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DOMESTIC ELECTRIC RATES AND CONSUMPTION 
PRESIDENTIAL ADDRESS BY -HOWARD M. TURNER* 

BOSTON SOCIETY OF CIVIL ENGINEERS, MARCH 22, 1944 

TEN years ago, the late Philip Cabot, then Professor of Public 
Utility Management at the Harvard Business _School, suggested 
that i.t would be' interesting to study what would be the effect on the 
consumption of electricity for domestic use if the utilities had to 
raise their rates to cover increasing taxes. I did not get very far 
on this particular question, but in studying it I .came upon a relation 
between price and consumption of domestic electricity that seemed to 
be of considerable interest. That was in 1934. Three years later I _con
tinued the study using data up through 193 7, and I have recently 
brought it up to date. 

Up to about 1920 electricity for domestic use was sold generally 
on a flat rate, i.e., so much per Kw. hr. of consumption. Decreases 
in rate were made by simply decreasing this flat rate. The average 
consumption per customer was generally about 300 Kw. hrs. per year, 
used mostly for lighting. With the advent of various electrical appli
ances, the so-called promotional rate came into use, which gave to 
the customer the benefit of a lower average price per Kw. hr., the 
larger the use. This rate was founded, in general, on the principle 
of marginal cost, although exact figures are difficult to obtain, namely, 
that with the investment to provide service to each customer more 

*Consulting Engineer, 6 Beacon Street, Boston, 1\·lass.: and Lecturer on \\later· Power 
Engineering, Harvard University, Cambridge, 1\'Iass. 
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or less fixed, the cost of ·providing additional Kw. hrs., once the 
service is installed, is not as great as that of the initial Kw. hrs. 

With rates being thus reduced, the consumption per customer 
began to increase and the revenue per Kw. hr., i.e., the average 
price paid by the customer, to decrease, so that whereas in the year 
1913 the average revenue per Kw. hr. for the country as a whole 
was 8.7¢, and the average Kw. hr. use by each customer was 264 
Kw. hrs. per year, in 1942 the price had dropped to 3.67¢ and the 
Kw. hrs. had risen to an average of over 1,000 per customer. 

A great tribute is due to the public utility industry as a whole 
for this remarkable job, that in a period when the cost of living has 
risen 70 per cent, it has continually been able to lower its residential 
rates. I think the advocates of public ownership, with their subsi
dized "yard sticks," do not give enough credit for the fact that this 
achievement was initiated by the private companies and has been 
carried through chiefly by them. It is a truly amazing performance. 

In my investigation I found that there was a definite relation 
between the average price and consumption per customer, which held 
pretty generally all over this country and Canada, indicating a defi
nite reaction of the customer to a reduction in price. The figures 
of average price and consumption for each year were plotted with 
the average revenue in cents per Kw. hr., as abscissa, and the average 
annual Kw. hr. consumption per customer, as ordinate. A sample of 
this plot for a New England company for the years 19 2 1-1943 is 
shown in Fig. 1. On this figure there is also shown a curve, which I 
have called the "characteristic revenue-consumption curve," or the 
"characteristic curve" for that particular company. Plotting of simi
lar data for many companies in different parts of the country, ex
amples of which will follow, all show a. similar form of characteristic 
curve. 

Before considering these curves, the way this growth of load took 
place should be described. Fig. 2 gives a typical promotional rate, 
and the rate curve shows the average price per Kw. hr. that a cus
tomer would have to pay for a given amount at this rate. The 
dotted line to the left of this rate curve, called the revenue curve, 
gives the average revenue a~d consumption that a group of customers 
using this rate will obtain assuming different distributions, i.e., with 



DOMESTIC ELECTRIC RATES 

NEW NGL MO 

1400 1--+---;-

l 10001---+--------~~-- ~.~

1

-----l---------< 

~ 8001---+---+----+------;--...-t----+---+---+-~-+-------< 

J J ~ 
600 

qHA~_JltC_~Ef\1:TIC. 
~ >-----+- CURVE 
,; I 

i 400t---+---+---+-----+--t----l---"'•--1:-,;:--'-~l---+--~ 

i 19ZI 

0 200 l--+---+---+---+---1~-+---+- --1--+--~ 
::, 
C 
C 

<I 0,___~_,___~--+--
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 
Avtt. Revenue Cents per Kw. Hr. 

FIG. I .-DOMESTIC CONSUMPTION AND REVENUE. 

59 

various numbers of customers using varying amounts. Unless all 
the customers use the same amount, the- average revenue per Kw .. 
hr. from a group will always be less than that from any one customer 
using that number of Kw. hrs. The reve_nue curve will thus be gen
erally parallel to the rate curve, but at a lower average rate. 

It has been argued, that the revenue-consumption curve, such as 
I have given on Fig. 1, is interesting, but only a plot of the use of 
the customers under the rate curve, that is, that the reduction in price 
is the effect of increased consumption under the promotional form 
of rate, rather than the increased consumption being caused by the 
lower price. That this is not the case is shown by Fig. 3, which 
shows, for a company in the Northeast, the average revenue per· 
Kw. hr. and consumption per customer, and the' rate curves in effect 
for the nineteen years from 192 5 to 1943 and the "characteristic 
curve." From this it can be seen that the characteristic curve is not 
the same or even parallel to any of the rate curves, as the rate has 
been consistently lowered and the consumption has been increasing 
t4roughout the period. .The net result has been a growth along. the 
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characteristic curve and not parallel to the rate curves. The former 
· then may- be taken to show result of the effect of lowering the price 
accomplished in this particular instance by a succession of decreas
ing rates of the promotional form. In other words, this characteristic 
curve would seem to show the experience which this company had . 
in increasing consumption with lowering rates. 

The following Figs. 4 _to 8 show examples of the characteristic 
curves for companies in the New England States, in the Northe~t, 
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the Central Industrial district and the Pacific area and of the Hydro
Electric Power Commission of Ontario. 

These characteristic curves are all of the same equation, but 
with a different constant, dependent on the revenue per Kw. hr. at. 
the beginning of the increase in load. In this analysis I have chosen 
to use· the same equation, i.e., to figure the curve. using the constant 
which most' nearly fits the given data, instead of finding in each case 
the equatiqn of a separate curve which gives the best fit for each 
set of data, in order to show the comparative uniformity of the 
experience in different companies. The equation* of this curve is as 
follows: 

*This was the revision of an original equation based on the average revenue, x0 at the 
.:onsumption of y1 = 265. · 

25 
y = 240 + -----

3. 135(x-x,) 

10. x, 1,10 



62· 

1400 

1200 

L 1000 
Ill 
E 
-2 
~ 800 

V 

L 

8.. 600 

r! 
J: · ◄.00 

~ 
~ 

"6 200 
:, 
C 
C 

<( 0 

! 
i 
i 
! 

.. 

BOSTON SOCIETY OF CIVIL ENGINEERS 

-\-- --·-1 ----I . I I I 
I C MPA V IN NE, ENGLA1D 
I 

194:;-

--------
I 

-~~ 
\ 

i 
3!,sl~ 

• "3( ~ , , 0 
~ - ....., 
~ ~14 
. 

- : 

__ .._ _____ 
--· ---- -

0 1.0 z.o 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 

Ave. Revenue Cents per Kw. Hr. · 

FIG. 4.-DOMESTIC CONSUMPTION AND REVENUE. 

25 
y = 240 + -------------,-

1.528., - 2.335 (x2 - 0.22) 

x2--0.624 

Where y = the average consumption per customer per year. 
x = the average revenue per Kw. hr. 
x2 = the average revenue per Kw. hr. when 

y = 400, i.e. the constant fixing each curve. 

( 1) 

· It was found that this equation did not hold in the upper parts of the 
curves as it reaches a finite value of the consumption, y, when the 
average revenue, x = . 0. The following equation was · derived to 
cover the cases involving large consumption figures where x is greater 
than x0 . 

y 
yo 

X2 -0.624 

1.955 
1.528 .,; 

240 + 0.166 (y
0 

- 240) 10<-•,--0·624
) x 

the value of y when ·X • xo. 
(2) 
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' 
Data for very large average consumptions are limited, but the upper 

part of the characteristic curves expressed in this equation appear to 

satisfy those now available. Equation 1 is easily applied, once the 

constant is fixed as shown in Fig. 9. 
This equation is of the general foi:m, y = a + 10mx_ For a given 

constant decrement in price, 6.x, the increment in consumption, 6.y, 

apove 240 Kw. hrs. is geometrically progressive, that is, the incre

ment 6.y, for each unit of decrement, 6.x, is a constant factor times the 

increment, 6.y, for the-previous one. 
It has been interesting plotting the data up to date to see how well 

the curves drawn ten and six years ago still hold. In some cases they 

do not, for example, in Figs. 10 and 11, which are for two companies 

in the South. In both of these cases the rates were sh.arply reduced 

after the T.V.A. ·rates were established in the neighborhood. In some 

other companies, not shown here, the same thing occurred, i.e., drastic 

reductions in rates at about that time. If my theory is correct, even

tually the consumption under these n-ew rates should increase until 

the characteristic curve is reached, but it is too early to tell. In any 

event, this type of rate reduction was not inspired by economics only 
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and· perhaps could not be expected to conform. This same tendency 
is shown in the last few years by the country as a whole, shown on 
Fig. 12. These data contain all public utility companies, privately 
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and publicly owned and I believe the step to the left on the curve, 
which is about 10 per cent, is due to the same type of rate reduction, 
and also to the growing proportion of low rate publicly owned sys
tems; also the data since 1936 have been on a slightly different basis. 

I have not made a study of all the records available and of course 
I have found some cases where the characteristic curve does not fit. 
One of these is shown·on Fig. 13 for a New England company where 
the original 1934 curve does not hold ·at present. In analyzing about 
60 sets of data of companies and subdivisions of companies, how
ever, I have found comparatively few where the curve does not fit 
astonishingly well, except- for those that made the drastic rate reduc
tions in 1934, mentioned above. Iri general, there are few cases where, 
except for isolated points for a few years, differences from the char
acteristic curve are as much as 10 per cent and generally much less. 

Fig. 14 shows several of these curves for this country and Ontario 
on the same chart. Apparently the reaction is the same, regardless 
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of whether it is in an area of high prices, such as the eastern sea
board, or of extremely low ones, like the Pacific coast or ·canada, 
although in the lower rate cases the average consumption is generally 
greater; the reaction occurs also regardless of the years during which 
the growth took place. 

There is some question as to the real significance of this. Even 
though these characteristic curves do not follow the usual promotional 
rate curves, it may be that the promotional rate curves are such that 
a continual decrease of any such rates would produce the char'acter
istic curve. . When one studies for each.' company the differences, 
not only in the rates themselves, but also i_n the dates when the rates 
are made, and in the scale of prices, it seems as if there were· some
thing more to it than this. Without attempting to develop any theory 
in regard to- these facts, these curves do appear to. char·t the exper-i
ence of these companies in obtaining greater consumption per cus
tomer by rate reduction. It should follow that to get tlie most 
economical result, that is, increased consumption with the greatest 
revenue, the rates should be made so that the growth is along the 
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characteristic curve. This does not mean that the rate curve should 
necessarily be parallel to the characteristic curve; that is immaterial, 
because the same thing can be accomplished by continual reduction 
of rates, which may have various advantages; but in order to have 
constant growth the rate or the succession of rates should be such 
as to permit the revenue and consumption to follow the characteristic 
curve. 

An example of this is shown on Fig. 1 S for a company in New 
England. The successive rate reductions and their effect on the 
..::onsumption are clearly shown. It is always possible to make a large 
reduction in rates bringing the points to the left of the characteristic 
curve, as for example was the case in this company in 1929 to 1931, 
but the points came back to the curve in a few years and then it was 
necessary to reduce the rate again after 1935, during which year 
there was practically no growth. 
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The rate is, of course, only one of the many elements which enter 

into the expansion of sales of domestic electricity.· The development 
of new uses, general and local business conditions, competition with 
other fuels, the amount and range of customers' income and conse
quent ability to buy electricity and new ·equipment, the company's 
relations with its customers and particularly its sales effort, all are 
involved. These all affect the rapidity and quantity of the growth. 
The total progress will vary with different companies and apparently 

the section of the country in which they are located. The net result, 

however, appears to have general characteristics as shown by the 

curves. 
I have attempted to apply this method of analysis of customers' 

reactions to reduced prices to other commodities for which there is, 
or was, a growing and presumably elastic market. It is difficult 
to find satisfactory data; one exampie is passenger automobiles. 

The data regarding retail sales and average retail prices are not 
available, but using the average wholesale value per car plotted 

against the number of cars manufactured, the curve, Fig. 16, shows 
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generally the same form, i.e., it has the same form of equation, the 
number of cars produced increasing in geometric progression as the 
average wholesale value decreased during the ten years from 1907 
to 1917, during which period, the wholesale value per car dropped 
from $2100 to $600 and the annual production increased from 43,000 
to 1,746,000. Then came the first World War, an increase in price 
and a drop in number, and after that the trend is not clear, although 
if corrections are made for the changes in the cost of living, the curves 
seem to continue up to the time of the depression. The significant 
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thing is that the great growth in the consumption of automobiles 
took place along this same form of curve, when compared to the value. 

The sales and price history of the electric refrigerator was simi
larly analyzed, Fig. 17. That too, shows the same form of increase in 
the number sold compared to the retail price, ·from the year of 19 21, 
when the price was $550 and the total sales _were about 5,000, up 
to 1931, when the price was $258 and the sales were 965,000. · The 
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great reduction in price, made during the depression, is shown on the 
left; the,sales have not yet reached the original curve, and may not; 
but here again, during the period of great expansion, the increase 
progressed along this same type of curve. 

As in the case of electric rates, thes_e two curves seem to show · 
that, during the development of the great expansion in use, up to a 
certain point, when other factors may enter into the sale, including 
probably near-saturation and price stabilization, the consumption of 
these two commodities appears to have increased in geometric progres
sion as the price was reduced. If this is definite enough for practical 
use, perhaps it may help in estimating future sales to compare with 
future price reductions. Particularly in the case of electric rates it 
should be of assistance, though as the growth increases the normal 
rate curve and the characteristic curve tend to become more nearly· 
parallel and other factors than price may be of more effect; in other 
words the period of development is passing. I shall have to confess 
that five years ago when I last took this up, I did not know of ariy 
public utility company making use of it, though most of them showed 
great interest. 

Perhaps when'the war is over, when we get back on to an economy 
whic_h permits the laws of supply and demand to function, and new 
products are available, this study of the experience of the behavior 
of price reduction and the customers' consumption, may be of value. 
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SHEAR •FAILURE OF ANISOTROPIC MATERIALS 

Bv DR. ARTHUR CASAGRANDE, MEMBER* 

AND 

DR. NABOR CARRILLOt 

INTRODUCTION 

MoHR's1 well known theory of failure of materials, may be stated 
m the following terms: 

A material is said to "fail" when it reaches at a certain plane its 
ultimate strength or a more or less arbitrary yield point. In either 
case failure occurs when the shear component of stress in ·the given 
plane attains a maximum value, which is' assumed to be a function of 
the normal component of stress and of the properties of the material. 

Th~ preceding statement, which is similar to Mohr's own state
ment, is expressed in a convenient equivalent form by means of Mohr's 
circles of stress. Referring to Fig. 1, the theory states that for each 

l 
-p 

P' 
Frc.-1. 

material the critical stress circles, such as r (defined by the major 
and minor principal stresses, 01> 0 2 ; producing failure), are all tan
gential to a characteristic curve, l, which is also the locus of points 

*Graduate School of Engineering, Harvard University, Cambridge, :Mass. 
tUniversity of :Mexico, l\'1exico City, l\fexico. 
1 1\fohr, Otto, "Abhandlungen aus dem Gebiete der technischen 1\1:echanik," 2d ed"' \V. 

Ernst u. Sohn, Berlin, 1914. 
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whose coordinates represent the combinations of stress components 
that will produce failure of the material. Thus, for each critical stress 
circle, such as r, the coordinates of the points of tangency (P and P') 
with the characteristic curve l, represent the stresses on the failure 
planes. 

Experiments have shown that Mohr's theory of failure is accu
rate for brittle materials that are ruptured or rendered plastic by 
compressive stresses, and is satisfactory for ductile materials.t 

The purpose of this paper is to present an extension of Mohr's 
theory for non-isotropic materials. The subject of this presentation 
was suggested by the behavior of soil samples, and the paper is 
primarily intended as a contribution in the field of soil mechanics, 
although it is expected that certain phenomena observed in the failure 
of such materials as steel and concrete, and the faulting of rocks, may 
also be explained in the light of the following considerations. 

Induced and Inherent Anisotropy. We shall distinguish between 
two different kinds of anisotropy in our discussion. If the anisotropic 
distribution of strength, exhibited by a material at failure, is due 
exclusively to the strain associated with the ,applied stresses, the 
material will be said to possess induced anisotropy. If, on the other 
hand, the non-isotropic behavior observed in a test is a physical 
characteristic inherent in the material, and entirely independent of 
the applied strains, the material will be said to possess inher,ent 
anisotro,py. We can also conceive of a material whose inherent 
anisotropy would be affected to a certain extent by the applied 
strains, but this type of combined anisotropy will not be considered 
in this paper. 

Cohesive and Cohesionless Materials. The investigations pre
sented in this paper are limited to the restricted but important case 
for which the envelope of the critical stress circles consists of two 
straight lines; either parallel to the o axis, Fig. 2 (A), or else passing 
through the origin of the coordinate system, Fig. 2 (B). 

Fig. 2 (A) corresponds to what is designated as a "perfectly . 
cohesive material", of which mild steel is a satisfactory example; and 
Fig. 2 (B) conforms to what is generally defined as a "cohesionless 
material" like a clean dry sand. ' 

iNadai, A., "Plasticity," McGraw-Hill, New York, 1931, pp. 63 to 68. 
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(A) ( B) 
FIG. 2. 

lNOUCED ANISOTROPY 

FAILURE OF A PURELY COHESIVE ,MATERIAL. Let us consider a 
purely cohesive material that develops at failure a non-isotropic dis
tribution of shear strength. Let c1 ~nd c2 , in Fig 3, be the maximum 

l 
C2 Oz 

0, 
FIG. 3. 

and minimum values of the shear strength, or vice versa. These 
value_ will be designated in what follows as the "principal strengths". 

Since the anisotropy has been induced by the applied strains, it 
is justifiable to assume that" the principal strengths develop in the 
planes of principal stress. Let us then choose t;:1 and c2 to represent 
the principal shear strengths in the directions of o1 and o2 respectively 
and let us propose to determine the radius of the critical stress circle 
under the assumption that the values c1 and c2 are known. 

Since we do not know the strength· distribution for planes in
clined to the principal stresses, we must make an assumption. For 
example, it may be assumed that the curve c, Fig. 4, determined by 
the values of the strength taken from the origin O as vectors parallel 
to the corresponding planes, is an ellipse. By utilizing this assump-
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tion, or any other that may be found satisfactory, the radius of the 
critical stress circle can easily be determined by graphical trials as 
described in the following paragraph. · 

GRAPHICAL SOLUTION FOR A PURELY COHESIVE MATERIAL. Draw 
a tentative stress circle as r, Fig. 4, and then determine the cor

't:' 

c, 

FIG. 4. 

responding "strength line" s which gives for each point R of the circle 
the- shear strength PQ in the corresponding plane .p. The ordinate 
PQ of the strength line is obtained by drawing in the assumed ellip!;ie 
the radius vector OB, parallel to the plane p. 

The stress circle chosen in Fig. 4 is clearly not critical, since 
the strength exceeds the stress for every plane. Hence, another tenta
tive circle must be tried and the procedure must be repeated until the 
strength line s is tangential to the stress circle r, as in Fig. 5. 

Z" 

c, 

FIG. 5. 

Since the values of the strength have bee~ assumed independent 
of the applied stresses, the critical stress circles must all be equal, 
as shown in Fig. 6. It is apparent from Fig. 6 that line l, the enve
lope of the stress circles, does not coincide with the line l', locus of 
points representing the stress components on the planes _of · faiiure. 
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Frc. 6. 

Furthermore, it is obvious from Fig. 5 that for c1 >c2 , the angle a0 

between the plane of failure and the plane of major principal stress 
is smaller than 45°; and that for c1 <c~, the angle a0 is larger than 45°. 

ANALYTICAL2 SOLUTION FOR PuRELY COHESIVE MATERIAL. We 
may express the stre·ngth in the material by means of equation 

c=/(a) (1) 
wherein a is the angle between the plane of major principal stress 
and any other given plane, and c"- is the shear strength ,induced in the 
giveri plane. That is to say, equation (1) is the expression in polar 
coordinates of the curve c previously defined. 

Now let us imagine a point A in the o axis of Mohr's coordinate 
system, Fig. 7, and assume that the abscissa of A is the minor prin
cipal stress of the critical circle we intend to determine. 

~onsider curve c, Fig. 7, representing equation (1), drawn with 
C 

r 
Frc. 7. 

•In 1935 the senior author conceived the general approach and developed the graphical 
solutions. The analytical solutions presented· in this paper were originated by the Junior 
auth"or in 1941. 
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point A as the origin of coordinates, and let AB be the value of the 
shear strength in the plane of failure. Draw the circular arc BD, 
with its center at A, and then draw through D a line parallel to the 
o axis until it intersects line AB at point E. Then AE must be a chord 
of the critical stress circle, so that the radius r of the circle must 
satisf:y the equation 

Ca !=--
sin 2a 

(2) 

Furthermore, the strength line, s, previously defined, must be 
tangent to the stress circle; Fig. 5. Hence, the value of r defined- by 
equation ( 2) must also satisfy the condition 

...:!!_ = 0 
da 

Equation ( 3) is equivalent to the following: · 
dca. = , 2ca. 
da . tan 2a 

'Therefore, the critical value of a is a root of the equation 

j'(a) • _2_/(_a_) _ 
tan 2a 

obtained by substituting ca from ( 1) and ( 4). 

(3) 

(4) 

(5) 

In order to utilize equation (.5), we must know the law of strength 
• represent~d by equation ( 1). In the absence of further information. 
it is believed that a satisfactory working hypothesis is the following: 3 

(6) 

The preceding assumption leads to a very simple expression for 
the. critical value of the angle a which will be designated by the 
letter a0 : 

tan ao = I C2 
\ Ci 

(7) 

Thus the shear strength of the material in the failure plane is 

3EQuation (6) is identical with the expression giving the unit extension in any direction 
in terms of. the principal extensions. Cf. Timoshenko, S., "Theory of Elasticity," First 
Edition, McGra,v-Hill, New York, 1934, p. 193. · ' 
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2C1C2 c=----
c1 + Cz 

(8) 

and the radius of the criti~al stress circle· is, finally, 

(9) 

Equations (7)., (8), (9) were utilizeµ to compute the data for 

Plate I, which shows the value of 'a 0 and __q_ in terms of the ratio ~-
r c~ 

PLATE !.-PURELY COHESIVE MATERIAL WITH INDUCED ANISOTROPY 

EQUATIONS 7, 8 and 9. · 

FAILURE OF A .COHESIONLESS MATERIAL. Let us imagine a clean 

sand which, because of a system of applied stresses, develops a non

isotropic distribution of shear strength. In other words-, the rearrange

ment of the sand grains produced by the induced ~train results in 

a variable ·angle of internal friction. 
Since the anisotropy.considered is induced by the applied stresses, -

we can assume that maximum and minimum values of the angle of 

internal friction, which we shall call the "principal angles of internal 

friction",· occur on the planes of the principal stresses. Let us choose 
c/> 1 and cf, 2 to represent the principal angles in the directions of the · 
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major and minor principal stresses, respectively, and let_ us determine 
the radius of the critical stress circle and other pertinent quantities 
in terms of <l>u <f, 2 and the value of the minor principal stress o2 • 

GRAPHICAL SOLUTION FOR A CoHESIONLESS MATERIAL. · Let us 
plot point A in the o axis of Mohr's coordinate system, Fig. 8, _repre-

2:' . n B . 
c,.: 

. 0 

FIG. 8. 

senting the value of the given minor principal stress. Then we draw 
curve c by taking from point A, in every direction, the value of the 
shear strength at coµstant normal stress o2 • Any radius vector sa. · 
of curve c represents the product o2 tan <!>a. wherein <!>a. is the angle of 
internal friction of the material in the plane inclined a to the plane 
of major principal stress. To construct curve c, we are compelled to 
make an assumption. For example, it may be assumed that curve c 
is an ellipse. With this assumption, we are now·in a position to deter
mine the radius of the critical stress circle and the orientation of the 
failure planes. 
· Draw a tentative ~tress cir~le such as r, Fig. 8. Then draw the 
corresponding strength line s as follows: for any plane AB, the ordi
nate PQ of the strength line is determined by drawing the circular 
arc DE, with its c~nter at A, and then drawing the line OEP. 
The ordinate PQ is then equal to the product of the normal stress 
acting on plane AB, times the corresponding coefficient of internal 
friction <!>a.· The stress circle chosen in Fig. 8 is evidently too large, 
since for all planes corresponding to the arc MN of the circle, the 
stress is greater than the strength. Therefore, another stress circle 
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must be assumed and tried, and the procedure, must be repeated until 
the strength line is tangential to the chosen circle, as in Fig. 9. 

S'J..----:::::---1 

r 

, FIG. 9. 

ANALYTICAL SOLUTION FOR A CoHESIONLESS MATERIAL. Let us 
express the distribution of the shear strength in the material by means 
of the equation 

tan 'Pa= f(a) (10) 

wherein 'Pa is the angle of internal friction in a plane inclined a to 
the plane ·of the major principal stress. 

Consider point A, Fig. 10, representing the value of the given 

B 

___,;: _ __._ ___ _,____._ ___ -'-4'-- Cf 

r' 
Fie. 10. 

minor principal stress, and imagine curve c, drawn by plotting from 
A in any direction a the value ·of the product o2 tan 'Pa· Let AB be 
the direction of the plane of failure. Draw the circular arc DE, 
with its center at A, and then find point B by intersecting AB and OE. 

AB must be a chord of the stress circle. Therefore, from the figure, 
the radius r of the stress circle is: · 

sin cf> 
r=--------

cos a sin( a-<f,} 
( 11) 
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Furthermore, .since the strength line s, previously defined, must 
be tangential to the stress circle, 

_..!!!._=0 (12) 
da . 

Therefore, from ( 11) and ( 12), 

d<t> 
da 

sin</> cos(2a-</>) 
sin a cos a 

( 13) 

By ·substituting in ( 13) the value of </> in terms of a as given by 
( 10), we obtain an equation from which the critical value of a is 
determined. The preceding exact solution, however, is cumbersome 
even if the function f is simple. 

Instead of imposing an assumption on the curve c, as was done 
for the cohesive material, we assume that the strength line s is straight 
at failure. This assumption seems to be justified for the relatively 
small differences between </> 1 and </>'.! which are likely to be encoun,iered .. 

Let us then consider the critical stress circle, Fig. 11, assuming 
that the strength !ine EC is straight. 

\ 

0 D 
FIG. 11. 

From Fig. 11, we have 

OA =02 ; AE=o2 tan c/> 1 ; AH=2r; HG= (o2+2r) tan<f, 2 (14) 

These values must satisfy the equation 

AH2 + (GH-AE) 2 = (EB+ BG) 2 

' = (AE + HG) 2 (15) 
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Hence, 
(2r) 2 + [(02+2r) tan </>2-o2 tan </>1 ]

2 = 
= [02 tan </>1 + (02+2r) tan </>2 ]2 (16) 

from which, solving for r: 

r = 02 tan c/>1 tan <l>:2 [ 1_ + / 1 + 
1 

] ( 1 7) 
✓ tancf, 1 tancf, 2 

Then, 

0 1=02~2r=o2 [ 1+2 tancf, 1 tancf,2 (' 1 +,/1 + 
1 

. )'] (18) 
tancf, 1 tancf, 2 

AD r 
Finally tan a0 = -- = ----

AE 02 tan c/>1 

tan a0 = tan c/>2 [ 1_ + "'. 1 + · 
1 

] ( 19) 
~ tancf, 1 tancf, 2 

Equations ( 1 7), ( 18), and ( 19) are valid not only when cf,1 > </>2, as 
was assumed in drawing Fig. 11, but also when </>1 < </>2 • 'Fhat is,· the 
same critical stress circle is obtained by interchanging c/>1 and </>2, as 
can be seen from Fig. 12. 

FIG. 12. 

Equation ( 19) was utilized to compute the values plotted m 
Plate II, where the difference ( cf, 2-<f,0 ) is· shown as a function of 

c/>1 and 4'2- . 
The results of the above analytical approach differ from those 
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PLATE IJ.-COHESIONLESS MATERIAL WITH INDUCED ANISOTROPHY-ANALYTICAL SOLUTION. 

obtained on the basis of elliptical distribution of the angle of internal 
friction. In Fig. 13 and Table I the results obtained from the ana
lytical solution, .eq4ations ( 18) and ( 19) are compared with the 
graphical solutions using ellipses as distribution curves. 

The analytical solution for ¢ 1 = ¢ma.,: corresponds to the distri
bution curve cm which was_ obtained by reversing the graphical pro
cedure. This curve does not differ much from the elliptical distribution 
.c1 corresponding to ¢ 1 = <pma;r,_. Nevertheless we can see from Table I 
that the effective angles of internal friction ¢ 0 are substantially 
different. · 

. Very much greater differences develop for. the case ¢ 1 = 'Pmin. 

for which case the elliptical distribution is represented by curve c11 

and_ the analyti~al solution by cur_ve Ccv which differs radically from 
the· shape of an ellipse. As a result, th~ effective angles of _internal 
friction ¢ 0 and the ratio of the principal stresses 0 1/ o~ are· also widely 
different. · This example illustrates the importance of the shape of 
the distribution ~urve c. Systematic investigations· are needed to deter-
mine its shape for various materials. -

I. 
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FIG. 13. 

TABLE I 

Symbol · Assumption for Angles in Degrees Uma,.r.. 

in Fig. 13 Strength Distribution c/>1 c/>2 ao c/>o . cf>e Umin. 

I 
Ellipse 

54.0 34.o 62.4 34.7 48.3 6.86 

II 34.0 54.0 65.5 41.0 35.8 3.82 

III Analytical Solution 54.0 34.0 58. 7 27.4 44.0 5 . .56 

IV (Equations 18 and 19) 34.0 54.0 73.7 57.3 44.0 5.56 

Isotropic Distribution c/>1=c/>2=340 62 34 34 3.54 

Isotropic Distribution c/>1=c/>2=540 72 54 · 54 9.47 

INHERENT ANISOTROPY 

Let us how consider- a purely ·cohesive material whose anisotropy 
is entirely independent of the applied strains. If the principal strengths 
coincide with the applied principal stresses, the problem is identical 
with 'that of a material with an induced anisotropy. We shall there
fore assume that the principal strengths c1 and c2 are inclined /3 to 
the principal stresses, as shown in Fig. 14. 
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Frc. 14. 

The first step is, as before, to assume a distribution c_urve c for 
the shear strength of the material, like the ellipse drawn in Fig. 14. 
Then the critical stress circle can be graphically determined by try
ing various circles until the one tangential to the strength line s is 
found. Analytically, the inclination a0 of the failure plane can be 
computed by combining equation ( 5) with equation ( 6), with ( a-/3) 
written instead of a. 

An important conclusion can readily be derived from an inspec
tion of Fig. 14: unless the angle /3 is zero (that is, unless the direc
tions of the principal strengths coincide with those of the principal 
stresses), there is only one orientation for the· failure planes, instead 
of two. This interesting result is confirmed, for example, by observa
tions of faulting in stratified rock. 

The behavior of an inherently anisotropic cohesionless material 
can ~asily be understood on the basis of the preceding considerations 
and need not be described in detail. It is worth noting that, as for 
cohesive materials, only one .orientation for the planes of failure can 
develop unless the maximum and minimum angles of in'terrial friction 
occur on- the planes of the principal stresses. 
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THE DEVELOPMENT AND FORECASTING OF 
AIRPORT REQUIREMENTS 

Bv EDWARD vVARNER* 

(Presented at a meeting of the Boston Society of Ci"vil Engineers, held on March 22, 1944.) 

THE subject of tonight's talk and the site loose a flood of personal 

memories. It was just over twenty years ago that Bostonians inter

ested in aviation brought to the State House on Beacon Hill the 

revolutionary proposition that the airport facilities of a great com

mercial center were of more than selfishly private concern--or even 

of purely municipal interest-and urged that the State Legislature 

should appropriate $35,000 to cover the cost of grading some newly

filled land in East Boston and spreading cinders along two paths, 

thereby creating the Boston airport. The General Court took favor

able action, and the airport came into being. I am told tonight that 

the amount that has been expended, oi- authorized for expenditure, 

now aggregates just over $12,000,000; and I think it· very probable 

that there are more citizens of this community who now consider good 

airport facilities a bargain at $12,000,000 than it was possible to firid 

to appraise the public value of an airport at as much as $35,000 

in· 1923. 
There is nothing more dangerous for a speaker or writer than 

to declare that any particular event was the first of its kind. .I make 

no claim to have performed any historical research on this point; 

but at least I can say that within the limits of my knowledge the con

struction of the Boston airport represented the first instance in the 

United States of contribution to the construction of a municipal air

port by a governmental unit of more than municipal stature, excluding 

of course those cases in which such agencies of the Federal Govern

ment as the Post Office Department's air mail service shared in the 

development of airports for their own direct use. 
We have come a long distance in these twenty years in our 

concept of the responsibilities of Government with respect to airport 

*Vice-Chairman, Civil Aeronautics Board, \Vashington, D. C. 
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development, in our ideas of what an airport may be expected to cost, 
and in the views of experts on what constitutes a first-class airport. 
Our journey has not ended. We have attained no final convictions. 

Airports are a problem for the civil engineer. They are a prob
lem for the architect. They are a problem for the city planner, and 
for the operator of airlines, and for the distributor and the user of 
private aircraft, and for every __sivic organization, and for everyone 
who travels by air or ever expects to. They are a problem 
for the taxpayer. Those who deal with the matter professionally, 
and who have finally to take decisions, can rely on the close attention 
of a large and critical audience. 

THE EXISTING AIRPORT PATTERN 

There are at the present time about 1,800 municipal and com
mercial airports open for public use in the United States-a total 
figure which has not changed appreciably in the last ten years. Very 
roughly, at the time of the airport survey of early 1939, 24 per cent 
of the area of the United States lay within 15 miles of some sort of 
permanently established airport, and 70 per cent of the population 
lived within the area so covered. A 15-mile standard is of course an 
arbit~ary one, typically ·representing a .maximum of 30 minutes of 
travel to reach an airport. Enthusiasts on the future use of private 
aircraft would consider such a standard as very modest, and indeed 
quite unsatisfactory. It would be more to their taste that the typical 
individual should find himself always within five miles of an airport; 
and to bring airport facilities to within five mles of 90 per cent of 
the population of the United States, and to within 20 miles of 99 per 
cent, would require that the total number of airports be increased 
approximately to 30,000. 

The improvement in the quality of airports in recent years has 
been more significant than the increase in their number. At the end 
of 1938 only 231 airports in the United States had hard surfaced run
ways, and only 293 had boundary lights. At the present time the 
number of fields with runways has increased to 958, and the number 
with lighting to 652, increases of 315 per cent and 122 per cent, 
respectively. Five years ago there were 214 fields which had at 



90 BOSTON SOCIETY OF CIVIL ENGINEERS 

least a 2 ,500-ft. runway, and generally adequate servicing facilities. 
Now there are 327 in that category-a 53 per cent increase. 

The total numbers of airports now available, of any quality, are 
far short of the 30,000 that has been suggested as a rough measure of 
reasonably complete coverage for widespread private use of aircraft; 
and the discrepancy is a reminder of the wide variations that exist 
in airport form and function. The airport requirements of trunk
line or intercontinental air transportation are one thing; those of 
private flying are quite another; and I am going to talk particularly 
about the needs, as they appear to me, of the metropolitan areas which 
may expect to have frequent arrivals and departures of scheduled 
transport aircraft. 

In speaking of this subject I ought to explain that I am tres
passing on the special preserve of a neighbor in Washington; but our 
relations are so close, and our area of common interest so large, that. 
I am sure I shall be forgiven for doing so. Civil airport development 
and advice on airport planning are the direct responsibility of the 
Civil Aeronautics Administration, to whom I am indebted for the fig
ures that I have given on the present status. The Civil Aeronautics 
Board, of which I am a member, is less dire_ctly involved. Nev~rthe
less we are very much interested, for the economic health of air trans
portation will be largely influenced by the nature of the terminal 
facilities that the airlines enjoy. Adequate airports, attractive in their 
provisions for the comfort and convenience of passengers, efficient in 
their provision for the expedited handling of traffic, with proper ap
proaches for surface transportation from various directions, well 
located with respect to the major needs of their users, and capab~e of 
economical operation, can be of decisive benefit. · 

AIRLINE AIRPORTS FOR METROPOLITAN AREAS 

The greatest problem of airport planning is that the life of an 
airport is, or should be, much longer than the life of an airplane. 
The operating plans of aircraft manufacturers and airline operators 
are made with reference to the aircraft that are now available and 
those that are immediately to succeed them. The plans of an air
port commission must, on the other hand, take into account the 
characteristics of airplanes that will not even be designed for another 
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ten or fifteen years, and they must be based on estimates of the total 
_amount of traffic that will be moving by air fifteen or twenty years 
hence. The alternative will be a disconcertingly rapid obsolescence 
of ground facilities and the loading of fixed charges, whether borne 
directly by Governmental funds or ultimately by the airlines and 
their patrons, with uncomfortably heavy depreciation allowances. 
The planner of airports turns to designers of aircraft, to airline man
agements, and to the Civil Aeronautics ·Board and other Government 
agencies, and asks a projection of the course that aeronautics is to 
iake throughout the life of a very expensive ground facility. It is im
possible to give a wholly satisfactory answer; but it is also impossible 
to refrain from asking the question, and we must do the best that 
we can with it. 

The resultant estimates must be presented with great diffidence. 
They are presented, however, in the conviction that some anticipation 
of the future is indispensable as a prelude to decisions that are 
immediately necessary, and that even a poor estimate, if it be _the 
best that can be made, is far better than none. 

In general, estimate for the purposes of airport planning should 
be kept deliberately on the liberal side. If an airport is made too 
1arge, a part of the capital expenditure will have been wasted. If it 
is too small, the whole amount may have been lost, and a fresh start 
become necessary under very difficult conditions. The objective is 
not to predict the most probable figure, but rather the largest figure 
that is reasonably likely to occur. 

AIRCRAFT SIZE AND AIRPORT RUNWAY LOADS 

Let me take a relatively simple example, strictly in the domain 
of the civil engineer. The material, thickness, and foundation re
quirements of airport runways and taxiways, like the corresponding 
·characteristics of highways, depend upon the loads that they are to 
carry. Five years ago • there were only two aircraft in the United 
States which bore a maximum static load of more than 16,000 lbs. on 
any one wheel, and for those two the maximum did not exceed 35,000 
1bs. Today there are thousands of machines in use for which the 
maximum static load per wheel is around 30,000 lbs., and at least 
one for which the unit load exceeds 60,000 lbs. Obvious military 



92 BOSTON SOCIETY OF CIVIL ENGINEERS 

considerations prohibit discussion of the extent · to which, if at all, 
those figures will,-be _increased .in thE:: immediate future; but it i~ 
still possible to discuss the post-war probabilities in transport aircraft. 

The major advantages of increase in aircraft size are aerodynamic 
and operational. The major disadvantages are structural. The in
crease in span of an airplane presents essentially the same problems 
as the increase in span of a bridge, except that in aircraft the progres
sive encroachment of structural weight on total load capacity can be 
fought off for a time by improved distribution of load and reduction 
of required load factor as size increases. · In a small airplane, prac
tically all of the load except the weight of the wing structure itself 
is carried in the body. As the size of the aircraft is increased, a 
progressively larger proportion of the total weight is distributed in 
the wings, where it will be directly balanced against the lift of the air 
on the wings in flight; and the proportion of the lift that has to be 
transmitted through the wing structure, as a beam extending along 
the span, is correspoiidingly reduced. 

Manifestly there is a limit to the length to which that process 
can be carried. There is a limit also, and one that has already been 
reached, to the process of reducing load factors with increase of size. 
The loads imposed on the structure by the pilot's use of the controls 
may be expected to diminish in relative importance as aircraft grow 
larger, but the loads imposed by turbulent air are independent of size, 
and for most transport aircraft those are the loads that are critical. 
In short,. the. w.eapons that have heretofore served the structural en
gineer in his battle against increase of the ratio of structural weight 
to gross weight as the size of the aircraft increases begin to lose their 
effectiveness as the dimensions of aircraft grow larget and larger. 

For that and other reasons, increase in size seems unlikely to 
continue indefinitely; but there is no reason to suppose that a ceiling 
has yet been reached. Much of the talk of aircraft of a million pounds 
gross weight or more has been ill-informed;• but a leading American 
manufacturer has reported that serious study has been given to a 
machine designed to accommodate 400 passengers. Lord Beaver
brook, speaking for the British Government, has indicated that a 
transport now under order will have a gross weight of over 220,000 
lbs. The "flying wing," which is beloved of artists illustrating dreams 
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of the future world and which also possesses some very real merits, 

if its handicaps can be overcome, is limited by considerations of 

storage volume available in the wings to gross weights of at least 

200,000 lbs., and more probably of 300,000 or more. 

If airport planners ask for a projection of the future in this 

respect, it is my personal belief that we are likely, although by no 

means certain, to see aircraft of over 300,000 lbs. gross weight in 

use within the next 1 S years; and that the maximum weight may reach 

400,000 lbs., but probably will not go appreciably beyond that. Air

craft of more than about 150,000 lbs. gross weight are likely to be 

used only on services on which it is necessary to fly for distances of 

1,500 miles or more without stopping for fuel, and possibly on · a 

very small number of routes of exceptionally heavy traffic with"n the 

United States; and their use is accordingly likely to be limited to a 

relatively small number of landing areas. For the purposes of civil 

aeronautics, it would probably be sufficient to have twenty-five air

ports in the United States capable of handling airplanes of above 

150,000 lbs. weight. Potential military uses, of course, may be more 

demanding. 
With increase of size it becomes advantageous to spread the 

landing loads on the aircraft among a number of widely separate 

points of support. Aircraft of very large dimensions are quite likely 

to have at least four completely independent landing-gear units along 

the span. Taking account of that probability, I think it unlikely that 

the maximum static load on any wheel or closely associated group 

of wheels will be appreciably in excess bf 100,000 lbs. for a number 

of years to come. Between the 12 ,000-lb. static wheel load of the 

present DC-3 and the hypothetical 100,000 lbs. of the future, how

ever, there is still enough of a gap to provide plenty of problems for 

the designer of concrete slabs and for the drainage and foundation 

engineers who must provide the assurance that the runway slabs can 

remain true and evenly supported. There is plenty of need for fur

ther research on their behalf, and further study of just what type of 

loads an aircraft of a given large weight imposes on the surface on 

which it lands and takes off, along which it taxis, and which it scours 

with the concentrated blast from its propellers. 
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The determination of the airport capacity that will be needed 
for transport operations involves three main questions: 

( 1) How much transport traffic must metropolitan airport 
facilities be expected to handle in a reasonably near future? 

( 2) Is it inherently preferable that a metropolitan area have 
all its transport traffic concentrated on a single airport, or that 
several airports should be used? 

( 3) How long a runway is desirable for a metropolitan 
airport? 

Let me say something on each of the three; and first on traffic predic
t.ion. 

AIRPORT TRAFFIC VOLUME 

It seems to me reasonable to expect, from all the data that I can 
assemble and from consideration of estimates made by others as well 
as of my own previous experiments in the same field, that within four 
or five years after the end of the war the general volume of air traffic 
may rise to as much as three or four times the highest pre-war level. 
I believe that it might double again in the next six or eight years. 

The significance of those figures can best be appreciated in term: 
of their relation to existing traffic. They mean that at the maximum 
level that seems to me likely enough to be realized so that it should 
be taken into account in airport planning, the travel between Boston 
and New York by air a dozen years after the war would be a little 
more than the total travel between those cities by rail in the year 
1933, whereas the total movement by air between Boston and the 
Pacific Coast would be about two and a half times the rail volume for 
1933-that being the only year for which a comprehensive report 
of point-to-point railroad passenger movements exists. 

In September 1940 the total number of passengers arriving or 
departing from Boston by air averaged 798 each day. The average 
number of transport landings and take-offs was 64 each day. Assum
ing that the traffic twelve years after the war will be ten times what it 
was in 1940 ( which must be used as a base, since no similar survey 
for the summer of 1941 is available), and that the aircraft will carry 
an average revenue load of eighteen passengers each, the average 
number of take-offs and landings each day may then be about 450. 
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Si~ce about 15 per cent of the take-offs for the 24 hours may be ex
pected to be concentrated in the busiest hour of the afternoon, the 
expansion of traffic on Boston's main intercity connections may build 
up the number of transport take-offs to about 3 5 in' the hour between 
5: 30 and 6: 30 each afternoon, with about half that number of land
ings in the same time. That number might be increased by from 
50 to 100 per cent by the operations of local routes serving areas not 
at present touched; and the total. number of take-offs and landings 
during the busiest hour might thereby come close to 100. The rush
hour total would be unlikely to exceed 50 within the first five years 
after the war; but even 50 operations in an hour would be nearly 
double the highest figure so far attained on any airport in the world, 
and the need for tht most efficient arrangement of facilities for the 
handling of traffic on the ground and in the air is correspondingly 
clear. • 

The total flow of passenger traffic into and out of New York 
in 1940 was roughly four times that for Boston. Six other cities also 
exceeded Boston's flow; but there were only 15 others, making 23 in 
all, that had a movement even half as heavy as Boston's. The prob
lem of building airports for the utmost possible capacity is likely to 
remain the problem of a very small number of metropolitan areas. A 
city that averages as much as one scheduled transport take-off every 
two minutes, or one landing every three minutes, during the busiest 
part of its day, will be the·exception; but it is in connection with those 
exceptions that the greatest expenditures are involved and that the 
greatest demands are made on the ingenuity of the designer. 

THE PHYSICAL CAPACITY OF AN AIRPORT 

The problem of designing for maximum capacity is one of bal
ancing ground against air · requirements. Ground capacity can be 
almost indefinitely increased by simple multiplication of the number 
of parallel or nearly parallel runways. The capacity of the air space 
is the problem; and I believe • that in future we should determine 
the capacity of an airport primarily in terms of the rate at which 
aircraft can be brought in or taken out with safety in instrument 
weather. I believe there is general agreement on the undesirability 
of so scheduling operations that they can only be conducted as planned 
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under virtually ideal conditions, with serious delays or diversion of 

the flights to alternate fields having to be anticipated whenever the 

clouds hang low. The capacity of airports under instrument condi

tions is now too lbw to be endured as a general limitation; but after 

the war we may hope for such improvement in methods of naviga:.. 

tion and traffic control as will make it safe to bring aircraft much 

closer to one another, under conditions which prevent the pilot's see

ing one another directly, than has.so far been admissible. 
At the present time an airport with four parallel runways might 

be able to handle 180 take-offs and 120 landings in an hour in good 

weather. With present methods the best that it would seem possible 

to expect from air traffic control in bad weather would be the safe 

handling of 20 take-offs· and 15 landings in an hour; but the post

war improvements in radio technique of which we hold such bright 

hopes ought to increase those figures materially. The airline personnel 

who have been working on a proposed field layout and methods of 

operation for New York's new Idlewild airport are hopeful that the 

bad-weather capacity there can be raised to over 300 movements an 

hour. There is at least a good chance, if by no means a certainty, 

that the physical capacity of a single airport can be great enough to 

handle all of the transport traffic that even the greatest metropolitan 

centers will be receiving and dispatching in the course of at least the 

next ten years. 

ONE AIRLINE TERMINAL FOR EACH METROPOLITAN DISTRICT? 

That is a more optimistic conclusion than would have been gen

erally acceptable a couple of years ago. It was then the common 

assumption that each metropolitan area must have a number of trans

port air terminals. There has been a marked trend in more recent 

months towards the alternative of concentrating on a single site. The 

newborn optimism about the possibility of enormous increases in 

traffic-ha_ndling capacity under instrument conditions after the war, 

to which I have already referred, has brought the central airport back 

into the realm of physical possibility, even for the largest cities. 

Emphasis on the airport as an object of civic pride has favored a 

concentration of all the available resources on a single site developed 

to the highest possible standard. Considerations of operating con-
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venience also favor such a concentration, with its elimination of short 
connecting flights and duplicated terminal organizations. The de
velopment of central airports so placed as to give service to two cities, 
each of which has in the past been a transport stop, is a particular 
evidence of · the new trend. 

Assuming that no physical necessity is to force the multiplication 
of metropolitan air terminals, the merits of central and multiple air
ports may be judged in terms of their respective effects upon the 
convenience of patrons of air transportation. One does not go 
far with such an examination without discov·ering that there is no 
single best answer. The answer depends upon the local conditions. 
To prove that with a single instance, suppose the case of a city which 
is a potential point of departure for non-stop transoceanic flight, but 
which also has a large volume of exchange of air traffic with a neigh
boring city a couple of hundred miles away. For reasons that I shall 
develop a bit later, the economic importance of runway length in
creases steadily with increasing length of flight. In the imaginary 
case that I have cited, suppose that an airport with 5,000-ft. run
ways can be constructed close into the center of the city, whereas it 
is physically impossible to find a site within fifteen or twenty miles 
with such dimensions as to permit an 8,000-ft. run. It would be a 
manifest folly to . burden every short-distance air traveler with an 
extra twenty or thirty minutes of surface travel, or an extra con
necting flight, to reach an all-purpose airport, when thousands of pas
sengers could have been saved that loss of time by segregation of 
the long-haul and short-haul operations. Certainly the ideal to be 
sought is that all transport aircraft should take off and land in the 
most convenient location possible; but if it is necessary for some 
part of air transport's patrons to travel on the ground for three
quarters of an hour or more to reach their point of take-off, the trans
oceanic traveler will be better able to tolerate that preliminary trip 
than will th~ commuter; and it would be better for a minor part of the 
passengers to have their ground journey protracted than for all of 
them to do so. 

There is real danger that emphasis on airports of enormous size 
will lead to the adoption of terminal sites farther and farther out 
into the country, with a resultant loss in ground time for short-haul 
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passengers that will more than offset any saving in air time that is 
made by increases in the cruising speed of aircraft. 

There are on the other hand some cases in which a single site 
is so outstanding in its excellence, both in convenience to the center 
of the city and in capacity for physical expansion, as to make it 
absurd to consider any alternative or any subdivision. 

At best the airports will be far enough from the homes and places 
of business of many of their users to make the speed of surface trans
portation a matter of major importance. An airline distance of eight 
miles may take twelve minutes to cover or forty, depending on the 
circuity of the highways and upon traffic conditions and whether 
there is a reserved right of way free of traffic crossings. The first 
rule is to get the airport as close in as is compatible with having a site 
of proper size. The second is to recognize that a really good system 
of express ·highways connecting the airport with strategic points in 
the metropolitan area, and perhaps supplemented by subways or 
other rail communications, is a necessary adjunct to the airport and 
a proper element of its cost. 

A third factor in airport location is that if the placing of the 
airport at a substantial distance from the center of the city proves 
inescapable, it is best, other things being anywhere near equal, to 
locate it on the side from which the greatest part of the air transport 
traffic comes. The speed of aircraft is high, but not so high as to 
make the distance flown a matter of complete indifference. The 
difference between using an airport ten miles on the near side of the 
center of the city and using one ten miles on the far side will be 
nearly ten minutes in flight time, and about a dollar, at present rates, 
in the reasonable fare for the trip. Boston's airport is very close 
in to the center of the city in terms of airline distance; but obviously 
if a choice had had to be made between potential sites to the north 
of Boston and to the south, it would have saved both time and ex
pense for a majority of the passengers if the southern stte had been 
chosen. This does not happen to be a practical problem for Boston, 
but there are other metropolitan districts in which the analogous 
,problem is of very real and immediate importance. 

Even where there is no need for building two different airports, 
close in with short runways and far out with long ones, for local 



AIRPORT REQUIREMENTS 99 

and long-range traffic respectively, there may be occasion for building 
two or more fields in different locations. 

The justification for a second airport depends upon the proportion 
of the total traveling public who would save time by its use, and upon 
whether the aggregate of potential saving and the aggregate of new 
traffic created as a result are sufficient to justify the increase of 
expense and complication in airline operations. To give the problem 
~pecific form, suppose that a second airline airport about ten or twelve 
miles to the southwest of the present site were under consideration for 
the Boston area. Such a location would save about three minutes in fly
ing time to New York, and I suppose another half-hour in ground 
travel time for passengers who wished to go to the airplane from a 
starting-point in the suburban towns well to the west or south of 
Boston. 

Whether the area that would be substantially benefited by such 
fl hypothetical secondary terminal actually initiates any very con
siderable proportion of the Boston-New York traffic is a matter upon 
which my badly out-of-date local information would hardly permit 
me to have a firm opinion. I do not suppose that anyone would 
really know at the present time, at all exactly, what proportion of 
actual or potential airline passengers start from the various resi
dential and commercial areas within the metropolitan district. That 
is the sort of problem of which there has been far too little serious 
investigation. Real research on the distribution of air traffic among 
the various parts of a metropolitan area, as well as a really thorough 
and objective study of the time normally required to move by high
way between the various parts o.f the district and the various airport 
sites that are under consideration, are necessary features of intelli
gent airport planning. It is surprising how often one finds that the 
only information on normal driving time to an airport either comes 
from obviously interested parties, and is quoted to prove a point, 
or is based on obviously inadequate experience. 

In Boston's case, however, I have not only found plenty of data 
available from actual tests on driving time, but I have just been given 
a personal demonstration o_f the remarkable convenience of the airport 
to the business district. Nine minutes to reach the center of the 
financial district from the airport administration building under nor-
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mal midday driving conditions, and a total of only 20 minutes to reach 
Harvard Square, represents a degree of convenience that few cities of 
ft.Ilywhere near Boston's population are fortunate enough to approach. 

General formulas are dangerous in application to so complex a 
problem; but I believe that it would be a fair rule to consider the 
establishment of two terminal airports in place of a single one as 
justifiable only if the introduction of the second terminal will save 
time for at least a third of the total number of travelers on a particu
lar route, and save them an average of at least 20 minutes each. Even 
then, the use of co-terminals would be justified only on routes which 
will support at least 20 schedules a day in each direction. If the 
number of flights were less than that, a still more stringent standard 
should be met before the division of the schedules among two differ
ent terminal airports would be justified. 

An obvious corollary of the suggested standard is that it is prac
tically never justifiable to put two co-terminal fields within 30 minutes' 
ground travel time of one another. That, I believe, is actually a sound 
rule. Of course there may be cases in which fields will be placed 
closer together than that and connected by shuttle service by airplane 
or helicopter; but unless they are at least 30 minutes apart by high
way, or some ten to twenty miles' airline distance, the benefit derived 
from splitting the service on a particular route, and starting some 
of the through schedules from one terminal field and some from an
other, could hardly be great enough to offset the inconvenience and 
expense of the duplicated facility. . 

Certainly it will rarely be possible to justify the use of two co
terminals within the same metropolitan area, or less than one hour 
apart by highway, unless they are nearly enough balanced in value so 
that each of them can expect to be the preference of at least a quarter 
of the total number of passengers. If in any such case there is a large 
difference in the numbers of passengers who would naturally prefer 
the two fields, the position is unstable; for the airport having the 
better geographical situation will naturally enjoy the greater fre
quency. By that very fact, if will draw more and more traffic away 
from the area that might normally have been expected to be tributary 
to the other field, a considerable part of the passengers accepting the 
extra ground travel time in order to secure the greater convenience of 
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schedule. To cite a particular instance, again, a field to the southwest 
of Boston would be somewhat easier for residents of the suburbs 
in that area to reach from their homes than the present Boston air
port; but if 20 schedules a day ran to New York from the present 
airport, and only four or five from the new one, a large proportion 
even of the travelers from the immediate neighborhood of tbe new 
site would presumably choose the busier field, to keep to a minimum 
the average extent of the dislocation of their desired travel schedule 
that would be necessary to fit it to the schedules of airline departure. 

I do not want to point out individual local situations, but from 
what I know of a certain number of them I would estimate that under 
the standards that I have suggested here there are not less than four 
cities in the United States, and probably not more than twelve, which 
are spread over such a geographical area and are otherwise of such 
characteristics as to justify the use of two co-terminal fields for air 
transport within the next ten years. 

The duplication of airports is often objected to on account of 
the inconvenience occasioned in the making of connections. The 
objection has some force; but less than is often claimed for it. Its 
force is limited by the very limited number of passengers who in fact 
change from one airplane to another. Of the 23,000 passengers who 
touched the Boston airport in September 1940, more than 96 per 
cent were beginning or ending their journeys in Boston, and less than 
four per cent were making connection with another plane. In New 
York, in the same month, only eight per cent of all passengers were 
either making connections or going straight through New York on 
the same plane on which they arrived, more than 90 per cent making 
New York the ter'minus of their journeys. If the use of two or 
more airports as co-terminals were actually to offer substantial savings 
in ground transportation time to a large part of the travelers to and 
from the area, the fact that one or two per cent of the total number 
of passengers might have to come in on an airplane at one airport 
and leave by another plane from another, traveling between the two 
either by ground transportation or by inter-airport aircraft shuttle, 
would be no sufficient reason for denying the benefits of a divided 
terminal to a much larger number. 
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RUNWAY LENGTH AND THE ECONOMICS OF AIR TRANSPORT 

I come now to the last of the technical problems, and the gravest. 
For twenty years the appeal to governmental authorities for a fixed 
specification of the desirable length of airport runways has been 
incessant. Those of us who have dealt with such matters have been 
the objects of repeated reproach for having allowed, and even en
couraged, communities to build airports which within a few years 
thereafter were being criticized as obsolete. 

The development of our ideas on runway length, from the time 
when the infield of a half-mile racetrack seemed to serve nicely to 
the present, when our talk is of runways of 6,000, 8,000, or even 
10,000 or 12,000-ft. length, has been the product in part of higher 
standards of safety in aircraft operation; but even more largely the 
result of changes in the characteristics of the aircraft themselves. 

There is a widely prevalent misapprehension that larger and 
larger airports are needed because of increases in aircraft size. In 
truth, the size of the airplanes is virtually without direct effect upon 
the needed runway length. Given constant ratios among weight, 
power, and wing area, and the same number of engines in each case, 
a 100,000-lb. airplane needs no more space for take-off than one of 
20,000 lbs. weight, and relatively little more for landing. The pri
mary factors influencing airport requirements since 1918 have been 
the steady tendency to increase of wing loading, or weight supported 
for each square foot of wing area, and the increase in inherent aero
dynamic efficiency of the aircraft. 

It may seem very odd that a progressive increase in efficiency, 
and increasing perfection of aerodynamic form of the airplane, should 
require progressive enlargement of airports. It is of course true that 
if we were inflexibly limited to runways 2,500 ft. in length, like 
those of which we were once so proud at the Boston airport, aircraft 
could now be designed which would operate both more safely and 
more economically from such runways than any aircraft that existed 
when the Boston airport was built. But it is also true that whereas 
at that time a 2 ,500-ft. length appeared quite liberal, the designer 
is now able to offer a further large improvement in economy and 
performance if he can be assured that his aircraft will have a ma
terially greater runway length from which to take off and to which 
to return. 
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Like other engineering problems, this one permits analysis. We 
can determine the runway length required to operate any particular 
aircraft, at any pa"rticular weight. We can also study the subject in 
more general terms, with relation to large families of hypothetical 
aircraft differing from one another in particular design variables, and 
so arrive at general conclusions. I have been doing a little work on 
such a study. 

In presenting its results, I must of course issue a warning against 
the assignment of undue significance to the exact figures that they 
embody. It is the nature of such studies that the results will not 
be strictly applicable to any individual aircraft. They fulfill their 
purpose if they succeed in showing general trends, and the general 
nature and magnitude of the effects of particular changes either in 
airport or in airplane characteristics. 

My basic assumptions in the present analysis have roughly cor
responded to the pr~sent requirements of the Civil Air Regulations, 
although with some modifications and with the omission of certain of 
the regulatory provisions which would otherwise have limited the 
scope of the study. I have assumed that critical obstacles, both of 
which must be cleared in straight flight after the take-off, are SO ft. 
high and 2,000 ft. beyond the end of the runway, and 200 ft. high 
and 11,000 ft. beyond the end of the. runway, ·respectively. It is 
further assumed that the retraction of the landing-gear will be com
pleted twelve seconds after leaving the ground, and that in the event 
of an engine failure the feathering of the propeller will be completed 
30 seconds after the failure. 

I have assumed that the total effects of departures from standard 
in atmospheric conditions, in the mechanical condition of the aircraft' 
and its engine, and in piloting technique, are such as to increase 
the length of the take-off run on the ground to 20 per cent more than 
the minimum distance measured in tests, and to reduce the slope of 
the flight path thereafter by 1/50, amounting to an assumed loss of 
from 180 to 300 ft. per minute in rate of climb as compared with the 
rates of climb observed in the certification tests of the aircraft. 

The general level of aerodynamic efficiency that has been assumed 
in the computations is intended to be representative of good present
day practice, although hot the very best that is possible. 
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The three illustrations that follow (Figs. 1, 2, 3) show the 
lengths of runway required for take-off under the conditions assumed. 
Each of the charts contains three curves, corresponding to three differ
ent wing loadings, and shows how the required runway length would 
increase with increases of power loading; or number of pounds carried 
for every rated horsepower of the engine. The first of the three 
represents runway length needed on the assumption that all engines 
continue to run properly throughout the take-off. Analysis on those 
terms is primarily of military interest; for the rare incident of an 
engine failure during take-off is accepted as a normal hazard of 
military operation, but in transport service standards of safety are 
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FIG. 2. 

so high as to require that the consequences of such a failure during 
take-offs must be foreseen and fully provided against. The next two 
figures accordingly show the relations, for twin-engine and four-engine 
aircraft respectively, of the power loading and the runway length 
required to insure safety in event of the sudden stoppage of one 
engine at the most critical instant of the take-off, or at the last instant 
at which it would be possible for the pilot to bring the take-off attempt 
safely to an end by shutting off all power and stopping the airplane 
within the confines of the runway. 

The break which appears in a number of the curves corresponds 
to the point along the curve at which the presence of a 50-ft. obstacle 
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FIG. 3. 

2,000 ft. from the end of the runway becomes critical. The less 
steeply-sloped portions of the curves, to the left of the break in each 
case, represent the variation of runway length with power loading 
for hypothetical aircraft which would have so steep a climb, even with 
one engine inoperative, that they could reach a 50-ft. height in less 
than 2,000 ft. The more steeply-sloped portions, to the right of the 
break, cover conditions in which the 50-ft. climb wquld require more 
than 2,000 ft. 

A striking feature of the Cl!rves is the extreme steepness of their 
upper portions, indicative of a rapid diminution in the rate of return 
from additional increments of runway length as the basic length 
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increases. Thus for a twin-engined aircraft with a wing loading of 
25 lbs. per sq. ft., or almost exactly the wing loading of the familiar 
Douglas DC-3, an increase of runway length from 4,000 to 6,000 ft. 
would make it possible, if there were no other considerations, to 
reduce the total engine power for an aircraft of given . weight by 
about fourteen per cent. The addition of a similar increment of length 
ori an 8,000-ft. runway, however, bringing it to 10,000 ft., would only 
permit a seven per cent reduction in power. 

A reduction in power of course has other ·effects than to increase 
required runway lengths. Other things being equal, it reduces the 
speed of the aircraft; it reduces the rate oI climb; and it increases 
the pay-load, because of the reduction of powerplant weight. The 
last effect is favorable; the first two are not. To show how all these 
changes fit together, I have made computations for a number of 
hypothetical aircraft varying in wing loading and in the runway length 
required for take-off, but all designed to carry the same payload over 
a 500-mile distance. The gross weight of the aircraft required to 
carry such a load, their required take-off power, their cruising speed 
at an altitude of 10,000 ft., and their rate of climb with one engine 
stopped have been included in the tabulation. The two tables relate, 
respectively, to a group of four-engined aircraft designed to carry a 
20,000-lb. payload over a 500-mile distance and a group of twin
engined aircraft similarly designed for a 10,000-lb. payload. 

Any one of the columns in the table can be taken as basic for 
purposes of comparison among various alternative cases. Rate of 
climb, for example, may be taken as the basic factor. I believe it can 

. be stated as a general rule that a four-engined aircraft which is to 
be used in short-range passenger transport operations, with compara
tively frequent landings and take-offs, ought to have enough power 
to give it a rate of climb with one engine stopped of at least 300 ft. per 
minute with a wing loading of 2 5 lbs. per square foot, 400 ft. per min
ute, with a loading of 40 lbs., and 500 ft. per minute with a 60-lb. 
loading. It is evident from the tabulations that the runway lengths 
corresponding to those rates of climb for the three wing loadings would 
be approximately 6,000, 7,200 and 8,000 ft. respectively. A four
engined airplane with a 40-lb. wing loading which needed more than a 



CHARACTERl$TICS QF ALTERNATIVE 4-ENGINED AIRCRAFT ALL DESIGNED FOR 20,000-LB. PAYLOAD 
OVER A 500-MI. DISTANCE 

RATE OF CLIMB, ONE ENGINE 
TOTAL CRUISING INOPERATIVE, TAKE-OFF POWEk 

REQUIRED GROSS POWER SPEED AT ON REMAINDER, LA_NDING GEAR 
RUNWAY POWER WEIGHT (TAKE-OFF 10,000 RETRACTED; IDLE PROP1'LLER 

LENGTH (FT.) LOADING (LBS.) RATING) (M.P.H.) . WINDMILLING (FT. PER MIN.) 

WING LOADING-25 LBS. PER SQ. FT. 
3,000 15.3 69,000 4,500 173 600 
4,000 17.8 63,200 3,550 159 440 
6,000 20.6 59,300 2,880 143 300. 
8,000 22.4 57,200 2,550 133 240 

10,000 23. 7 56,200 2,370 126 200 
12,000 24.5 55,600 . 2,270 1·21 170 

' WING LOADING-40 LBS. PER SQ. FT. 
3,000 10.2 78,000 7,650 21~ 1,000. 
4,000 - 13.0 65,100 5,000 190 630 
6,000 14.9 60,000 4,030 172 460 
8,000 16.2 

. 
58,000 3,580 161 370 

10,000 17 .2 56,900 3,310 152 300 
12,000 17.9 56,300 . 3,150 145 270 

WING LOADING-60 LBS. PER SQ. FT. 
3,000 6.9 94,000 13,600 260 1,600 
4,000 9.0 79,000 8,800 233 1,020 
6,000 11.5 69,000 6,000 196 610 
·3,000 12.4 66,700 5,380 184 500 

10,~oo 13.1 65,000 4,960 174 420 
12,000 13.7 63,600 4,640 166 370 
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CHARACTERISTICS OF ALTERNATIVE 2-ENGINED AIRCRAFT ALL DESIGNED FOR ~0,000-LB. PAYLOAD 

OVER A. 500-MI. DISTANCE 

REQUIRED 
RUNWAY POWER 

LENGTH (FT.) LOADING 

2,000 8.7 
3,000 10.7 
4,000 11.9 
6,000 13.9 
8,000 15.3 

10,000 16.3 

2,000 3.7* 
3,000 5.5 
4,000 7 .1 
6,000 9.5 
8,000 10.9 

10,000 11.9 

GROSS 
WEIGHT 
(LBS.) 

TOTAL 
POWER 

(TAKE-OFF 
RATING) 

CRUISING 
SPEED AT 

10,000 
(M.P.H.) 

WING LOADING-25_ LBS. PER SQ. Fr._ 
63,000 7,200 219 
48,000 4,500 203 
43,000 3,600· 195 
37,j00 2,620 182 
34,700 2,270 173 
33,300 2,040 167 

WING LOADING-40 LBS. PER SQ. FT. 

95,000 17,000 275 
58,000 8,200 204 
41,600 4,400 222 
37,200 3,400 208 
34,600 2,890 201 

RATE OF CLIMB, ONE ENGINE 
INOPERATIVE, TAKE-OFF POWER 
ON REMAINDER, LANDING GEAR 
RETRACTED, IDLE PROPELLER 

WINDMILLING (FT. PER MIN.) 

670 
.440 
330 
190 
110 

60 

1,200 
790 
390 
230 
140 

*The characteristics for this case have not been incluclccl 1 as it would be impossible in the present state of the art to build a 

tranaport plane with so light a power loading. 
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7 ,200-ft. runway wouldn't have enough climb to be really safe without 
dumping fuel in case an engine stopped after it was in the air. 

If speed be taken as a criterion, three cases which happen to show 
almost exactly the same speed can be compared-those for four
engined aircraft with a wing loading of 2 5 lbs. per square foot and 
designed to use a 3,000-ft. runway, with a 40-lb. wing loading and 
designed for a 6,000-ft. runway, and with a 60-lb. wing loading 
and requiring a 10,000-ft. runway. The effect of the increase of the 
wing loading of 2 5 to 40 lbs. per square foot, while keeping the same 
speed, would be to double the runway length and to reduce the gross 
weight of the aircraft by about 13 per cent and the total power re
quired by about 10 per cent, but at the price of losing about 140 feet 
per minute of climb (from 600 to 460). A further increase of wing 
loading to 60 lbs. per square foot, still keeping, approximately the 
same speed, would increase the gross weight of the aircraft by about 
eight per cent and the engine power required by more than 20 per 
cent, while requiring another 4,000 ft. of runway length and losing 
another 40 feet per minute of climb. As among those alternatives, 
the increase of wing loading from 2 5 to 40 lbs. per square foot would 
permit a substantial increase in the economy of operation. The fur
ther increase of wing loading from 40 lbs. to 60, requiring a further 
extension of runways to 10,000 ft., would on the other hand be a 
bad bargain from every point of view, both that of the air transport 
operator and that of the city planner. For that particular set of 
conditions, it is probable that the longest runway that could actually 
be justified by improvement in the economic characteristics of the 
aircraft which it would be possible to operate would be about 6,000 ft. 

I made that comparison for an assumed cruising speed of about 
170 miles an hour, which is of course far lower than normal trans
port practice, because it gave me a point corresponding to each of 
the three wing loadings. If a cruising speed of 200 miles an hour 
at 10,000 ft. were to be taken as the fundamental specification, on 
the other hand, it would be practically impossible to produce a fou·r
engined aircraft of the general efficiency and the propeller characteris
tics assumed here that would require more than a 5,000-ft. runway, 
under the conditions that have here been assumed to determine run
way length, unless its wing loading at take-off were to be in excess 
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.of SO lbs. per square foot, or well beyond present limits. Even if the 
wing loading were in,n~a<;ed to 60 lhs pPr S<Jllarp fnot, only about a 
6;000-ft. runway should be needed for a four-engined aircraft with a 
cruising speed of 200 miles an hour. 

It would appear, in summary, that there is little to be gained in 
short-range operations from the use of four-engined aircraft which 
would require more than a; 6,000-ft. runway for take-off. 

A similar comparison for twin-engined aircraft shows that if 
the minimum allowable rate of climb with one engine stopped and 
the remaining engine operating at take-off power, with the landing 
gear retracted and the idle propeller windmilling, is to be taken as 
200 ft. per minute at a 2 5-lb. wing loading and 300 ft. per minute 
at a 40-lb. loading (which seem, quite independently of the terms 
of present regulations, to be about the minimum reasonable figures), 
the greatest runway lengths that aircraft should be designed to re
quire with the two wing loadings would be approximately 6,000 and 
7,000 ft. respectively. Again, as in the four-engined case, there seems 
to be little to be gained by designing medium-range transport aircraft 
to make use of more than a 6,000-ft. runway for take-off (including 
the proper allowance for safety in the event of an engine failure), 
and practically no gain at all from designing for more than 7,000 ft. 

The DC-3, on which very thorough tests on take-off performance 
have been made by the Civil Aeronautics Administration, would re
quire a runway length of approximately 4,600 ft. to meet the specifica
tion laid down herein with respect to the margins of safety that should 
exist in the event of an engine failure at the critical instant of the 
take-off. (The assumptions made in the present study are therefore 
substantially more conservative, at least in that case, than the existing 
regulatory requirements, which call for an approximate 4,000-ft. run
way for DC-3 take-off at full load.) The take-off power loading of 
the DC-3 at a take-off. weight of 2 S ,200 lbs., for which the distance 
of 4,600 ft. was calculated, is 10.S lbs. per horsepower; and the wing 
loading at that weight is 25.6 lbs. per square foot. The cruising speed 
at 10,000 ft. is approximately 185 m.p.h.; and the.rate of climb with 
one engine inoperative, take-off power on the remainder, the land
ing gear retracted and the idle propeller windmilling, is about 260 
ft. per minute by the Civil Aeronautics Administration tests, the 
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corresponding values obtained by interpolation from the generalized 
tabulation that I have given for twin-engined aircraft, for a required 
runway length of 4,600 ft., would be a power loading of 12 .5 lbs. 
per horsepower, a cruising speed of 191 miles per hour,· and a rate 
of climb of 280 ft. per minute. The present study therefore concludes 
that the advances in the art in the ten years since the DC-3 was de
signed should make it possible to secure take-off characteristics equal 
to those of the DC-3 in an aircraft with the same wing loading as 
the DC-3 and about 16 per cent less power. . The differences between 
the speed and the climb of the DC-3 and those read from 
the generalized tables for an hypothetical future aircraft requiring 
the same runway length are not large. They can be presented in 
the alternative form of a statement that a twin-engined aircraft now 
designed to have the same wing loading as the DC-3 and the same 
cruising speed would require about a 5,500-ft. runway instead of 
4,600 ft.; and that a machine now designed to have the same rate of 
climb as the DC-3, again with the same wing loading, would require 
a runway lengthenep. from 4,600 ft. to 5,000. The comparison is a 
concrete illustration of the sometimes surprising point that the effect 
of increase in the efficiency of aircraft has been to make a modern 
aircraft require a longer take-off run than would have been required 
by a much less efficient machine with the same speed or rate of climb. 

A similar analysis could be made for long-range operation, with 
the comparison of various alternative aircraft in terms of the pay
loads that they would carry over a distance of two or three thousand 
miles rather than over one of only five hundred. r have not actually 
prepared such a tabulation, but its general effect would be to increase 
the importance of the column of gross weights in the tabulations 
already given. It is likely to take about as large an aircraft to carry 
6,000 lbs. between Boston and London without stop as to carry a 
20,000-lb. load between Boston and Washington; and variations in 
the ratio of payload to gross weight which might have but little eco
nomic import;mr~ on the short ha11l wo11lrl bec:ome critically important 
on the Atlantic flight. It will be observed from the tabulation that the 
general tendency is for the gross weight required to handle a given 
payload to decrease steadily, though more and more slowly, as the 
required runway lerigth increases. The law of diminishing returns 
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is again in evidence. In very round numbers it appears that the effect 
of increasing runway length from 4,000 ft. to 6,000 would be to 
increase by about 30 per cent the amount of payload that could be 
carried in a non-stop trans-Atlantic operation with a four-engined 
aircraft of a given gross weight. Further increases in the runway 
length for which the aircraft was designed from 6,000 ft. to 8,000, 
10,000 and 12,000, respectively, would increase the payload by fur
ther increments of approximately 10, 5; and 2 .5 per cent. Each addi
tional 2 ,000-ft. increment would show approximately one-half as much 
beneficial effect on payload as the similar increment immediately 
preceding. 

Summarizing again, it appears that from the point of view of 
take-off requirements alone there is likely to be a pronounced advan
tage in transport economy and transport performance from increase 
of runway length up to about 6,000 ft. for medium-range operations, 
and about 8,000 ft. for long range; and that there is a diminishing 
but still quite appreciable gain from further increases up to about 
7,000 and 10,000 ft., respectively. I will at least offer those figures, 
and the methods by which they have been derived, as the target of 
r.:riticism and the possible starting-point of further analysis. 

I have omitted any consideration of mechanical assistance to the 
take-off, to accelerate the airplane up to flying speed and get it off 
the ground in a shorter distance. The general use of such aids for 
long flights, to make it possible to operate from a runway of 6,000 
to 7,000 ft. length with aircraft so loaded that they would otherwise 
need 10,000 ft, or more, is at least a substantial possibility of the 
future; but I would hardly think it wise at present to count on their 
routine use on all transport flights as reducing the desirable runway 
length to below the figures that I have suggested. 

RUNWAY REQUIREMENTS FOR LANDING 

Landing distance, assuming that the aircraft designer uses his 
full resources in securing braking efficiency, is almost exclusively 
dependent on wing loading. In the next figure (Fig. 4) I have plotted 
the length of runway likely to be required for landing in accordance 
with existing transport regulations, which require that the length of 
runway be 67 per cent greater than the distance actually used in 
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FIG. 4. 

bringing the aircraft to rest in a test, assuming the airplane to cross the 
end of the runway in its approach at an altitude of SO ft. and at a 
speed 30 per cent greater than the stalling speed. In plotting the 
curves it has been assumed that enough power is used during the 
approach to keep the rate of descent at constant air speed from 
exceeding 600 ft. per minute. Although the rate so assumed is con
servatively representative of normal practice, it is a steeper rate of 
descent than is likely to be used in connection with instrument 
landing devices, and to be safely prepared to meet instrument-landing 
requirements as they now seem most likely to develop the runway 
lengths plotted in the curves should be increased by about another 
1,000 ft. 
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The maximum wing loading allowable for landing under the 
regulations which now limit the stalling speed of transport aircraft 
is approximately 38 lbs. per square foot with ordinary flaps, and 48 
lbs. with special or variable-area flaps. The corresponding length 
of runway required for landing, as shown by the curves, would be 
about 5,100 ft. in each case. To allow for the probable development 
of instrument-landing requirements, the figure ought to be raised to 
about 6,000. · 

It would, however, be foolish to rely on present stalling speed 
requirements remaining in force throughout the life of airports now 
being planned. It is altogether likely that future improvements both 
in aircraft and in navigational and traffic control methods will make 
it safe to approach a field and land at ~ higher speed than now appears 
permissible. It is hard to set a maximum limit to the possibilities in 
that respect, since they will depend so largely upon unpredictable 
invention in the radio art; but I think it would probably be reasonable 
at least to anticipate the possibility of a 20 per cent increase in stalling 
speed within the next ten or fifteen years. If that materializes, the 
extreme runway length necessary will be increased to approximately 
7,000 ft. for landings under contact conditions and 8,000 ft. for 
instrument landings. Such increases may be offset in part by the use 
of reversible propellers for braking; and I should think it safe to 
count on 7 ,000-ft. runway as meeting all probable landing require
ments for a number of years to come, if not for the entire fifteen-year 
period after the war. 

I do not want to overstress the importance of these very long 
runways. Lengths up to about 7,000 ft. for operations over moderate 
ranges and up to 10,000 ft. for very long range seem to present dis
tinct advantages where they can be obtained. I have no doubt that 
we shall have aircraft in operation along major routes within the 
next ten years which can make good use of runways of 7,000 ft. in 
length, or even somewhat more, or in the case of the trans-oceanic 
routes up to 10,000 ft.; I hope that the typical metropolitan airline 
airport will provide such runways; and I believe that the city which 
is unable to provide at least a 6,500-ft. runway will be at some dis
advantage in seeking a place on the main· trunk routes where the air
craft of highest performance are used; but I also have no doubt that 
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. . 

as of ten years from this date there will be many aircraft in regular 
transport use, even though they may be limited to secondary services, 
which can operate with safety and with good payloads from runways 
of 4,500 ft. or less. · 
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OF GENERAL INTEREST 

PRIZES AWARDED AT ANNUAL MEETING 
ON MARCH 22, 1944 

The Desmond FitzGerald Medal 
To RALPH W. HORNE, MEMBER 

Presentation made by President Howard M. Turner 

Mr. Karl R. Kennison, Chairman of 
the Committee on Award of the Des
mond FitzGerald Award, consisting of 
Karl R. Kennison, Donald W. Taylor 
and George A. Sampson, outlined the 
purpose of this prize which was insti
tuted and endowed in 1910 by the late 
Desmond FitzGerald, a Past President 
and Honorary Member of this Society. 
This Medal is awarded annually for a 
paper presented by a member and pub
lished during the year which is ad
judged worthy of special commendation 
f_or its merit. The paper selected by 

this committee and recommended to 
the Board of Government for the 
Award was that by Ralph W. Home, 
Member, entitled "Cranston; Rhode 
Island, Builds Complete New Sewer
age Works for 53,000 People", present
ed at a Joint Meeting with the Sanitary 
Section held on January 2 7, 1943, and 
published in the April, 1943, JOURNAL. 

President Turner on behalf of the 
Board of Government presented the 
Desmond FitzGerald medal to Mr. 
Ralph W. Horne, who accepted this 
award with appropriate remarks. 

The Hydraulics Section Prize 
To PROF. THOMAS R. CAMP, MEMBER 

Presentation made by President Howard M. Turner 

Mr. George A. Sampson, Chairman 
of the Hydraulics Section Prize Award 
Committee, consisting of George A. 
Sampson, Harry P. B"urden and C. 
Frederick Joy, outlined the purpose of 
the Hvdraulics Section Prize which was 
autho;ized by the Board of Govern
ment in 1924 to be given for a worthy 
paper given in a Section by a member 
of the Section. 

The paper selected was entitled 
"Velocity Gradients and Internal Work 
in Fluid Motion", by Prof. Thomas R. 

Camp and P. Charles Stein (Co
authors) members, presented at a Joint 
Meeting with the Sanitary and Hydrau
lics Sections, held on May 19, 1943, 
and published in the October, 1943, 
JOURNAL. The prize consisted of the 
following books: 

"The Collected Works of J. Willard 
Gibbs", Vol. 1 and 2 

"Pumps", by F. A. Kristal and F. A. 
Annett 

"Fluid Mechanics", by R. A. Dodge 
and M. J. Thompson 
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Clemens Herschel Award 
To PRoF. WrLL•IAM C. WHITE 

Presentation made by President Howard M. Turner 

Mr. Karl R. Kennison outlined the 
purpose of the Clemens Herschel 
Award which was established by a gift 
from the late Clemens Herschel, a Past 
President and Honorary Member of 
the Society, and is awarded for a paper 
which has been particularly useful and 
commendable and worthy of recogni
tion. This year the prize was awarded 
to Prof. William C. White, for his pa
per on "Engineering Edu cation-Yes-

terday, Today and Tomorrow", pre
sented at the Annual Meeting of the 
Society held on March 1 7, 1943, and 
published in the April, 1943, JOURNAL. 
The prize consisted of the following 
books: 

"The Birds of America", by J. J. 
Audubon 

"Growth of the American Republic", 
by Morison & Commager. 

ACTIVITIES OF MEMBERS 

Thomas R. Camp, Member, has re
signed from the faculty of the Massa
chusetts Institute of Technology to open 
offices for full-time practice as a con
sulting engineer. He will specialize in 
water works, sewage works, municipal 
and industrial wastes, stream sanitation 
and flood control. 

Mr. Camp is a graduate of Texas 
A. &j M. College, Class of 1916, and re
ceived a master's degree from M.I.T. 
in 192 5. For twenty-five years he has 
specialized in hydraulic and sanitary en
gineering, and for the past 15 years has 
been in charge of sanitary enirineering 
at M.I.T. He is the author of 35 scien
tific and technical papers and discus-

sions, including three sections in Davis' 
"Handbook of Applied Hydraulics", 
dealing with water supplies, water dis
tribution and water treatment. He is 
active in research and development 
work, being the holder of five patents 
in the field of water and sewage treat
ment. He holds membership in numer
ous engineering and technical societies, 
and is active in committee work. He 
was the first recipient of the Karl Emil 
Hilgard Hydraulic Prize of the Ameri
can Society of Civil Engineers, and has 
received both the Hydraulics Section 
and Sanitary Section prizes of the Bos
ton Society of Civil Engineers. 

PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETINGS 
Boston Society of Civil Engineers 

JANUARY 26, 1944.-A regular meet
ing of the Boston Society of· Civil En
irineers was held this evening at the 
Auditorium, New Building, North-

eastern University and was called to 
order by the President, Howard M. 
Turner. This was a Joint Meeting with 
the Designers Section B.S.C.E. One 
hundred members attended the meeting 
and eiqhty-nine· attended the dinner. 

President Turner announced the 
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death of the following members: 

Edward P. Adams, who was elected 
a member October 17, 1883, and 
who died December 24, 1943. 

George M. Warren, who was elected 
a member February 1 7, 189 7, and 
who died December 12, 1943. 

Prof. John W. Howard, who was 
elected a member September 16, 
1914, and who died January 25, 
1944. 

President Turner announced that the 
February meeting would be held at the 
Boston City Club, the speaker to be 
Brigadier General C. L. Sturdevant, 
Assistant Chief of Engineers for War 
Planning, Washington, D. C. 

President Turner called upon Mr. 
Herman G. Protze, Chairman of De
signers Section, to carry on any neces
sary business for that section. 

President Turner then introduced the 
speaker of the evening, Mr. Joseph 
Townsend Hull Superintendent of 
Bethlehe~ - Hingham Shipyard, who 
gave a particularly interesting talk on 
"Modern Ship Construction". The talk 
was illustrated with numerous lantern 
slides indicating the layout of various 
features of the shipbuilding plant as 
the means for securing quantity pro
duction. 

The speaker was given a rising vote 
of thanks. 

Adjourned at 9:00 P.M. 
EVERETT N. HUTCHINS, Secretary 

FEBRUARY 16 1944.-A regular meet
ing of the B~ston ~ociety. of _ Civil 
Engineers was held this evenmg m the 
Auditorium, B"oston City Club, 14 
Somerset Street, Boston, and was called 
to order by President Howard M. 
Turner. Two hundred twenty members 
and guests attended this meeting. Two 
hundred three persons attended the 
dinner preceding the meeting. __ 

The American Society of Military 

Engineers, Boston Post, were extended 
an invitation to attend this meeting. 

President Turner announced the 
death of the following members: 

Roland N. Cutter, who was elected 
a member February 15, 1893, and 
who died January 28, 1944. 

Daniel P. Kelley, who was elected a 
member October 20, 1909, and who 
died December 29, 1943. 

David A. Harrington, who was elect
ed a member March 19, 1890, and 
who died January 31, 1944. 

The Secretary announced the election 
of the following members on this date: 

Grade of Member: Albert A. Adel
man Warren S. Daniels, John L. 
Doh~rty, Leo E. Gaudette, Edwin M. 
Howard, William W. Lundgren, Roye 
A. Mulholland. 

Grade of Junior: Robert H. Brown*, 
Richard M. Burbank*, Paul W. Cam
eron*, Ernest A. DeVeuve*, George B. 
Fay*, Richard P. Heffernan*, John G. 
Jarnis*, Esa M. Khoury*, Joseph C. 
Lawler*, Joseph W. Lavin*, Edwa_r~ F. 
Lobacz* Richard A. Morse*, Wilham 
C. Pett:rson*, John W. Wiita*. 

President Turner stated that with the 
approval of the Board of Government 
the date of the Annual Meeting has 
been changed from March 15, 1944 to 
March 22, 1944, to accommodate the 
speaker, Dr. Edward P. Warner. 

The President introduced the speak
er of the evening, Brigadier General c;. 
L. Sturdevant, Assistant Chief of Engi
neers for War Planning, Washington, 
D. C., who gave an extremely inter
esting talk on '.'Construction in Over
seas Theatres". The talk was illustrated 
by slides and also movies. _ 

A rising vote of thanks was given the 
speaker. 

Adjourned at 8:45 P.M. 
EVERETT N. HUTCHINS, Secretary 

*Transfer from Grade of Student. 
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MARCH 22, 1944.-The ninety-sixth 
annual meeting of the Boston Society 
of Civil Engineers was held today at 
the Boston City Club, Auditorium, and 
was called to order at 4:30 P.M., by-the 
President, Howard M. Turner. 

President Turner announced the 
death of the follo~ing members: 

Paul L. Bean, who was elected a 
member February 20, 1925, and 
who died January 29, 1944. 
Albert F. Sargent, who was elected 
a member March 21, 1894, and who 
died January 1, 1944. 

The minutes of all previous meetings 
of the current fiscal year which have 
been printed in the various issues of the 
JOURNAL were approved as printed. 

The Secretary reported the election 
of the following members on this date: 

Grade of St1edent: R.H. Olney, S. J. 
Pattison, I. A. B'enjamin, E. J. Galten, 
G. H. Searles, W. N. Maravell, R. J. 
Markell, A. M. Clericuzio, A. Hebert, 
M. M. Kay, E.W. Murphy, R. Wool
dridge, R. H. Jones, J. M. Campbell, 
J. Sikora, B. F. Colton, N. Kopsiaftis, 
A. J. Urban, B. Koiner, J. A. Johnson, 
E. Schwartz. 

The Annual Reports of the Board of 
Government, Treasurer, Secretary, and 
Auditors were presented. Reports were 
also made by the following committees: 
Social Activities, Subsoils of Boston, 
Welfare, Library, and John R. Freeman 
Fund. 

VOTED that the reports be accepted 
with thanks and placed on file, and that 
they be printed in the April, 1944, 
JOURNAL. 

VOTED that the incoming Board of 
Government be authorized to appoint 
such Committees as it deems desirable. 

The report of the Tellers of Elec
tion, Charles C. McDonald and Ralph 
M. Soule, was presented and in ac
cordance therewith the President de-

dared the following had been elected 
officers for the ensuing year. 

President-Samuel M. Ellsworth 
Vice-President (for one year)

Harry P. Burden 
Vice-President (for two years)

Carroll A. Farwell 
Secretary (for one year)-Everett 

N. Hutchins 
Treasurer (for one year)-Chester 

J. Ginder 
Directors (for two years)-Albert 

E. Kleinert, Henry A. Mohr 
Nominating Committee (for two 

years)-Raymond W. Coburn, 
Lawrence M. Gentleman, Donald 
W. Taylor. 

The retiring President, Howard H. 
Turner, then gave his address on 
"Domestic Electric Rates". 

Sixty members attended this part of 
the meeting. 

The meeting adjourned to assemble 
at 7 :45 P.M., the Annual Dinner being 
held during the interim. 

The President then called the meet
ing to order. 

New Honorary Member 
President Turner announced that 

Honorary Membership in the Society 
had been conferred on one of the So
ciety's distinguished members, by vote 
of the B·oard of Government on Jan
uary 26, 1944, to Mr. Arthur T. Saf
ford, who became a member on Decem
ber 21, 1892, and was President of the 
Society, 1934-3 5. 

Presentation of the certificate of 
Honorary Membership was made by 
President Turner. The certificate reads 
as follows: 

BOSTON SOCIETY OF CIVIL 
ENGINEERS 

ARTHUR TRUMAN SAFFORD 
for many years engineer for the 
water power at Lowell where he 
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ably upheld a great hydraulic tra
dition, a consulting hydraulic en
gineer whose advice is widely 
sought on much important work 

has been duly elected an 

HONORARY MEMBER 
By direction of the Board of 

Government 
January 26, 1944 

(Seal) 
Everett N. Hutchins, Secretary 
Howard M. Turner, President 

Presentation of Prizes 

President Turner requested Past Pres
ident Karl R.- Kennison, Chairman of 
the Committee on the Award of the 
Desmond FitzGerald Medal to outline 
the purpose of this award and to pre
sent the candidate for the award. 
President Turner then on behalf of 
the Society made the presentation of 
the medal to Ralph W. Horne, Past 
President, for his paper on "Cranston, 
Rhode Island, Builds Complete New 
Sewerage Works for 53,000 People", 
presented at a Joint Meeting of the 
Society with the Sanitary Section held 
on January 27, 1943, and published in 
the April, 1943, JOURNAL. 

The President requested Mr. George 
A. Sampson, Chairman of Hydraulics 
Section Prize Award Committee to out
line the purpose of the Section Prize. 
The President then on behalf of the 
Society presented to Prof. Thomas R. 
Camp, Member, the Hydraulics Section 
Prize, which consisted of books as 
follows: 

"The Collected Works of J. Wil
lard Gibbs". Vols. I and II. 

"Pumps", by F. A. Kristal and F. 
A. Annett. 

"Fluid Mechanics", by R. A. 
Dodge and M. J. Thompson. 

The President requested Karl R. 

Kennison to outline the purpose of 
the Clemens Herschel Prize. The 
President then presented the Herschel 
Prize to William C. White, for his 
paper on "Engineering Education-Yes
terday, Today and Tomorrow" pre
sented at a meeting of the Society held 
on March 17, 1943, and published in 
the April, 1943, JOURNAL. The prize 
consisted of books as follows: 

"Growth of the American Repub
lic", by Morison & Comm ager. 

, "Birds of America", by J. J. 
Audubon. 

President Turner then introduced the 
guest speaker, Dr. Edward P. War
ner, Vice-Chairman, Civil Aeronautics 
Board, Washington, D. C. 

Dr. Edward P. Warner_.:_Harvard, 
A.B. 1916; Massachusetts Institute of 
Technology, B·.s., 1917, and M.S., in 
1919; Professor Aeronautical Engineer
ing, M. I. T., 1920-26; Assistant Sec
retary of the Navy for Aeronautics, 
1926-29; Vice-Chairman, Federal Avi
ation Commission, 1934-35; Vice
Chairman, Civil Aeronautics Board 
since 1940; Honorary Fellow, Royal 
Aeronautics Society, London. 

Dr. \,Varner's address, "The Develop
ment and Forecasting of Airport Re
quirements", dealt with the considera
tions that have controlled, and will con
trol, the size of airports, and with the 
relations of airport planning to city 
planning and to traffic requirements, as 
well as to considerations of opera
tional economy and efficiency. Al 
though the address covered primarily 
airports for transport aircraft, the pros
pective needs of other types of flying 
were described. The talk was illus
trated by stereopticon slides and was 
especially interesting. 

At the conclusion of this address, 
President Turner introduced the newly 
elected President, Samuel M. Ellsworth, 
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who then assumed the chair and ad
journed the meeting at 9: 30 P .M. 

Two hundred thirty-two members and 
guests attended the dinner. Among the 
guests were Mr. George W. Schryver, 
Associate Commissioner, Massachusetts 
Department of Public Works; Mr. Ar
thur Tully, Director, Massachusetts 
Aeronautics Commission. 

Meeting adjourned at 9 :30 P.M. 
EVERETT N. HUTCHINS, Secretary 

SANITARY SECTION 
DECEMBER 15, 1943.-The Sanitary 

Section met jointly with the B"oston 
Society of Civil Engineers at the 
Twentieth Century Club on December 
15, 1943. Dinner was served at 6: 30 
P.M. and the meeting began at about 
7 :45 P.M. Following the business 
meeting of the main society the Sani
tary Section conducted a business 
meeting, the results of which were as 
follows: 

It was voted to accept the resigna
tions of Messrs, Edwin B. Cobb and 
Kenneth Knowlton, dated November 9 
and 7, 1943, respectively. Mr. Cobb 
had resigned to enter the United States 
Naval Reserve and Mr. Knowlton to 
enter the United States Army. It was 
voted that the chairman should appoint 
a nominating committee to recommend 
candidates for the office of Vice-Chair
man of the Section, formerly filled by 
Mr. Cobb, and of clerk, formerly filled 
by Mr. Knowlton. The chairman ap
pointed a nominating committee as 
follows: 

Ralph M. Soule, Chairman 
C. F. Joy, Jr. 
G. W. Coffin 
C. 0. Baird 

Mr. C. F. Joy reported for the nomi
nating committee as follows: 

Mr. Murray H. Mellish for Vice
Chairman 

Mr. George C. Houser, for Clerk 

It was voted that nominations be 
closed and then it was voted that the 
chairman should cast one ballot for the 
two nominees. 

The principal speaker, Mr. Seth G. 
Hess, Director and Chief Engineer of 
the Interstate Sanitation Commission 
(for New York, New Jersey and 
Connecticut) delivered a paper entitled 
"Interstate Agreements for Pollution 
Abatements". Mr. Hess described the 
formation and functioning of the Inter
state Sanitation Commission and of 
other similar commissions. The paper 
was discussed principally by a guest of 
the Society, Mr. Warren Scott, Chief 
Engineer of the Department of Health 
of the state of Connecticut. Follow
ing a considerable general discussion, 
the meeting adjourned at about 9 
o'clock. Thirty members were in 
attendance. 

W. L. HYLAND, Chairman 

FEBRUARY 10, 1944.-A meeting of 
the Sanitary Section was held at the 
Society Rooms at 7 p.m., following an 
informal dinner gathering at Patten's 
Restaurant. Twenty-seven persons at
tended the meeting, with seventeen at 
the dinner. 

It was voted that the Chairman 
should appoint a Nominating Commit
tee to recommend candidates for offi
cers of the Section and members of 
the Executive Committee for the year 
beginning March 1,. 1944. 

The speaker of the evening was Mr. 
George W. Coffin, Engineer, Boston, 
who presented a paper entitled "Water 
Supply and Sewage Disposal at Certain 
Outlying Airfields in Southern New 
England". After a considerable general 
discussion, the meeting adjourned about 
8:35 p.m. 

GEORGE C. HousER, Clerk 
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MARCH 1, 1944.-A meeting of the 
Sanitary Section was held this evening 
at the Society Rooms at 7 :35 p.m., fol
lowing an informal dinner gathering at 
Patten's Restaurant. Thirty-one persons 
attended the meeting with twenty
seven at the dinner. 

The Chairman read the report of the 
Nominating Committee, consisting of 
R. M. Soule, Chairman, C. 0. Baird, 
G. W. Coffin and C. F. Joy, submitting 
the following nominations for officers 
for the ensuing year: 

Chairman-Frederick S. Gibbs 
Vice-Chairman-Murray H. Mellish 
Clerk-George C. Houser 
Executive Committee-

George F. Brousseau 
Allen J. Burdoin 
William L. Hyland 

Upon motion duly made and second
ed, it was voted that the Clerk cast 
one ballot for the list of nominees 
submitted by the Nominating Com
mittee. 

The speaker of the evening was Mr. 
Philip B. Streander, Consulting Sani
tary Engineer, who is associated with 
Stone & Webster Engineering Corpora
tion. Mr. Streander presented a paper 
entitled "Some Interesting Features of 
Sewage Plant Design". Mr. Streander 
spoke about many of the appurtenances 
which are usually overlooked in a pa
per on sewage treatment works, but 
which are nevertheless important fea
tures of the plant. Among the sub
jects discussed were the following: 
operation of constant-speed and vari
able-speed pumps, methods of with
drawal of grease from settling tanks, 
and the maintenance and operation of 
effluent filters. After a considerable 
general discussion, the speaker was giv
en a rising vote of thanks and the 
meeting adjourned about 9 p.m. 

GEORGE C. HOUSER, Clerk 

DESIGNERS' SECTION 
JANUARY 26, 1944.-A joint meeting 

with the main Society, preceded by a 
dinner, was held at Northeastern Uni
versity this evening, President Howard 
M. Turner presiding. Chairman Her
man G. Protze transacted the business 
of the Designers' Section. It was voted 
to authorize the Chairman to appoint 
a Nominating Committee to prepare a 
slate of officers for the ensuing year. 
The Chairman thereupon appointed 
Emil A. Gramstorff, John B. Wilbur, 
and Kimball R. Garland to constitute 
such a committee and requested that 
a report be submitted at the next regu
lar meeting. 

The scheduled speaker for the eve
ning was unable to attend and in his 
place Mr. Townsend, Superintendent of 
the Hull Division of the Bethlehem
Hingham Shipyard gave an illustrated 
talk on "Modern Ship Construction." 

The attendance was 100 members 
and guests. 

The meeting adjourned at 8 :45 P.M. 
EUGENE MIRABELLI, Clerk 

FEBRUARY 9, 1944.-A regular month
ly meeting of the Designers Section 
was held in the Society Rooms this 
evening starting at 6:45 P.M., with 
Chairman Herman G. Protze presiding. 
T]:ie minutes of the two previous meet
ings were approved as read. 

The nominating committee submitted 
the following slate of officers for the 
coming year: 

Chairman-Lawrence M. Gentlemen 
Vice-Chairman-Eugene Mirabelli 
Clerk-Frank L. Lincoln 
Executive Committee-

Earl R. Baker 
Dean Peabody, Jr. 
Henry I. Wyner 

These nominations were accepted by 
the Chairman and placed on file for 
further action. 
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The speaker for the evening was Mr. 
Eric P. Muntz of Montreal, Canada, 
who gave an illustrated talk on "Pre
stressed Concrete Structures." 

There was an attendance of 80 mem
bers and guests. 

The meeting adjourned at 10:00 P.M. 

EUGENE MIRABELLI, Clerk 

MARCH 8, 1944.-The Annual Meet
ing of the Designers Section was held 
in the Society Rooms on March 8, 
1944, starting at 6 :45 P.M. with 
Chairman Herman G. Protze presid
ing. The report of the previous meet
ing was approved as read. The report 
of the Executive Committee cover
ing the activities of the Section for the 
past year was read and approved. 

The Nominating Committee submit
ted a final report and the following 
officers were elected for the ensuing 
year: 

Chairman-Lawrence M. Gentleman 
Vice-Chairman-Eugene Mirabelli 
Clerk-Frank L. Lincoln· 
Executive Committee-

Earl R. Baker 
Dean Peabody 
Henry I. Wyner 

The speaker for the evening was Mr. 
F. L. Lawton, Assistant Chief Engi
neer, Aluminum Co. of Canada, who 
gave an illustrated talk on the "Design 
and Construction of the Shipshaw 
Hydroelectric Development". 

There was an attendance of 60 mem
bers and guests. 

The meeting adjourned at 9 :00 P.M. 

FRANK L. LINCOLN, Clerk 

HIGHWAY SECTION 
FEBRUARY 23, 1944.-A meeting of 

the Highway Section of the Boston 
Society of Civil Engineers was held in 
the Society rooms, 715 Tremont Tem
ple, Boston, Mass. 

The meeting was called to order by 
the Chairman, Mr. Edgar F. Capell, 
at 7: 10 P.M. The Chairman called for 
the report of the nominating commit
tee as the first business of the evening. 
The clerk then read this report which 
submitted the names of the following 
members as candidates for office for 
the coming year: 

Chairman-Charles 0. Baird, Jr. 
Vice-Chairman-

William C. Paxton, Jr. 
Clerk-George W. Hankinson 
Executive Committee

Thomas C. Coleman 
Francis J. Crandall 
Hermon S. Swartz 

Further nominations were asked for 
and there being none it was moved, 
seconded, and carried unanimously that 
the clerk cast one ballot for the above 
officers who were thereupon declared 
elected. 

The general subject of the meeting, 
"The Alaska Highway," was introduced 
with a showing of sound moving pic
tures by Mr. C. E. Copp, of the B. F. 
Goodrich Co., who furnished the pic
tures and the projector. 

The Chairman then introduced the 
speaker of the evening, Mr. Hans E. 
Bernt, General Manager of the David 
Nassif Company, who held one of the 
contracts on the project. Mr. B'ernt 
gave an intimate account of his experi
ences in connection with this project, 
illustrating his account with colored 
moving pictures taken during the work 
showing portions of the road and the 
rugged and primitive nature of the ter
rain which it traversed. 

Following the talk, additional sound 
moving pictures were shown by Mr. 
John R. Perkins. These pictures illus
trated construction work on the Alaska 
Highway Project and also the Alcan
Canol Project, incidentally depicting 
the versatility of heavy earth moving 
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equipment in construction work of this 
type. 

The meeting closed with a rising vote 
of thanks to the speaker of the eve
ning and those who furnished the pic
tures and equipment. 

The meeting adjourned at 9: 50 P.M. 
Attendance 67. 

THOMAS C. COLEMAN' 
Acting Clerk 

HYDRAULICS SECTION 
FEBRUARY 2, 1944.-A meeting of 

the Hydraulics Section was held at the 
Society Rooms today. During the busi
ness meeting, conducted by Chairman 
William F. Covil, the following officers 
were elected to serve during the next 
year: 

Chairman-Allen J. B"urdoin 
Vice-Chairman-

Charles C. McDonald 
Executive Committee

Kenneth C. Reynolds 
Julian H. White 
John G. W. Thomas 

Clerk-Harold A. Thomas, Jr. 

The speaker was Mr. Allen J. Bur
doin of Metcalf and Eddy, who pre
sented a paper prepared by Lt. Edwin 
B. Cobb, U.S.N.R., entitled "Flow of 
Water in Network Piping Systems". In 
the paper the Hardy Cross method f?r 
the solution of the flow of water m 
distribution systems was reviewed. Of 
the various means of facilitating the 
solution, the most significant was the 
use of the Darcy-Weisbach formula. 
Extensive tables and curves of friction 
factors were presented and analyzed. 

In a prepared discussion, Mr. Bur
doin extended and amplified some of 
the salient points by the author. 

After a period of discussion the 
meeting was adjourned. 

Twenty-four members and guests 
attended. 

HAROLD A. THOMAS, Clerk 

NORTHEASTERN UNIVER
SITY SECTION 

JANUARY 26, 1944.-A Joint Meeting 
of the Northeastern University Section, 
Boston Society of Civil Engineers, with 
the Boston Society of Civil Engineers 
and the Designers Section of B.S.C.E. 
was held this evening. 

Dinner was served in the University 
Commons at 6 :00 P.M. Seventeen 
students were present as hosts to the 
Boston Society of Civil Engineers and 
the Designers Section of B.S.C.E. After 
dinner, the meeting was adjourned to 
Room 228, New Building at 7:15 P.M. 

The business meeting of the Boston 
Society of Civil Engineers was con
ducted by President, Howard M. 
Turner. Mr. Turner then turned the 
meeting over to Mr. Herman G. Protze, 
Chairman of the Designers Section of 
the B.S.C.E., for Section business. 

Mr. Turner introduced the speaker 
for the evening, Mr. Townsend, super
intendent of hulls at Bethlehem-Hing
ham Shipyards, who spoke in place of 
Mr. Samuel M. Wakeman, general 
manager of Bethlehem-Hingham Ship
yards, who was unable to attend the 
meeting. His subject was "Modern 
Ship Construction." 

Mr. Townsend gave a general de
scription of the design and construction 
of prefabricated hulls. The discussion 
centered around the steel mill where 
all the prefabrication takes place. Slides 
were shown illustrating the arrange
ment of the machinery and jigs in the 
steel mills. Additional slides showed the 
general yard layout and the laying of 
the keel and launching of D.E. 3091. 
After his illustrated lecture of hull 
construction and ship building, ques
tions were asked by the members of 
the Society. 

The meeting adjourned at 8: 45 P .M. 

PHILIP A. FRIZZELL, Secretary 
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MARCH 16, 1944.-Dinner was held 
at the Lobster Claw at 6 :00 p.m. 
Eighteen persons were present, includ
ing six guests and faculty members. 
After dinner the meeting adjourned to 
Room 228, New Building. 

The meeting was opened at 7 :00 p.m., 
by the President, Henry J. Bishop who 
conducted the business of the meeting. 
Mr. Bishop then introduced the speak
er for the eveping, Mr. Hans Bernt, 
General Manager of the David Massif 
Construction Company, who gave an 
illustrated lecture on "The Alaskan 
Military Highway". 

Mr. Bernt gave some of the high
lights of the construction of the Alas
kan Military Highway, stressing the 
hardships which the men had to endure. 
After a short speech, movies were 
shown. The first reel illustrated the 
connection of the highway with the 
bombing ·of Pearl Harbor and the re
sults that were hoped to be obtained. 
Subsequent reels gave a picture of the 
construction and showed much of the 
scenic beauty of the Yukon country. 
The meeting was informal and the audi
ence was free to ask questions at any 
time. 

The meeting adjourned at 9:30 p.m. 
Seventy persons attended the meeting. 

Respectfully submitted,· 
PHILIP A. FRIZZELL, Secretary 

APPLICATIONS FOR 
MEMBERSHIP 
[March 20, 1944 J 

The By-Laws provide that the Board 
of Government shall consider applica
tions for membership with reference 
to the eligibility of each candidate for 
admission and shall determine the prop
er grade of membership to which he is 
entitled. 

The Board must depend largely upon 
the members of the Society for the 
information which will enable it to ar-

rive at a just conclusion. Every mem
ber is therefore urged to communicate 
promptly any facts in relation to the 
personal character ,or professional repu
tation and experience of the candidates 
which will assist the Board in its con
sideration. Communications relating to 
applicants are considered by the Board 
as strictly confidential. 

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

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

For Admission 
RALPH J. CODE, Roxbury, Mass. (b. 

February 12, 1892, North Dakota.) 
University of Minnesota, 1915; Lowell 
Institute, 1932; surveying; Massachu
setts Nautical Training School 1919-20, 
navigation; 1926-1927, general con
tracting, 1332 Tremont Street; 1927-
1942, Public Works Administration, 
field engineer in charge of organization 
and activities of engineering field par
ties in Massachusetts, triangulation, 
airport layout, topographical map sur
veys and making hydrographic surveys 
and precise leveling; 1942, Platt Con
tracting Company, Inc., Newport, 
Rhode Island, chief of party, naval con
struction layout; 1943, Walsh Con
struction Company, Providence, R. I., 
docks, buildings and earth stabilization. 
Refers to J. D. Guertin, D. 1Vloore, 
H. G. Protze, R. S. Slayter. H. M. 
Turner. 

Malachy T. Coughlan, Charlestown, 
Mass. (b. August 1, 1915, Harborgrace, 
Newfoundland). Attended Lowell In
stitute, M. I. T. receiving certificate. 
Experience, 1936-1938, instrumentman 
with the Works Progress Administra
tion under Army Engineers; 1938-1939, 
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Civil Engineering Aid with the Metro
politan District Water Supply Commis
sion; 1939-1944, inspector of engineer
ing materials (Senior) with Navy De
partment. Refers to J. Cavazzoni, W. 
F. Condon, 3rd, S. M. Dore, G. Hyland. 

Norman D. Hall, Greenwood, Mass. 
(b. October 14, 1905, Greenwood, 
Mass.) Graduated from Medford High 
School in 1926. Took drafting course 
at Massachusetts Institute of Tech
nology in 1942. Experience, August 
1926 to December, 1926, Common
wealth of Massachusetts, Department 
of Public Health, rodman, land and 
topography surveys. January, 192 7, to 
present date, Commonwealth of Massa
chusetts, Metropolitan District Water 
Supply Commission,-January, 1927, to 
September, 1928, rodman, land and 
topography surveys; Quabbin Reservoir 
Area, Enfield, Mass;· instrumentman, 
September, 1928, to September, 1936,
chemical laboratories, Springfield and 
Enfield, Mass., in charge of sampling 
boat and the collecting of river samples 
from the Connecticut River and tribu
taries within the State of Massachu
setts. Also assisting with sanitary sur
veys in the field and chemical analyses 
in the laboratory. October, 1926, to 
December, 1941, soil testing labora
tories, Enfield and Belchertown, Mass. 
October, 1936, to June, 1938, Senior 
Engineering Aid. June, 1938, to pres
ent date, Junior Civil Engineer. Work 
consisted of mechanical soil analyses, 
Winsor Dam and the testing of concrete 
aggregates. January, 1942, to present 
date, Boston Office, General engineer
ing and laboratory work. Refers to 
W. F. Covil, S. M. Dore, C. J. Ginder, 
F. Griffin, K. R. Kennison. 

WILLIAM G. HORTON, Belmont, Mass. 
(b. October 21, 1890, Chicago, Illi
nois.) Received degree, B'achelor of 
Mechancal Engineering, University of 

Arkansas, Fayetteville, Arkansas, in 
1916. Experience, 1917-1921, General 
Electric Company, Lynn, Mass., turbine 
test and service engineer; 1921-192 2, 
Chicago Pneumatic Tool Company, 
Franklin, Pa., service engineer; 1922-
1924, Harvard Engineering School, in
structor in mechanical engineering; 
1924-1929, Boston Edison Company, in 
charge of mechanical and structural 
drafting; 1930-1931, Merrimac Chemi
cal Company, Everett, Mass., assistant 
designing engineer on general program 
of plant expansion; 1932-1935, work on 
engineering report on which litigation 
involving a claim for damages to the 
Barre Wool Combing Company, c.aused 
by diversion of water from the Ware 
River, was based. During the same 
period did electrical design work for 
D. P. Eames, Consulting Engineer; 
1935, Metcalf & Eddy, Boston, design 
of heating system for Lawrence Water 
Works Buildings; 1935-1936, Jackson 
& Moreland, Boston, design of steam 
distribution for Old Harbor Village; 
1937, Westcott & Mapes, New Haven, 
Conn., report on future· development of 
plant of United Illuminating Company, 
New Haven and Bridgeport; 1937-
1938, Jackson & Moreland, reports; 
1938-1939, Alfred Kellogg, Boston, 
Heating and Ventilating design. 1929-
1941, Westcott & Mapes, power plant 
design; 1931-1943, Fay, Spofford & 
Thorndike, Boston, design of mechani
cal facilities for Newfoundland Army 
Base. Refers to D. M. Brown, E. S. 
C!tase, G. C. Douglas, K. R. Garland, 
TV. L. Hyland. 

JAMES N. PRIEST, Brookline, Mass. 
(b. December 14, 1903, Nelson, N. H.) 
Kimball Union Academy, Northeastern 
University Evening Polytechnic (1 
year), Lowell Institute (M.I.T.), Tufts 
College, specializing in structural design 
and detail; Tufts College, specializing 
timber and concrete design. Experi-
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ence, New Hampshire .State Highway, 
survey, June to September, 1920 and 
1921; New York, New Haven and 
Hartford Railroad Division Engineers 
Office, field and office, 19 22-19 2 S ; De-· 
troit Steel Products Co., 1925-1927, 
layout and detail estimating, construc
tion engineer; 1927-1941, business for 
self, sales engineer, engineering and 
detail service for Architects and Manu
facturers Representative for Groisser 
& Shlager, February, 1941 - October, 
1941, layout and detail of structural 
steel for fabrication and erection, 
Lyon's Iron Works Inc., October, 1941- . 
September, 1942, design, layout arid de
tail of structural steel; Chas. T. Main, 
Inc., September, 1942 - April, 1943, 
structural computor and detail of re
inforced concrete. April, 1943 to date, 
Shreve·,, Lamb & Harmon, Fay, Spof
ford & Thorndike, field engineer. Re
fers to C. N. Cann, L. NI. Gentlemen, 
F. L. Heaney, W. L. Hyland, M. H. 
Mellish. 

FRANK K. PERKINS, Newton, Mass. 
(b.· October 6; 1891, Brooklyn, New 
York.) Graduate Civil Engineer, Cor
nell University, Class of 1912. LaSalle 
Extension University, course in higher 
accounting,· completed, 1921; Massa
chusetts Institute of Technology, Spe
cial Naval 'Architecture War Course, 
1943. Experience, 1912-1914, on Con
struction of New York, Westchester & 
Boston Railroad, main office, New York 
City, Civil engineer in office and field 
and. some design, but mostly supervi
sion of construction; 1912-t9 l 9, Junior 
engineer on construction .of New Yo'rk 
.subways, · principal assistant in field, 
and some office work; 1917-1919, Offi
cer in U. S. Army Engineers; 1919-
1923, Head of Perkins and Kuzmier, 
Civil Engineers, small general P,ractice 
involving design and supervision of 
construction, surveys, etc. Since 192 3 
have been out of. straight engineering . 

\\;ork, although for most of the time 
was in semi-technical work in the truck 
,business as transportation engineer and 
manager of various branch offices. For 
last ten years. have been running a 
rather unique business of my own, do
ing newspaper columns and writing and 
lecturing on contract bridge and other 
games. Home paper is Boston Herald
Travelcr. At present at Boston Navy 
Yard as naval architect. Refers to 
T. R. Camp, E. N. Hutchins, H. M. 
Turner. 

JOHN F. SHEA, Framingham, Mass. 
(b. September 18, 1913, Mattapan, 
Mass.) Graduated from Northeastern 
. University in 193 7, received B.S. de
gree in Civil Engineering. Experience, 
September, 1937, to April, 1941, with 
Hardware Mutual Casualty Company, 
Boston, Mass. At t:his time called into 
active duty in' the Officers' Reserve 
Corps of the U. S. Army, stationed at 
Camp Edwards as Assistant Post Engi
neer from April,. 1941 to July, 1943, 
and was then transferred to Headquar
ters First Service Command, Office of 
the Service Command Engineer for du
ty as Assistant in Repairs and Utilities 
Work. Was transferred to the Cushing 
General Hospital, Framingham, Mass., 
in September 1943. At present, Post 
Engineer at the Cushing General Hos
pital, Framingham, Mass. Refers to 
C. 0. Baird, A. E. Everett, E. A. 
Gramstorff. 

Transfer from Grade of Junior 
. CHARLES G. HuNT, JR., Plainfield, 
N. J. (b. September 6, 1915, Newton, 
Mass.) Graduated from Northeastern 
University .in 1939, with degree of B'.S. 
in Civil Engineering. Experience, 1935-
1938, City of Newton Engineering De
partment, as rodman and instrument
man; 1939, Junior engineering aid 
for Metropolitan District Commission 
(Sewer Division). After graduation 



PROCEEDINGS OF THE SOCIETY 12) 

employed by Metropolitan District 
Water Supply Commission as transit
man on construction of tunnel section 
of New Aqueduct in Southborough; 
1940-1943, employed by The Austin 
Company, Engineers & Builders, as 
construction engineer on . Industrial 
Building projects in Pennsylvania, New 
Jersey, New York and. Rhode Island. 
Assistant construction superintendent 
on large industrial construction project 
in New Jersey. 1943 to present em
ployed as Plant Engineer by Diehl Mfg. 
Company, Somerville, N. J., in charge 
of complete plant maintenance, plan
ning and directing plant alterations and 
new construction. Refers to C. 0. 
Baird, A. E. Everett, E. A. Gramstorfj, 
J. J. Vertie. 

Transfer from Grade of Student 
GEORGE W. HANKINSON, Boston, 

Mass. (b. September 13, 1915, Wey
mouth, Nova Scotia.) 1933-1937, 
Mount Allison University, New Bruns
wick, Pre-medical, B.A,; 1937-1938, 
Dalhousie University, Nova Scotia, 
medicine; 1938-1943, Northeastern Uni
.versity, B.S. degree in Civil Engineer
ing. Experience, November, 1940 to 
·February, 1941, with New York, New 
Haven and Hartford Railroad as chain
man; June, 1941 to .September, 1941, 
with same company as chainman and 
rodman; December, 1941 to February, 
1942 and April, 1942 to July, 1942, 
with same company as inspector; Sep
tember, 1942 to November, 1942, U. S. 
Army Engineers; November, 1942 to 
June, 1943, instructor in Physics and 
Mathematics at Northeastern Univer
sity; June, 1943 to present time in
structor in Civil Engineering at North
eastern University. Refers to C. 0. 
Baird, A. E. Everett, E. A. Gramstorfj. 

JOHN F. HEANEY, JR., Lexington, 
Mass. (b. December 24, 1919, Lexing
ton, Mass.) Graduated from Cam-

bridge School of Liberal Arts in 1939 
and Northeastern University in 1943. 
Attended U. S. Naval Academy, North 
Carolina State College and General 
Motors Institute under Navy Program. 
Experience, June, 1941 to September, 
1941, instrument man .. with U. S. Engi

.neer Department at Blackwater Dam; 
September,. 1941 to November, 1941, 
Chief of Party. and Inspector with 
U. S. E. D., relocating cemeteries at 
Franklin Falls Dam; January, 1942, to 
April, 1942, and June, 1942, to Sep
tember, 1942, and November, 1942 to 
February, 1943, with U. S. E. D. at 
Castle Island as an aide to office engi
neer preparing survey computations and 
estimates. Junior member of American 
Society of Civil Engineers. At present, 
Engineering Officer aboard U.S.S. L.S.T. 
1006. Refers to C. 0. Baird, A. E. 
Everett, E. A. Gramstorff, A. E. San
derson. 

GEORGE 0. HusE, Newton, Mass. (b. 
March 31, 1921, 'Franklinton, New 
York.) Entered Northeastern Univer
sity in September, 1938, and was 
drafted out June 25, 1943. At present 
a student at Rose Polytechnic Institute 
under Army Specialized Training Pro: 
gram. Refers to C. 0. Baird, A. E. 
Everett, E. A. Gramstorfj. 

Jom-1 W. IRELAND, Lynn, Mass. (b. 
December 13, 1921, Lynn, Mass.) 
Graduated from Lynn Classical High 
School in 1933. Received B.S. degree 
in Civil Engineering from Northeastern 
University in 1943. Experience, April, 
1941, to June, 1942, with William S. 
Crocker, as rodman and transitman on 
construction work and surveys; Sep
tember,· 1942, to September, 1943, with 
Thompson & Lichtner Company, Inc., 
as laboratory assistant and as part-time 
field irispector on concrete quality con
trol. Work consisted of inspection and 
testing of building materials such as 
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concrete, steel, brick and asphalt. The 
major part of this experience consisted 
of inspection and control of the quality 
of concrete, as to its strength, work
ability and resistance to wear and to 
the elements. At present doing part
time work as transitman with William 
S. Crocker, Civil Engineer, Boston. 
Refers to C. 0. Baird, L. A. Chase, 
M. N. Clair, W. S. Crocker, E. A. 
Gramstorfj. 

FREDERICK B. JACKSON, Auburndale, 
Mass. (b. August 16, 1917, Beverly, 
Mass.) Graduated from Newton High 
School, June, 1936. Attended two years 
at Lowell Institute, Massachusetts In
stitute of Technology, structural engi
neering course. B.S. degree in Civil 
Engineering from Northeastern Uni
versity, November, 1943. Experience, 
November, 1940, to January, 1941, 
Newton Engineering Department, New
ton, Mass., chainman, rodman, and 
draftsman on street surveys; January, 
1940, to June 1942, Lally Column Co., 
Cambridge, Mass., template draftsman 
and steel construction detailer for the 
manufacture of steel shaft concrete 
filled columns; September, 1942, to 
November, 1942, U. S. Engineer Dept., 
B·oston District, Bedford Airport, Bed
ford, Mass., compl\ting and checking 
airport construction layouts including 
runways, roads, sewerage system, water 
system, and estimating quantities; Feb
ruary, 1943, to April, 1943, Fay, Spof
ford & Thorndike, Boston, Mass., de
tailer of structural, reinforced con
crete, plumbing and heating layouts, 
estimated quantities for airport con
struction; June, 1943, to September, 
1943, Turner Construction Company, 
Framingham General Hospital, Fram
ingham, Mass., as chief of party and 
instrumentman, work consisted of stak
ing building lines, setting batters, 
grading piers, taking profiles and cross 
sections, and inspector in pile driving. 

At present stationed at U.S.N.R. Mid
shipmen's School, Notre Dame, Indi
ana. Refers to C. 0. Baird, A. E. 
Everett, E. A. Gramstorfj. 

CARL G. JOHNSON, JR., Arlington, 
Mass. (b. September 16, 1920, Cam
bridge, Mass.) Graduated from North
eastern University in 1943, with degree 
in Civil Engineering. Experience, co
operative work, six months with Under
ground Steam Construction Company 
as tjmekeeper and resident engineer on 
underground pipe lines; eight months 
with Bethlehem-Hingham Shipyard, as 
a transitman on construction of the 
new shipyard, also three months with 
General Electric Company in Lynn, as 
transitman and draftsman on new in
stallations of buildings and machines. 
Entered Armed Forces, April, 1943. 
Had basic training with the engineers 
at Fort Belvoir, Virginia. At present 
assigned to the combat engineers of the 
U. S. Army. Refers to C. 0. Baird, 
A. E. Everett, E. A. Gramstorff, A. E. 
Sanderson. 

PAUL D. KILLAM, Salem, Mass. (b. 
May 1, 1920, Salem, Mass.) Gradu
ated from Northeastern University in 
1943. Co-operative work while at 
school was at the Essex County Engi
neers Office. At present in the United 
States Army Air Force. Refers to 
C. 0. Baird, C. C. Barker, J. H. Har
maala, E. A. Gramstorfj. · 

Henry A. Kingsbury, Medfield, Mass. 
(b. April 26, 1921, Medfield, Mass.). 
Northeastern University, B.S. degree 
in Civil Engineering, November, 1943. 
Experience, June, 193 7, to August, 
1940, with Whitman & Howard, rod
man, transitman, draftsman on sewer
age and water systems; April, 1941, to 
June, 1942, with Fay, Spofford & 
Thorndike, draftsman and designer on 
construction plans for storm drainage 
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systems for army base; Northeastern 
University on survey and record plans 
of drainage and sewerage systems; 
September, 1942, to November, 1943, 
Metcalf & Eddy, as designer of drain
age layout for airfield, Wilmington, N, 
C.; January, 1943, to April, 1943, U. 
S. Navy, assistant engineer on design 
and layout of water supply system for 
airfields at Martha's Vineyard, Mass., 
Westerly, R. I., and Charlestown, R. I. 
Refers to E. A. Gramstorf], C. 0. Baird, 
F. H. Kingsbury. 

RALPH L. METCALF, Bridgewater, 
Mass. (b. October 19, 1922, B"rockton, 
Mass.) Graduated from Northeastern 
University, November, 1943, with B.S. 
degree in Civil Engineering. Co-opera
tive work, with Willcox Construction 
Company, Inc., government building 
project in Bridgeport, Conn.; slum
clearance project in Hartford, Conn.; 
factory expansion job in• New B"runs
wick, New Jersey. With Samuel M. 
Ellsworth on Airport construction at 
Camp Edwards, Mass. With J. Slotnik 
Company, Inc., government housing 
project in Portland, Maine. Turner 
Construction Company on Army hospi
tal at Framingham, Mass. At present in 
the U.S.N.R. Refers to C. 0. Baird, 
A. E. Everett, E. A. Gramstorfj. 

PvT. RICHARD J. SP
0

ENCER, .JR., Sau
gus, Mass. (b. October 26, 1921, 
Saugus, Mass.) Attended Northeastern 
University 4½ years. Joined Army Re
serve on July 4,· 1942. Called to active 
duty September, 1943. Co~operative 
experience, February, 1942 to April, 
1942, with William S. Crocker, Civil 
Engineer, Boston, as transitman, city 
surveying, lines and grades, profiles and 
cross sections, general drafting and com
puting; June, 1942 to September, 1942, 
November, 1942 to January, 1943, 
chainman for New York, New Haven 
and Hartford R.R. Company, New 

Haven, Connecticut, lines and grades, 
profiles and cross sections, railroad 
curves, general drafting and computing, 
compilation of yearly reports, blue
printing; June, 1943 to September, 
1943, chainman for Boston and Albany 
R.R. Company, South Station, Boston, 
Mass. Establishment of property lines, 
lines and grades, staking of spiral ease
ment curves, profiles and cross sections, 
general drafting. Refers. to C. 0. 
Baird, L. Chase, A. E. Everett, E. A. 
Gramstorfj. 

Lours P. VuoNA, Quantico, Virginia. 
(b. August 14, 1919, Worcester, Mass.) 
A student at Northeastern University 
for 4½ years. September, 1939 to 
July, 1943, co-operative work as fol
lows, E. J. Cross, Inc., Worcester, 
Mass., engineers and contractors; H. R. 
Robinson, Engineer, Worcester, Mass., 
Vuona Bros., sub-contractors, Worces
ter, Mass. Refers to C. 0. Baird, E~ A. 
Grams tor ff. 

ADDITIONS 
Members 

WILLARD A. WALLACE, 114 Wildwood 
Avenue, Arlington 74, Mass. 

EDWIN M. How ARD, 2 Elmwood Court, 
Winthrop, Mass. 

ROYE A. MULHOLLAND, 1006 Harper 
Lane, Austin 22, Texas . 

JOHN L. DOHERTY, 137 Highland Ave
nue, Winchester, Mass. 

ALBERT ADELMAN, 41 Wallis Road, 
Brookline, Mass. 

WILLIAM W. LUNDGREN, 18 Putnam 
Street, Beverly, Mass. 

WARREN S. DANIELS, 15 Regent Road, 
Malden 48, Mass. 

Students 
RICHARD H. OLNEY, R.F.D. 2, Woon

socket, Rhode Island. 
SAMUEL J. PATTISON, JR., 122 East 

Side Parkway, Newton 58, Mass. 
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lRwIN A. BENJAMIN,. 8 Fowler Street, 
Dorchester 21, Mass. 

EDWARD J. GALTEN, 151-llth Street, 
Wood-Ridge, New Jersey 

GORDON H. SEARLES, 16 Benefit Street, 
Worcester; Mass. 

WILLIAM N. MARAVELL, 192 Beacon 
Street, Boston 16, Mass. 

ROBERT J. MARKELL, 92 Waumbeck 
Street, Roxbury 21, Mass. . 

ALFRED M. CLERicuzro, 349.½ Meridian 
Street, East Boston 28, Mass. 

ARTHUR HEBERT, 33 7 Mt. Pleasant St., 
Fall River, Mass. 

MILLARD M. KAY, 24 Calder Street, 
Dorchester 24, Mass. 

EDWARD W. MURPHY, 647 E. Third 
Street, South Boston 2 7, Mass: 

ROY WOOLDRIDGE, 14 Talman Street, 
. Dorchester 22, Mass. · 
RALPH H. JONES, JR., 52 Paul Gore 
. Street, Jamaica Plain 30, Mass. 
Jo:i;rn M. CAMPBELL, 23 High Street, 

. Marlboro, .Mass. 
JoHN SIKORA, 120 Hemenway Street., 

B'ost_on 15, Mass. 

BENJAMIN F. COLTON, 120 Hemenway 
Street, Boston 15, Mass. 

NICHOLAS KOPSIAFTIS, 3 West Street, 
· Fitchburg, Mass. 

ALFRED· J. URBAN, 60 Holmes Avenue 
• Dorchester 22, Mass. 
BENNETT KOLNER, 91 Bowdoin Avenue 

Dorchester 21, Mass. 
JAMES A. JOHNSON, ·313 Tremont SL 

Boston 18, Mass. · 
EPHRIAM SCHWARTZ, 88 Gainsboro St. 

Boston J 5, Mass. 

DEATHS 

GEORGE M. WARREN, Dec. 12, 1943. 
EDWARD P .. ADAMS, Dec. 24, 1943. 
DANIEL P. KELLEY, Dec. 29, 1943. 
PROF. JOHN W. HOWARD, Jan. 25, 1944. 
PAUL L. BEAN, Jan. 29, 1944. 
DAVID A. HARRINGTON, Jan. 31, 1944. 
ALBERT F. SARGENT, Jan. 31, 1944 . 
ARTHUR J. MAYNARD, January 3, 1944. 
FRANKLIN H. ROBBINS, March 12, 1944. 
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ANNUAL REPORTS 
REPORT OF THE BOARD OF GOVERNMENT FOR THE 

YEAR 1943-1944 

Boston, Mas,., March 2 2, 1944 
To the Boston Society of Civil Engineers: 

Pursuant to the requirement of the By-Laws, the Board of Government pre
sents its report for the year ending March 22, 1944. 

Membership 
Eighteen new members, 2 juniors, and 27 students have been added during 

the year, and 9 members, 1 junior and 1 student have been reinstated, making 
a total addition of 58 members. 

During the year 14 members have died, 6 have resigned, 2 members have 
been dropped for non-payment of dues, and 3 juniors have been dropped for 
failure to transfer, and 51 students are not now in college, making a total 
deduction of 76. 

The present net membership of the Society consists of 6 honorary members, 
612 members, 46 juniors, 23 students; 7 associates, making a total membership 
of 694, a.net loss for the year of 18. 

The honorary membership list is as follows: 

Dr. Karl T. Compton, elected .February 17, 1932 
Prof. C. Frank Allen, elected March 16, 1932 
Charles M. Allen, elected January 14, 1942 
Arthur W. Dean, elected January 14, 1942 
Charles R. Gow, elected January 14; 1942 
Arthur T. Safford, elected January 26, 1943 

Deaths 
Members: 

Joseph R. Worcester, May 9, 1943 
S. Stanley Kent, May 16, 1943 
Maurice F. Brown, May 21, 1943 
Everett E. Stone, May 26, 1943 
Robert Spurr Weston, July 30, 1943 
Herbert T. Gerrish, September 6, 1943 
George M. Warren, December 12, 1943 
Edward P. Adams, December 24, -1943 
Daniel P .. Kelley, December 29, 1943 
John W. Howard, January 25, 1944 
Roland N. Cutter, January 28, 1944 

·Paul L. Bean, January 29, 1944 
David A. Harrington, January 31, 1944 
Albert F. Sargent, January 31, 1944 

Remission of Dues and Extension of Time 



134 BOSTON SOCIETY OF CIVIL ENGINEERS 

During thb year the Board of Covernment has granted a number of members 
an extension of time for payment of dues and has remitted the dues of other 
members. With much regret the Board voted this year to drop from membership 
two who had not paid their 1013 dues, for which an extension had been granted. 
In the case of 2 members, dues for the year ending March 22, 1944, have been 
remitted. Forty-one members of various grades are in the Armed Services and 
one member is recorded as a prisoner in the Philippines. 

Exemption of Dues 
Eighty-four members are now exempt from dues in accordance with By

Laws 8, which provided that "a member of any grade who has paid dues for 
forty years, or who has reached the age of seventy years and has paid dues for 
thirty years, shall be exempt from further dues." 

NJ eetings of the Society 
Eight regular meetings, since the Annual, have been held during the year. 
The September meeting was the Annual Student Night; attended by Student 

Chapters, American Society of Civil Engineers, at Harvard University. Massa
chusetts Institute of Technology, Tufts, Brown University, University of Connecti
cut, University of Maine, Worcester Polytechnic Institute and the Northeastern 
University Section of the Boston Society of Civil Engineers. 

The total attendance at all meetings was 1,161 persons; the largest atten
dance wa3 300 and the smallest 28. Suppern have been a feature at all lhe meetings 
and they were well attended, a total for the year of 1,039. 

The papers and addresses given were as follows: 

March 17, 1943. Annual Meeting. Address of retiring President, Athol~ B. 
Edwards, "A Civil Engineer's Comments on Planning", followed by dinner and 
entertainment. 

April 21, 1943. Joint Meeting. American Society of Civil Engineers. North
eastern Section, and Boston Society of Civil Engineers. "Looking B·ackward 
Over 50 years of Engineering Experience", by Charles R. Gow, President, War
ren B'rothers Company, Cambridge, Mass. 

May 19, 1943. "Velocity Gradients and Internal Work in Fluid Motion", 
by Prof. Thomas R. Camp, Prof. of Sanitary Engineering, Mass. Institute of 
Technology, and Mr. P. Charles Stein, Instructor in Sanitary Engineering, Mass. 
Institute of Technology. 

September 22, 1943. Student Night. Joint Meeting. Boston Society of 
Civil Engineers and American Society of Civil Engineers, Northeastern Section 
and Student Chapters ASCE and Northeastern University Section and Highway 
Section BSCE. "Building the Inter-American Highway", by Mr. A. N. Carter. 
Assistant Editor of Engineering News-Record. 

October 27, 1943. "Engineering Studies and Problems in Connection with 
the Normandie", by Mr. A. C. E. Siecke, Consulting Engineer, Merritt-Chapman 
& Scott Corporation. 

November 17, 1943. Joint Meeting. Boston Society of Civil Engineers and 
Hydraulics Section BSCE. "T.V.A. Engineering", by Prof. Theodore B. Parker, 



ANNUAL RE°PORTS 135 

Head of Department of Civil and Sanitary Engineering, Mass. Institute of 
Technology. 

December 15, 1943. Joint Meeting. Boston Society of Civil Engineers and 
Sanitary Section BSCE. "Interstate Agreements for Pollution Abatement", by 
Mr. Seth G. Hess, Director and Chief Engineer of the Interstate Sanitation 
Commission. (New York, New Jersey and Connecticut.) 

January 26, 1944. Joint Meeting. Boston Society of Civil Engineers and 
Designers Section BSCE. "Modern Ship Construction", by Mr. Joseph Townsend, 
Hull Superintendent of Bethleham-Hingham Shipyard. 

February 16, 1944. "Construction in Overseas Theatres", by Brigadier 
General C. L. Sturdevant, Assistant Chief of Engineers for War Planning, 
Washington, D. C. 

Sections 
Twenty-five meetings were held by the Sections of the Society during the 

year. These meetings of the Sections, offering opportunity for less formal dis
cussion, have continued to demonstrate their value to their members and to the 
Society. The variety of subjects presented has made an appeal to the members. 
as indicated by the general attendance at these meetings. 

Sanitary Section Meetings. The Sanitary Section has held 5 meetings dur
ing the year, with an average attendance of 40. The papers and meetings are 
listed in the report of the Executive Committee. 

Designers Section Meetings. The Designers Section has held 8 meetings 
during the year, with an average attendance of 61. The papers and meetings 
during the year are listed in the report of the Executive Committee. 

Highway Section Meetings. The Highway Section has held 4 meetings 
during the year, with an average attendance of 132. The papers and meetings 
are listed in the report of the Executive Committee. 

Hydraulics Section Meetings. The Hydraulics Section has held 3 meetings 
during the year, with an average attendance of 55. The papers and meetings 
are listed in the report of the Executive Committee. 

Northeastern University Section Meetings. The Northeastern University Sec
tion held 5 meetings and excursions during the year, with an average attendance 
of 42. The present membership includes now in attendance in the University. 
The meetings held are listed in the report of the Executive Committee. 

Journal 
The complete report of the Editor of the JOURNAL for the caiendar year 

1943 will be printed in the April, 1944, J 0URPAL. 

Funds of the Society* 
Permanent Fund. The Permanent Fund of the Society has a present value of 

about $62.000. The Board of Government authorized the use of as much as 
necessary of the current income of this fund in payment of current expenses. 

John R. Freeman Fund. In 1925 the late John R. Freeman. a Past Presi
dent and Honorary member of the Society, made a gift to the Society of securi
ties which was established as the John R. Freeman Fund, the income from which 

*Details regarding the values and income of these funds are given in the 
Treasurer's Report. 
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was about $935. The income frorri this fund is to be particularly devoted to 
the encouragement of young engineers. Mr. Freeman suggested several uses. 
such as the payment of expenses for experiments and compilations to be reported 
before the Society; for underwriting meritorious books or publications pertaining 
to hydraulic science or art; or a portion to be devoted to a yearly prize for the 
most useful paper relating to hydraulics contributed to this Society; or estab
lishing a traveling scholarship every third year open to members of the Society 
for visiting engineering works, reports of which would be presented to the 
Society. No additional scholarship was authorized during the year. 

Edmund K. Turner Fund. In 1916 the Society received 1,105 books from 
the library of the late Edmund K. Turner, and a bequest of $1,000, "the in
come of which is to be used for library purposes". The Board vofed to use 
$35 of the income for the purchase of books, for the library. 

Alexis H. French Fund. The Alexis H. French Fund. a bequest amounting 
to $1,000, was received in 1931 from the late Alexis H. French of B·rookline, a 
former Past President of the Society. The income of this fund is "to be devoted 
lo the Library of the Society". The Board voted to use $35 of the available 
income for the purchase of books for the library. 

Tinkham Memorial Fund. The "Samuel E. Tinkham Fund", established 
in 1921, at the Massachusetts Institute of Technology by the Society "to assist 
some worthy student of high standing to continue his studies in Civil Engineering". 
had a value of $2,409.11 on June 30, 1943. Henry Martyne Paynter, Jr., of 
Peekskill New York, a senior student in Civil Engineering has been awarded 
this scholarship for the year 1943-1944. 

Desmond FitzGerald Fund. The Desmond FitzGerald Fund, established 
as a bequest from the late Desmond FitzGerald, a Past President and Honorary 
member of the Society, provided that the income from this fund shall "be used 
for charitable and educational purposes". The Board votec!, on April 13, 1943, 
to appropriate from the income of this fund the sum of $60, to be known as 
th'e Boston Society of Civil Engineers Scholarship in memory. of Desmond Fitz
Gerald, and to be given to a student of Northeastern University. Presentation 
of this Scholarship was made by President Howard _l\1. Turner, at a student 
mass meeting at the University on March 31, 1943,-, to Irving T. Berkland, of 
Norwood; Mass., a senior student in Civil Engineering; The Board also voted on 
September 22, 1943, to appropriate. the sum of $50 as the Boston Society of Civil 
Engineers Scholarship in Memory of Desmond FitzGerald, to be given to a student 
at Northeastern University. Presentation of this scholarship was·made by Presi
dent Howard M. Turner, at a student mass meeting held in, Jordan Hall on 
November 3, 1943, to Joseph C. Lawler, of Lynn, Mass., a senior student in 
Civil Engineering. 

Clemens Herschel Fund. This fund was established in 1931, by a bequest 
from the late Clemens Herschel, a former Past President and Honorary member 
of the Society, The income from this fund is to be used for the presentation of 
prizes for particularly useful and com'mendable papers presented at a meeting 
of the Society. The present value of this fund is about $1,200. The expenditure 
made during the year from this fund was for prizes. 

Edward W. Howe Fund. This fund, a bequest of $1,000, was received 
December ·2, 1933, from the late Edward W. Howe, a former Past President of 
the Society. No restrictions were placed upon the use of this money, but the 
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recommendation of the Board of Government is that the fund be kept intact, 
and that the income be used for the benefit of the Society or its members. No 
expenditure from this fund was made during the year. 

Prize A wards , 
Desmond Fitzgerald Medal. The Desmond Fitzgerald Medal (bronze) was 

provided for in 1910 as an endowed prize by the late Desmond FitzGerald, a 
former Past President and Honorary member of the Society. The prize is awarded 
annually to a member who presents an original paper to the Society which is 
published in the JOURNAL for the current year. 

In accordance with the recommendation ,of the Committee on Awards, the 
Board of Government voted· to award a Desmond FitzGerald Medal to Ralph 
W. Horne, Member, for his paper on "Cranston, Rhode Island, B'uilds Complete 
New Sewerage Works for 53,000 People", presented at a Joint Meeting with 
the Sanitary Section held on January 2 7, 1943, and published in the April, 1943, 
issue of the JOURNAL. 

Section Prizes 
The Board of Government voted on April 12, 1924, to present a prize for a 

worthy paper given in each section by a member of that section. "This award 
to consist of books suitably inscribed". 

Hydraulics Section Prize. The Board adopted the recommendation of the 
Hydraulics Section Prize Award Committee and voted that the Hydraulics Section 
Prize be awarded to Prof. Thomas R. Camp and P. Charles Stein (Co-authors) 
Members, for their paper on "Velocity Gradients and Internal Work in Fluid 
Motion", presented at a Joint Meeting of the Society with the Sanitary and 
Hydraulics Sections, held on May 19, 1943, and published in the October, 1943. 
issue of the JOURNAL. The prize consisted of the following books: 

"The Collected Works of J. Willard Gibbs", Vols. 1 & 2. 
"Pumps", by F. A. Kristal and F. A. Annett. 
''.Fluid Mechanics", by R. A. Dodge and M. J. Thompson. 

Clemens Herschel Award 
The late Clemens Herschel, a former past President· and Honorary Member 

made a bequest to the Society which would provide for the presentation of prizes 
for papers presented at meetings of the Society which have been particularly 
useful and worthy of grateful acknowledgment. On recommendation of the 
Committee on Awards, the Board voted to award the Clemens Herschel prize 
to William C. White, for his paper on "Engineering Education, Yesterday, Today 
and Tomorrow", presented at the Annual Meeting of the Society held on March 
17, 1943, and published in the April, 1943, issue of the JOURNAL. The prize 
consisted of the following books: 

"The Birds of America", by J. J. Audubon. 
"Growth of the American Republic", by Morison & Commager. 

I 

Amendment to By-Laws 
The Society voted to adopt an amendment to the By-Laws relative to the 

matter of fees of student and junior members transferring to other grades, action 
on which was taken at the November 17 and December 1 S·, 1943, meeting of the 
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Society. This amendment eliminated the direct payment of a trarisfer fee in 
such cases, but provided that there shall be .. paid into the Permanent Fund the 
equivalent of this fee from the first year's dues subsequent to such transfers. 

Meetings 
The two meetings last spring were held at the Engineers Club as has been 

the custom during the last few years. This fall and. winter three of the meetings 
have been held at the Twentieth Century Association, one at the Boston City Club 
and student night at Northeastern University. 

Library 
The report of the · Committee 'on Library contains a complete account of the 

library activities during the past year. 

Society 'Activities 
The usual special committees dealing with the activities and conduct of the 

Society have included the following: Program, Publication, Library, Social Ac
tivities, Relations of Sections to the Main Society, Welfare, Investment," sub-_ 
soils of B'oston, John R. Freeman Fund, the Committees on the various Society 
Awards. Other special committees for the study of various questions arising 
during the year were appointed as follows and reported to the Board of 
Government: 

A Committee on Meetings to study the whole general question of the 
attendance at meetings. This committee made ~ general study· which included not 
only the question of meetings but other possible factors affecting the general 
membership of the Society.. This Committee recommended the change in the 
By-Laws regarding membership transfer fees noted above. 

A- Committee appointed to study the Kilgore-Patman Bill drew up resolu
tions expressing the objections of the Board to this· bill which were adopted and 
forwarded to Washington. This same committee also reported that no change 
in the Constitution regarding Society action on public questions was desirable 
at this time. 

Other special committees were as follows: 

1. A committee to study and report on the membership and activities of 
the ESNE. 

2. A committee to study the establishment of student chapters. 
3. A committee on Post-War Planning. 
4. A committee ·to study the adequacy of the proposed Federal Aid for State 

Highways. 
5. A committee to study the Cannons of Ethics proposed by the Engineering 

Council for Professional Development. 
6. A committee to follow the situation existing, with regard to the present 

recent building and safety laws, regulations and administration. 

The Society has cooperated with the Engineering Societies of New England, 
and members of the Society have served on Engineering Societies Council and 
Committees. 

Your Board, in conclusion, wishes to express its appreciation of the excellent 
\Vork done by the officers of the Sections and by the Committees of the Society. 

· HowARD M. TURNER, President 
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REPORT OF THE TREASURER 

Boston, Mass., March 22, 1944 
To the Boston Society of Civil Engineers: 

The financial standing of the Society on March 6, 1944, at the end of the 
accounting period, is shown in the following: 

Table !.-Distribution of Funds-Receipts and Expenditures. 
Table 2 .-Record of Investments. 

The receipts from dues this year amounted to $4,676, which is $127 less than 
the average amount received from this source during the past five years. How
ever, in view of the dislocations due to wa"r conditions and the remittances of 
dues of members in the Armed Forces, the receipts from dues have held up 
very well. 

The income to the Current Fund has been insufficient to meet expenditures for 
current expenses and a transfer of $1,409.61 from the income of the Permanent 
Fund to the Current Fund has been necessary to meet this deficit. 

This transfer amounts to 62% of the income from the Permanent Fund 
equalling a similar transfer amounting to 62% for the previous year. One item 
which contributed to the excess in current expenses over current income and 
whi1:=h has not occurred in previous years was the payment of Social Security 
Tax charges amounting to $263.49. B'y letter from the Treasury Department 
dated December 21, 1943, it was ruled by the Department of Internal Revenue 
that the Society is subject to the requirements of Section 101 (6) of the Internal 
Revenue Code with the result that Federal Social Security payments would have 
to be made in connection with the salaries of employees of the Society. Taxes, 
interest and fines totalling $263.49 were paid during the year. Following an appeal 
against the Treasury Department's ruling of December 21, 1943, and the pre
sentation of additional evidence concerning the purposes and activities of the Soci
ety, the Department of Internal Revenue reconsidered our status for Federal 
Income Tax purposes and ruled on February 2 3, 1944, that the Society is not 
subject to the requirements of Section 101 ( 6) of th~ Internal Revenue Code. 
Application for refund of taxes, interest and fines paid, are pending. 

In other respects the expenses of the Society have been maintained fairly 
close to the prearranged budget for the year. 

The amounts transferred from the Permanent Fund to Current Fund during 
the last five years are shown in the following: 

1939-40 1940-41 1941-42 1942-43 1943-44 

Receipts to Current Fund 
Dues $4853 $4961 $4876 $4653 $4676 

Other than Dues 1756 3632 2860 2180 3161 

Total Receipts to 
Current Fund $6609 $8593 $7736 $6833 $7837 

Current Fund 
Expenditure 7616 8977 8738 8243 9246 

Deficit: Transferred fro~ 
Permanent Fund $1007 $384 $1002 $1410 $1409 
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The records of Current Income and Current Expenditures are kept separate 
from those applicable to other accounts. The total of income and profits from 
all sources during the past year amounted to $11,561.79 against total expenditures 
and losses of $I0,749.37, making a net increase in assets of $812.42. 

The holdings of the Society in Cooperative Bank Shares were reduced during 
the year from $12,392.68 on March 6, 1943, to $I0,942.02 on March 4, 1944. Ten 
paid up shares valued at $2000 were sold against an additional investment in 
running shares of $549.34. 

The proceeds of the sale of the ten paid-up shares were re-invested in securi
ties having higher income possibilities. 

Several changes were made in the list of securities owned by the Society 
in ~rder to improve the general character of our investments, and in disposing of 
certain stocks which had depreciated in value, a loss of $1,298.68 in the book 
value of our holdings resulted. The Boston Safe Deposit and Trust Company 
has continued to act as Investment Council for the Society throughout the year 
and they were consulted in connection with all purchases and sales of securities. 

The Puget Sound Power and Light Co., 5½% bond of 1949 was called dur
ing the year and was exchanged for a bond of the same company paying 4¼%. 

Changes in stocks were made as follows: 

Sold 
31 Shares of Home Insurance Co., N. Y. Common 
IO Shares of New York Central R.R. Common 
IO Shares of United States Steel Co. Common 

Purchased 
25 Shares of Continental Insurance Co., Capital 
10 Shares of Standard Oil Co. of N. J., Capital 
30 Shares of Union Carbide and Carbon Co., Common 

Two shares of Consolidated Natural Gas Co., Capital Stock having a book 
value of $49.87 were also acquired by the Society representing the pro-rata inter
est of the Society in that company by virtue of our ownership of twenty shares 
of Standard Oil Co. of N. J. The book value of our Standard Oil of N. J. stock 
has been reduced by $49.87 to conform to this consolidated distribution. 

The total book value of all securities, plus cash on hand now stands at 
$97,874 an increase of $812 during the year. 

The following table shows the comparative book values of the two principal 
funds at the close of last five fiscal years and the ratio of market value to book 
value. 

Mar. 10, 1940 ;\Iar. 10, 1941 )far. 6, 1942 Mar. 6, 1943 Mar. 6, 1944 

Permanent Fund $58,138 $60,527 $61,080 $62,283 $62,546 
John R. Freeman Fund 26,522 · 27,666 26,528 26,862 27,470 
Market Value in per cent 

of Book Value 92.28% 87.92% 83.44% 88.57% 96.47% 

The growth of the Permanent Fund is affected not only by the percentage 
· of return on investments but also by the amount it has been necessary to transfer 
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from the income to this fund, in order to mee( current expenses. The value 
· of the Freeman Fund depends 'largely upon .the expenditures made from the 

fund during the year and •"as no expenditures were made during. the past· year 
the only charge to th(, fund · has been the allocation · of the book loss incurred 
through the .sale of depreciated se<;urities, amounting to $365.06, as shown in 
Table 1. . 

The following ta.hie will show fo,r the past five years the book value of securi
ties and bank deposits and· the. total value of all hQldings, not including the value 
of the library and physical property. . · I . . . · 

Mar. 10, 1940 l',far. 10, 1941 Mar. 6; 1942 Mar, 6, 1943 Mar. 6, 1944 

Bonds $32,524:96 $30,782.49 $31,610.49 $38,670.49 . $38,763.93 
Cooperative 

Banks 16,512.94 17,971.92 19A90.68 12,392.68 10,942:02 

Stocks 41,747.17 44,957.17 43,967:17 43,967.17 45,186.63 
Cash 1,767.45 2,428.01 365.94 . 2;031.39 2,981.57 

$92,552.52 $96,i39.59 $95,434.28 I $97,061.73 $97.874:15 

In addition to the Treasurer's cash baJa·nce of $29.81.57, the Secretary has a 
·"change fund" of $30.00 -which should be included to show total assets. 

Respectfully submitted, 
<;:HESTER J. GINDER, Treasurer 

\ 
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TABLE !-DISTRIBUTION OF FUNDS-RECEIPTS AND EXPENDITURES 

Book Value Interest Net Profit or Loss Transfer of Funds Book Value 
March 6, and Dividends at Sale or Maturity Purchased Sold March 6, td 

1943 Cash Credit + - + - 1944 0 
Bonds $38,6.70.49 $1,155.50 $ 60.00 $17.50 $1,058.44 $1,025.00 $38,763.93 (fl 

>-3 
Cooperative Banks 12,392.68 133.75 189.34 360.00 2,000.00 10,942.02 0 
Stocks 43,967.17 1,907.52 $1,298j8 4,245.53 3,026:o? 45,1~6.63 z 

· Cash available for Investment 531.39 950.18 1,481.57 (fl 

0 
Total (except Current Fund) $95,561.73 $3,196.77 $249.34 $17.50 $1,298.68 $6,614.15 $6,051.07 $96,374.15 () 

...... 
Allocation of the above at i:rj 

>-3 Book Value 3.62% 1.36% Book Value ,< March 6, ' Income Misc. Misc. March 6, 
1943 and Profit Loss Recei1its Expenditures 1944 0 

Permanent Fund $62,283.85 $2,257.46 $846.44 $261.00 $1,409.61 $62,546.26 'Tl 
John R. Freeman Fund 26,862.04 973.61. 365.06 ...... .27,470.59 () 

...... 
Edmund K. Turner Fund 984.24 35.67 13.37 34.65 971.89 < 
Desmond FitzGerald Fund 1,942.31 70.40 26.40 111.50 1,874.81 

...... 
~ r 

Alexis H. French Fund 1,035.74 37.54 14.07 27.75 1,031.46 i:rj 
Clemens Herschel Fund 1,237.73 44.86 16.82 30.00 1,235.77 z 
Edward W. Howe Fund 1,215.82 44.07 ' 16.52 1,243.37 C) . . . . . . ...... 

$95,561.73 $3,463.61 $1,298.68 $261.00 $1,613.51 * $96,374.15 z 
i:rj 

Current Fund 1,500.00 9,246. 79* 9,246.79 1,500.00 i:rj 

Totals $97,061.73 $3,463.61 $1,298.68 $9,507.79 $10.860.30 $97,874.15 
~ 
(fl 

Secretary's change fund of $30.00 should be added to show total assets. 
*Includes transfer of $1,409.61 from income of the Permanent Fund to the Current Fund. 



TABLE 2-RECORD OF INVESTMENTS 
During the Year March 6, 1943 

Date of Fixed or to March 6, 1944 March 6, 1944 
Maturity Current Additional Sold or Matured 

or Interest Interest • Amount Amount Profit+ Par Book Market 
Classification Rate Received Invested Received (or loss-) Value Value Value 

BONDS 
Ameriqm Telephone & 

Telegraph Co. Sept. 1, 19 5 6 3 % $ 18.00 .... . ... . ... $ 600.oo· $ 603.00 $ 702.00 
Baltimore & Ohio R.R. Aug. 1, 1944 4 %. 80.00 .... . . . . . ... 2,000.00 2,013.74 1,930.00 
Canadian Pacific R.R. July 2, 1949 4 % 152.50 .... . ... . ... 5,000.00 . 5,342.50 4,700.00 
Eastern Mass. Street ( 

Ry. Co. Jan. 1, ,1948 4.½% 45.00 
- . 

1,000.00 -1,022.50 1,040.00 .... . ... . ... 
Penn. Central Light & 
··;Power Co. Nov. 1, 1977 4.½% 45.00 .... . . . . . ... 1,000.00 . 1,052.89 1,062.50 

The Pennsylvania 
Railroad Company June 1, 1965 4.½% 45.00 .... . ... . ... 1,000.00 1,017.74 1,103.75 

The Pennsylvania 
. Railroad Company Apr. 1, 1970 4½% 45.00 .... . ... . ... 1,000.00 971.58 1,001.25 

_Puget Sound Power & 
Light. Co.' June 1, 1949 5.½% $1,042.50 $17.S0+ 

Dec. 1, 1972 4¼% 42.50 $15.94 1,000.00 1,058.44 1,085.00 

Standard Oil Co. of N. J'. 
1,042.50 

July 1, 1953 2¾% 27.50 .... . ... . ... 1,00,0.00 1·,02,1.25- 1,031.25 
Texas Electric Service 

Company July 1, 1960 5 % 100.00 .... . . . . . ... 2,000· .. oo -··· 2 ,00,0.00 -· 2,115.00 
The Toledo Edison Co . July 1, 1968 3.½% 70.00 .... . ... . ... 2,000.00 2;092.50 2,172.50 

. Union Pacific R.R. Co. June 1, 1980 3.½% 70.00 .... . ... 2,000:00 2,125.00 2,195.00 
Western Maryland R.R. 

Co. Oct. 1, 1952 4 % 40.00 .... . ... . ... 1,000.00 982.78 952.50 
United States ,Savings 

Bonds, Series D Jan. 1, 1950 .... 60.00 . ... . ... 3,000:00 2,460.00 2,460.00 
United States Savings 

Bonds, Series G June 1, 1953 2.½% 200.00 .... . ... . ... 8,000.00 8,000.00 8,000.00 
United States Bonds, 

Se,ries G July 1, 1954 2.½% 17 5.00 .... . ... . ... 7,000.00 . 7,000.00 7,000.00 
TOTALS $1,215.50 $1,058.44 $17.50+$38,600.00 $38,763.93 $38,550.75 



Co-OPERATIVE BANKS 

Codman Co-operative 
Bank - · 

co·9~~~ · Co-'operative 
· Bank 

Suffolk Co-opera,tive 
Federal Savings & 
Loan Assoc. 

Suffolk Co-operative 
_.~Federal :savings_ & 

Loan Assoc. 

TOTALS 

Date of 
Maturity 

or 
Classification 

TABLE 2-RECORD OF INVESTMENTS-Continued 

Fixed or 
Current 

Dividend 
Rate 

During the Year March 6, 1943 
to March 6, 1944 

Additional Sold or Matured 
Dividends Amount Amount Profit+ 
Received Invested Received (or loss-) 

*Paid Up Shares 3%, 2¾% $48.75 $2,000.00 

Matured Shares 3% 60.00 

Matured Shares 2½% 25.00 

Series 134 . . . . 189.34 

$323.09 $2,000.00 . 

•Dividend cut from 3% to.2¼% in June 1943. 

March 6, 1944 
Number 

of Book Market 
Shares Value Value 

10 

10 $2,000.00 $2,000.00 

5 1,000.QO 1,000.00 

. 30 -7,942.02 7,942.02 

$10,942.02 $10,942.02 



TABLE 2-RECORD OF INVESTMENTS-Continued 
During the Year March 6, 1943 

Mar~h 6. 1944 Date of Fixed or to March 6, 1944 
Maturity Current Additional Sold or Matured Number 

or Dividend Dividends Amount Amount Profit+ of Book Market 
Classification Rate Received Invested Received (or loss-) Shares Value Value 

STOCKS 
American Tel. & Tel. Co. Common $9.00· $414.00 .... . ... . .... 46 $5.346.04 $7,308.25 
Bankers Trust Co., N. Y. Common 1.40 •:1?,00 .... . ... . ... 30 1,590.00 1,530.00 
Central Hanover Bank & 

Trust Co. of N. Y. Common 4.00 120.00 .... . . . . . ... 30 3,210.00 . 3,060.00 
Commonwealth & Southern 

Corp. Cum. Pfd. 4.iS 38.00 I 8 l 684.00 .... . ... . . . . . ... 
Commonwealth & Southern I 

Corp .. Common .... . ... . ... . ... . ... 2n 1,019.89 18.75 
Commonwe·alth & Southern . Opt. I 

Corp. Warrants . . . . . . . . . ... . ... . ... 12 J . ... ,· ... 
Consolidated Natural Gas 

Company Capital . . . . . ... 49.87 .... . ... 2 49.87 43.7 5 
Consolidated Edison (Gas) 

Co. of N. Y. Common 1.60 32.00 .... . . . . . ... 20 1,906.50 437.50 
Continental Insurance Co. Capital 1.00 25.00 1,206.44 .... . ... 25 1,206.44 1,090.62 
General Electric Co. of N. Y. Common 1040 70.00 .... . ... . ... 50 2,341..47 1,787.50 
Hartford Fire Insurance Co. Common 2.50 25.00 . . . . . ... .... 10 761.25 1.010.00 
The Home Insurance Co. 

of N. Y. Common .... . ... . ... 950.30 294.70- 31 
Minnesota Power & Light 

Co., Minn. Pref. 7.00 70.00 .... . ... . ... 10 980.00 997.50 
National Dairy Products 

Corp. ' . Common 1.00 50.00 .... . ... . ... 50 1,154.74 1,018.75 
National Fire Insurance . 

Co. of Hartford Common 2.00 40.00 .... . ... . ... 20 1,240.00 1,150.00 · 
New England Power Assoc. Pref. 4.00 80.00 .... . ... 20 1,815.00 1,200.00 
New York Central R.R. Common .... 5.00 . ... 171.79 698.66- 10 
North American Trust 

Shares Jul. 15, 1944 12.2¢ 183.00 .... . ... . ... 1500 5,342.00 4.087,50 



TABLE 2-RECORD OF INVESTMENTS-Continued 

Date of Fix~d or 
During the Year March 6, 1943 

to March 6, 1944 March 6, 1944 
Maturity Current Additional Sold or Matured Number 

or Dividend Dividends Amount Amount Profit+ of Book Market 
Classification Rate Received Invested Received (or loss-) Shares Value Value 

STOCKS 
Pacific Gas & Elec. Co. Cum. 1st 

Pfd. $1.50 $ 90.00 . ... . ... . ... 60 j 
Pacific Gas &. Elec. Co. Cum. 1st $1,?22.02 $2,182 . .50 

Pfd. 1.37 27.52 .... . ... . ... 20. 
Pacific Gas & Elec. Co. Common 2.00 128.00 .... . ... . ... 64 1,808.79 2,096.00 
Southern California Edison CulJl. Orig. 

Co. Ltd. Pfd. 1.50 60.00 .... . ... . ... 40 1,161.22 1,560.00 
Southern California Edison Common 1.50 30.00 .... . ... . ... 20 539. 7 5 470.00 
Standard Oil Co. of N. J. Capital 2.00 20.00 .... 22.54 . ... 10 *457.00 538. 7 5 
Standard Oil Co.·of N. J. Capital 2.00 10.00 581.43 27.33 .... .10 *554.10 538. 7 5 
Tampa Electric Co. Common 1.60 48.00 .... . ... . ... 30 1,151.25 727.50 
Timken Roller B'earing Co. Common 2.00 30.00 .... . ... . ... 15 1,018.97 699.37 
Trimout Dredging Co. ·Pref. .... . ... . ... . ... . ... 2 
Union.rCarbide & Carbon Capital .... . ... 2,407.79 . ... . ... 30 2,407.79 2,340.00 
U. S. Smelting Refining & 

Mining Co. Pref. 3.50 70.00 .... . ... . ... 20 1,365.04 1,075.00 
United States Steel Corp. Common 4.00 20.00 .... 555.43 305.32- 10 
United States Trust Co. of 

Boston Conv. Pref. .80 180.00 ..... . ... . ... 225 4,837.50. 3,656.25 

TOTALS $1,907.52 $4,245.53 $1,727.39 $1,298.68- $45.186.63 $41,963.24 
Add value of Consolidated Natural Gas shares, $49.87 to show original book value. 

:,.-
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REPORT OF THE SECRETARY 

Boston, Mass., March 6, 1944 
To the Boston Socety of Civil Engineers: 

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

FOR THE YEAR ENDING MARCH 22, 1944 
CURRENT FUND ACCOUNT 

Office 
Secretary, salary and expense 
Stationery, printing and postage 
Incidentals .and Petty Cash 
Insurance and Treasurer's Bond 
Safety Deposit Box 
Quarters, rent, light, telephone 
Office-clerical 
Auditors for 1943 accounts and 

Investment Services 
Reserve for Taxes and Expense 

Meetings 
Rent of halls 
Stationery, printing 
Social Activities 
Steropticon and Reporting 
Annual Meeting (March, 1943) 

Sections 
Sanitary Section 
Designers Section 
Highway Section 
Northeastern Univ. Section 
Hydraulics Section 

Journal 
Editor, salary and expense 
Printing and Postage 
Reprints 
Advertising 
Sale of JOURNALS and reprints 

Library 
Books and expense 
Periodicals 
Binding 
Fines on Overdue books and Misc. 
Bank Charges 

Dues to Eng'g. Societies of N.E. 
Dues to B.S.C.S. Members 

Account 
Number 

(1) 
(2) 
(3) 
(4) 
(5) 
(7) 
(8) 

(9) 
(10) 

(11) 
(12) 
(13) 

(14. 15) 
(16) 

(21) 
(22) 
(23) 
(24) 
(25) 

(31) 
(32) 
.(33) 
(34) 

(35, 36) 

( 41 :, 
(43) 
(44) 

(54,45) 
(53) 
(59) 
(70) 

Expenditures 

$ 240.00 
279.17 
144.14 
50.50 
12.00 

1,827.27 
1,418.60 

230.00 
263.49 

240.00 
34.65 · 

893.70 
9.00 

91.50 

13.00 
12.00 
4.00 
4.7 5 
7.75 

308.00 
2,313.83 

10.53 

3.50 

47.79 
115.13 
30.55 

3.45 
1.60 

596.41 

Receipts 

$600.00 

843.64 

1,106.00 
564.58 

9.39 

4,676.00 
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Badges for Members 
Binding JOURNALS for Members 
Transfer Income Permanent Fund 

to Current Fund · · 

Account 
Number 
(Si) 
(52) 

Expenditures 
23:08 
12.40 

Receipts 
28.08 
9.49 

Total Current Fund to be accounted for 

Entrance Fees to Permanent Fund 

$9,246.79 

1,409.61 

$9,246.79 

$261.00 

18 new members; 2 juniors; 27 students; 2 juniors transferred to member; 
16 students transferred to juniors. 

The above receipts have been paid to the Treasurer, whose receipt the Secretary 
holds. The Secretary holds cash amounting to $30 included as payment under 
Item 3 (Petty Cash) to be used as a fixed fund or cash on hand for making 
change at buffet suppers. 

Respectfully submitted, 
EVERETT N. HUTCHINS, Secretary 

REPORT OF THE AUDITING; COMMITTEE 

Boston, March 22, 1944 

We have reviewed the records and accounts of the Secretary and Treasurer 
of the B'oston Society of Civil Engineers and the report of William J. Hyde, 
Certified Public Accountant, who has examined said records and accounts and 
we have examined the securities enumerated by the Treasurer. 

We have accepted and present herewith with our approval the signed report 
of the Accountant. 

MR. HERMAN G. DRESSER, 
Chairman of the Auditing Co11imittee, 
Boston Society of Civil- Engineers 

DEAR SrR: 

HERMAN G. DRESSER 
EMIL A. GRAMSTORFF 

Auditing Committee of the Directors of 
the Boston Society of Civil Engineers. 

Boston, Mass., March 1 7, 1944 

In accordance with instruction-s, I have completed the annual audit of the 
Society for the fiscal year ended Marth 6, 1944, and report as follows: 

Securities held by the Society as at March 6, 1944, were examined and found 
in order. All coupons for interest due were collected. Dividends earned were 
correctly accounted for. · ' 

All changes in the permanent fund were recorded in the accounts. Receipts 
from Cooperative Bank shares sold and all receipts of •income, as recorded in 
the Secretary's records, together with entrance fees, interest and dividends were 
found correctly entered in the Treasurer's accounts and were traced to the bank: 

· Cooperative Bank earnings were verified and found correct. 
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All disbursements were in settlement of vouchers duly approved by the· 
President and Secretary and were substantiated by examination of checks paid 
by the bank. 

Following past custom, the Secretary's "Change Fund," $30.00, is not include·d 
in the summary of assets reported by the Treasurer. 

A verified copy of your Treasurer's Report is attached hereto and summa
rizes the detailed accounts shown in his ledger. 

I have audited the records for the fi~cal year ended March 6, 1944. They 
are correct and in excellent condition. • 

Respectfully s1:1brriitted, 
WILLIAM J. HYDE, Certified Public Accountant 

REPORT OF THE EDITOR 

Boston, Mass., February 8, 1944 

1·0 the Board of Government 
Boston Society of Civil Engineers: 

The JOURNAL for the calendar year 1943 (Volume XXX), was issued quar
terly, in the months of January, -April, July and October, as authorized bx the 1 

Board of Government on December 20, 1935. 
During the year there has been p'ublished nine papers presented at meetings 

of the Society and Sections, and six other technical articles. The Table of Con
tents and Index for the year are included in the October, 1943, issue. 

The four issues of the JOURNAL contained 269 pages of papers and discus
sions, 6 pages of Index, and 3 7 pages of advertising, a total of 311 pages. An 
average of 1087 copies per issue .were printed. The net cost was $871.30 as 
compared with $1,017.32 for the preceding year. 

The cost of printing the JOURNAL was as follows: 

Expenditures 
Composition and printing ....................... . 
Cuts ................ : ......................... . 
Wrapping, mailing and postage . · ................... . 
Editing ....................................... . 
Copyright .................................. . 

Receipts 
Receipts from sales of JOURNALS and Reprints· ..... . 
Receipts from Avertising ........................ . 

'. L • 

Net cost of JouRNAL to be paid from Current Fund 

Respectfully submittecl, 

$1,381.32 
534.24 

72.92 
300.00 

8.00 

$ 613.18 
812.00 

$2,296.48 

1,425.18 
$ 871.30 

EVERETT N. HUTCHINS, Editor 
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REPORT OF THE COMMITTEE ON SOCIAL ACTIVITIES 

, 
To the Boston Society of Civil Engineers: 

Boston, March 22, 1944 

The Committee on Social Activities submits tht: following report for the 
year 1943-44. 

Eight regular meetings in addition to the Annual were held during the year. 
Two meetings were held at the Engineers' Club, three at the 20th Century 
Association, two at Northeastern University and two at the B'oston City Club. 

One hundred and forty-one members and guests attended the annual dinner 
at the Boston City Club. This was two less than for the previous annual meeting. 
Two hundred and sixty-nine were served at the Student Night meeting in Septem
ber at Northeastern University. The meeting included the Student Chapters of 
the American Society of Civil Engineers at Harvard, Tufts, M.I.T., Brown, Rhode 
Island State, New Hampshire University,· Worcester Polytechnical Institute and 
Northeastern University Section of the Boston Society of Civil Engineers. The 
number of persons attending this meeting was 126 greater than for the previous 
year. 

A summary of attendance at the various meetings follows: 

3-17-43 
Dinner l\Ieetings 

Boston City Club 141 141 
4-21-43 Engineers Club 84 84 
5-19-43 Engineers Club 46 52 
9-22-43 Northeastern University 269 300 

10-27-43 20th Century Assoc. 99 135 
11-17-43 20th Century Assoc. 80 99 
12-15-43 20th Century Assoc. 28 28 
1-26-44 Northeastern University 89 102 
2-16-14 Boston City Club 203 220 

1,039 1,161 

The average attendance at meals at all nine meetings was 115 or 30 more 
than for the previous year. The ave.rage total. attendance at the meetings was 
129 or 39 more than for the previous year. It is interesting to note that there 
was a ) 7 per cent increase in attendance at the suppers over the previous year. 

Respectfully submitted, 
JOHN H. HARDING, Chairman 

REPORT OF THE COMMITTEE ON WELFARE 

Boston, March 2 2, 1944 
To the Boston Society of Civil E1igineers: 

During the past year the situation as regards engineering employment in 
this locality has been reasonable healthy. However, in recent months there has 
been somewhat less demand for men in civil engineering. 
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No matters pertaining to the welfare of members of the Society_ have come 
to the attention of the Welfare Committee and in consequence, no meetings of 
the Committee have been held during the ye(lr. 

• Engineering Societies Personnel Service, Inc., located at 4 Park Street, Boston, 
which is the outgrowth of the Emergency Planning and Research Bureau, Inc., 
continues to function as the official local agency for the placement of engineering 
employees, and solicits the patronage of both employees and employers. 

Respectfully submitted, 
R. W. HORNE, Chairman 

REPORT OF THE LIBRARY COMMITTEE 
B'oston, March 22, 1944 

To the Boston Society of Civil Engineers: 

Two. meetings of the library committee were held. during the year. Ways 
, and means of making the library more useful to the members were discussed, 
and two progress reports were submitted to the Board of Government. 

' Arrangements were made during · the year with the Federation of Sewage 
Works Associations to obtain the Sewage Works Journal in exchange for our 
Journal. The library would like to obtain back numbers of the Sewage Works 
Journal from any member who would be willing to donate copies he no longer 
needs. 

We are now binding "Waterworks & Sewerage" and "Public Works", in addi
tion to magazines which have been regularly bound, and the "Sewage Works 
Journal" will be bound. 

The following books were purchased: 

Sewage Treatment Works, by C. E. Keefer 
Industrial Wastes Treatment Practics, by E. F. Eldridge 
Water Supply Engineering, 3rd Edn., by fJ .. E. Babbitt and J. J. Doland 
Practical Tunnel. Driving, by Richardson & Mayo 
Water Purification for Plant Operators, by Norcom & Brown 
Water Purification, by Charles G. Cox 
Preparation of Engineering Reports, by Agg & Foster 
Pul;>lic Water Supplies, 4th Edn., by Turneaure & Russell_ 
Water Supply & Sewerage, by Ernest W, Steele 
Municipal and Rural Sanitation, 3rd Edn., by Harold E. Babbitt and Ernest 

W. Steele 
Stream Flow, by Grover & Harrington 
Modern Timber Design, by Hansen 
Steady Flow in Open Channels, by Woodward & Pusey 
Handbook of Applied Hydraulics, Calvin V. Davis 
Handbook of Chemistry and Physics, 27th Edn., published by Chemical Rubber 

Company. 
Drainage and Flood Control Engineering, 2nd Edn., by G. W. Pickels 
Diesel and Gas Engine Power Plants, by Glen C. Boyer . 
Industrial Instruments for Measurement and Control, by Thomas J. Rhodes 
Structural Fr_ameworks, by Morris, & Carpenter · 
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Chemical Engineers Handbook, 2nd Edn., by John H. Perry 
Electrical Transmission and Distribution Reference Book, published by Westing

house 
Principles of Highway Construction as Applied to Airports, Flight Strips • and 

Other Landing Areas for Aircraft, by Public Roads Bulletin 

The following books were donated: 
''Theoretical Soil Mechanics," by Dr. Karl Terzaghi (gift of the author) 
''Hydraulics," 5th Edn., by George E. Russell (gift of the author) 
"Water Power Engineering," 3rd Edn., by Prof. Harold K. Barrows (gift of 

the author) 
"1943 Guide" of the American Society of Heating and Ventilating Engineers 
Cameron Hydraulic Date (gift of Ingersoll-Rand Company) 
Compressed Air Date (gift of Ingersoll-Rand Company) 

A review of one of the above books appeared in the January issue of the 
JOURNAL and we hope to be able to publish others in the near future. 

The number of books loaned during the year was 132. The fines collected 
for overdue books amounted to $5.94. 

Respectfully submitted, 
ALLEN J. BURDOIN, Chairman 

REPORT OF THE COMMITTEE ON SUB-SOILS OF BOSTON 
Boston, March 13, 1944 

To the Boston Society of Civil Engineers: 

Tho newly elected Comrriittoe on Sub soils of Boston held its main meeting 
of tho year on November ~. 1')~3, with all but one committee member present. 

The committee was unanimously of the opinion that there should be a con
tinuation of the collection of boring data of tho typo covered in the "Report of 
Committee on Boston Sub-soils" in the September 1931 JOURNAL. It was not 
believed feasible to start further work at this time, however, and no definite 
program has been set up. The suggestion has been made that in order to in
augurate this work aG soon as possible it might be well to restrict the inveGtiga 
tions at first to a small portion of the area. 

It was also agreed that consideration should be given at some future date 
to the possibility of the collection of water table data, settlement records and 
perhaps other data. 

DONALD W. TAYLOR, Chairman 

REPORT OF COMMITTEE ON JOHN R. FREEMAN 
SCHOLARSHIP FUND 

Boston, March 2 2, 1944 
1 o the J3oston Society of Civil Engineers: 

Since the last report, the Committee has lost two of its members, Mr. 
Charles T. Main, Chairman, who signed that report, and who died less than two 
weeks before its presentation; and on July 30, 1943, Mr. Robert Spurr Weston 
died. 
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On December 15, 1943, the Board of Government approved the appointment 
of Mr. William F. Uhl, of Boston, as a member of (he Committee. 

Under present conditions the Committee has made no award during the 
current year. There is clearly no possibility of travel grants for students abroad. 
In 1941 research funds of $800 each were granted to the Harvard Engineering 
School, the Massachusetts Institute of Technology and Worcester Polytechnic 
Institute. None of these institutions. were able to use these funds. The two 
former returned them to the Society, the latter is holding its allotment for the 
future when conditions will enable it to be used. 

Under these circumstances the Committee has decided to allow the income 
to accumulate, anticipating the great opportunities that will exist after the war, 
for Mr. Freeman's chief purpose, encouraging young engineers. 

The standing of the fund is shown in the Treasurer's Report. 

Respectfully submitted, 

THE FREEMAN FUND COMMITTEE, 

CHARLES M. ALLEN 

WILLIAM F. UHL 

HOWARD M. TURNER, Chairman 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
SANITARY SECTION 

Boston, March 1, 1944 
To the Sanitary Section; Boston Society of Civil Ei-iginccrs: 

During the past year five meetings have been held as follows: 
March 3, 1943.-Annual meeting and election of officers. Mr. F. Wellington 

Gilcreas spoke on "The Function of Sanitation ii). the Control of Food Dispensing 
Establishments." Attendance, 60. 

May 19, 1943.-Joint meeting of the Boston Society of Civil Engineers with 
the Sanitary and Hydraulics Sections. Professor Thomas R. Camp presented a 
paper on "Velocity Gradients •and Internal Work in Fluid Motion." Mr. P. 
Charles Stein was co-author of this paper. Attendance, 52. 

October 6, 1943.-Mr. Harry A. Faber presented a paper on "The Handling 
and Application of Chlorine in Sewage Treatment." Attendance, 29. 

December 15, 1943.-Joint meeting of the Boston Society of Civil Engineers 
with the Sanitary Section. Mr. Seth G. Hess presented a paper entitled "Inter
state Agreements for Pollution Abatement." Attendance, 30. 

February 10, 1944.-Mr. George W. Coffin presented a paper entitled "Water 
Supply and Sewage Disposal at Certain Outlying Airfields in Southern New 
England." Attendance, 27. 

The average attendance was 40. 
Five meetings of the Executive Committee have been held during the year. 

Respectfully submitted, 
For the Executive Committee, 

GEORGE C. HOUSER, Clerk 
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REPORT OF THE EXECUTIVE COMMITTEE OF THE 
DESIGNERS' SECTION 

Boston, Mass., February 1 7, 1944 

To the Designers Section, Boston Society of .Civil Engineers: 

The following is a list of the meetings which were held during the year 
March 1943 to February 1944 inclusive. 

March 10, 1943.-Annual meeting and election of officers. Mr. T. S. Carswell 
spoke on "The Structural Use of Plastics." Attendance, 80. 

April 7, 1943.-Rev. Daniel Linehan spoke on "Applications of Seismology to 
Engineering." Attendance, 40. 

May 12, 1943.-Mr. Burtis Brown spoke on "The Proposed Boston Building 
Code." Attendance, 40. 

October 13, 1943.-Mr. Albert Dietz spoke on "The Design of Timber Struc
tures." Attendance, 58. 

November 10, ,1943.-This was a joint meeting with the Highway Section. 
Mr. Leslie G. Sumner spoke on "The New Thames B"ridge." Attendance, 35. 

December 8, 1943.-Mr. Alexander B. Daytz spoke on "The Analysis of 
Stresses in Pipes under High Temperature and Pressures." Attendance, 58. 

January 26, 1911. Thfr; was a joint meeting with the Paront Society. Mr. 
Townsend spoke on "Modern Ship Construction." Attendance, 100. 

February 9, 1944.-Mr. Eric P. Muntz spoke on "Pre-stressed Concrete 
Structures." Attendance, 80. 

The total attendance for the year was 491. The average attendance per 
meeting wa3 61 which in 7 per cent greater than the average attendance for tht> 
preceding 10 years. 

The average length of meeting was 2 hours. 

Respectfully submitted, 
EuGEXE MIRABELLI, Clerk 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
HIGHWAY SECTION 

To the Highway Section, Boston Society of Civil Engineers: 

During the past year the following meetings were held: 
May 13, 1943.-A special luncheon meeting was held jointly with the Massa

chusetts Highway Association. Major William J. Bingham spoke on "Dimouts". 
Attendance, 126. 

September 22, 1943.-Mr. A. "N. Carter spoke on "Building the Inter
American Highway". This was a joint meeting with the Boston Society of Civil 
Engineers, the Northeastern Section of the American Society of Civil Engineers, 
and various student chapters of both societies. Attendance, 300 

November 10, 1943.-Mr. Leslie G. Sumner spoke on "The New Thames 
River Bridge at New London", and commented briefly on the Charter Oak Bridge 
and Traffic By-Pass at Hartford. This was a joint meeting with the Designers 
Section. Attendance, 35. 
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February 23, 1944.-Annual meeting and eiection of officers. Mr. Hans E. 
Bernt spoke on "The Construction of the Alaska Highway". Moving pictures 

· were furnished by the B. F. Goodrich Co. and by Mr. John R. Perkins, Attend
ance, 67. 

The total attendance at the meetings was 528. 
The average attendance was 132. 

Respectfully submitted, 
THOMAS C. COLEMAN, Acting Clerk 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
HYDRAULICS SECTION, B. S. C. E. 

Boston, Mass., February 2, 1944 

To the Hydraulics Section, Bo,ston Soci-ety of Civil Engineers: 

The following meetings were held during the past year: 
May 10, 1943.-Professor Thomas R. Camp presented a paper prepared 

jointly with Dr. P. Charles Stein, "Velocity Gradients and Internal Work in Fluid 
Motion". Attendance, 52. 

November 17, 1943.-Professor Theodore B. Parker spoke on "T.V.A. River 
Engineering". Attendance, 90. 

February 2, 1943.-Mr. Allen J. Burdoin presented a paper prepared by 
Lt. Edwin B. Cobb, U.S.N.R., entitled "Flow of Water in Network Piping Sys
tems". Attendance, 24. 

The total attendance at the ineetings was 166. The average attendance was 55. 
RespecJfully submitted, 

HAROLD ·A. THOMAS, Clerk 

REPORT OF THE EXECUTIVE COMMITTEE OF THE 
NORTHEASTERN UNIVERSITY SECTION 

Boston, March 15, 1944 
To the Boston Society of Civil Engineers: 

The Executive Committee of the Northeastern University 1Section submits 
herewith the annual report of the Section's activities for the year 1.943, as follows: · 

. March 12, 1943.-Mr. Lansing S. Heberd, Senior Civil Engineer for the 
Massachusetts Department of Public Works lectured to the group· on "Highway 
Construction". Attendance, 34. 

April 30, 1943.-Lt. Comdr. Jewett, C.E.C. (v.s.) U.S.N.R., spoke on the 
subject "The Navy Civil Engineering Corps". Attendance, 54. 

June 4, 1943.-Mr. F. E. Votaw, Chief Field Engineer, Portland Cement 
Association, addressed the group on "Cement Soil Stabilization". Attendance, 45. 

September 29, 1943.-Seventy-five Northeastern students attended the annual 
Student Night sponsored by the Boston Society of C{ vil Engineers and · the 
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Northeastern Section of the American Society of Civil Engineers which was held 
at Northeastern ·university for the second consecutive year. 

October 22, 1943.-Mr. Athole B'. Edwards,. Member of Massachusetts State· 
Planning Board and past president of the Boston Society of Civil Engineers, 
spoke on "What's Doing After Graduation". Attendance, 3 7 . 

. The average attendarice for these meetings is 42. It will be noted that this 
average does not include the attendance of the annual Student Night held on 
September 29, 1943. _ 

We sincerely hope that our year's work, as herein described meets the stand
ards set up for· student sections. 

Respectfully submitted, 
HENRY J. BISHOP, Chairman 
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iv ADVERTISEMENTS 

CHAS. T. MAIN, Inc. 
RnginPPrs 

201 DEVONSHIRE ST., BOSTON, MASS. 

INDUSTRIAL BUILDING DESIGN 
STEAM AND HYDRO-ELECTRIC PLANTS 

ELECTRICAL ENGINEERING 
INVESTIGATIONS-APPRAISALS 

FOUNDATIONS 

WILLIAM S. CROCKER 
(Formerly Aspinwall & Lincoln) 

Registered Professional Engineer 
Registered Land Surveyor 

Louis A. Chase Associate 
Amos L. Perkins Associate 

SAMUEL l\'.I. ELLSWORTH 
Con.~ulting Engineer 

Water Supply and Sewerage 
Investigations, Reports and Design• 

Supervision of Construction and 
Operation 

6 BEACON STREET,_ BOSTON 

HOWARD M. TURNER 
Consulting Engineer 

Investigations, Valuations, Plans, 
Supervision of Construction, Water 
Power, Water Supply, Public 
Utility and Industrial Properties. 

46 Cornhill Boston, Mass. 6 Beacon Street Boston 

Fay, Spofford & Thorndike 
Engineers 

Port Developments Airports Fire Prevention 

Bridges Buildings Foundations 

Water Supply Sewerage Drainage 

BOSTON NEW YORK 

FRANK A. BARBOUR 
Consulting Engineer 

Water Supply, Water Purification 
Sewerage and Sewage Disposal 

Tremont Building, Boston, Mass. 

H.K. BARROWS 
Consulting Hydraulic Engineer 

Water Power, Water Supply, Sewerage 
Drainage. Investigations, Reports, Valua• 
tions, Designs, Supervision of Construction 

6 BEACON ST. BOSTON, MASS. 

METCALF & EDDY 
Engineer a 

Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 

Airfields Valuations 
Laboratory 

WESTON & SAMPSON 
Robert Spurr Weston George A. Sampson 

Laboratory for the Analysis of Water 
Sewage, Filtering Materials, etc., Design, 
Inspection and Supervision of Water Puri
fication and Sewage Disposal Plants. 

14 BEACON STREET, BOSTON 

WHITMAN & HOW ARD 
Engineers 

(Est. 1869. Inc. 1924) 
Investigations, Designs, Estimates, Reporta 
and Supervision, Valuations, etc., In all Water 
Works, Sewerage, Drainage, Waterfront Im• 
provements and all Municipal or Industrial 
Development Problems. 

89 Broad Street Boston, Ma1111. 

J. R. WORCESTER & CO. 
Engineers 

Buildings Bridges Foundations 
Steel and Reinforced Concrete 

Designs Investigations 
Expert Testimony 

Cement and Sand Testing 

89 Milk Street Boston, MaH. 

JACKSON & MORELAND 
Engineers 

Public Utilities - Industrials 
Railroad ElectrUica tlon 

Design and Supervision - Valuations 
Economic and Opera ting Reports 

STATLER BUILDING, BOSTON 16 I BOSTON NEW YORK 

Please mention the Journal when writing to Advertisers. 



ADVERTISEMENTS V 

MAURICE A. REIDY 
Consulting Engineer 

Structural Designs Foundations 

101 Tremont Street 

BOSTON, MASS. 

ABERT}JAW COMPANY 
Construction Managers 

80 Federal Street 

Boston, Mm,sachusetts 

New England 

Power Service 

Company 

Ga:hteaume & McMullen ,, 
Engineers 

99 Channey Street 

BOSTON 

THE THOMPSON & LI.CHTNER CO., INC. 
Engineers 

Designs and Engineering Supervision 
Investigations, Testing and · 

Inspection of Structural Materials 
Concrete Quality Control 

Marketing and Production Service 

Offices and Laboratory, 620 NEWBURY ST .. BOSTON, MASt 

Stone & Webster Engineering Corporation 
Engineering and Construction 

Reports Examinations Appraisals 

Consulting Engineering 
49 FEDERAL ST., BOSTON, MASS. 

E. WORTHINGTON 
Civil and Consulting Engineer 

Water Supply and Sewerage 
Municipal Work 
Established 1890 

Worthington Building 
26 NORFOLK ST., DEDHAM, MASS. 

Telephone 0120 · 

MARK LINENTHAL 
Engineer 

16 LINCOLN STREET 

BOSTON 

D I V E R S-Skille"d, CapablE 
Mechanics /or Undertvater Examina• 
tion and Repairs. 

Crandall Dry Doc~ Engineers 
238 Main St., Cambridge, Mass. 

HOW ARD E. BAILEY 
Consulting Sanitary Engineer 

Water Works Water Purification 
Sewerage Sewage Treatment 

Industrial Wastes Disposal 

177 State St., Boston, Mass. 

FOUNDATIONS 
Engineers and Contractors 

THE GOW COMPANY, 
Inc. 

957 Park Square Building 
Boston 

GOW CAISSONS 
RAYMOND CONCRETE PILES 

SOIL TEST BORINGS 

90 West St., New York City 
Ill W. Monroe St., Chicago 
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vi ADVERTISEMENTS 

GARDNER S. GOULD 
Consulting Engineer 

Port Developments, Wharves, Piers and 
Bulkheads, Oil Storace, Coal Handllnc, 

Warehouses and Foundations 

89 Broad St. Room 412, Boston, Mass. 

Dredging Pile Driving 
Sea ,Wall and Bridge Building 

Submerged Pipe and Foundation• 

W. H. Ellis & Son Company 
EAST BOSTON, MASSACHUSETTS 

· The Haller , 
Engineering Associates, Inc. 

Consulting & Testing Engineers 

38 Memorial Drive 
CAMBRIDGE, MASS. 

New England Concrete Pipe Corp. 
NEWTON UPPf;R FALLS, MASS. 

Manufacturers of 

Plain and Reinforced Concrete 
Sewer and Culvert Pipe 

PLANTS 0 

Newton, Springfield. Mansfield, Massachusetts 
Providence, Rhode Island 

NORTHERN STEEL CO. 
44 SCHOOL STREET, BOSTON 

Concrete Reinforcing Bara 

Works at 
Glenwood Station, Medford, MaH. 

New England Foundation Co,, Inc. 
Engineering and Conalruclion 

Simplex Concrete Piles 
Caissons - Difficult Foundations 

376 BOYLSTON STREET 
Telephone KENmore 2830 

BOSTON, MASS. 

EDWARD F. HUGHES 
Test Borings 

Artesian, Grav.el and Driven Wells 

Water Supplies 

53 Stale Street Boston, Mass. 

T. Stuart & Son Company 

General Contractors 

70 PHILLIPS STREET 

. WATERTOWN, MASSACHUSETTS 

THOMAS O'CONNOR & CO., 
Inc. 

Structural Engineers & Buildera 

238 MAIN STREET 
CAMBRIDGE, MASS. 

Kendall Square 

THE CHAPMAN VAL VE 
MFG. COMPANY 

165 Congress St., BOSTON, MASS. 
VALVES 

For All Services 
SLUICE GATES - SHEAR GATES 

FLAP VALVES 

, 
S. Morgan Smith Company 

Manufacturers of 

Hydraulic Turbines 
and Accessories 

Rotovalves • Axial Flow Pumps 
176 Federal St. BOSTON, MASS. 

Office Kenmore 1470 
Res. Blue Hills 3981 

WALTER REED CORP. 
.. Contractors .. 

1078 BOYLSTON STREET 
BOSTON, MASS. 
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ADVERTISEMENTS vii 

STAINLESS STEEL 
and·' .. 

THOMAS MULCARE CORP. 
Steel of Every D~scription 

Hawkridge Brothers Co. 
_303 Congress Street 

BOSTON, MASS •. 

EDSON CORP. 
Diaphragm Pump Specialtie11 

Hand Pumps. Heavy Duty and Light Port
able Power Pump Outfits 

EDSON 
Special Suction Hose. Red Seal Diaphragms 

Pump Accessories 
Main Office and Works Tel. So. Boston 0341 

49 D Street, South Boston, Mass. 

. . 
Concrete Structure Repairi~g 

Resurfacing Floors 

66 Western Ave. BOSTON 
STAdium 2244 

Pipe Founders Sales Corp. 
Successors to 

FRED A. HOUDLETTE; & SON, Inc. 

Cast Iron Pipe anrl Special Castings 
for 

Watrr. Steam. Gas and Chemical Use 
Watrr Measuring Equipment 

6 BEACON STREET, BOSTON, MASS. 

Half a Cent~ry of Progress 

It's over a half a century-fifty-four·years to be exact 

-since the day the HEFFERNAN PRESS ~ade its feeble 

start. That each year since then has shown i:tn in

crease in the volume of business over the prev10us 

year should prove that we have kept pace with the 

times. 

The Heffernan Pr~ss 
150 Fremont Street -

WORCESTER, MASSACHUSETTS 

Printers to 
T'HE JOURNAL OF THE BOSTON SOCIETY OF CIVIL ENGINEERS 

and other good publications. 

Please mention the J oumal when writing to Advertisers 



viii ADVERTISEMENTS 

SCIENTIFIC BOOKS 
AND PERIODICALS 

BUFF PRECISION 
is continuously in the 

forefront 

The Old Corner Book Store 
50 BROMFIELD STREET 

BOSTON, MASS. 

Algonquin Engraving Co. Inc. 
Engravers & Electrotypers 

18 KINGSTON STREET 

BOSTON, MASS. 

Tel. Han 4855-6 

U. HOLZER, Inc. 

BOOI(BINDERS 
333 Washington Street (Op. Milk St.) 

Or 24 Province Street 
MAIN SHOP AT HYDE PARK 

Books Bound, Charts Mounted, Portfolios, 
Lettering, Photographs Mounted 

ARE YOU PLANNING THE WORK AHEAD? 

Neglected water distribution systems will need main line and 
pump discharge meters, filter effluent controllers and filter 
gauges, long distance water level transmission and pump con
trol. Perhaps already you have dusted off the old drafting 
board and are making the preliminary layouts. We would like 
to be of service. Write to Builders-Providence, Inc., 9 Codding 
St., Providence, R. I. 

All Makes Repaired 
at Reasonable Cost 

BUFF & BUFF . 
INSTRUMENT CO. 

Jamaica Plain, Mass. 
Arnold 1770 

Messenger will call 

~ 
WATER AND SEWAGE PIANT 

/,u~-:U 

BUILDERS - PROVIDENCE 

WARREN FOUNDRY & PIPE CORPORATION 
AND 

Warren Pipe Company of Massachusetts, Inc. 

Cast Iron Pipe. Short Body Specials 
Bell and Spigot Pipe. B & S Standard Specials 

Flange Pipe and Specials 
Warren (WF) Spun Centrifugal Pipe 

PROMPT SHIPMENTS FROM STOCK 

SALES OFFICES 
75 Federal St., Boston 

11 Broadway, New York 

1940 Catalog on Request 

FOUNDRIES 
Everett, Mass. 

Phillipsburg, N. Y. 

Please mention the Journal when writing to Advertisers 



COMMITTEES 
1944-1945 

NOMINATING COMMITTEE 

KARL R. KENNISON 

Past Presidents (Members. of the Committee) 
GORDON M. FAIR ABTUUB L. SHAW 

GEORCB N. BAIL&Y 
WALTER. N. FIFE 

FRANI< L. LINCOLN 

RAYMOND w. COBURN 
LAWRENCE M. GENTLEMAN 
DONALD W. TAYLOR 

(Term expires March, 1945) (Term expires March, 1946) 

EnwARD H. CAMERON 
W1LLIAM F. CovlL 
GEORCB H. DEL.A.NO 

J. STUART CRANDALL 

BURTIS s. BROWN 
THOMAS C. COLEMAN 
EUCBNB MIRA.DELLI 

EDWARD S. AVERELL 
FREDERICK s. GIBBS 

CHARLES o. BAIRD 
HENRY J. BISHOP 

JAMBS E. LAWRENCE 

HARVEY B. KINNISON 

J. DONALD MITSCH 

ALEXANDER J. BONE 

MILES N. CLAIR 
lnVINC B. CROSBY 

SAMUEL M. ELLSWORTH 

SPECIAL COMMITTEES 

Program 
SAMUEL M. ELLSWORTH, Chairman, ex officio 

FRANIC L. FLOOD 
EVERETr N. H'uTCBINS 
HER?l:IAN G. PROTZE 

Publication 
EvERETr N. HUTCHINS, Chairman 

GoRDON M. FAIR 

Library 
ALLEN J. BuRDOIN, Chairman 

Hospitality Committee 
JonN H. H'ARDINC, Chai.rman 

Relations of Sections to Main Society 
FREDERICK S. G1Bes, Chairman 

Welfare 
RALPH W. HORNE, Chairman 

Desmond Fitzgerald Award 
HAROLD K. BARROWS, Chairman 

TnuMAN H. SAFFORD 
RALPH M. SouLE 
DONALD w. TAYLOR 

JoaN B. BABCOCK 

J. DONALD MITSCH 
RALPH M •• SOULE 

FREDERIC N. WEA.VEIi 

FREDEJUCK M. Jo'l, Jn. 
EDWARD WRIGHT 

ALLEN J. IlURDOrN 
LA:WBENCE M. GENTLEMAN 

ARTHUR L. SHAW 

Sanitary and Hydraulics Section Award 
HAROLD K. BARROWS, Chairman 

Designers Section Award 
ARTHUR L. SHAW, Chairman 

Highway Section Award 
JAMES E. LAWRENCE, Chairman. 

Subsoils of Boston 
DONALD W. TAYLOR, Chairman 

Investment Committee 
CuESTER J. GINDER, Chairman 

THOMAS R. CAMP 

FREDERICK N. W.&&VER 

p ARKER HOLDROOK. 

STANLEY M. DORE 
LAWRENCE G. ROPES 

HARRY P. Buno&N 
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