lution and it was voted to adopt the 
Resolution. 

RESOLUTION 

In view of the fact that bills have 
been introduced in the Massachusetts 
General Court during the past sev
eral years, and will probably be in
troduced again, to amend the archi
tects' registration law so as to require· 
on all plans for public works, ( 1) the· 
seal of a registered architect or ( 2) 
the seal of either a registered archi
tect or a registered engineer; and 
since the first of these provisions 
would exclude engineers from acting 
as principals in the design of public 
works and the second of these provi
sions would be a step towards com
pulsory registration of engineers; and 
since the members of the Society's 
Committee on Registration Law be
lieve that it is only a matter of time 
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before mandatory registration of both 
engineers and land surveyors will be 
forced upon the profession in Massa
chusetts for its own protection; and 
since it is impossible, in the time 
usually available. to complete the 
formalities of referring each legisla
tive detail to the entire membership; 
the undersigned members of the 
B'oston Society of Civil Engineers 
hereby petition a referendum seeking 
authority from the Boston Society 
membership for the Board of Gov
ernment to represent the Society 
with power in all legislative matters 
in Massachusetts which affect the 
registration of engineers and Land 
Surveyors. 

We submit the following resolution 
to be voted upon by the Society 
membership: 

Resolved: That the Board of Go,·
ernment of the Boston Society of 
Civil Engineers is hereby authorized 
to act with power for the Society in 
the Commonwealth of Massachusetts 
in support of any legislation relating 
to registration which in its judgment 
is not to the best interests of engi
neers and land surveyors. 
President Gramstorff stated that the 

members present having voted in favor 
of the Resolution this matter will be 
referred to the members of the Society 
by letter ballot to be canvassed at the 
next meeting of the Society to be held 
on October 15, 1952. 

President Gramstorff announced that 
the Annual Student Xight :Meeting 
which is held jointly with the North
eastern Section of ASCE would be held 
on October 15, 1952 at the Alden Mem
orial Hall. Worcester Polytechnic Insti
tute. and that the Worcester Society 
of Civil Engineers had been invited to 
participate at this meeting. 

President Gramstorff then intoduced 
the speaker of the evening, Mr. Roy 
E. Jorgensen, Engineering Council of 
Nat'! Highway Users Conference, Wash
ington, D. C., who gave a most interest
ting taik on "Free Roads and Toll 
Roads". 

A rising vote of thanks was given 
Lhe speaker. 

At the close of the meeting members 
gathered in the Lounge where a colla
tion was served. 

One hundred seven members and 
guests attended the meeting. 

The meeting adjourned at 9: 10 P .M. 
ROBERT W. Morn, Secretary 

ADDITIONS 
Members 

Harl P. Aldrich, Jr., 1-336 Mass. Insti
tute of Technology, Cambridge, Mass. 

Vincent D. Burns, 200 York Street, 
Stoughton, Mass. 

Charles E. Can·er, 2 55 Westgate West, 
Cambridge, Mass. 

Matthew H. Chamberlain, 100 Bay 
Street, Taunton, Mass. 

Carmine Ciriello, 31 Sydney Street, 
Somerville, Mass. 

John Clarkeson, 419 South Main Street, 
Mansfield, Mass. 

William A. Colton, 7 5 Federal Street, 
Rm. 416, Boston, Mass. 

Elmer G. Dana, 29 Walnut Street, Can
ton, Mass. 

Thomas K. Dyer, 93 Laconia Street, 
Lexington, Mass. 

William A. Fisher, 80 Dunster Road. 
Jamaica Plain 30, Mass. 

Charles E. Hepler, 51 Highland Street, 
Waltham, Mass. 

Carroll I. Johnson, 289 Highland Ave
nue, \,Vollaston, Mass. 

William J. Kerins, 430 Bowdoin Street, 
Dorchester, Mass. 

Robert S. Kleinschmidt, 20 East Street, 
Stoneham, Mass. 

Eugene B'. Lunden, 15 Robin Street. 
\V. Roxbury, Mass. 

Howard L. Millard, 224 School Street. 
Islington, Mass. 

Grant H. Potter, Turks Head Bldg., 
Providence, R. I. 

Frederick H. Paulson, 64 Petteys Ave
nue, Providence, R. I. 

Donald P. Rand, 3 Parker Street, Ever
ett, Mass. 

John C. Rundlett, 78 Harold Street, 
Melrose, Mass. 
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James L. Sherrard, Moran, Proctor; 
Mueser & Rutledge, 420 Lexington 
Ave., New York;N. Y. 

Oliver E. Strong, 49 Winsor Avenue, 
Watertown, Mass. 

Charles F. Sullivan, 99 Main Street, 
Blackstone, Mass. 

Merit P. White, Whately, Mass. 

Juniors 

Stanley F. Gesek, 29th Engr. Base Sur. 
Co., 29th Engr. Topo. Bn., APO 928, 
c/o P.M., San Francisco, Calif. 

Garret W. Haggerty, 1125 Common
wealth Avenue, Brighton, Mass. 

Thomas E. Rodgers, 20½ Washington 
Street, Concord, N. H. 

Charles F. Kennedy, 29 Moreland St., 
Somerville, Mass. 

Melvin Rubin, 220 Washington Street, 
Gloucester, Mass. 

Frederick A. Tough, Jr., 267 Boston 
Avenue, Medford, Mass. 

DEATHS 
Howard E. Bailey, May 9, 1952 
Arthur W. Dean, March 20, 1952 
Charles F. Dingman, March 3, 1952 
Harvey C. Harris, April 9, 1952 
Lewis J. Johnson, April 15, 1952 
Ernest L. Lothrop, March 6; 1952 
John 0. Miller, March 7, 1952 
Frank H. Morris, March 1 7, 19 52 
B'ernard S. Rose, April 12, 1951 
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