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(Presented at a meeting of the Hydraulics Section of the Boston Society of Civil Engineers, held on 
February 4, 1948.) 

Because the differential equations of water-hammer and surge 
tank theory are not integrable for the boundary conditions impo3ed 
by most practical problems, hydraulic computations in this field are 
frequently performed by a trial-and-error step process known to the 
trade as arithmetic integration. It is interesting to review the corre
lation of the comparatively few basic ideas underlying the application 
of this useful device to the study of pressure conduit acceleration and 
turbine speed regulation. 

The fundamental action of water-hammer can be grasped intu
itively by considering the case of the simple conduit under instanta
neous closure of the outlet valve and with conduit friction assumed 
equal to zero. In Figure 1 for the direct positive wave, first the velocity 
oi the water immediately adjacent to the valve is extinguished to zero; 
the head in that immediate vicinity is elevated above the steady-state 
or reservoir head; locally the conduit is distended above the steady
state diameter and the water compressed above steady-state density. 
The volume of water that would normally have passed this infinite3imal 
length of conduit is stored in the space so provided. This process of 
extinguishing conduit velocity then progresses upstream with the 
speed of sound. 

For a fleeting instant when the wave front reaches the reservoir, 
the entire conduit is above reservoir pressure and at zero velocity; the 

•Associate, Chas. T. Main, Inc., 80 Federal St., Boston, Mass. 
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conduit is distended and the water compressed. The subsequent action 

is inevitable: first, the infinitesimal length of conduit immediately 

adjacent to the reservoir blows down to reservoir pres5ure; locally 

the conduit shell contracts to steady-state or normal diameter and the 

water returns to normal density. In the shrinking process, the water 

stored in this short length of conduit during pas5age of the direct wave 

is emptied upstream to the reservoir. Since the storage process can

celled a positive velocity + V, the emptying process naturally creates 

a negative velocity - V. Similar in action to the direct wave, this 

reflected negative wave front then proceeds downstream toward the 

valve with acomtic velocity. 
On the basis of physical intuition (which will later be given 

rigorous mathematical confirmation) we proceed to formulate the very 

important law of reflection for water-hammer increments at the reser

voir: At the reservoir, pressure increments are reflected with opposite 

algebraic sign and velocity increments with the same algebraic sign. 

For a fleeting instant when the reflected negative wave of Figure 

1 reaches the completely clo5ed outlet valve, the entire conduit is at 

normal steady-state diameter, water density and head; but every cross-

.. 
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Valve 

section of the entire conduit is flowing upstream at velocity - V. The 
subsequent action is depicted in Figure 2, Negative Wave Reflected 
at Valve. In view of the inertia of the entire volume of water flowing 
upstream, it is inevitable that the conduit be sucked below normal 
head, diameter, and water density, first immediately adjacent to the 
valve and then progre:;sively upstream at acoustic speed. In this 
process the conduit velocity is converted to zero behind the wave front. 

On the basis of physical intuition ( which will later be given rig
orous mathematical confirmation), we proceed to formulate the law 
of reflection for water-hammer increments at the completely closed 
outlet valve: At the completely closed outlet valve, pressure increments 
are reflected with the same algebraic sign and velocity increments with 
opposite algebraic sign. 

Finally for a fleeting instant when the negative wave, Figure 2, 
again reaches the reservoir the entire length of conduit will be at zero 
velocity, subnormal head, water density and conduit diameter. The 
inevitable again occurs: the reservoir pressure blows into the conduit 
first for an infinitesimal length immediately adjacent to the reservoir, 
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restoring the conduit locally to normal diameter, water density .and 
head. The flow of water into the space so provided reestablishes locally 
the starting velocity+ V downstream. The wave front then progresses 
downstream to the valve with the speed of sound. When the wave 
reaches the outlet valve the initial steady-state condition has been 
fully restored. Since conduit friction is assumed equal to zero, the 
cycle of event.:; depicted by Figures 1 and 2 repeats itself forever with
out attenuation. 

With the foregoing discussion as background we proceed to 
formulate the basic differential equations for any elementary water
hammer wavelet, produced by any type of valve closure, instantaneous 
or gradual: ( Figure 3) : 

Applying Newton's law F = M 
dV 
dt 

in the x direction : 

-~~-

2

-[ w(H + SH) -wH] =-~-D-
4

-
2
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sv 
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The volume of water resulting from the extinction of velocity 8V, 
in length 8x and in time St, fills the space made available by stretching 
the conduit and compressing the water: 

7rD3W8H8x 
8V8t = - ------

2bE 4K 

for convenienc~ let Q = _Kl + __ D_ 
bE 

8V 8H 
Then - --- = wQ ---

8x 8t (2) 

Combining ( 1) and ( 2) we obtain the general differential equations 
applicable to all cases of water-hamme~ phenomena, provided conduit 
friction is assumed equal to zero. 

g s2v s2v 
wQ 8x2 8t2 (3) 

g 82H 82H 
wQ 8x2 8t2 (4) 

In Equation ( 1) replace Bx by adt in which a is the velocity of wave 
propagation: 

a 
-8H = --8V and Bx = a8t 

g 

Substitute the value of 8H, and Bx = adt in Equation ( 2) giving the 
wave velocity 

(5) 

Unfortunately we are able to solve Equations ( 3) and ( 4) only 
for the case of instantaneous closure of the outlet valve, in which 
instance H = reservoir head for x = o, and V = o at the outlet valve 

. for X = L, for all values of t, 
The resulting solution is: 

• a Vo oo 0 + 1 { 
1 

(2n-l)L-x -l (2n-l)L+x} H=Ho+-- ; ( -1) t> __:_ _ ___;___ t> --'----'-----g ._1 a. a 
(6) 
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V=Vo { 
oo 11 +1 r l (2n-l)L-x +l (2n-l)L+x] 1 

l-11!1(-l) t> a t> a J 
(7) 

Figure 4 shows the graphs of these equations for the two ·cases of 
greatest interest, from which it is immediately apparent that Equations 
( 6) and ( 7) constitute a rigorous mathematical confirmation of Figures 
1 and 2. 

By a similar process1 we are able to include the effect of conduit 

friction provided that we approximate the true friction head-loss by 
means of an equivalent expression proportional to the first power of 
the conduit velocity. This is justifiable because friction head loss is 
usually of only secondary importance in water-hammer theory. In our 

subsequent analysis of surge tanks such an assumption would lead to 
serious error. Figure S shows the graphs of the corresponding 
equations. 

Since we cannot solve Equations ( 3) and ( 4) for the cases of 

gradual closure of the outlet valve ( which are the cases actually en
countered in practical engineering work) we must somehow extend the 

Instantaneous Closure - Friction Neglected 

+I +I +I 
Pressure Rise at I ) I I I I Valve- Feet 
Coefficierrts of _E::!..a.. I I I I I I 

g 0 2L 4L - GL OL 10 L 
a a 0 0 a 
I I I I I 
I I I I L 

-I -I -I 
Time Seconds 

VelocitY. at Reservoir +I +I +I 
Coefficients of 7 I I I I 
V-Feet Per Second I I I I I 

G b 36 5b 16- 9b 
a """"a a 0 a 
I I I I L I I I I 

-I -I -I 

FIG. 4 

1 "Watcr-Hnmmer A1rnl)·sis br the Laplace-:\lcllin Transformation'' by George R. Rich, Transactions 

AS)IE 1945-Pnpcr No. 4,1-A38. 
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available solution for instantaneous closure to apply to gradual oper
ation. Accordingly we consider the total time of valve closure to be 

2L 
subdivided into equal intervals of duration --- seconds, and we 

a 
further assume that at the start of each interval the valve is given an 
instantaneously ·executed partial movement equal in magnitude to the 
portion of the closure movement actually executed continuously in 
that particular interval. By analogy with the case of complete in
stantaneous closure, each instantaneously executed partial movement 
generates its own specific procession of square-topped elemental waves, 
which continue to pass up and down the conduit until attenuated by 
conduit friction. The net effect or summation of these square-topped 
elements at any instant is a very close approximation to the effect of 
actual gradual closure of outlet valve. 

Still a second important feature arises in this enforced transition 
from instantaneous to gradual valve closure: Since the outlet valve is 
partially open at all stages of the closure, the reflection of negative 
waves arriving from the reservoir will be only partial; the greater the 
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degree of valve closure, the greater the percentage reflection, and fi
nally reaching 100 per cent reflection when the valve is fully closed. 
Fortunately for the engineer it is not necessary actually to compute 
the relative amount of this reflection, since it is established automati
cally by the fact that the discharge through the valve at any instant 
must obey the orifice law. The mechanism by which this is effected 
will be outlined in the next paragraph. 

The successive steps in our trial-and-error process of arithmetic 
integration may be summarized as follows: 

( 1) Subdivide the total closure time into equal intervals of ZL 

(2) 

(3) 

seconds. 
Assume a trial value of ~ V 

a~V 
Compute ~H = -- (Refer to Equation 1) 

g 

a 

( 4) Compute };~H of all direct and reflected waves up to the 
instant in question. 

( 5) Compute the discharge from the valve by the orifice law 
Q = CAn v Ho + };~H + F in which F is the friction-head 
regained. Friction effect is usually neglected. 

( 6) Q from ( 5) should agree with V from ( 2) 
Figure 6 is a typical example of gradual closure upon which the 

reader may practice setting up and carrying out the tabulation for 
arithmetic integration in the manner best suited to his own individual 
tastes. For problems in which the outlet valve is being opened instead 
of closed, the procedure is similar except that the velocity increments 
~ V are positive and the corresponding head decrements-~H are 
negative. This can be pictured physically by inverting the cycle of 
Figures 1 and 2. 

In the greater number of problems the terminal outlet mechanism 
is not a simple valve but a turbo-machine, such as a centrifugal pump 
or a hydraulic turbine. In such cases the discharge depends upon the 
instantaneous speed of rotation of the machine, as well as the degree 
of opening or "setting" of the wicket gates or outlet valve. For this 
reason it is necessary to have model test curves for the particular 
machine under consideration, which will give simultaneous values of 
power, head, speed, gate and discharge or efficiency. 

In the corresponding arithmetic integration process we must guess 
the instantaneous speed of rotation ~N, as well as the velocity incre-
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ment 6. V. Consequently we must check out on two items instead of 
just the discharge Q. This i3 accomplished by incorporating the 
standard flywheel equation in our tabulation: 

Work Done on Generator Rotor= Kinetic Energy Gained 

Average Horsepower x 550 x ~t = _..!!._ [ 
4

7T

2

R
2

(Ni
2

-Ni) ] ( ) 
2g 3600 

8 

It will be found that checking out on ~t in the above equation involves 
the least labor. 

The conventional problem of this_ last class is to determine the 
water-hammer and speed rise of a hydraulic turbine-generator follow
ing complete loss of load under ·3hort-circuit conditions and for a par
ticular value of WR2

, or rotating inertia of the generator rotor. Figure 
7 is calculated for a plant having a relief valve but no surge tank, the 
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speed regulation being accomplished by other plants in the system. 
If the relief valve sticks in opening, the power dashpot connecting 
rod will stall the closing rate of the turbine gates to the value prescribed 
for the relief valve. But if the turbine gates stick and fail to close, 
the increased speed of the turbine operates to reduc_e the discharge 
just as effectively as if a valve were closing in the penstock. The curves 
of Figure 7 show the transient values of head and speed, and the fact 
that the values damp down to quiescence promptly, indicate.:; the basic 
stability of the system. 

Figure 8 shows the transient pressure drop as the unit of Figure 
7 gradually picks up load. The slow opening rate of 150 seconds is 
deliberately adopted to limit the pressure drop in the penstock. Such 
a very slow opening rate is permissible in this case because speed regu
lation is accomplished by other plants in the system. 

Since from Equation ( 5), the wave velocity a, depends upon the 
physical elements of the condu~t, each branch entering a junction point 
or point of change in conduit size or thickness, will have its own par
ticular value of wave velocity. This naturally gives rise to the gener
ation and propagation of so-called partial reflections at all such junction 
points. Although a very considerable volume of the current literature 
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is devoted to a discussion of the methods of pre-determining so-called 
refl~ctio~ coefficients at junction points; the author's own preference 
is simply to apply Newton's law Fdt :-- MdV, at each of the wave 
fronts ( Figure 9) and then write the equation of hydraulic continuity 
for the junction point, since the algebraic sum of the flows entering 
or leaving the junction must be zero. This reduces the amount of 
technical lumber to be carried in the memory, and is completely 
equivalent to the "coefficient" method since the same identical physical 
laws are used in both cases. 

As a rule it is only in very rapid closures that the actual values 
of partial reflections in compound penstocks become important. For 
the gradual closures encountered most frequently in practice sufficient 
accuracy is obtained by employing the weighted average of the wave 
velocity a and the conduit velocity V over the combined length of 
conduit L. 

With the increasing length of penstocks in hydroelectric instal
lations a point is reached at which either (a) the expense of providing 
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conduit ·strength to resist water-hammer or (b) the cost of WR 2 to 
balance increased time of valve closure, becomes prohibitive. In such 
cases an artificial reservoir or surge tank is installed as close to the 
power-station as is economically feasible. The purpose of such a tank 
is two-fold: first to reduce water-hammer by supplying compensating 
negative reflections and second, to serve as a source of water-supply 
upon turbine load-demand while the main conduit is accelerating, or 
ag a water-storage reservoir upon turbine load-rejection while the main 
conduit is decelerating. 

A fundamental difference in the character of the accelerating or 
decelerating processes in the main conduit above the surge tank, and 
in the penstock below the surge tank is immediately apparent, Figure 
10. The upstream conduit has in effect an open reservoir at each end, 
and the change in water surf ace elevation at the tank end is relatively 
gradual. Hence although the actual mechanism for effecting velocity 
change is an elastic water-hammer wave motion, the entire length of 
upper conduit may for all practical purposes be considered as a rigid 
water-column flowing at any instant under the combined influence of 
friction and acceleration heads. In other words for the purposes of 
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practical computation the upper conduit may be considered subject 
to a slow-speed mass acceleration and the penstock to a high-speed 
water-hammer acceleration, and the two sections treated as completely 
separate problems. 

A first approximation to the size of -:simple surge tank is obtained 
by equating the Kinetic energy of the flowing water in the upper con
duit to the potential energy of . the corresponding volume of water 
elevated in the surge tank, with a suitable allowance for the effect of 
conduit friction: 2 

✓ 2LV
2 

The surge y = --- + F 2 

gA (9) 

with F 2 = cV2 

2"Water Power Engineering" by H. K. Barrows McCraw-Hill-1934-Chaptcr X "Speed and Pressure 
Regulation" by W. F. Uhl. 
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Because of the fundamental impediment to direct solution by 
means of integrating the differential equations, the accurate verification 
of surge height for the final design of tank must be performed by 
arithmetic integration. The steps in the process for the simple tank 
are summarized as follows: 

( 1) Select an appropriate interval of time At. 
On the steep portions of the surge or velocity curve as short 
a time as 2 seconds may be necessary, while 15 or 20 seconds 
gives sufficiently accurate results on the flat portions of the 
curves. 

( 2) Guess the change Ah in water-surface elevation in the tank 
at the end of At. 

( 3) From Ah compute the volume flowing in or out of the tank . 
in At and also the volume discharged by the turbine in At. 
By simple addition or ;;ubtraction these values will give the 
volume discharged by the main conduit in time At. 

( 4) Knowing the main conduit velocity at the start of ~ t and 
the volume discharged by the conduit in At, compute the ' 
conduit velocity V at the end of At. 

( 5) Knowing V, compute the conduit friction head-loss at the 
end of At. The instantaneous acceleration head at the end 
of At is obtained by subtracting the friction head-loss from 
the difference between the water surface elevations in the 
tank and reservoir. 

( 6) Compute the average acceleration head for the interval At. 
Then applying Newton's law Fdt = MdV to the entire length 
of main conduit, compute AV for the interval At. 

AV = _-=.g_A_ha_A_t_ 
.L 

The corresponding value of V at the end of At should check V 
in Step ( 4). The trial-and-error process outlined above is continued 
until the performance curves are completed to the condition of 
quiescence. 

It will be noted from the performance curves, Figure 10,3 that 
the action of the simple tank is comparatively sluggish, owing to the 
fact that the development of accelerating head is inextricably bound 

3See ''Acknow1edgment.'' 
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up with the water-supply or storage function of the tank. It would 
obviously be desirable completely to dissociate these two duties so that 
full accelerating head could be made available early in the quarter
cycle. 

This desired separation was accomplished by Mr. R. D. Johnson 
in the invention of the differential regulator, the physical features of 
which are shown schematically in Figure 11.3 Deferring for the mo-
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ment the means for obtaining a preliminary design of physical con
stituent features for such a tank, we proceed at once to the calculation 
of surges by arithmetic integration. The mode of thinking is essentially 
the same as for the simple tank, except thaf we must guess the ele
VD,tion of two water surfaces at the end of each time interval: the 
elevation in the main tank and the elevation in the riser. And since 
we have made two guesses at the start, we must have two checks at 
the finish of each trial operation. The second or additional check in 
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this case is that the volume discharged to or from the outer tank in 
time 6. t must follow the orifice law of flow through the riser ports. 
The relative efficiency of the differential tank over a simple tank of 
the same diameter is indicated by the performance curves of Figure 
11.3 Figure 123 is a typical load rejection curve for the differential 
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tank, and gives a good picture of the promptne3s with which decelerat
ing head is developed by the rise of water. level in the riser pipe. 

Figure 133 illustrates one of the most striking advantages of the 
differential regulator, the ability to suppress synchronous load changes 
having the same natural periodicity as the main conduit. The simple 
t2.nk of the same diameter is soon caused to overflow while a definite 
ceiling is established for the surging in the differential tank. 

As is readily inferred from Figure 13,3 it is not enough to con
struct tanks high enough so that they will never overflow, nor deep 
enough so that on load demand they will never admit air to the pen
stock. To insure steady commercial operation, the tank must be large 
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enough in diameter to quench oscillations of the water surface down 
to quiescence very promptly without sustained pendulation; the tank 
must have inherent damping power or stability. 

To render the pertinent equations tractable to solution we ap
proach the subject of stability by the customary avenue of small oscil
lations. In the case of the differential tank we argue that for large 
load change3 the velocity through the riser ports produces a very pro
nounced choking effect, which however, becomes negligible for small 
load changes. Accordingly we consider the riser and ports entirely 
n~moved for the purpose of stability investigation, and may reasonably 
conclude that if sufficient damping power resides in the outer tank 
for small load changes, the quenching power will be proportionately 
improved by the port action in the case of the larger load changes. 
In the in5tance of the simple tank or outer tank, the justification for 
the use of small oscillations, lies in the fact that the beneficial damping 
power of conduit friction increases as the square of the velocity at the 
higher load changes. 
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Tonk area= F 
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Water Level in Tonk 
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head on turbine 

Penstock area = A 
Penstock velocity·=..L!-

From Figure 14, the total head comprises the friction head-loss 

and the acceleration head. 

L dV + 2 ----+y cV =o 
g dt , 

By hydraulic continuity: 

AV =Fu+ Ar= F-d..:...y_+Ar 
dt 

(.10) 

(11) 

If the subscript s, denote.s the steady-state condition, then the 

penstock velocity r at any instant · 

r·= rs (--H•-) 
H. + cV2 + y (12) 

In this expression we may drop c V2 for small oscillations; expand 
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the remainder as an infinite series m powers of 

terms in the higher powers: 

r = rs ( 1- y ) 
Hs 

Substituting in Equation ( 11) : 

V =_!__u + rs (1--Y-) 
A Hs 

y 

Hs 

o ( 2 2FrsU and cV- = C rs +---A--+ 2r.2y ) 
Hs 
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and drop all 

(13) 

(14) 

since u2 and ( ~ ) 2 are 

Equation ( 10) becomes: 

very small. With this substitution 

d
2
y -( Ars 

dt2 FHs 

( 
gA 

FL FLHs 

2crsg 
L 

) y+ 

) ~+ 
dt 

cgAr.2 
FL 

=o 

From the fundamental theory of linear differential equations the 
character of the solution of Equation ( 1 S) is determined by the relative 
magnitude of the constant coefficients. For a solution that is damped 

. l . h h . ( Ars 2crsg ) progressive y wit t e time, ~ - L must be negative or 
FHs 

AL 
F=----

2gcH (16) 

This is the celebrated Thoma formula which gives the minimum 
net area of tank that is capable of damping the oscillation to quiescence 
iu a time just short of eternity. Experience shows that in order to 
secure the rapid rate of quenching required in practical operation, we 
must add 2 S per cent to this Thoma value for the differential tank 
and SO per cent for the simple tank. 

It is the· extreme good fortune of hydraulic engineers that Mr. 
Johnson's contribution to the science of conduit acceleration did not 
stop with the conception and invention of the differential regulator. 
He also provided most incisive charts for quickly obtaining the demand 
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and rejection surges for any assumed diameter of tank. By employing 
the reasonable approximations of Figure 15, he rendered the basic 
differential equations sufficiently tractable for integration, and then 
summarized the results in dimensionle:ss charts applicable to all cases 
occurring in practice. So dependable are these charts that the work 
of arithmetic integration is usually in the nature of just a final con
firmation. In the preparation of the charts the port area is not calcu
iated directly, but is assumed to vary in just the right proportion to 
give the relative relationship of tank and riser level:s shown in Figure 
15. In actual final design one fixed value of port area is adjusted to 
meet two requirements. For load demand it must discharge the addi
tional water required by the turbine at the start of the quarter-cycle 
under the orifice head y; and for rejection it must be small enough 
so that it will discharge into the outer tank only what remains while 
the riser continues to spill over the top until the quarter-cycle. For 
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large assumed values of load demand this may require diverging ports 
which have a greater discharge coefficient for demand than under 
reversed flow for rejection. 

As would naturally be inferred, the actual diameter of tank pro
vided in excess of the minimum required for stability by the Thoma 
formula, is a matter of economic design to fit the local terrain. It may 
be cheaper to furnish a larger diameter tank with small surge range, 
all elements of the economic picture being duly considered. 

Figure 16 is an actual full-scale test of the Appalachia differential 
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surge tank of the Tennessee Valley Authority.3 The tank is 66 feet in 
diameter and 2 50 feet in height, excavated in solid rock from the bluff 
directly behind the power-station. The performance curves depart 
slightly from the ideal relationship during the quarter-cycle because 
the reservoir elevation at the time of test was not at the more adverse 
levels specified for design. However, the performance curves are of 
interest in showing the duration and character of the action in a very 
large tank under exceptionally severe load changes. 

As the final coordinate topic in our attempt at correlation let us 



230 BOSTON SOCIETY OF CIVIL ENGINEERS 

give consideration to the subject of stability or quenching power in 
the governor and its auxiliaries, first laying the ground work with the 
assistance of Figure 1 7. It is apparent intuitionally after a little study 
that the crude mechanism therein depicted would continually over
travel beyond the proper quiescent lirpit corresponding to the new 
load, and that such a device could never catch up with its intended 
work. That such is the case is confirmed mathematically. 

Flywheel Equation 

dw Po 
dT=T 

WR'N 2 

T = 8 XIO"P
0 

Flyboll Equation 

--dx __ _ w or dPo w w 
d t t9 /3 - dt = k fg t3 = ,=;-

Combining 

d1w w _ 
dt1 + T

9 
T -O 

w·= sin(~)t 

= o sustained 
osci !lotion 

Servomotor 

Oil Pressure 
Supply 

Relay Valve 

To Open To Close 

x) 0 x<O 

SPEED RESPONSIVE GOVERNOR - NO COMPENSATION 
FIG. 17 

The notation is: 
N-No 

the relative speed change w=----
No 

P-Po 
po= --p-

0 
- the relative power chan_ge 
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WR2N 2 

T = the specific inertia of 
16

_
2 

X 105p
0 

the rotating parts 
x = the relative servomotor travel 

or gate change = 
X-Xo 

Xo 
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tu = t);le time required to move the turbine gates to the new load 
position. 

{3 = a constant measured in terms of w, showing at what relative 
speed change the ·.servomotor piston speed reaches its full 
value. This depends upon the inertia of the mechanism, and 
of the oil in the servomotor piping system. 

dx 
k = the ratio --- from the power-gate curve of the turbine. 

dp 
The familiar flywheel equation in differential form is: 

dw po 
dt T (17) 

The flyball equation simply states that the servomotor piston 
speed depends directly upon the magnitude of the relative speed change 
w, and inversely upon k, {3 and tu: 

dx w dpo w w 
---- or -

(18) dt tuf3 dt kf3tu Tu 

Combining Equation (17) and (18) we obtain 

d 2w w 
w = sin ( ✓ 1 

)t dt2 + =o (19) TuT Ti,T 

which is the equation of a perpetually sustained oscillation. 
By giving similar study to the rudimentary mechanism of Figure 

18, it is evident intuitionally that the insertion of the linkage con
nection known as the primary compensation, serves as a means of 
anticipating where the final quiescent position of the servomotor piston 
should be and thus bringing the .mechanism to quiescence at the 
correct point. 

It can be seen from Figure 18 that if the flyballs drop below the 
synchronous speed level in response to a load demand of 100 per cent, 
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• d w = Po flywheel Equation-~ = .!_ ( w + $ Po) Flyboll 
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d2w ..,_.£._ ~ w _ 
cfi1 Tg dt + TT -O 
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To Close To O en 

x<o 
Speed Responsive Governor 
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the linkage operates to restore the relay, valve a certain definite portion 
of its back-travel, as the servomotor piston moves to the right. This 
means that when the relay valve does finally become recentered the 
flyballs are below synchronous speed level by the amount already 
accomplished by the primary compensation. Thus the speed at full
gate is less than that at speed no-load by a percentage aptly termed 
the "speed droop". Its manifest benefit is readily confirmed mathe
matically. The servomotor piston speed now depends not on w alone, 
but also upon the restoration effected by the primary compensation 
accompanying the servomotor piston travel or gate movement. 

The flyball equation then becomes: 

dto ;Y ( w + Bpo) = Flyball Equation· (ZO) 
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And the combined equation is: 

8 dw w 
+--+--=o 

Tu dt TuT (21) 

Again from the standard theory of linear differential equations 
with constant coefficients it is necessary that for a damped aperiodic 
or "dead-beat" value of the speed change w the speed-droop 

Tu 

T (22) 

It is evident from our previous discussion of the action of speed
droop that 8 must in practical operation be of small magnitude (less 
than 5 % ) to avoid cancelling the sensitivity of the flyball. If 8 is 
very large we might have stability but very inferior speed control. 

But to keep 8 small, either the fly-wheel inertia T must be very 
large, or the response Tu of the governor very fast, which would in
crease water-hammer. Both of these results would cause prohibitive 
expense. The practical solution is to accept a rapidly quenched or 
damped periodic action instead of the theoretically perfect "dead beat" 
type. 

This damped periodic action may be suitably accomplished in 
either of two ways: first, we may incorporate an acceleration-responsive 
element in the governor head to accompany the speed-responsive fly
ball; or second, by means of a suitable dashpot, we may arrange to 
supply a very large value of speed-droop for a very short time at the 
start of the servomotor piston travel, and diminish the speed-droop 
to zero as the piston stroke nears completion. This so-called secondary 
compensation has the same benefit physically and mathematically as 
the incorporation of an accelerometer in the flyball head. The mathe
matical confirmation follows the same method of approach previously 
employed. 

The effect of water-hammer is naturally to aggravate the difficulty 
oi speed regulation since it acts directly to increase the energy supplied 
to the turbine. The eminent French engineer, Mr. Daniel Gaden has 
made an exhaustive analysis of this water-hammer effect, giving con
sideration to the relative natural frequencies of the governor mech
anism and the pressure pulsation in the penstock. His final results 
are embodied in the equation: 
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TnT> K (+or 
0 = LVo 

gHo 

·-Gaden Formula (23) 

- Penstock Characteristic 

This simple expression may be used to check governing system 
stability with the same ease with which we employ the Tho.ma formula 
in verifying surge tank stability. The proper value of the constant 
K depends simply upon the steady-state head in accordance with the 
following tabulation: 

H-feet 
K 

30 
1.31 

150 
1.36 

300 
1.41 

500 
1.84 

1000 
2.76 

In contrast with the Thoma formula, however, Mr. Gaden has 
incorporated an allowance to insure the commercially acceptable rate 
of damping in his derivation. Because this liberal value of logarithmic 
decrement has been so provided, no additional percentage allowance;; 
need be made when using the Gaden Test in practice. 
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BOD LOADINGS IN ACTIVATED SLUDGE PLANTS 
WM. E. STANLEY, MEMBER* AND J. F. BERBERICHT 

(Presented at a meeting of the Sanitary Section of the Boston Society of Civil Engineers, held on 
Dccembo, 3, 19,17.) 

INTRODUCTION 

This paper comprises a preliminary summary of an investigation 
of BOD Loadings based on operating data from a selected number 
of activated sludge plants, relative to the interrelation of several 
major factors influential to effective plant operation. The inquiry is 
an initial effort toward developing empirically a reasonably logical 
procedure for the design of activated sludge plants on the basis of 
the BOD in the applied sewage. 

Many basic operating data were collected and a preliminary 
analytical procedure developed by the junior author in a thesis 
study, as part of the requirements for the degree of Master of 
Science in Sanitary Engineering ( awarded June 1_3, 194 7) at Massa
chusetts Institute of Technology. These data have been extended, 
recomputed and replotted by the senior author. 

These analytical discussions and graphical results are presented, 
as an introductory phase of an attack on a complicated problem 
which will requi_re the cooperation of both plant operators and plant 
designers before any reasonably satisfactory solution might be found. 

Operating data were obtained through the courtesy and as
sistance of plant operators of 2 7 plants in 23 cities as listed in Table 
I. Data supplemental to the routine operating reports have been 

. furnished through correspondence. 
The BOD test is presently the best available index of effective 

sewage treatment plant operation, where removal of organic pollution 
is of major importance. Recent studies1 indicate that the results 
of the present standard laboratory procedure for the BOD test, as 
a measure of the unoxidized organic matter in the final effluent, may 
be affected by the status of nitrification of the nitrogenous matter 
in sewage. If nitrification has started and is continued in the BOD 

•Professor of Sanitary Eng!neering, Massachusetts Institute of Technology. 
jSanitary Engineer, Permutit Company. 
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TABLE I 

LIST OF PLANTS, CooPERATING OFFICIALS AND RECORDS OF AVAILABLE DATA 

Plant 

Ann Arbor, 
Mich. 

Austin, 
Texas 

Baltimore, 
Md. 

Chicago 
San. Dist., 
Chicago, 
III. 

Cleveland, 
Ohio 
(Easterly 
Plant) 

Decatur, 
Ill. 

Fort Wayne, 
Ind.· 

Gary, 
Ind. 

Hagerstown, 
Md. 

Hammond, 
Ind. 

Jackson, 
Mich. 

Madison, 
Wis. 

Marion, 
Ind. 

Marshalltown, 
Iowa 

Cooperating 
Official 

C. Preston Witcher, 
Superintendent 

A. H. Ullrich, Supt., 
Water & Sewage 

Treatment 

John J. Hunt, 
Sewerage Engr. 

Dr. F. W. Mohlman, 
Director of Labo-

ratories, 
a) South West 

plant 

b) North Side 
Plant 

c) Calumet Plant 

J. w. Ellms, 
Commissr. of Sewage 

Disposal 

Dr. W. T. Hatfield, 
Supt. San. District 
of Decatur 

Paul L. Brunner, 
Chief Chemist 

w. w. Mathews, 
Superintendent 

C. w. Stump, 
City Engr. 

Carl B. Carpenter 
Supt. San." Dist. 

of Hammond 

A. B. Cameron, 
Superintendent 

H. 0. Lord, Ch. Engr. 
Madison Metro. · 

Dist. 

David Hackmeyer, 
Superintendent 

L. F. Skorczerki, 
Superintendent 

Record of Operating Data Symbol 
Length letter 

Dates of Record (See charts) 

1944-46 2½ yrs. a 
Oct. '45-) 8 months a' (Plain 

June '46) Aeration) 

1944 1 year b 
1945 1 year b, 

1945 year C 

1943 1 year d 
1946 1 year d, 

1943 1 year e 
1946 1 year e, 

1943 1 year 
1946 1 year f, 

1940-45 6 years g 

1946 11 months h 

1941-46 5 years 

1941-45 5 years 

1943-46 4 years 1 
(7 mo. in ea.) 

1942-46 5 years m 

1942-46 5 years n 

1947 year p 

1942-46 76 months q 

1943-46 3 years r 
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Plant 

Milwaukee, 
Wis. 

Pasadena, 
Cal. 

Peoria, 
Ill. 

Pontiac, 
Mich. 

Richmond, 
Ind. 

San Antonio, 
Texas 

Springfield, 
Illinois 

Syracuse, 
N. Y. 

Two Rivers, 
Wis. 

BOSTON SOCIETY OF CIVIL ENGINEERS 

TABLE I (continued) 

Cooperating 
Official 

James L. Fereb~e, 
Ch. Engr. Metro. Dist. 

Record of Operating Data 
Length 

Dates of Record 

a) West Plant 1945 1 year 
1 year b) East Plant 1945 

(New) 

Wm. A. Allen, 
Adm. Asst. to City 

Mgr. 

L. S. Kraus, 
Chief Chem., 
Peoria San. Distr. 

Thomas J. Doyle, 
Superintendent 

Floyd Vermette, 
Chemist 

W. E. Ross, Supt. 

E. J. M. Berg, 
Office of Park 

Comm. 

1945-46 

1946 

1942-46 

1946 

1945 
1946 

1946 

1 year 

1 year 

5 years 

1 year 

1 year 
1 year 

1 year 

Symbol 
letter 

(See charts) 

s 
t 

V 

w 

X 

z, 
z 

aa 

C. C. Larson, Chemist 1942 
Springfield San. Dist. 

1 year bb 

Uhl T. Mann, Jan.-June 1947 
Chief Operator, 

Onondaga Pub. Wks. 
Comm. 

Erwin A. Bartz, Supt. 
a) East Plant 1946 
b) West Plant 1946 

Average both 1946 

6 months· cc 

1 year 
1 year 
1 year 

dd1 
dd, 
dd 

bottles, larger values of residual BOD may result, which would 
indicate an apparent lower percentage removal of BOD. The effect 
of nitrification will be discussed later in this paper. 

However, modifications in the laboratory determination of the 
effluent BOD figures would account for only a small part of the 
wide variations in the results obtained at the various plants, as 
graphically illustrated in the several charts hereinafter described . 

.. 
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!NFL UENTIAL FACTORS 

Major factors influential to the effective operation of the acti
vated sludge process comprise: 

( 1) The Organic Loading on the process-represented by the 
BOD (5 dy) applied to the aeration (and reaeration) units. 
The loading unit as used herein is pounds of BOD applied 
per 1000 cubic feet of aeration tank volume ( any volume 
for sludge reaeration being included). This represents the 
pollutional material to be reduced by the biochemical re
actioris which take place in the aeration (and reaeration) 
tanks. 

( 2) The Aeration Contact Period, in hours-the time the 
sewage is in contact with activated sludge and air-i.e. 
the time period in which the organic constituents of the 
sewage may be absorbed by the active sludge. 

( 3) The Sludge Solids Concentration in the aeration tanks
an index to the quantity of active sludge, generally re
ported as ppm of solids in the mixed liquor-the concen
tration of solids in the returned activated sludge affects 
the aeration contact period or the concentration of sludge 
solids in the mixed liquor or both. 

( 4) The Amount of Air Required to properly supply oxygen 
and to provide sufficient agitation-i.e. the air serves a 
dual function. The amount of air depends on a number 
of operation factors. It is quite generally reported as 
total volume of free air in cubic feet and as cubic feet 
of free air per gallon of sewage. 

( 5) The Character of Activated Sludge-particularly its con
centration, oxidation activity ( or capacity), and the degree 
of nitrification. 

These several major factors are interrelated; in some cases 
the interrelation is quite complex. The character of the organic load 
is quite likely a factor not yet fully understood. 

DESIGN BASES 

Bases of design upon simple relationships, such as detention 
periods in hours, pounds per day of BOD per 1000 cubic feet of 
aeration tank volume, or pounds of BOD per day per 1000 cubic 
feet of air, have been used, but have not proven entirely satisfactory. 
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It appears likely that a more complex measurement unit or parameter 
would indicate more satisfactorily the proper basic capacities for 
design. 

Many diffused air type activated sludge plants have been de
signed on the basis of an arbitrary aeration tank volume sufficient 
to provide about four to six hours' detention of a mixed liquor flow, 

computed as the average sewage flow plus 20 to 2 5 per cent returned 
activated sludge, with air blower and piping capacity for an arbitrary 
amount of air-possibly a maximum of 2.0 cubic feet per gallon of 
sewage. Mechanical aeration plants have usually been provided 

with longer detention periods based on the average sewage flow, but 
with a smaller percentage of returned activated sludge. 

The design of trickling filters on the basis of applied BOD 
loadings in terms of pounds per unit volume of media has become 

relatively general practice. So in recent years, consideration has 
been given to the use of BOD data as the basis of design for acti
vated sludge plants. 

Greeley2 has suggested that, for average domestic sewage, 
a reasonable design practice might provide for a BOD (5 dy) loading 
of 2 5 to 30 pounds per 1000 cubic feet of aeration tank volume with 
1 to 2 pounds applied BOD per 1000 cubic feet of air supplied and 
suspended solids in the mixed liquor ranging from 1500 to 2000 ppm. 

The National Research Council report3 on military sewage 
treatment plants proposed a loading parameter, including pounds 
BOD per day per 1000 pounds of suspended solids per hour of 
aeration, and states-"This method of rating loading reflects both 
the amount of biologically active material and the effective time 

for biological reaction." Curves were included in the report for 
military and municipal plants. 

Kraus has reported4 on a procedure for increasing the con
centration of the sludge solids in the mixed liquor by using digester 
sludge and ample reaeration. He has also made several studies of 
aeration tank operation for various BOD loadings, unpublished 
results of which have been made available by letter and have been 

included in this study. 
Mann has reported5 several studies of BOD loadings at the 

Syracuse Ley Creek plant, and has attempted to determine certain 
interrelationships between the various factors. 

Hatfield, at Decatur, Illinois, has been studying BOD loadings. 
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Some of his (unpublished) ideas and conclusions have been con
sidered in this study. 

MEASUREMENT UNITS 

This study was related to the aeration and final tanks only. 
So throughout this discussion the loadings refer to the BOD of the 
primary tank effluent applied to the aeration units and the BOD 
removals refer to the removals through the aeration and final tanks. 

It seems well to explain the computation procequre selected 
for certain measurement units, namely, ( 1) BOD loadings, ( 2) 
aeration contact period, ( 3) air supply and ( 4) operating results 
accomplished. 

BOD loadings have been computed as pounds of. BOD ( 5 dy) 
applied per day per 1000 cubic feet of aeration tank volume. The 
volume of tank for this purpose has been taken as the total volume 
of aeration tanks, irrespective of whether a part of the total tank 
volume is used for reaeration. 

This assumes that the operator will adjust the use of aeration 
tank volume as between direct aeration of mixed liquor or reaeration 
of sludge as he finds desirable for optimum economy, which has been 
routine practice· at Decatur, Peoria, Austin (Tex.), San Antonio, and 
elsewhere. Many operators do not use sludge reaeration. 

The Aeration Contact Periods, in hours, have been computed 
on the basis of the flow of mixed liquor through that portion of the 
aeration tanks used for sewage or mixed liquor aeration, which basis 
of computing aeration hours seems to have been used by most of 
the plant operators. Mohlman has suggested that the designer should 
use aeration hours determined by the total aeration tank volume 
divided by the flow of settled sewage, leaving to the operator the 
decision as to the percentage of return sludge to use .. 

Air supply, in terms of cubic feet of free air per gallon of sewage, 
is included in most operation reports and has been quite generally 
used to date by plant designers and operators alike to indicate the 
relative magnitude of air usage. Since the unit of cubic feet per 
gallon of sewage has been so commonly used it has been included in 
this study as the air measurement unit. 

However, there appears to be no basic relation between sewage 
flows and air quantities. A more basic measurement unit might be 
either cubic f~et of air per pound of BOD applied, or removed, or 
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possibly cubic feet of air per 1000 cubic feet of aeration tank volume. 
However, air quantities in certain plants are not closely controlled, 
the amount of air frequently depends more on the blower unit 
capacities than on air requirements for oxidation. Also the reported 
quantities may include the air used for sludge air-lifts and sewage 
conduit aeration. Further, the air quantities are much larger than 
the amount required to supply the oxygen demanded. Methods for 
a more economical use of air are being considered by various investi
gators. 

Results of operation have been stated in terms of ( 1) ppm BOD 
(5 dy) removed and (2) percentage removal of BOD for the purpose 
of comparing the performance of several plants. A third possible 
measurement unit-i.e. ppm BOD residual in the plant effluent-was 
used in the earlier thesis computations, but has not been included 
herein. 

ANALYSIS OF OPERATING DATA 

Certain pertinent items of operating data, abstracted from routine 
and special operation reports, have been tabulated and from these a 
number of measurement units have been computed. The results from 
various plants are presented graphically in Figures I to VIII in
clusively, the plotted points being keyed to the several plants by 
lower case letters as shown in Table I. 

The discussion of the analytical procedure will be included under 
the following subdivisions: 

1. Aeration Tank Capacities related to BOD. 
2. Aeration Contact Periods. 
3. Sludge Solids Concentration in Aeration Tank. 
4. Air Supply Quantities. 
5. Character of Activated Sludge. 
6. Effect of Nitrification. 
7. More Complex Parameters. 

AERATION TANK CAPACITIES RELATED TO BOD LOADINGS 

BOD ( 5 dy) quantities in the primary settling tank effluer,t 
re1ated to aeration tank volumes, i.e. BOD applied in pounds per 
1000 cubic feet of aeration tank volume, are shown graphically by 
Figure I with BOD loadings plotted against BOD removals in ppm 
and in per cent. 
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These data (from 27 plants) show a 90 to 95 per cent removal 
of BOD, through aeration and final tanks, for BOD loadings ranging 
from about 15 to more than 53 pounds of BOD applied per day per 
1000 cubic feet of aeration tank volume. 

Results of special experimental studies at Peoria (plotted in 
Figure I) indicate no falling off in percentage removal of BOD with 
loadings as high as 80 pounds per 1000 cubic feet of aeration tank, 
including a substantial volume used for sludge reaeration. Hatfield, 
at Decatur, Illinois, reports (by letter) that with substantial sludge 
reaeration he has had BOD loadings up to 74.5 pounds per 1000 
cubic feet of aeration tank, including the reaeration volume, with 
no sludge bulking. 

Data published by Greeley,6 (plotted in Figure I as lines 
"Greeley" and "Bowery Bay") from experimental studies at Chicago 
and New York, show a falling off in percentage BOD removals for 
loa<lings greater than 30 pounds per 1000 cubic feet of aeration 
tank. However, the sewages were much weaker at Chicago and New 

. York than at Peoria and Decatur; also no reaeration of sludge was 
included. 
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The two curves for Peoria (studies I and II) and the Bowery 
Bay curve, in Part II of Figure I, are so far apart it seems obvious 
that other factors are involved. 

The two points "w" and "w1" representing Peoria operation 
results for 1942-46 ( 5-year average) and 1946 (1-year average), 
respectively, indicate the same variation as the studies I and II curves. 
The data from Peoria show that the only significant difference for 
these two points "w" and "w1" was in the amount of returned sludge 
and the amount of aeration tank volume used for sludge reaeration. 

The returned sludge at Peoria averaged 29.5% of the sewage 
flow, during 1946 (point "wi''), while the returned sludge averaged 
37.8% of the sewage flow during 1942-46 (point "w"). (During 
1945 the returned sludge averaged 46.8% of the sewage flow.) 

The Bowery Bay sludge solids in the mixed liquor were low and 
also the hours of aeration contact were shorter than for most of the 
plants included in this study. 

AERATION CONTACT PERIODS 

Aeration contact periods (hours) are graphically compared to 
BOD removals in ppm by Figure II and in per cent of the applied 
BOD by Figure III. 
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Two previously published · curves have been plotted also in 
Figure II. The "Freese" line, published in 1938,7 based on 
limited data, does not agree with the presently recorded more ex
tensive operating data. The "Pearse" line proposed in 1942 by the 
A. P. H. A. Committee on Sewage Treatment-Mr. Langdon Pearse, 
Chairman8-comes closer to fitting the presently reported operating 
data. 

However, the plotted points, for the several presently recorded 
operating data, and also the data considered by the A. P. H. A. 
Committee, are so widely scattered it seems evident that other factors 
are involved. So it is not feasible to determine the relationship of 
BOD removals, in ppm,· and the aeration period, in hours, by a 
simple plotting of these two factors. 

Figure III, showing the percentage removal of BOD plotted 
against hours of aeration contact, gives some hint as to the effect of 
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other factors. There appears to be a reduction in the percentage 
of removal for aeration contact periods less than 4.0 hours _and longer 
than 7 or 8 hours. The certainty of this observation is obscured 
somewhat by the difference in mixed liquor concentration, which 
factor also affects the results. 

The results of plain aeration, particularly the data published 
by Mann5 and Setter,9 show a definite increase in percentage 
removal with longer aeration contact periods up to 8 hours. The 
rate of increase appears to be small after 7 or 8 hours. For a given 
aeration contact period the percentage removal is greatest for the 
plants using larger quantities of suspended solids in the aeration 
tanks ( i.e. greater mixed liquor concentration). 

SLUDGE SOLIDS CONCENTRATION IN AERATION TANK 

The effect of the suspended sludge solids concentration in the 
mixed liquor has been discussed in various papers on activated sludge. 
The operating results of this study are shown in Figure IV where the 
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mixed liquor solids (ppm) are plotted against per cent removals 
of BOD. The points are scattered and seem to indicate little or no 
effect on the percentage figures for concentrations ranging from about 
1250 ppm to 3000 ppm. 

However, when the results are plotted for plain aeration (at 
Ann Arbor, Indianapolis, Syracuse, and Wards Island); modified 
aeration (Bowery Bay, Jamaica, and Wards Island), a short time 
(1 month) record at Lake Charles, and a published 5-year average 
for Rockville Center10 there is a definite indication of a trend curve. 

It appears that the data for mixed liquor solids concentrations 
greater than 12 SO ppm must be adjusted or weighted in accordance 
with other factors before a definite location may be fixed for the 
trend curve. 

Plotted points for certain plants, in which nitrification appears 
to affect the effluent BOD, have been adjusted, as indicated by dotted 
squares, by arbitrarily reducing the effluent BOD by 30% and re
computing the percentage removal. This procedure brings all points 
into closer agreement. 

AIR SUPPLY QUANTITIES 

The quantities of air supplied at the several plants, in terms . 
of the commonly used unit of cubic feet per gallon of sewage, plotted 
in Figure V against BOD removals, though the points are widely 
scattered, show a definite tendency toward the use of larger air 
quantities with stronger sewages. The reported air quantities range 
from 0.40 at Calumet to 2.41 at Richland Center, Wis. cubic feet 
per gallon of sewage. 

A general trend is indicated (Figure V) toward greater BOD re
movals, in parts per million, with the higher unit air quantities, but 
there is only a slight indication of any dropping off in percentage 
removal of BOD over the entire range of air quantities which might 
be charged to air requirements. 

However, the plotted points are so scattered that no reliable 
curve can be drawn until some basis has been determined for 
weighing the several points or the points have been adjusted as to 
location in accordance with the effect of other factors, possibly 
factors unrelated to air requirements of the treatment process. 

Undoubtedly the air supply quantities are affected by limitations 
of mechanical equipment, blowers and the like. In certain plants the 
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total air supplied remains the same and the cubic feet of air per 
gallon of sewage varies inversely with the sewage flow rates. 

CHARACTER OF ACTIVATED SLUDGE 

Much has been written indicative of some definite relationship 
between the condition or characteristics of activated sludge, as re
turned to the aeration tanks, on the efficiency of operation of the 
plant. 

Kraus4 has reported the effect of adding digested sludge. Both 
Kraus and Hatfield have used substantic!-1 periods of reaeration. Blood
good11 and others have attempted to relate the sludge activity, as 
measured by its use of oxygen, to plant efficiency. 



BOD LOADINGS IN ACTIVATED SLUDGE PLANTS 249 

The only factors relating to activated sludge char~cter, gener
ally reported by plant operators, are sludge concentrations (already 
discussed) and sludge index. As yet no indication has been dis
covered of any direct relationship between sludge index and BOD 

· removals. 

EFFECT OF NITRIFICATION 

There has been much thought given to tpe subject of nitrification. 
Presently certain plant operators are questioning the desirability of 
nitrates in the plant effluent. One operator has written that beginning 
in January 194 7 he proposed to operate his plant so as not to produce 
nitrification, in order that an apparent higher degree of BOD removal 
might be obtained. 

The data on nitrates, from the relatively few plants which have 
reported nitrates in the plant effluent, have been plotted in Figure VT 
against BOD removals in percentages. These plotted data seem to 
indicate higher percentage BOD removals when the nitrates are 
less than 0.5 to 1.0 ppm, a lower percentage BOD removal when the 

100 

95 
.., 
i:: 

90 QI 
C) 

"' a, 
0. 

·t 85 

n 

' •,C "; _.us ~··~ 4 >"• .. ~~ -........_ V ~ ·aw 
'II J ,-..._ ..... _ ~. hO Po.,~1, 

A 

0 80 
~ 

.... 
75 0 

.--I 
QI 
I> 
0 70 El ' G) 

~ 

65 

60 
0 1 2 

Oil --- >dd 
Om, ' >•• 'o.~-- i----- ------?-- ---

-b 

3 4 5 6 7 8 9 10 11 12 

Nitrates 1n Efflue~t - ppm 

Fig.VI - Effect of Nitrification 
--- .2!l Percentage Removal of~ Q Q 



250 BOSTON SOCIETY OF CIVIL ENGINEERS 

nitrates are about 3.5 ppm and then an increase in percentage BOD 
removal as the nitrates go up to 11 ppm. 

There seem to be three objections to nitrification: ( 1) the nitrates 
may be conducive to undesirable growths of vegetation in the re
ceiving waterway in certain locations, (2) the nitrates may be de
composed in the final sedimentation tanks with resultant rising sludge 
troubles due to nitrogen gas, ( 3) the nitrification stage of oxygen 
demand in the BOD bottles results in higher BOD values for the 
final tank effluent and thus an apparent lower plant efficiency. 

Sawyer and Bradney12 have discussed the effects of nitrogen 
gas on rising sludge at Sioux Falls and have suggested the possibility 
of improvements in the laboratory technique for the BOD test to 
remove the effect of nitrification on the results of the test. 

Hurwitz, Barnett, Beaudoin and Kramer13 have presented data 
from Chicago which show that BOD determination for final effluents 
by a modified technique give values averaging 31.S per cent lower 
than results by standard methods. 

Kraus at Peoria has tried modified BOD tests for a period of 
several months ( since June 194 7). He writes (private correspon
dence) that the laboratory analyses give final BOD values 20 to 30 
per cent lower than formerly found by the standard BOD procedure. 

Possibly adjustments in the final effluent BOD values due to 
the effect of nitrification on the BOD bottles might improve the 
relative locations of certain plotted points on the several charts 
(Figures I to VIII, inclusive). Certain adjustments have been sug
gested by the plotted points in Figure IV determined by arbitrarily 
reducing the final BOD's by 30 per cent. 

More complete analytical data on the nitrogen, in its various 
forms in the sewage, should be made available before definite con
clusions can be developed as to the actual effects of nitrification. 

MORE COMPLEX PARAMETERS 

Analytical procedures involving simple comparisons of the 
values of daily BOD removals with each of the several influential 
factors, outlined hereinbefore, have not given conclusive evidence 
of the magnitude of influence of each individual factor. 

Accordingly, consideration has been given to more complex 
parameters for determining the proper capacity of a proposed aeration 
plant, starting with the daily BOD quantities in the settled sewage. 
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The 
eluded: 

a) 

several more complex parameters so far studied have m-

P1 = Applied BOD in pounds daily per 1000 
of aeration tank volume (including any 
aeration volume). 

cubic feet 
sludge re-

b) P2 = P1 divided by the hours of aeration contact period. 
c) Pa = P2 divided by the ppm of suspended solids in the 

mixed liquor and multiplied by 1000 ( to give nu_m
bers greater than 1.0). 

d) P4 = Pa divided by the cubic feet of air per gallon of 
sewage. 

The P1 parameter values (lbs. BOD applied daily per 1000 cubic 

feet of aeration tank volume) have already been related to BOD 

removals (Figure I). 
The P2 parameter values, i.e. pounds BOD applied daily per 

1000 cubic feet of aeration tank divided by hours aeration contact 
time, compared to BOD removals are shown graphically by Figure 

VII. These values ranging from about 1.5 to about 18.0, give 
scattered points (Figure VII) which show no definite trend. Also 
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there is no evidence of any reduction in percentage removal for P1 
yalues less than 18.0. 

The interrelation of the several parameters (P2, P3, and P4) 
with the BOD loading, P1, for the second, third and fourth degrees of 
complexity, is recorded as parts I, II and III of Figure VIII. 

The plotted points (Figure VIII) are scattered due to unde-
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termined causes. However, a selection of the more consistent data, 
indicated by the solid points gives encouragement to the expectation 
that proper adjustments may be discovered soon which will account 
for the influences of various factors presently unknown or unevaluated 
and established a certain definite parameter directly applicable to the 

design of new plants. 

SUMMARY 

Operating data from 27 activated sludge plants (Table I) 
studied by plotting four major factors against BOD removals have 
indicated roughly the relative magnitude of the effect of each factor: 
(1) BOD loading (Figure I), (2) aeration contact hours (Figures 
lI and III), ( 3) solids concentration in the mixed liquor (Figure 
IV), and (4) air quantities supplied per gallon of sewage (Figure V). 

However, the plotted points are sufficiently scattered as to sug
gest that other factors must be included before· any real basis of 
design factors may be established. Among these other factors may 
be: 

a. The chemical character and nutritional quality of the 
organic matter in the sewage. 

b. Temperature. 
c. Nitrification or the stage of decomposition and nitrification 

_of the nitrogenous matter during the sewage treatment. 
Some approximate indication of the effect of this factor 

has been indicated (Figures IV and VI). 
Further, the graphical analytical procedures have shown none 

of the four major factors as the principal influence in the results 
which may be expected from the operation of an activated sludge 
plant. Thus, the combined influence of all factors must be considered. 

Certain data from plain aeration and modified aeration experi
mental operation of activated sludge plants suggest (Figure IV) 
that the concentration of suspended solids in _the mixed liquor may 
have more influence than sometime has been considered to be the 

case, particularly for mixed liquor concentration less than about 1800 

ppm. 
There is some evidence that nitrification does result in lower 

apparent BOD removals under certain conditions. These indicate 
the desirability of modifying the Standard BOD laboratory technique 
to rule out the effects o.f nitrification in the BOD bottles during the 
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5-day incubation period. Laboratory procedures for this have been 
proposed by Sawyer1 and by Hurwitz, et al.13 

A graphical comparison (Figure VIII) of the four parameters,. 
of the first, second, third and fourth degree of complexity, with the 
P1 parameter-BOD lbs. applied per 1000 cubic feet of aeration tank 
volume-gives encouragement to the hope that shortly a key may be 
found to the interrelationship of the several influential factors. 

Studies must be continued and additional operating data ana
lyzed to establish a sound procedure for the design of aeration plants 
with reference to the BOD of the applied sewage. Meanwhile the 
basis of design proposed by Greeley, i.e. 25 to 30 lbs. BOD per 1000 
cubic feet of aeration tank volume, appears to be a very conservative 
basis for domestic sewage. 
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Municipal engineering surveys should be made, in my opinion, 
as accurately as possible, as economically as possible, and usually, in 
order that they may be used for the purpose intended, as speedily as 
possible. Other methods may be more desirable than these that I refer 
to, and undoubtedly conditions will warrant different procedures. 

A short history of the surveys in Needham might be of interest.. 
Until about twenty year~ ago the only traverses or base-lines of any 
extent run in this town with any accuracy, to my knowledge, were 
those on the County highway layouts. 

Since 1930, we have nearly covered the entire town by ~ network 
of survey traverses connected to each other and to the existing tri
angulation points and town bounds. 

Beginning about 1931, I used the principle triangulation points 
as a basis for establishing a system of coordinates with the State House 
as the origin, or South= 0 and West= 0, and thereby attempted to 
coordinate the traverses in existence at that time. 

With the assistance of E.R.A. and W.P.A. we covered much more 
ground and in 1936 the Massachusetts Geodetic Survey offered to run 
surveys and place monuments in locations that I thought would be 
desirable for future use, in addition to those already in existence at 
tbat time. These monuments were all ref erred to the Massachusetts 
Coordinate System, so, as soon as practicable I started to place all 
our traverses on this system. In order to do this, angles and distances 
were measured to all nearby stone bounds, etc., from the various 
M.G.S. monuments. The traverses and layouts were then computed 
and balanced on the Massachusetts Coordinate System of 1941. 

I would like to suggest that coordinates should be dated. In using 
the Massachusetts Coordinate System, changes or adjustments might 
be made at any later date in the published values of the coordinates 
of the Massachusetts Geodetic Survey monuments. 

*Superintendent Engineering Di\·ision 1 P.\V.D .• Town of Nccdhnm, Needham, Mass. 
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By placing the notation "Massachusetts Coordinate System", 
"1941" on the north point, it gives any other engineer the date of the 
values used and might save a serious discrepancy sometime in the 
future. 

Traverses should be made with the idea in mind of locating as 
many details as possible, such as monuments, walls, property corners, 
buildings and other physical features. This is particularly desirable 
for streets having no definite layout lines and for use in making 
Assessors Plans. 

They should be useful also for the layout of a street, that is, in 
the establishment of lines or a relocation. I believe that angles and 
distances taken to substantial buildings or their foundations, whereby 
the co-ordinates may be computed, are better than offsets. By showing 
co-ordinates of corners of foundations, offsets may be computed there
from at any future date and may be more permanent than stone 
bounds. 

The Town Map of Needham in general use until 1945 was made 
up about 1923 from various surveys and plans of doubtful accuracy. 
While it probably served its purpose at that time, numerous errors 
existed. 

The plotting of traverses by co-ordinates, on a 400 foot scale, 
enabled us to find where additional lines might be needed in the future, 
and, at the same time, use it as a basis for a new Town Map, which 
we made. 

While on the matter of Town Maps, it might be well to mention 
that the U. S. Geological Survey Maps may be enlarged up to a 400 
foot scale, or larger, and thus a very good contour map may be made 
of a Town in this manner. 

The Assessors plans which we have are the results of my own 
personal ideas of what should be shown, and what the Assessors 
desired. We traverse as much as we can or feel necessary, and fill in 
the balance from Land Court plans and all other surveys and plans 
available. 

I have found that the use of co-ordinates on street layouts is very 
desirable and recommend their use whenever possiole. An example 
of this was in a recent street layout which I made near two other 
streets having balanced co-ordinated baselines run along them. By 
using deeded distances and other data, I was able to compute the lines 
of the new street, and later, found that when we laid it out on the 
ground, it checked out very well. 
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Another reason for using co-ordinates is that they can be used 
for different purposes. For instance, we had a co-ordinated line on 
an old street that had no definite layout lines. In other words, the 
boundaries are old walls or what remains of them; fences, and other 
lines of occupation. We used this co-ordinated baseline for the Town 
Map and Assessors Plans. Last year we constructed a sewer in this 
street and again used the same line for showing the street lines, prop
erty lines, and buildings. Each time we plotted the line on a different 
scale. For the Town Map a 400-foot-to-an-inch scale was used, for 
the Assessors plans an eighty-foot scale was used, and for the sewer 
record plans a scale of 40-feet-to-an-inch was used. 

In making surveys for sewer easements, I have found that, by 
running a traverse between monuments that have been co-ordinated, 
it gives a definite check on the field work. 

The equipment that we use is an engineers transit, and I feel 
that it should be cleaned and adjusted nearly every year for good 
results; a 100-foot steel tape that has not been spliced or ·repaired, 
if possible, and also, it should be one of the narrow type tapes to 
lessen wind resistance; a Locke or hand level for use in leveling both 
ends of the tape, and an oval-shaped red and white plumb-bob target, 
such as manufactured by Dietzgen. This target I believe is invaluable 
for sights two or three hundred feet or more away, especially where 
a plumb-bob string might blend into the background, or on difficult 
sights. We also have a large wooden red and white target about fifteen 
inches square mounted on two-by-three, six feet long, for use on sights 
half a mile or more away. This target may be carefully erected over 
a monument and held in place by nailing it to stakes driven into the 
ground at an angle. 

Another device that I have found useful when short of assistance, 
is a light tripod. This may be a light mountain transit tripod or a 
camera tripod. By setting this over a backsight and hanging a plumb
bob from it by means of a large flat-sided spike, as many angles can 
be turned from it as desired. 

For best results, the tape should be checked for accuracy against 
a standard and the proper pull or tension applied to all measurements. 
The temperature should be noted and the correction applied. 

One piece of equipment that I do not use and do not recommend, 
is the range-pole or the sight-pole. I prefer to use a plumb-bob for 
lining-in points for measuring and sights for turning angles . 

... 
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The number of repetitions of an angle depends on the length of 

sights. I have used three repetitions mostly and have receivtd good 
results therefrom. An idea of what happens when angles are not 
repeated or turned close enough, i~ shown as follows: 

Angle turned to the nearest 0° -01 '-00" -in 100 feet, may vary about ½ of 0.03 or .015 feet. 
" " " " " 0° -00' -30" in 400 feet, may vary about ½ of 0.06 or .03 feet. 

" " 0° -00' -10" in 400 feet, may vary about ½ of 0.02 or .01 feet. 

The error of closure of some of our more recent traverses are 
as follows: · 

1 in 51980 (The angular closure was 0° -00' -27") 
1 in 43360 ( " " " " 0° -00' -20") 
1 in 35990 ( " " 0° -00' -35") 
1 in 28600 ( " " 0° -00' -OS") 

The preceding data has dealt principally on horizontal measure
ments. Briefly, our levelling is no different probably than in other 
Engineering offices. The Needham Base or Datum is supposedly the 
same as the Metropolitan Sewer and we are able to use the Massa
chusetts Geodetic Survey monuments by adding 105.64 feet to their 

elevations. We use the self-reading or tape rod, as manufactured by 
Lenker, as it eliminates any possibility of error jn computing the H.I., 
and it saves much time where many elevations are to be calculated 

a=: in cross-sections, etc. 
In conclusion, I wish to state that from my experience the accuracy 

attained in making a survey depends a great deal on the human element. 

Conscientious, dependable and qualified personnel determine to a great 
extent what the results will be. 
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By means of sewer assessments a municipality may apportion 
part of the co.st of construction of a sewerage system directly against 
p1operty that is immediately benefited by the improvement. A special 
act of the General Court, Chapter 17, Acts of 1930, provided for the 
construction of sewers and levying of sewer assessments in the Town 
of Braintree in accordance with the provisions of General Laws, 
Chapter 83. 

While both the special act and general laws provide that the 
Town shall pay not less than one-quarter nor more than two-thirds 
of the whole cost of the system of sewerage, considerable latitude is 
allowed in determining the cost and in fixing the assessment rate. 
The authority for the method and application of the assessment is 
Chapter 83, section.s 14 and _15, of the General Laws. 

Section 14. "A person who enters his particular drain into a main 
drain or common sewer or who by more remote means receives benefit 
thereby for draining his land or buildings, shall pay to the Town a 
proportional part of the charge of making and repairing the same and 
of the charge, not already assessed, of making and repairing other 
main drains and common sewers through which the same discharges, 
which shall be ascertained, assessed and certified by the aldermen, 
sewer commissioners, selectmen or road commissioners." 

Section 15. "The city council of a city or town may adopt a 
system of sewerage for a part or the whole of its territory, and may 
provide that assessments under section fourteen shall be made upon 
owners of land within such territory by a fixed uniform rate, based 
upon the average cost of all the sewers therein, according to the front
age of such land on any way in which a sewer is con.structed, or ac
cording to the area of such land within a fixed depth from such way, 

•Superintendent of Sewers, Town of Braintree. 
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or according to both such frontage and area; but no assessment in 
respect to any such land, which by reason of its grade or level or any 
other cause cannot be drained into such sewer, -shall be made until 
such incapacity is removed. If the assessment is according to the area 
within_ such fixed depth, the lien therefor shall attach to the parcel 
assessed." 

Before recommending a sewer assessment rate for Braintree, 
studies were made of what had been done in neighboring communities. 
An excellent paper on Sewer Assessment Practice in Massachusetts 
by Paul F. Howard; March, 1933 provided very helpful material. It 
was finally decided that a rate of $2 .00 per front foot represented the 
maximum rate the property could stand-this was in November, 1933. 
Using only estimated construction costs it was shown that an appor
tionment of 5 5 % to 7 5 % of this cost against sewer assessments could 
be justified by a $2 .00 rate. At a special Town Meeting in November, 
1933, the Sewer Commissioners proposed that the town pay 40% of 
the cost of the sewerage -system and that the remaining 60% be raised 
by sewer assessments as follows: 

"Assessments shall be made upon owners of the land according 
to the frontage of such land on any way in which a sewer is con
structed at the rate of one dollar per linear foot of such frontage and 
according to the area of such land within a fixed depth of 100 feet 
from such way at the rate of one cent per square foot of such area; 
these rates having been found and determined to be each one-half of 
the estimated remaining cost." 

The Town Meeting voted to adopt the method of assessment 
proposed by the Sewer Commissioners·. 

The application of Braintree's sewer assessment rate for the past 
thirteen years may be -summarized as follows: 

1. General: 

a. Fixed uniform rate of $1.00 per foot of frontage plus 1¢ per 
square foot of area for a depth of 100 feet. 

b. Separate assessment for each lot. 
c. No double or overlapping assessments. 
d. No consideration for size, value or use of land. 
e. No consideration for size or cost of sewer constructed. 
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2. Area Determination:. 
a. Assessed area is bounded by lot lines, frontage and a line 

parallel to an·d 100 feet back from the frontage. For 
rounded corners .at street intersections, the area limit of 
assessment is made parallel to the tangent of the arc. 

b. Assessed area may equal but not exceed the area of the lot. 
c. No area assessment is made. unless there is some frontage 

to go with it. 
d. Area assessments are deferred on land lying below a plane· 

rising at a g~ade of 2 per cent from the crown of the sewer 
main, until such time as the land is filled above this plane 
or until another sewer is constructed in a right of way or 
street that could serve such land. 

e. Areas are taken as shown on the Assessor's Plan or com
puted by using dimensions shown on Assessor's Plans or 
deeds. Irregular areas, or areas difficult to compute, are 
planimetered and recorded to the nearesf 50 square feet. 

3. Frontage Determination: 

a. Assess straight or curved frontage, as shown on Assessor's 
Plans or deeds, on both sides of street. 

b. Assessment is deferred on frontage adjacent to area that lies 
below the level of the sewer. No frontage assessment is 
made unless there is some area to go with it. 

4. Corner Lots-Sewer in Only One Street: 

a. Assess straight or curved frontage along sewered street plus 
¼ the arc if corner is rounded, or plus ¼ the chord if corner 
is cut but not rounded. 

5. Corner Lots-Sewers in Two Streets: 

a. Both sewers constructed in the same year. Assess frontage 
on longest side on one street plus remaining frontage on 
other stre.et extending beyond 100 foot area limit of 
assessment. 

b. Both sewers not constructed in the same year, previous 
sewer assessment made on longest frontage: Assess remain
ing frontage on second street extending beyond 100 foot area 
limit of assessment· for first street. 

• 
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c. Both sewers not constructed in the same year, previous 
sewer assessment made on shortest frontage: Determine 
frontage as5essment by application ·of #Sa and then credit 
the previous frontage assessment. 

6. Corner Lots-Sewers in Three Streets: 

a. All sewers constructed in the same year. Assess frontage by 
taking longe5t sides in order and proceeding as in #Sa. 

b. Sewers constructed in different years. Determine frontage 
assessment by application of #6a and then credit the previous 
frontage assessments. 

7. Lots Extending Between Two Parallel Sewered Streets With 
Frontage on Both Streets: 

a. Where the distance between the two ·.;;treets is 200 feet or 
more. Assess the total frontage on both streets. 

b. ,vhere the distance between the two streets is less than 200 
feet. Assess the longe5t frontage, and corresponding area 
to a depth of 100 feet. Assess the frontage on the second 
slreet iu lhe proportiuu ll1e ave1age remaining depth uears 
to 100. Asse5s the remaining area. 

8. End of Line-Dead End Manhole: 

a. Full frontage and area assessment for all lots the sewer can 
serve. Where the property has not been divided into lots, 
assess for 100 feet beyond the dead end manhole. 

9. End of Line-Summit Manholes-No Sewer in Between: 

a. Limits of a.;,sessment same as #8. 

10. Property Not Previously Assessed Is Connected With Sewer: 

a. Assessment determined by what it would be if sewer were 
laid in street in front of property. 

b. If a partial assessment wa5 levied under #3 or #9 the 
remainder is now levied. 

c. Where property has not been divided into lots, assessed 
frnntagf' is taken same as averaeP. acljacent propf'rty division 
h11t not lf'ss than SO feet nor morf' tha.n 7 S foet. ($100 ;rnrl 
$150 lump sum assessment respectively.) 

• 
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d. Additional bulding in rear, beyond assessed area, connected 
to sewer. Lump sum assessment of $100. 

e. Manufacturing Plants-Each case considered separately
Lump sum assessment of about 1 per cent of assessed 
valuation. 

11. Sewers in Easements or Right of Ways: , 

a. Where a property sub-division plan has been recorded show
ing street layout and lots, sewer is laid in center of proposed 
street and full assessments are levied. 

b. Where a sewer is laid through private property which has 
not been sub-divided into streets no assessments are levied, 
except if a connection is made with the sewer, then assess
ments are as under #lQ. 

12. Sewers in New Develo,pments Constructed at the Expense of 
the Developer: · 

a. Full sewer assessments for all lots on which buildings are 
erected. No assessments levied on vacant lots until built 
upon or until street is accepted by the Town-then full 
assessment. 

13. Property Exempt from Assessment: 

a. Town owned property. 
b. Deeded right of ways. 
c. Railroad legal right of way for width of 82 .5 feet. 

Previous to this year at dead end and summit manholes, the 
frontage and area limits of assessment were bounded by a line through 
the center-line of the dead end manhole and at right angles to the 
street line. Also, beginning this year, the procedure for corner lot 
assessment was changed. Previously, when sewers were constructed 
in different years, only the remaining frontage on the second street 
extending beyond the 100 foot area limit of assessment for the first 
street was assessed. 

If a builder desires to establish a system•of sewers within a new 
developm'ent, he must build them according to the Sewer Commis
sioners' specifications and must pay the whole cost of the installation. 
The Sewer Commissioners will furnish the layout, line, grade, inspec-
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tion and extend the present sewer system to pick up the new develop
ment. Assessments are levied as outlined under #12. 

Assessments were levied against all church property normally· 
exempt from taxation, although a partial abatement was made accord
ing to a special plan where by all paid about 44% of the original 
amount assessed. 

Payment of sewer ,assessments may be apportioned over a period 
of ten years, provided no apportionment is less than five dollars. 
interest is charged at 4% annually on the outstanding balance. The 
Assessors automatically apportion all unpaid assessments over the 
maximum number of years allowed, unless a special apportionment 
is requested. 

Whenever the Sewer Commissioners decide to undertake new 
sewer construction, a copy of the order, list of ways and estimated 
assessments are filed in the Norfolk County Registry of Deeds. Final 
assessments together with a reduced copy of the assessment plan are 
filed in the Registry after the assessments have been certified to the 
Board of Assessors. No blanket discharge of sewer liens has ever 
been filed at the Registry of Deeds. 

The following is a summary of certain record data regarding 
sewer assessments in Braintree: 

From the year 1931 to 1945 inclusive, 23.3 miles of main and 
lateral sewers were constructed at a cost of about $840,600. Assess
ment levied for this construction amounted to $300,165, or an average 
0f about 36% of the total construction cost. This percentage has 
varied over a wide range as shown by the following tabulation: 

Year 

1931 
1933 
1935 
1936 & 1937 
1938 to 1940 
1941 

Kind of Work 
Assessment Per Cent 
of Construction Cost 

Contract - Main Sewers 24% 
Force Account - Lateral Sewers 58% 
P. W. A. " " 42% 
W. P.A. 115% 
W. P.A. -Pumping District 25% 
Contract - Lateral Sewers 60% 

On account of street intersections and no11:-assessable Town 
property, the assessable frontage will never equal twice the length of 
the sewer. It has varied from 6 7 % to 83 % for different years. The 
average is 79% or 1.58 times the length of the street sewers.· In arriv
ing at these percentages the length of sewers in right of ways has not 
been included. 
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The distribution of the total assessment between ·frontage and 
area runs fairly constant: Frontage 53%, Area 47%. 

Between SO% to 70% of the assessments are apportioned over a 
ten year period of time. Interest collected has amounted to $41,847 
or 14% of the assessment levy. 

The greater portion of the construction cost was financed by issu
ing $755,000 of serial bonds maturing over a period of thirty years. 

' The interest to maturity on these bonds will amount to $336,623. 
The following tabulation shows the various rates of interest paid for 
sewer bonds. 

Year of 
Borrowing 

Amount 
Borrowed 

Years to 
Maturity 

Interest 
Rate 

1931 $444,000 30 3;/2% 
1933 93,000 20 5% 
1935 150,000 20 3¼% 
1941 68,000 10, 1% 

Braintree is a member of the South Metropolitan Sewerage Dis
trict and the Metropolitan charges, which were not included in the 
estimated cost of construction, have averaged about $16,500 per year. 
The charge for 1945 was $13,230. The entrance fee was $80,205. 

SEWER CONNECTION PRACTICE IN BRAINTREE 

All connections to the sewer system are made by the Braintree 
Sewer Department upon application of the owner. Vitrified clay 
sewer pipe, 5-inch or 6-inch diameter, is used with "Puroseal" or 
"G-K" jointing compound. Where the pipe is laid near tree roots, 
a collar of cement and copper sulphate is used in addition to the 
asphalt jointing compound. The vitrified pipe is laid on a bed of 
four to six inches of screened gravel which is carried up at least half 
way on the pipe. Where the cover in the street is less than 4 feet, 
the pipe is protected with a concrete encasement. The minimum cover 
at the building is 3¼ feet. The minimum slope from the sewer in the 
street to the building is 2 % . The connection ends at the inside wall 
of the building with a 5-foot length of 4-inch extra heavy cast iron 
soil pipe. The pipe is sealed with a cast iron stopper tightly caulked 
into place. 

When the connection is completed, a notice is sent to the owner 
together with a duplicate copy of the application. At the end of the 
month, following that in which the work was done, the owner is billed 
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for the actual cost of the work. This charge become.:; a lien against 
the property and may be apportioned over a ten year period, the same 
as sewer assessments. Chapter 45 of the Acts of 1936 authorized the 
Town of Braintree to assess sewer connection charges. 

The distribution of cost of making a sewer connection during the 
past few years has averaged about: 63 % Labor, 1 S % Equipment and 
2 2 % Materials. 

The following tabulation shows how the cost of making sewer 
connections has varied from year to year : 

Number of Ave. Cost Ave. Cost 
Year Connections Per Foot Per Connection 

1934 84 $2.04 $86 
1935 83 1.51 82 
1936 107 1.63 102 
1937 120 1.46 79 
1938 80 1.55 80 
1939 61 1.53 96 
1940 93 1.52 77 
1941 179 1.87 98 
1942 64 1.91 104 
1943 34 2.69 144 
1944 50 2.73 137 
1945 59 2.62 131 
1946 97 2.55 128 
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ASSESSMENT AND CONNECTION PRACTICES IN THE 
TOWN OF NEEDHAM 

BY NORMAN M. WINCH* 

(Presented at a meeting of the Sanitary Section of the Boston Society of Civil Engineers. 
held on October 2, 1946.) 

The sewerage system of the Town of Needham is operated under 
provisions of Chapter 50 of the Acts of 1924. This Act which was 
adopted by the Town at a special meeting held March 17, 1924 pro

vides for the admission of Needham sewage into the South Metro
politan Sewerage System and authorizes the town to construct and 
operate a system of sewers. 

Section 9 of the Act provides that the Town may choose what 
proportion of the cost of the system of sewer3 it will pay directly 
from its funds, providing that it shall so pay not less than one fourth 
or more than two-thirds of the total cost. For the remainder of the 
cost the Town may availitself of all, or any of the provisions of the 
General Laws relating to ailsessments. In May 192 5 the Sewer Com
missioners voted that the assessments for sewer construction be divided 
on the basis of 40 per cent for frontage and 60 per cent for area. 

At a special town meeting held in May 192 5 the Town voted that 
in accordance with the Act the town should pay one-third of the cost 
of the sy3tem or systems of sewerage and sewage disposal. At the 
same meeting the town further voted that the remaining cost of the 

Town system should be divided as follows: 
"Assessments shall be made upon owners of the land according 

to the frontage of such land on any way in which a sewer i3 con
structed, at the rate of $.64 linear foot of such frontage and according 
to the area of such land within a fixed depth of 100 feet from such 
a way at the rate of $.01 per square foot. These rates have been 
found and determined to be respectively four-tenths and six-tenths of 
the estimated remaining cost. When any of the foregoing methods 
cannot be applied, any person who mes the main drain or common 
sewer in any manner instead of paying the assessment under General 

•Superintendent of Sewers, Needham. :\fnss. 
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Laws, Chapter 83, Section 14, shall pay for the permanent privilege 
of ,his estate such reasonable amount as · the Sewer Commissioners 
3hall determine." 

At this point it might be well to explain how the figures of $.64 
and $.01 were derived. It was determined from exp.erience in other 
Towns that assessable frontage approximates 1. 7 5 times the actual 
length of possible sewer construction. The total length of the system 
was e3timated to be 150,224 feet and by applying the aforementioned 
factor the assessable frontage was estimated to be 263,000 feet. The 
committee setting up the assessment program after some study, ar
rived at the conclusion that a depth of 100 feet from the street line 
was a just and equitable limit to determine assessable area. On a 100-
ft. depth basis it was estimated the assessable area would be approxi
mately 25,200,000 square feet. Based on these estimates the assess
ments were computed as follows: 

Estimated cost of Sewer system 
Entrance Fee S. Metropolitan 

Total Cost of System 
Portion of cost to be apportioned on abuttors 

2/3 of $630,000-$420,000. 

$575,000. 
55,000. 

$630,000. 

Frontage 4/10 X 420,000 - $168,000 
$168,000 

Assessment per foot of frontage 
263

,
000 

= $0.639, say $0.64 

Area 6/10 X 420,000 = $252,000. 

Assessment per sq. ft. of area 252,000 = $0.01 
25,200,000 sq. ft. 

For the ordinary rectangular lots 100 feet or more in depth this is 
equivalent to $1.64 per running foot of frontage. 

In the case of corner lots, 60 feet of the frontage on the second 
street and all area within 100 feet of the first street is exempted in 
figuring assessments for the second street. Any frontage on the second 
street beyond 60 feet from the first street is assessed at the rate of 
$0.64 per foot frontage and any area over 100 feet from the first 
street but within 100 feet of the second street is assessed at the rate 
of $.01 per square foot. It is the practice of the town to assess a lot 
on the basis of the sewer first constructed and to apply the exemption 
to the second sewer constructed. 
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Property beyond the 100 foot limit of asses5ment is assessed at 

the rate of $.0164 per square foot at the time a "particular sewer" 

(legal terminology for house connections) is installed to serve the 

property. 
Land that is too low to dr~in into the sewer is not assessed at 

the time of sewer installation. When such land is built upon, the 

assessment is then levied. Property owners desiring to connect to the 

Metropolitan sewer directly are required to pay a charge of $1 SO. 

This is not an assessment but is a payment for the permanent privilege 

of connecting the estate to the sewer and i3 based on the assumption 

that an average lot contains approximately 10,000 square feet. 
It has been made a practice to assess Town property when the 

sewer is installed in front of such property. This is handled by group

irig all such assessments made during the year and appropriating 

money under a special article at the Town meeting to reimburse the 

sewer assessment fund. · 
In cases involving dead end manholes only the lots which can 

be served are assessed. Where a lot at the end of a sewer is large 

the abutter is notified in advance so as to give him an opportunity 

to file a sub-division of his property and thereby reduce his contri

bution. Chapter 80, Section 15, General Laws which governs the di

vision of assessments, requires that a lien apply to a whole lot. 
A comparison of the cost of sewer constructed and assessments 

levied by years follows: 
Cost Assessment levied 

1926 151,390.42 64,351.44 
1928 36,174.83 40,650.90 
1930 38,337.02 19,704.32 
1932 12,142.90 7,949.43 
1934 29,802.19 5,697.71 
1937 13,634.37 20,347.11 
1941 28,984.13 14,908.30 
1945 2,042.03 898.92 

During the period from 1932 to 1934 a large construction program 

was carried on a.5 a part of a relief program for the unemployed. 

Sewers were installed in certain streets but not connected for service 

and therefore the abuttors were not assessed. This accounts for the 

low assessment return during that period. In 193 7 mo3t of such sewers 

were connected for service and the properties assessed which accounts 

fo1 the high assessment return during that year. 
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As of the first of January 1945, the total co3t of the works was 
$551,258.07, and total assessments levied was $306,707.29. This is 
for a system of 24 miles of sewers. The length of sewers and e3timated 
cost used in figuring the assessment rate in 192 5 are rapidly being 
approached. This original estimate was based on 28¼ mile3 of street 
sewers, interceptors, two ·pumping stations and force mains at an esti
mated cost of $575,000.00. Experience shows that the asses3ment rate 
established in 1924 was too low. When the cost of works and length 
ot the sewer system reaches the original estimate a revision upward 
of the assessment rate will be necessary. This will be due to the higher 
construction costs which will no doubt prevail in the future. It is 
doubtful that labor and material costs will ever again drop to the 
levels we have experienced in the period just past. 

HOUSE CONNECTIONS 

The construction of particular sewers, or as we call them, house 
connections, is carried on by Town forces. The procedure from 192 5 
up to. 1934 wa3 for the property owner to sign an application and 
request an estimate of the cost of making the connection. An estimate 
was made and bill sent to the property owner. The property owner 
was then required to deposit with the Treasurer an amount, equal to 
the estimate. Upon completion of the work an adjusted bill was ren
dered and the property owner given a rebate or was obliged to pay 
an additional amount depending on how the bill compared with the 
estimate. 

The above procedure was changed in 1934 when the Town voted 
to adopt Chapter 29 of the Acts of 1934 which provides that the co3t 
of particular sewers shall be assessed and apportioned under the Gen
eral Laws relating to assessments. _Under the new procedure the ap
plicant must be the owner or the owner's agent. The application has 
provision for an estimate of cost of the connection so that the owner 
may obtain some idea as to possible expense. Upon completion of the 
connection a warrant or certificate is drawn up and signed by the 
Selectmen. This certificate is then given to the Tax Collector and is 
also filed at the Registry of Deeds. The Collector issues a bill to the 
applicant and if this bill remains unpaid the assessors automatically 
apportion the amount of the bill over a period not exceeding ten years 
and bearing interest at the rate of 4 per cent. No installment of less 
than $10 is set up. Interest charges commence thirty day3 after receipt 
of the certificate by the Collector. 
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The following table lists by years the number of house connec-· 
tions installed, their total length and the average cost per foot: 

HOUSE CONNECTION COSTS 

Av. cost 
No. Total length per foot 

1926 66 4223 $1.48 
1927 70 4592 1.34 
1928 76 4720 1.20 
1929 98 6022 1.28 
1930 62 4287 1.24 
1931 61 4306 1.15 
1932 50 3615 0.82 
1933 59 3491 0.83 
1934 86 5347 0.93 
1935 88 4489 0.95 

. 1936 91 5637 1.04 
1937 126 7146 1.02 
1938 68 4199 1.02 
1939 73 4576 1.13 
1940 66 4032 1.17 
1941 103 5481 1.17 
1942 44 2515 1.42 
1943 36 2307 1.54 
1944 51 2894 1.63 
1945 42 2639 1.80 

The average cost per foot of house connection in 192 6 was $1.48. 
In 1932 and 1933 the cost had dropped to $0.82, but it rose to $1.17 
iu 1940 and to. $1.80 in 1945. During the present year ( 1946) it 
appear3 that the average cost may run as high as $2 .SO. 
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· LONG DURATION IMPULSIVE LOADING 
OF SIMPLE BEAMS 

BY ROBERT J. HANSEN* 

(Presented at a meeting of the Structural Section, Boston Society of Civil Enginceu, 
held on .March 10, 1948.) 

INTRODUCTION 

A number of dynamic problems have been of concern to civil 
engineers. Two of the more prominent of these have been the prob
lems of design of structures to resist earthquakes, and the provision 
of additional strength in bridges to ,resist impact forces. Although 
these problems have been handled in simple empirical manners, the 
exact analysis in either case has been studied. Other dynamical prob
lems which have had the attention of engineers, although not pri
marily civil engineers, are those of the wing flutter on .airplanes and 
the vibrations- of engines and other moving mechanical systems. 

An exact dynamical theory for the behavior of elastic systems 
under the action of impulsive loads was developed a few years ago, 
and this theory was simplified and many applications to specific 
problems were made.1 The theory was put in such form that it could 
be applied by normal routine design proce~ures for some of the 
simpler elastic systems. 

In general, the various structural materials in use behave very 
differently under shock or dynamic loads than they do under static 
loads. The allowable stresses for design purposes may be much 
higher if the structure is subjected to an impulsive load. To com
pletely equip the engineer so that he can design structures to resist 
impulsive· loads, it is necessary to supply him with allowable stresses 
for concrete and steel. Such stresses were deduced from a large 
number of experiments made a few years ago; some of these were a 
series of impact tests run on small reinforced concrete beams.2 

•Assistant Professor, Dcp:1rtment of Ci\'il and Sanitary Engineering, .Massachusetts Institute of 
Technolog·y, Cambridge, Massac-husetts. 

1Robertson, H. P., and Slutz, Ralph J., The Reaction of Thin Beams and Slabs to Impact Loads. 
Part J, General Theory; Part II. Beams. National Research Council. ·washington, D.C. 

2Munse, W H., and Rich~rt. F. E, Impact Tests of Reinforced Concrete Beams, III, National Defen5e 
Research Committee Report A-304. 
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The allowable stresses deduced from the tests mentioned were 
for an impulsive loading of short duration compared to the funda
mental frequency of the elastic systems under test. For these short 
duration pulses, the allowable stresses for design purposes were 
found to be of the order of ten times those allowable for -static 
stresses. 

Recently interest again turned to the impulsive load problem, 
but this time to the c3:se in which the impulse is of long duration 
when compared to the fundamental frequency of th.e elastic system to 
be loaded. In this case, the exact theory developed earlier would still 

' hold true; however, the permissible fiber stresses probably would · 
not:· In fact, they probably would be lower than those which had 
been specified for the shorter duration impulsive loads. An ex
perimental program to determine what the permissible design stresses 
should be for the long duration impulsive loading was started at 
M. L T. on April 15, 1947, and this paper describes briefly the test
ing machine that was designed and constructed, the instrumentations 
procedures used, and some very tentative results obtained so far. 

REQUIREMENTS FOR AND DESIGN OF TESTING MACHINE 

The nature of an impulsive load is illustrated in Figure 1. As 
shown, an impulsive load is one which varies in intensity with time. 

Q) 

~ 
0 -

time time 

FIG. 1 FIG. 2 

In practice, this load is applied uniformly over a portion, or portions, 
or over all of the structure to be designed. By its nature, it has no 
mass or inertial effects associated with it; in this manner it differs 
from the impact loads associated with the passage of locomotives 
passing over bridges, or the torsional vibrations of crankshafts of 
motors. 

The nature of the impulsive load established several requirements 
to be met in the design of the testing machine. These requirements 
were: 
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a. The pulse should be controllable as to magnitude and duration, 
b. the pulse should have as sharp a wave front as possible, 
c. a pulse of 10,000 lbs-secs would be required, 
d. the force-time shape of the pulse should be nearly rec

tangular, and 
e. the behavior of the test specimen should have little or no 

effect on the puls!;. 

In general the force-time curve of the applied load should be as 
shown in Figure· 2. The load should preferably be uniformly dis
tributed over the test specimen, but if this were not possible, it 
would be permissible to use a concentrated load. In the light of 
these requirements, several methods for producing the pulse were 
studied. 

It would be simple to build an impact machine, that is, a 
machine in which the dynamic load is produced by a falling or rapid
ly propelled weight. But this method was ruled out by requirement e. 

A more promising method would be the use of a rocket such 
as those developed during the recent war. The rocket unit itself 
would be light in weight; thus the inertial problem, though introduced, 
would not be serious. The difficulty of loading the rockets to produce 
the desired magnitude and duration of thrust led to the rejection 
of this method. 

Another method considered was that of an electro-magnet. The 
production of rapidly increasing forces of large magnitude can be 
obtained by the use of large condensers which are discharged through 
the coil of the magnet. The core would be attached to the center of 
the beam being tested. However, the size of the magnetic coil and 
the magnitude of current needed for the production of a force of 
10,000 lbs indicated that this approach was not as suitable as others. 

The possibility of using springs which would be compressed and 
then suddenly released was also considered, but the size and con
sequently weight of the springs. would be too great for the proper 
solution of the problem. In addition some method would have to 
be devised to end the load; no easy method was readily apparent. 
These two difficulties ruled out this method as a possible solution. 

The most promising method considered, and that which was 
finally adop~ed, was that of a high pressure cylinder-piston arrange
ment. By using gas at high pressure and by utilizing duraluminum 
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for the piston and piston rod the mass of the load system could be 
kept to a minimum-in fact the smallest of any of the mechanical 
systems considered and almost as small as the mass of the magnetic 

·or rocket systems. Furthermore, the design could be kept very simple 
and the control of the pulse magnitude and duration would be relative
ly easy. The expansion of the gas in the cylinder would ·introduce 
modifications to the desired rectangular pulse, but there would. be 
possibilities of securing a trapezoidal pulse as well as a nearly tri
angular pulse. _ 

The method of construction of the cylinder and piston may be 
seen in Figure 3. This system was designed to produce a normal 

LOAOING MECHANISM 

FIG 3 
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working load of 10,000 lbs, and an occasional overload of 18,000 lbs. 
The cylinder was made by grinding out a standard commercial 
steel pipe of 4. 7 5-inch internal diameter. The end plates were made 
of heavy hot rolled steel. 

The mass of the piston and piston rod was to be kept as small 
as possible to reduce the inertial effects. A high strength duraluminum 
casting was used for the piston, and 14 S-T duraluminum for the 
piston rod. 

Several methods of initiating the load suddenly were considered, 
and a quick-acting release latch was adopted. In this method, the 
piston and piston rod would be restrained from applying any load to 
the test specimen until the release latch was tripped. Figure 3 
illustrates diagrammatically the method of operation of the trip 
lever. In the figure, lever A holds the piston rod by a key which 
passes through the rod. The surface of lever A in contact with the 
roller on lever B was ground to the radius x to permit easy release. 
A hammer, which is released at the proper time by a solenoid,. is 
used to trip lever B. By use of this system, the gas pressure may 
be built up to the desired amount, and the piston rod restrained from 
applying load until the desired moment. 

Since pulses of definite duration were required, some method 
of ending the load had to be devised. The simplest system devised 
consisted of allowing all of the gas to escape from the cylinder. 
To do this, a 1½-inch diameter port was bored in the top plate of 
the cylinder, and this port covered by an aluminum diaphragm 
which could be punctured by a circular tubular knife. This knife 
is shown in Figure 3. The knife is driven by a compressed spring. 
It is held in the cocked position by a pin which may be withdrawn 
at the proper time by a solenoid. 

Pressure to drive the piston is supplied by bottle nitrogen. A 
3000 to 1000 lb/in2 reducing valve and a large 500 lb/in2 pressure 
gage are provided at the nitrogen bottle to permit accurate control 
of the pressure in the cylinder. 

Figure 4 is an illustration of the completed machine, with the 
exception of the pressure controls, the nitrogen system, and the 
instruments for control and measurements which were set up in 
an adjoining room for convenience of operation. The base and sup
porting system of the Rapid Load Machine were made of concrete 
piers which supported a system of I beams and one wide flange beam 
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FIG. 4 

which formed the bed of the machine. These members were made 
particularly heavy to minimize support vibrations . The vertical sys
tem used to support the cylinder-piston arrangement consisted of 
four angle irons. Provisions were made for raising and lowering 
the cylinder and piston system to accommodate different depth beams. 
a simple friction -plate hold was devised to provide this degree of 
freedom . 

The machine was designed to accommodate test beams from 2 to 
8 feet in length , and up to eight inches in depth. 

INSTRUMENTATION 

In connection with the operation of the testing machine in thf 
experimental program, certain strain, load magnitude, and deflection 
measurements of the test specimen are made. Electronic, photo
graphic, and mechanical means are used . 
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Load Measurement 

For purposes of analysis it is important to know the magnitude 
of the load applied by the machine as a function of time. Of the 
various methods possible for the determination of this force-time 
curve, that of using an electric-wire strain gage seemed to be the 
most practical and reliable, and in addition, the easiest method to 
apply. Commercial Baldwin-Southwark SR-4 electric wire strain 
gages of type A-14 were used. They are used to measure the strain 
in the piston rod near the point of application of load to the beam. 
Measurements of strain are converted to force thus providing the 
desired force-time relationship. Four strain gages were cemented 
to the piston rod; two mounted longitudinally and two mounted 
circumferentially. The power supply for the bridge is a commercial 
audio oscillator. The signal from the bridge is recqrded on a Dumont 
cathode ray oscilloscope and photographed with a moving film camera . 
The circuit diagram is shown in Figure 5. 

A typical trace of the load record for one of the shorter duration 
loads is shown in Figure 6. The translation of this trace in to the 
force time curve is shown in Figure 7. 

Timing of T est 

The duration of the impulsive load applied to the specimens 
ranges from 0.01 to one second. Since a number of electrical and 
photographic instruments must be operated in proper sequence during 
the time of loading a suitable timing device must be used to control 
these events . The events to be controlled are: 

a. initiation of the load, 
b. starting the oscillograph camera , 
c. starting a high-speed movie camera, 
d. ending the load, and 
e. stopping both cameras . 

In addition, it was contemplated that another oscillograph might 
be added to the list of instrument~ to be started and stopped. 

A mechanical timer was designed and constructed to control 
the various events. The timer consists of a 12-inch diameter disk 
which is driven through a reduction gear box at approximately 3 7 .5 
RPM by a small electric motor. The disk is provided with twelve 
concentric circular slots, six on either side of the disk. Projecting 
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lugs may be attached to the slots and moved to any circumferential 
position in a slot. These lugs are used to actuate switches which 
in turn control operation of the various camera motors and solenoids. 

· The timer is shown in Figure 8. 

Beam Deflection and Crack Formation 
Various photographic methods were considered for the measure

ment of deflection of the beam and for the mode of crack formation. 
A standard high-speed camera of the Eastman Co. was selected for 
use. This mode_l of camera uses 16 mm film and will run at speeds 
from 1000 to 3000 frames a second. Operation is relatively simple, 
although special attention must be given to the lighting of the sub
ject photographed. 
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FIG . 8 

A few typical frames of the moment the load is applied to the 

beam is shown in Figure 9. In these frames , the course of crack 

formation and a rough measure of the deflection of the beam as 

a function of time may be determined. 

F IG. 9 

Strain of Steel and Concrete 

For purposes of study of the behavior" of the materials in the 

beam, plans are being made to measure the strain of the reinforcing 

steel, and surface strains of the concrete. Again the electric-wire 
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strain gage with suitable electronic circuits and oscillographs are 
to be used to make these dynamic measurements. To accommodate 
the larger number of measurements, a 6-channel Hathway oscillo
graph has been obtained. The preliminary investigation of methods 
of attaching the strain gages to the reinforcing steel is now under 
way. 

TEST PROCEDURE 

Specimens 
The beam size was chosen as a compromise of the largest size 

that could be economically tested, and the smallest size in which 
reinforcing patterns and concrete mix could be made simulating 
full-scale structures. The result of this compromise was a beam 
53 inches long (for testing on a 4-foot span), with a cross section of 
4 inches width and 5 ¼ inches depth. 

The reinforcing patterns used have been selected to produce 
various types of failure of the beam: i.e. , failure of the tension steel , 
failure of the concrete in compression, and failures in shear. So far 
four patterns have been tested. 

Beam 
Series 

A 
B 
C 
D 

T ension steel 

¾" ,':ound 

¼" 

Compression 
Steel 

¼" round 
" 

Stirrups 

¼" rd at 2½" centers 
4½ 
2¼ 
4½ 

Future series will include beams with much greater stirrup spacing 
and some with smaller compression steel. 

In general two concrete compressive strengths have been used, 
3000 lbs/ in2

, and 6000 lbs/ in2
• Each series of beams have been 

made in the two strengths of concrete. 

Dynamic T ests 
Figures 10 and 11 show a beam mounted in the Rapid Load 

Machine before and after being subjected to a dynamic test. In 
such a test the various measurements indicated above under Instru
mentation are made. In addition , the total permanent deflection and 
the total width of cracking are recorded. 

Beams have been subjected in general to two different magni
tudes of dynamic loads. The first magnitude is that which will just 
barely crack the beam or cause a small but measureable permanent 
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FIG. 10 

FIG. 11 
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deflection. Other beams in the same series have been subjected to 
much larger permanent deflections, of the order of 1 ¼ inches. At
tempts are made to find that load which will just cause such a 
condition. 

Auxiliary T ests 
Some of the beams of each series have been subjected to static 

loads in the Rapid Load Machine. Load vs deflection readings a re 
taken for the beam up to the point of complete yield of the beam. 
From these curves a value for the static EI of the beam has been 
derived. 

Auxiliary specimens are made with each beam. These include 
four 3 by 6 inch cylinders which are tested in compression, and one 
2 ¼ by 2 ¼ by 10 inch beam which is used to get the sonic modulus 
of elasticity and then broken in flexure for a modulus of rupture 
value. 

The large beams are also vibrated to determine the fundamental 
frequency. They are supported in the free-free position. 

THEORY 

The theory of the behavior of simple elastic systems has been 
developed and simplified (see first reference in footnote ). The 
exact theory is used to analyze the beams tested. In this manner the 
stresses in the concrete and steel are determined for those beams 
which are subjected to the just cracking loads. 

This theory is necessarily fairly complicated and particularly 
tedious to apply. It is beyond the scope of the present paper to 
develop it. 

PRELIMINARY EXPERIMENTAL RESULTS 

All of the beams that have been subjected to just cracking 
loads have been analyzed according to the exact dynamical theory. 
The number of beams tested so far is so small as to preclude the 
drawing of any general conclusions. 

The preliminary results suggest that the concrete and steel will 
stand stresses considerably in excess of the yield or failure stresses 
of the concrete and steel. In fact, the concrete in the various speci
mens has sustained stresses from 1.1 to 2 .5 times the ultimate 
strength of the concrete, while the steel has sustained stresses which 
have ranged from 2.5 to 3.5 times the static yield stresses. 
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FUTURE TESTS 

The program will continue along the lines outlined. Several 

different arrangements of steel remain to be tested. In addition, an 

extensive study of the strain distribution in the test beam will be 

made. 
An important missing item of information needed for the exact 

analysis of the dynamical behavior of beams is the exact stress

strain relationship of the concrete under rapid rates of loading. 

Another research project is studying this phenomenon. When the 

results of this program are available, more precise values of per

missible stresses for concrete and steel will be availabie., 
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OF GENERAL INTEREST 

INTERSOCIETY COOPERATION FOR 
PROFESSIONAL RECOGNITION 

BY WILLIAM F. RYAN* 

The question put to me for this evening's discussion is "How 
can the Boston Society of Civil Engineers cooperate with the :Massa
chusetts Society of Professional Engineers?" You can hardly be asked 
to cooperate with an organization you know nothing about, and 
obviously the first step is to explain what MSPE is, and what its 
aims and objectives are. 

Engineers have problems. They have technical problems and 
professional problems. Societies like Boston Society of Civil Engi
neers may be thought of as organized to promote the solution of 
both. On the technical side the problems discussed here are primarily 
of interest to Civil Engineers-bridges, highways, water supplies 
and the like. This society is the group which, of all the people in 
Boston, is most interested in such matters, and most competent to 
discuss them. Other organizations have other technical interests. 
Some of these groups may include practically all of the engineers 
in Boston who are really vitally interested in the technical subjects 
they discuss. 

There is every reason for the multiplicity of societies here, when 
we are concerned with technology, but you also have meetings like 
this one with no technical objective, but for a discussion of what, 
for lack of a better name, we may call the professional aspects of 
engineering. 

When we come to· professional problems, they are not peculiar 
to civil engineers, mechanical engineers, tool engineers, moving pic
ture engineers or any other specialized branch. All of these groups, 
if they are professional engineers, have a common interest in this field, 
and the National Society of Professional Engineers, of which MSPE 

*Assistant Engineering Manager, Stone & Webster Engineering Corporation 
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is a component state society, was organized to include professional 
practitioners in every branch of engineering and to deal solely with 
professional problems. 

What do we mean by "professional" problems? As an out
standing example there is the matter of professional ethics. I was 
appointed about three years ago to represent the American Society of 
Mechanical Engineers on the Committee on Ethics and Professional 
Practice of the Engineers' Council for Professional Development. 
In the course o.f my labors for that committee I enlisted the aid of 
the Ethics Committee of MSPE for an investigation of the existing 
status· of engineering ethics. We were able to discover 41 codes 
of ethics promulgated by 41 different engineering societies. This 
was not an exhaustive investigation-just spare time work by a 
few busy engineers here in Boston, with no special library or other 
facilities for research in that field. 

I am happy to report that after 17 years of effort, the engineering 
profession now has a common code of ethics. I will offer you an 
outstanding opportunity to cooperate not only with MSPE, but 
with ten major national societies, including the eight who form the 
·:Engineers' Council for Professional Development by adopting it 
as the code of ethics of the Boston Society of Civil Engineers. I 
am ·also taking the opportunity to present a copy of it, suitable for 
framing, to your society. Whether or not you decide to adopt it 
officially, you may be willing to display it in your library for the 
edification of the engineers who come here to consult your valuable 
works of reference. 

Tl:ie code is entitled "Canons of Ethics for Engineers", and it 
was finhlly ratified by ECPD at Montreal last October. Our eminent 
Boston;engineer, Dr. D. C. Jackson, was Chairman of the Committee 
which presented it, and your colleague, Professor Haertlein, is a 
member of the Council which adopted it. As I said, I have also 
labored on it, and in the more laborious work of preparing the 
historical and philosophical background for "selling" the Canons 
to certain remonstrators I had the active cooperation of the Ethics 
Committee of MSPE, so it is a good Boston product. I hope this 
oldest of all American engineering societies will give it their endorse
ment. 

There are other pressing problems of a professional nature 
which should be studied and acted upon in a common effort by 
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engineers in all branches of the profession. Since they are professional 
problems they should be settled by professional men, not by people 
who merely happen to be associated in some way or another with 
engineering enterprises. 

Professional recognition can not be achieved merely by organi
zation. First we must be a profession, recognizing the obligations 
which professional status implies, and faithfully discharging these 
obligations. On the other hand, it is doubtful if recognition can ever 

· be obtained without effective 0rganization. First, to determine among 
ourselves what our professional obligations are; second, to enforce 
the observance of these obligations; and third, to convince the public, 
including our clients, our employers, the politicians, public adminis
trators and business men, that we are entitled to the respect and 
esteem, and also the compensation which the performance of pro
fessional service deserves. 

Fig. 1 is . an example of an effective professional organization. 
This is a simplified diagram of the American Medical Association. 
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to which every doctor of the slightest professional pretensions belong,:;. 
A doctor in Boston or its suburbs belongs to the Suffolk District 
Medical Society or to one of the three District Societies in Middlesex 
County. The local Society is what he joins and where he votes; 
membership in the State and National Societies follows automatically. 
there are eighteen of these District Societies in Massachusetts, each 
of which is a relatively small local group, interested in common 
problems, and united to work together for the benefit of the public 
in their community and incidentally for the benefit of themselves as 
professional men. These several District Societies form the Massa
chusetts Medical Society. 

Similar District Societies in the 4 7 other states, all the terri
tories and the District of Columbia combine with the Massachusetts 
Medical Society and with representatives of the Medical Corps of the 
Army, Navy and Public Health Service to form the American Medical 
Association. Every doctor is united with every other doctor to 
maintain his professional interest.:; in his own locality, in his state 
and in the nation. 

The delegates who govern the American Medical Association 
are elected, in numbers proportional to their membership, by the 
state societies, and delegates are also appointed by the Medical Corps 
of the Army, the Navy and the Public Health Service. The Associ
ation operates effectively through a Board of Trustees, several 
Bureaus and numerous Councils and Committees. Their avowed 
object is to protect the public in anything and everything that has 
a medical aspect, to oppose unwise legislation, to expose false reme
dies, to promote health habits, to spread medical knowledge and to 
establish standards of medical ethics. So far as I know, no other 
medical group concerns itself with such problems. This Association 
is organized for such purposes, and while ·.some doctors join one society 
and some another for technical purposes, they all join this one, and 
leave to it, and to it alone, their professional and economic problems. 

In this Association, they speak with one voice; they represent 
a united profession. This does not mean that doctors do not disagree 
within their own councils, but when they have reached a decision 
as to what is or is not in the public interest or the interest of their 
profession, then they present a united front. Incidental to a geniune 
and invaluable public service, all the more effective because of funda- · 
mentally unselfish objectives, they protect all doctors, individually 
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and collectively, from any attack on their professional prerogatives, 
whether by Government, industrial or financial groups, or by indi
viduals. 

Figure 2 shows how we, as engineers, are organized to achieve 
our own professional objectives. 

No one has been able to determine the exact number of engi
neering societies in this country, but there are several hundred 
which have "engineers" or "engineering" in their names, and many 
more, such as the American Welding Society or the Ame_rican Society 
for Metals which are commonly classified as engineering societies. 
This diagram attempts to classify the hordes of "engineering" organi
zations and to chart the methods by which they attempt to promote 
the professional interests and economic welfare of the engineer. 

As a central core, we have the four venerable Founder Societies; 
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American Society of Civil Engineers, American Institute of Mining 
and Metallurgical Engineers, American Society of Mechanical Engi
neers and American Institute of Electrical Engineers. They have 
taken with them a relatively young and upstart society, American 
Institute of Chemical Engineers, to form the Engineers' Joint Council. 
This group was formed originally by the presidents of the five 
societies to advise the State Department on the demilitarization of 
Germany, and they did a very effective job. However, the five 
presidents were acting on their own. They decided what ought to he 
done, and reported to the Secretary of State without referring any 
decisions to their respective Boards of Directors for approval. 

The Engineers' Joint Council has since become a more or less 
permanent affair and consists of the presidents, the junior past presi
dents, and the secretaries of these five societies. A year or two ago 
they formed a rather important committee known as the Committee 
on the Economic Status of the Engineer and they invited the National 
Society of Professional Engineers to collaborate in this work. It is 
this committee which recently produced the volume known as "The 
Engineering Profession in Transition". This publication, which you 
can obtain for 50 cents if you are a member of any one of these six 
societies, or for $1 if you are not, contains voluminous statistics 
regarding the compensation of engineers in the United States. It 
is broken down by branches of engineering, by age and by education. 
It is the most comprehensive thing of the kind that has been done. 
The Economic Status Committee also sponsored a survey of employ
ment practices which was published in most of the society journals, 
and a Manual on Collective Bargaining for Engineers. 

These same five societies have formed another coalition with 
American Society of Engineering Education, Engineering Institute 
of Chemical Engineers and the National Council of State Boards of 
Engineering Examiners in what is known as the Engineers' Council 
for Professional Development. This is the group which approves the 
curricula of engineering colleges. When you apply for registration, 
it makes a difference whether or not you are a graduate of an "ap
proved" curriculum. ECPD is the group which does the approving. 
It is also the group which formulated the "Canons of Ethics for Engi
neers", with assistance from the American Institute of Consulting 
Engineers, National Society of Professional Engineers and the Nation
al Council of State Boards of Engineering Examiners. 
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In addition to the nine societies in the inner group, there are 
others which have valid claims to professional status. I have shown 
them here under the label of "other accredited engineering societies". 
Some time ago Engineers' Joint Council, in connection with a study 
of engineering organization, asked Engineers' Council for Professional 
Development to specify which of the hundreds of engineering societies 
had some grade of membership which could be classed as "pro
fessional". Engineers' Council for Professional Development pre
pared such a list. It is not a very long list and there will be a great 
deal of commotion among the membership of some rather important 
societies if it ever is disclosed. So far, neither Engineers' Joint Council 
nor Engineers' Council for Professional Development has had the 
temerity to make the list public; each claims that it is the responsi
bility of the other. 

In addition to the accredited societies, there are a number of 
"hybrid" societies with large engineering membership and with some 
engineering activities. This would include such organizations as 
American Welding Society, American Society for Metals, the Insti
tute of Consulting Chemists and Chemical Engineers and societies 
of that type which have engineering activities but which include in 
their active membership a great many who are not engineers. Then 
there are nonengineering technical societies such as American Chemic
al Society, American Physical Society and American Mathematical 
Society. These also have many engineering members and they are 
frequently associated with engineering societies at the local level 
in groups such as The Worcester Engineering Society. Finally, there 
is the great horde of trade societies and miscellaneous organizations, 
including labor unions, frequently classed as "engineering societies." 

Now this part of the diagram deals exclusively with national 
organization, for professional purposes, as distinguished from tech
nical activities. Of the major national engineering organizations 
only one-Society of Automotive Engineers-has excluded pro
fessional problems from its field. That society, by action of its gov
erning board, has declared itself to be strictly a technical organization. 

Organization at the local level is even more complicated. In 
Los Angeles, for instance, the local Engineers' Council represents 
only the five societies which sponsor Engineers' Joint Council, whereas 
in Worcester, there are ·only three of these societies represented. 
The Worcester group includes such hybrids as The American Welding 
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Society and The American Society for Metals. It also includes 
.. such nonengineering groups as the Worcester Chemical Society and 

the Worcester Society of Architects. Now such coalitions serve a 
very useful purpose in opening up technical programs of each society 
to members of the others, but for professional objectives they are 
weak in their class of membership and ineffective in their ability to 
take definite action, particularly when a time factor is involved. 

This national setup, with Engineers' Council for Professional 
Development and Engineers' Joint Council might be made effective 
~o far as ~ction is concerned if the senior societies were willing to 
yield their sovereignty and allow the two councils to act without 
referring their proposals to the various boa\rds ,of direction for 
ratification. As an example of the clumsiness of this setup, it took 
exactly 17 years for Engineers' Council for Professional Develop
ment and its predecessor American Engineering Council, to formulate 
a code of ethics and get it ratified by a majority of the sponsor 
societies. I have mentioned the Manual on Collective Bargaining 
for Engineers, prepared by the Economic Status Committee. The 
volume was designed to _show employed engineers how to escape being 

• coerced into heterogeneous labor unions. If it had been issued during 
the early stages of engineering unionization it would have been of 
inestimable value, but due to the backing and filling of the various 
societies which had to ratify it, it was not published until a month 
after the Taft-Hartley Act was passed over the President's veto and 
it was obsolete on the date of publication. 

Even if the parent societies should yield their sovereignty and 
entrust their representatives with full responsibility, there is a lack 
of direct communication between these Councils and men like your
selves in local organizations. The Boston Society of Civil Engineers 
has no contact with these councils. If you are also a member of 
American Society of Civil Engineers, you reach the Committee on 
the Economic Status of the Engineer only through your national 
society, back to the Engineers' Joint Council, and thence to the Com
mittee. Actually, the plans are formed by a group in _New York who 
represent you indirectly if at all, and these plans are eventually ratified 
or rejected by other groups who represent you more directly, but 
nevertheless remotely. 

Figure 3 shows the organization of NSPE, closely paralleling 
the American Medical Association, and having parallel objectives. 
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This society has only one criterion for membership-registration or 
licensure as a professional enigneer by some state or territory of 
the United States. Every member therefore has legal certification of 
his qualifications. No claim is made that registration is the only 
proof of professional status. However, it is the simplest proof, and 
certainly the most conclusive proof in courts of law. 

In this organization, one joins the state unit, is assigned to a 
local chapter, when all of the problems are discussed in New England 
term meeting fashion, and automatically becomes a member of the 
national society where the conclusions of groups in Boston, Akron, 
Atlanta and all of the industrial centers of the United States are 
coordinated and crystallized for united action. It is a "rapidly growing 
society, having over 17,000 members the rest of this year, but to fulfill 
its destiny it should include every professional engineer. 

How can you cooperate with this society? 

The best way is to join it, if you are eligible. You are eligible, 
of course, if you are registered as a professional engineer in any of 
the 48 states. If you are not registered, apply for registration. Every 
qualified engineer owes himself that much self-recognition at least. 

If you do not wish to join the society, you can still cooperate 
effectively by attending the open meetings of the Metropolitan Chapter 
and joining in the discussion"s. The object of the local groups is to 
thrash out thoroughly the problems of the engineer at the local level, 
to crystallize ideas, and transmit considered conclusions to the state 
and national organizations for action; we should be glad to have the 
viewpoint of any BSCE member in any of these deliberations. 

One problem before us now, in which we seek your cooperation, 
has to do with our state registration law. MSPE plans, when the 
time is opportune, to propose a modification of the present law. By 
"when the time is opportune" I mean when men like you, through
out the state, are in agreement with us, and will support the pro
posed amendment. I am confident that such an agreement will be 
reached when you understand what we hope to accomplish. 

The sole object of the proposed amendments is to bring the 
Massachusetts law into conformity with the so-called "Model Law", 
so far as the Constitution of our Commonwealth permits. 

The Model Registration Law is the product of 40 years of study 
and development. In its present form it has the official approval and 
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endorsement of all of the 13 major engineering societies who collabo
rated in drafting this recommended legislation. These are: 

American Society of Civil Engineers 
American Society of Mechanical Engineers 
American Association of Engineers 
American Institute of Consulting Engineers 
National Society of Professional Engineers 
National Council uf State Boards of Engineering Examiners 
American Institute of Electrical Engineers 
American Society of Heating and Ventilating Engineers 
American Institute of Mining and Metallurgical Engineers 
Illuminating Engineering Society 
Society of Naval Architects and Marine Engineers 
Ameri!=an Institute of Chemical Engineers 
American Society of Engineering Education 

" 

The objective of these societies is to achieve uniformity of the 
laws in the 48 states, since a Federal law is impossible under the U. S. 
Constitution. The Model Law is designed to provide adequate pro
tection for the public and professional recognition of the engineer, 
yet prevent unreasonable restrictions which have crept into the laws 
of some states. Unfortunately a number of states, including Massa
chusetts, have passed legislation which does not conform to the 
Model Law. Several states have laws which are unreasonably re
strictive, handicapping practice by Massachusetts engineers in those 
states, and creating an obstacle to the acceptance of employment, 
in responsible positions, by Massachusetts men who might wish to 
move within their borders. The most constructive step which we in 
Massachusetts can take to oppose such interstate barriers is to bring 
our own legislation into conformity with the Model law. This is the 
first object of the proposed amendments. 

A detailed study will show that every feature of the Model Law 
is well considered, and it is the best basis on which reasonable uni
formity and reciprocity can be obtained throughout the 48 states. 
The principal changes required to achieve this conformity are: 
Formal recognition of the Engineer-in-Training, more definite pro
visions for reciprocity with other states, and mandatory, rather than 
permissive registration for engineers in responsible charge of im
portant engineering work. 

The Model Law officially recognizes the young man with an 
engineering degree who has not yet had sufficient experience to qualify 
for registration; it gives him an immediate status in the engineering 
profession at a time when he is particularly vulnerable to proselyting 
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by labor unions and others who would be glad to purchase his birth

right. The Model Law provides for reciprocal relations between 

states which have equal registration requirements, on a fair and 

reasonable basis which all states should be willing to accept. 

It has been objected that adoption of the Model Law, and its 

mandatory provisions, would necessitate restoring the ((Grandfather 

Clause" which expired here in January 194 7. It should be remem

bered that there is nothing in the present law to prevent anyone, 

resident or not resident, from practicing engineering in this state. 

A mandatory law may recognize the existing ('grandfathers" for their 

respective lifetimes, but under the present law the practice of engi

neering by unqualified men may be perpetual. 
Of the six states which originally had permissive laws, four have 

been amended to conform to the Model Law, and in no case was the 

'(Grandfather Clause" reinstated for more than one year. Of the 51 

registration laws in 48 states and 3 territories of the United States, 

only Massachusetts and New Hampshire have retained the per

missive measure. 
While the present Massachusetts law undoubtedly represented 

the best thought of local engineers when the legislation was proposed, 

the time is at hand when we should reconsider the matter and accept 

the recommendations of the major engineering societies as proposed 

in the Model Law. · 
In conclusion, it should be obvious that there are many op

portunities for cooperation between BSCE to cooperate with MSPE, 

individually and collectively, and I can assure you for MSPE that 

such cooperation will be warmly appreciated. 
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EVENING ENGINEERING COURSES IN THE 
GREATER BOSTON AREA 

BY WILLIAM C. WH1T£* 

Boston affords a very wide variety of opportunities for formal 
study through evening classes, not only in technological fields but 
in many others as well. The 194 7-48 catalog of the Prospect Union 
Educational Exchange-a philanthropic agency with headquarters 
in Cambridge which provides impartial reports on educational op
portunities for adults-lists over 200 schools offering some 4000 dif
ferent courses in several hundred fields ranging all the way from 
accounting to zoology. Thirteen of the catalog pages are given over 
to the listing of courses within the broad field of engineering, these 
courses being mostly of the technical institute type. 

The Sub-Committee on Curricula of Technical Institute Type 
appointed by Engineers' Council for Professional Development de
fines such programs as follows: 

"1. The purpose is to prepare individuals. for various technical 
positions or lines of activity encompass~d within the field 
of engineering, but the scope of the programs is more 
limited than that required to prepare a person for a career 
as a professional engineer. · 

"2. Curricula are essentially technological in nature, based upon 
principles of science, require the use of mathematics beyond 
high school, and emphasize rational processes rather than 
rules of practice. 

"3. Programs of instruction are briefer, and usually more com
pletely technical in content than professional curricula, 
though they are concerned with the same general fields of 
industry and engineering. They do not lead to the baccalau
reate degree in engineering. Such designations as Engineering 
Aid, Technical Aid, Associate in Engineering, and Engi
neering Associate are appropriate designations to be con-

•Director of Day Colleges, Northeastern University, Boston, Mass. 
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£erred upon the graduates of programs of technical insti

tute type. 
"4. Training for artisanship is not included within the scope 

of education of technical institute type." 

The principal agencies in Greater Boston now offering evening 

courses in engineering of technical institute type are the following: 

LOWELL INSTITUTE SCHOOL. Financed by the Lowell Foundation 

and using the facilities of M. I. T., the School offers two year evening 

curricula in mechanical, electrical, and structural technology and 

certain supplementary courses in · fields such as applied mathematics, 

electronics, applications of electricity in industry, principles of radio 

communications, hea.t treatment, engineering vibrations, and ad

vanced testing materials laboratory. 
Originally the School was designed to meet the educational needs 

of industrial foremen, but it now enrols many young machinists, drafts

men, and apprentices. Total enrolment, including post graduate stu

dents in the supplementary courses, is about 450. 

LINCOLN INSTITUTE. Operated as an affiliate of Northeastern 

University, Lincoln Institute currently enrols about 1800 students 

in four year evening curricula leading to the degree of Associate 

in Engineering. Students may major in chemistry, civil and structural 

engineering, electrical engineering, mechanical engineering, or in

dustrial engineering. The work is of college grade but briefer in 

scope than that of the typical program leading to a baccalaureate 

degree in engineering. Admission requirements are less stringent. 

Attention is focussed upon technological courses that will be of direct 

benefit to the student in the engineering work upon which he is 

employed during the day and time does not permit including in the 

curricula the usual sequence of humanistic-social courses that are 
usually found in engineering programs. 

WENTWORTH INSTITUTE. A privately endowed technical insti

tute, Wentworth offers a variety of evening programs ranging in 

duration from one to two years. Machine work, Mechanical Drawing 

and Machine Design, Electrical Installation, Refrigeration, Air-Con

ditioning, Applied Electricity and Electrical· Machinery, Welding, 

Architectural Drawing and Design, Machinery Pattern Making, Plan 

Reading and Estimating, are some of the fields covered. The courses 
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are taught by regular members of the Wentworth Institute faculty 
and serve an enrolment of about 500 students. 

FRANKLIN TECHNICAL INSTITUTE. Originally endowed by 
Benjamin Franklin, the Institute now serves some 1550 evening 
students in a variety of technical fields including Automobile electricity, 
Automobile Engines, Mechanical Theory and Design, Structural 
Theory and Design, Machine Drafting, Sheet Metal· Drafting, Elec
trical Machinery, Industrial Electronics, Electric Wiring, Industrial 
Chemistry, Metallography, Estimating, Architectural Plan Reading, 
Plumbing Science and Design, and _Photography. The teaching staff 
includes many well qualified men from industry as well as the full 
time members of the Institute's faculty. 

MASSACHUSETTS DEPART ME NT OF UNIVERSITY EXTENSION. The 
Department of Education in the Commonwealth through its Division 
of University Extension, offers many courses within the broad field 
of engineering. Some 8000 people are enrolled during the present year 
in such courses as Theory· of Complex Functions, Matrix Algebra, 
Transients in Linear Systems, Structural Analysis, Production Con
trol, Architectural Drawing and Drafting Room Practice, Diesel 
Engines, Industrial Electricity, Metallography and Heat Treatment, 
Radio, and many others. Classes meet at Harvard, M. I. T., Boston 
Public Schools, and similar places in Greater Boston. A variety of 
home study courses in engineering and industrial subjects are also 
sponsored by the Department. 

In general the opportunities for evening study in the field of engi
neering in this area are designed to prepare people for sub-professional 
or semi-professional positions such as drafting, computing, inspecting, 
etc. There are few, if any, engineering courses offered at the graduate 
level in the evening in Greater Boston. 

The Committee on Engineering Education and Professional De
velopment of the Engineering Societies of New England, under the 
very able leadership of Professor Frederick Weaver of Tufts College, 
has done a great deal during the past two years to stimulate thinking 
about the needs of professional employees for evening courses that 
would enhance their effectiveness as engineers. A preliminary survey 
conducted by the Committee indicated that there was a real demand 
for such courses also for evening curricula leading to the bachelor's 
and the master's degree in engineering. 
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Unfortunately the engineering colleges are so heavily loaded 
with peak enrolments and research activities in the early postwar 
period that they are unable to serve this additional clientele at the 
moment,· although the deans of the four engineering institutions 
located in Greater Boston are very desirous of doing so as soon 
as possible. 

Under the auspices of Professor Weaver's Committee a careful 
study is now being carried on by a graduate student to discover 
exactly what fields of study would be of greatest interest to pro
fessional engineers and how the work can best be organized, with the 
hope that a start can be made next fall. 

The Committee has studied the evening curricula leading to the 
bachelor's degree in engineering given at Cooper Union, New York 
University, College of the City of New York, Polytechnic Institute 
of Brooklyn, and Carnegie Institute of Technology. These programs 
range from six to nine years in duration with a tendency toward an 
eight year period. Students attend classes for three or four nights a 
week and much of the material that will be of immediate use to them 
in their daily employment is not reached until the third year. 

In view of the fact that enrolments in regular engineering schools 
have more than doubled over the pre-war peak* that was reached 
in 1924-43 it seems unnecessary to establish evening undergraduate 
curricula in order to provide more engineers, although such programs 
may be desirable for other reasons. A more immediate need would 
seem to be the establishment of evening courses that would enable m~n 
who already have their baccalaureate degrees to advance their 
knowledge and skill as professional engineers. Evening courses at 
the graduate level are likely a more pressing need than evening under
graduate curricula in engineering. 

The E. S. N. E. Committee plans to confer with the deans of 
engineering at Harvard, M. I. T., Tufts, and Northeastern when the 
results of the study now being carried on are available and hopes 
in the near future to make arrangements for a series of courses that 
will serve the needs of engineers who are working in the Greater 
Boston Area. 

•Enrolment in engineering schools in 1947-48 is about 250,000. 
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PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETINGS 
Boston Society of Civil Engineers 

APRIL . 21, 1948.-The Centennial 
Anniversary Banquet and Dance of 
the Boston Society of Civil Engineers 
was held this date at the Hotel Con
tinental, Cambridge, Mass. Dinner 
was served at 7 :00 P.M. 

President Weaver called the meeting 
to order at 8:00 P.M., and announced 
that this was the 2nd' part of the 
Centennial Anniversary celebration of 
the Society. 

President Weaver announced that 
Honorary Membership in the Society 
had been conferred on one of the 
Society's distinguished members, by 
vote of the Board of Government on 
March 24, 1948, to Mr. Sanford E. 
Thompson who became a member on 
June 12, 1895. 

Mr. Miles N. Clair introduced Mr. 
Sanford E. Thompson and presen
tation of the certificate of Honorary 
Membership was made by President 
Weaver. 

The certificate read as follows: 
BOSTON SOCIETY OF CIVIL ENGINEERS 

In recognition of his eminence 
in civil and mechanical engineering, 
especially in industrial manage
ment and marketing 

SANFORD ELEAZER THOMPSON 
has been duly elected an 

HONORARY MEMBER 
By direction of the B'oard of 

Government 
March 24, 1948 

(Seal) 

HARVEY B. h.IX:!'\ISOX 
President 

EDWIN B. COBB. 
Secretary 

President Weaver then introduced 
the speaker of the evening, Dr. Carl 
S. Ell, President of Northeastern Uni
versity who gave a most interesting 
talk on "Looking Ahead". 

At the close of the meeting members 
and guests enjoyed dancing and a 
social get together. 

102 members and guests attended 
this meeting. 

ROBERT \V. Morn, Secretary 

MAY 19, 1948.-A meeting of the 
Boston Society of Civil Engineers was 
held this date at the American Aca
demy of Arts & Sciences, 28 ::'\ewbury 
Street, Boston, Mass. 

President Weaver called the meeting 
to order at 7: 10 P .M., and announced 
the death of Mark E. Kelley who was 
elected a member September 21, 1910 
and who died February 2. 1948. 

The secretary announced that at a 
meeting of the Board of Government 
held May 17, 1948, 62 new members 
were elected, 3 were transferred from 
grade of Junior to Member. 3 were 
transferred from grade of Student to 
Member, 3 were elected to grade of 
Junior and 24 were transferred from 
grade of Student to grade of Junior. 

President Weaver then introduced 
the speaker Mr. Charles B. Spencer, 
Vice-President of Spencer. White and 
Prentis, Inc., of New York. who gave 
a talk on the "Construction of the 
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6th Avenue Subway in New York 
City". The talk was illustrated by 
motion pictures. 

After a short discussion the meeting 
adjourned to the lounge where a col
lation was served. 

112 members and guests attended 
the meeting. 

ROBERT W. Morn, Secretary 

STRUCTURAL SECTION 
MAY 12, 1948.-The meeting was 

called to order at 7: 20 P.M., by Chair
man Oliver G. Julian, after a dinner 
at the Smorgasbord at which 26 at
tended. 

The minutes of the last meeting 
were read and accepted. 

Mr. Frank A. Cundari of the Old 
Colony Construction Company gave a 
paper on "Estimating Building Con
struction Costs including development 
of Unit Prices". He took the view 
point of an estimator in making bids 
and stated the first thing to do was 
to list every item in the specifications. 
This would serve as a check to see 
that no item was left out of the esti
mate and also make a list for obtaining 
sub bids and also be able to analyze 
the sub bids to see that they conform 
to the specifications. Mr. Cundari 
mentioned various items and a few 
kinds. Among them were: in exca
vation for footings take as an area 
the neat lines plus ¼ the depth as an 
allowance for working room and slope 
of material. 

A few items next discussed were 
cleaning of site, protection of trees, 
disposal of caisson excavation, back
filling, wood and steel sheeting and 
pumping. He advised taking concrete 
and forms off at the same time and to 
add the make up of column forms at 
the story where height was increased. 
Floor forms, wall forms and walls 
above floors are to be taken separate. 
He also stated that coping forms were 
to be taken on a Jin. ft. basis and 
stair forms on a Jin. ft. of riser. 

Mr. Cundari said that masonary 
was one of the major items and he 
used the method of taking the sq. ft. 
area of each thickness of the various 
wall materials. Stone work was on a 
cu. ft. basis and also determine the 
weights of stones to be handled in 
order to choose the equipment needed 
to hoist and set. Various types of 
scaffolding were mentioned. 

The next items discussed were 
cement finishes and surface treat
ments, floor hardeners and protection. 
In discussing structural lumber he 
listed these in items of relative diffi
culty of erection such as floor timbers, 
floor joists, spiking pieces, boarding, 
stud partitions, wall strapping hun"' 
ceilings and ceiling fuming. Allowanc~ 
must be made for waste in lengths to 
next larger even foot and also dressing 
and matching. Plaster grounds and 
finish carpentry need to be listed in 
detail as it was sometimes an ex
pensive item. 

Some items to watch out for were 
listed as a 30% shrinkage in cinder 
fill, repair of streets, joining new 
work to old, expansion joints permits 
fire insurance, Job office, ~atchman: 
water, temporary heat, temporary 
light, enclosures, lines and grades. He 
said that supervision should be figured 
on the time of construction rather than 
a percentage of the labor. 

An extended discussion period 
followed. The meeting adjourned at 
9:30 P.M. 

There were 64 members and guests 
present. 

ARTHUR E. HARDING, Clerk 

APPLICATIONS FOR 
MEMBERSHIP 

[July 1, 1948] 
The By-Laws provided that the 

Board of Government shall consider 
applications for membership with refer
ence to the eligibility of each candidate 
for admisson and shall determine the 
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proper grade of membership to which 
he is entitled. 

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

The fact that applicants give the 
names of certain members as refer
ence 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 S. ARCHIBALD, Melrose, 

Mass. (b. May 6, 1924, Malden, 
Mass.) Attended Tufts College School 
of Engineering partly under the Nav;tl 
R. 0. T. C. program and was gradu
ated with the degree of B.S. in Civil 
Engineering Summa Cum Laude in 
June 1945. Commissioned at the same 
time I served on active duty with 
the U. S. Navy at sea until July 1946. 
In September, 1946, entered the 
Harvard Graduate School of Engineer
ing and graduated in June 194 7 with 
the degree of M.S. in Sanitary Engi
neering. Was awarded the Clemens 
Herschel Prize in Hydraulics for that 
year by Harvard University. Im
mediately became engaged by the 
firm of Hayden, Harding and Buchanan 
as a Sanitary Engineer and have been 
employed there ever since in the de
sign of sewage treatment plants, sewer
age systems and hydraulic problems 
pertinent to such work. Some design 
of · concrete and other structural 
materials has also been done by me 

during this period. Refers to H. P. 
Burden, G. M. Fair, H. W. Legro, 
A. P. Rice, H. A. Thomas, Jr. 

STUART M. ALEXANDER, Denver, 
Colorado. (b. January 28, 1945. Utica, 
New York). Attended the School of 
Technology of the City College of New 
York 1942-1945. Received BCE degree 
in 1945. Experience, 1945-46 employed 
as Junior Engineer by Oklahoma State 
Highway Commission in roadway design 
division; 1946-4 7 with U. S. Bureau of 
Reclamation as a junior engineer on 
The Earth Dams Section, Dams Di
vision on earth materials control and 
special studies; 194 7 with R. J. Tipton 
& Assoc. Inc., Engineers of Denver, 
Colorado, on special study; from Sep
tember, 194 7, to June, 1948, graduate 
student in Soil Mechanics at Harvard 
University. Received M.S. in June, 
1948. At present employed by R. J. 
Tipton & Assoc., Inc., on Special Study. 
Refers to A. Casagrande, A. Haertlein, 
W. L. Shannon, S. D. Wilson. 

HENRY R. DrCrcco, Boston, Mass. 
(b August 29, 1914, Boston, Mass.) 
Graduated Boston English High School 
in 1932. Entered Tufts College of 
Engineering and attended during the 
years 1933-1936. Majored in Civil 
Engineering. In March 1941 was in
ducted in the service of the U. S. 
Army. Served as a private in the 
Pacific Theatre until May 1944 and 
attended Officer's Candidate School and 
commissioned 2nd Lieutenant. Dis
charged in October 1945. Experience, 
1936-1941 employed by Joseph Di
Cicco & Company, contractors, work 
consisted of estimating cost of labor 
and materials in sewer and water pipe 
laying contracts. 1946-4 7 entered Lin
coln Techncal Institute of Northeastern 
University and expect to receive a 
degree in Civil Engineering in May 
1948. At present am employed by the 
Metropolitan Transit Authority in the 
Engineering Division of the Main-
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tenance Department as draftsman. 
Refers to A. J. Blackburn, G. W. 
Hankinson, E. B. Myott, A. McVarish, 
E. L. Spencer. 

JOHN R. HARTLEY, Barrington, R. I. 
(b. October 10, 1910, Fall River, Mass.) 
Graduated from Rogers High School, 
Newport, R. I., in 1929; August 1929 
became apprentice draftsman with 
Builders Iron Foundry. During this 
period attended special extension classes 
at Brown University in Machine De
sign, Mechanical Engineering, and 
Electrical Engineering; February 1935, 
became a sales engineer, assisting con
sulting engineers and others in the de
sign and application of all kinds of 
metering and controlling apparatus, 
principally for water and sewage works. 
In this work, it is- necessary to have 
knowledge of current practice and to 
keep abreast of new developments, not 
only in instrumentation, but also in the 
broad field of water and sewage plant 
design. Since 1941 have been Assistant 
Sales Manager for Builders Providence, 
Inc., on water and sewage works equip
ment. Refers to A. J. Burdoin, H. G. 
Dresser, F. L. Flood, S. Keith, W. H. 
Sears. 

JAMES J. KENNEY, JR., Quincy, Mass. 
(b. January 17, 1915, Boston, Mass.) 
Graduate of Cathedral High School in 
1932; Attended Boston College 1932-
1933, Boston University evenings 
1933-34-35-36; M. I. T. evenings 
1940-41-42 (Lowell School) also 
special courses in "reinforced concrete" 
moment distribution and soil mechanics. 
Experience, 1936-1938 general drafts
man and surveyor with T. B. Kenney 
C. E; 1938-1940 Geodetic Survey and 
Computer with City Planning B'oard; 
1940-46 Bethlehem Steel Company as 
assistant to Civil Engineer engaged in 
design and supervision of construction 
of docks, shipways, buildings, heavy, 
lifting equipment and gangways or 
other things connected with maintenance 
of the plant; 1946-4 7, E. B. Badger 

& Sons Company as structural de
signer; 1947-48, Fay, Spofford & 
Thorndike as structural designer and 
in March 1948 returned to E. B. 
Badger & Sons Company as structural 
designer. Since June, 194 7, also have 
been associated with Ralph L. Rankin, 
Architectural and Structural Engineer. 
Refers to R. E. Crawford, G. Douglas, 
K. Krawcyk, R. L. Rankin, H. M. 
Mellish. 

ERNEST A. MYERS, Wakefield, Mass. 
(b. March 14, 1903, Milford, Mass.) 
Attended Northeastern University 
1922-23; 1923-24; Lowell Institute 
1924-2 5. Experience, with Stone and 
Webster Engineering Corporation 1923, 
1924-1931; City of Boston Park De
partment 1932-1933; Metropolitan 
District Water Supply Commission 
1933-1941; Shreve Lamb and Harmon, 
Fay, Spofford and Thorndike, 1941-
1943; 1943 to date Metropolitan Dis
trict Water Supply Commission
Metropolitan District Commission. 
Construction Division as Assistant 
Civil Engineer. Refers to C. J. Ginder, 
L. M. Gentleman, K. R. Kennison, M 
H. M elfish. 

RUTH D. TERZAGHI, Winchester, 
Mass. (b. October 14, 1903, Chicago, 
Ill.) B.S. 1924, M.S. 1925, University 
of Chicago, Ph.D. 1930, Radcliffe. 
Experience, 192 5-26, instructor in 
Geology, Goucher College; 1926-28 
Instructor in Geology, Wellesley 
College; 1930-43, Research on prob
lems of geology and engineering 
geology; co-operation with Karl 
Terzaghi on examination of dam sites; 
1943 to date, Concrete research. Con
sultant, Association of American Rail
roads. Refers to A. Casagrande, A. 
Haertlein, H. M. Turner, K. Terzaghi. 

HENRY E. WILSON, Roston, Mass. 
(b. August 1, 1896, Ipswich, Mass.) 
Graduated from Massachusetts Insti
tute of Technology in 1919, B.S. in 
Civil Engineering; Harvard University 
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class of 1919, B.S. in Civil Engineering 
(owing to War Class was graduated 
in September, 1918) Experience 
served briefly with the Army Engi
neers at Camp Humphries, Va. Worked 
for_ Bethlehem Steel Bridge Corpo
ration at Steeltown, Pa., on structural 
Steel drafting, design, and field engi
neering until April 1921 when I took 
a professional examination and entered 
the Corps of Civil Engineers, U. S. 
Navy as a Lieutenant (jg), advanced 
to rank of Captain which I now hold. 
Service of 27 years in the Navy has 
included the design and construction 
of practically all types of facility used 
by the Naval Shore establishment, 
including complete shipyards; lighter
than-air bases; air fields (heavier 
than air) ; ammunition depots; ad
vance bases; training stations; re
ceiving stations; power plants; hospi
tals; shipyard facilities of all types 
such as drydocks, piers, wharves, in
dustrial plants of all kinds; ware
houses; pavements; sewage systems, 
etc. Among the latest engineering 
structures of note with which I have 
been identified was a vertical lift type 
high level 6 lane steel highway bridge 
at the Naval Base, Terminal Island, 
California. At present District Civil 
Engineer and District Public Works 
Officer of the First Naval District. 
Duties of this position involve in
spection and general supervision over 
the engineering features of all Naval 
Shore Establishments in the New 
England Area. Also involves direct 
supervision and control of all con
struction in the District not spe
cifically assigned to some Base or 
Shipyard or other component of the 
Navy. Refers to T. A. Berrigan, M. 
N. Clair, A. B. Edwards, A. Haert
lein. 

Transfer form Grade of Junior 

CLARENCE R. WICKERSON, Win
chester, Mass. (b. November 10, 1902, 
Eastport, Maine.) Graduate from 

Northeastern University in 1926, B. 
C. , E. C~mpleted a structural Design 
ana Detail course at Tufts College in 
1941. Experience, with Whitman & 
Howard, Inc., as engineer since 1926. 
At present date active on water-works 
projects. Refers to C. Howard, P. F. 
Howard, C. R. Pearson, L. M. Pit
tendreigh. 

Transfer from Grade of Student 

DAVID A. DUNCAN, Dorchester 
Mass. (b. September 30, 1923, Dor~ 
chester, Mass.) Northeastern Univer
sity (September, 1941-April, 1943; 
July, 1946-June, 1948) B.D. In 
Civil Engineering. Experience, July, 
1947-September, 1947 and from 
March 1948 to present time with 
Metcalf & Eddy, J;:ngineers, Boston, 
~ass., inspection, designing and draft
ing. Refers to C. 0. Baird, E. A. 
Gramstorff, G. W. Hankinson, E. L. 
Spencer. 

ROBERT D. KEEGAN, Dedham, Mass. 
(b. September 7, 192 7, Boston, Mass.) 
Graduated from Dedham High School 
in 1944. Attended Northeastern Uni
versity from September 1944 until 
present and expect to graduate in June 
1948 with a degree of B.S. in Civil 
Engineering. Refers to C. 0. Baird, 
E. A. Gramstorff, G. W. Hankinson, 
E. L. Spencer. 

RICHARD E. SPRAGUE Quincy, Mass. 
(b. June 9, 1922, Quincy, Mass.) 
Northeastern University September, 
1940 to June, 1943 ; Civil Engineering 
Student at Tufts College Navy V-12 
program July, 1943 to June 1944. 
Served from September, 1944 to July, 
1946 as commissioned officer in Civil 
Engineer Corps of U. S. Naval Reserve 
including 18 months overseas in bas~ 
maintenance with U. S. Naval Con
struction Battalions. September 1946 
to July, 1947. Northeastern University. 
Received B.S. degree in Civil En~i
neering from Northeastern University 
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m September 194 7. At present study
ing achitectural design at evening 
school of B'oston Architectural Center. 
Since October, 194 7, employed as a 
detail draftsman with some design in 
reinforced concrete by Bethlehem 
Steel Company, Cambridge, Mass. 
Refers to C. 0. Baird, E. A. Grams
torff, E. M. Howard, C. R. Pearson. 

ADDITIONS 
Members 

Thomas A. Berrigan, 108 High Rock 
Lane, Westwood, Mass. 

Reinard W. Brandley, 211 Pierce Hall, 
Harvard University, Cambridge, 
Mass. 

Charles C. Cain, 11 Pleasant Stc::e,, 
Medfield, Mass. 

Harold A. Carlsen, 135 Hllsdale Road, 
Somerville, Mass. 

John J. Cashman, Jr., 32 Belchar Circle, 
E. Milton, Mass. 

Robert T. Colburn, 57 Audubon Road, 
Wellesley, Mass. 

William T. Crossland, 87 Forest 
Street, Medford, Mass. 

Clarence E. Davies, 29 West 39th 
Street, New York 18, N. Y. 

Porter W. Dorr, 101 Eliot Avenue, 
West Newton, Mass. 

Paul A. Dunkerley, 483 Huntington 
Avenue, Hyde Park, Mass. 

William T. Fairlough, 12 5 Grove Street, 
Reading, Mass. 

Allan T. Gifford, 4 Vernon Road, 
Belmont, Mass. 

Paul C. Grueter, 32 Melbourne Road, 
Milton, Mass. 

Marcello J. Guarino, 90 Park Avenue, 
Revere, Mass. 

Henry N. Halberg, 136 Arborway, 
Jamaica Plain 30, Mass. 

Donald N. Hallock, Creole Petroleum 
Corp. Quiriquire, Caripito, Monagas, 
Venezuela, S. A. 

Robert J. Hansen, 100 Washington 
Street, Brighton, Mass. 

Wilbar M. Hoxie, Tilton, New Hamp
shire 

Leonard S. Hubbard, 195 Winthrop 
Road, Brookline, Mass. 

Arthur T. Ippen, 49 Pequossette Road, 
Belmont 78, Mass. 

Philip E. Johnson, 41 Lewis Street, 
Reading, Mass. 

Harold V. Kaler, Oak Street, Foxboro, 
Ma,:s. 

Kazimierz J. Krawczyk, 300 Berkeley 
Street, Boston, Mass. 

William H. Krapohl, 79 Prospect 
Street, W. Roxbury, Mass. 

William F. M. Longwell, 40 Cedar 
Street, Worcester 2, Mass. 

Frank Marcucella, 87 Walsh Street, 
Medford, Mass. 

Frederick C. Merrikin, 35 W. Chest
nut Street, Brockton, Mass. 

Anthony Minichiello, 912 Broadway, 
Everettr Mass. 

Charles L. Murphy, 250 Blue Hills 
Parkway, Milton 87, Mass. 

Lawrence E. Newcomb, Jr., Norwell 
Avenue, Cohassett, R. F. D. Mass. 

Stewart H. Newland, 1262 Common
wealth Avenue, Boston, Mass. 

Rowen C. Parker, 180 Parkway, Win
chester, Mass. 

Henry M. Paynter, Rm. 1-351, Mass. 
Inst. Technology, Cambridge, Mass. 

Henry J. Pickersgill, 17 Page Street, 
Hingham, Mass. 

Lorrin M. Pittendreigh, 2 Webster 
Avenue, Melrose 76, Mass. 

Ralph L. Rankin, 228 Blue Hills Pkwy. 
Milton, Mass. 

Frederick M. Rice, 202 Bacon Street, 
Natick, Mass. 

William L. Shannon, 12 Brookfield 
Road, Waltham 54, Mass. 

Shou-I Tsien, 290 Massachusetts Ave
nue, Cambridge, Mass. 

Francis W. Smith, 21 Beech Street, 
Norwood, Mass. 

Nathaniel S. Thayer, 1 E Silver Street, 
Westfield, Mass. 

Fred E. Tibbetts, Jr., 27 Sunset Road, 
Somerville, Mass. 

France E. Votaw, 18 Madison Avenue, 
Winchester, Mass. 

Frederick T. Weed, 32 Cherry Street, 
Lynn, Mass. 
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Winthrop A. Wells, 90 Valentine Road, 
Arlington, Mass. 

Stanley D. Wilcon, 116 C Holden 
Green, Cambridge, Mass. 

Juniors 
Stuart E. Allen; 43 Malta Street, Mat

tapan 26, Mass. 
Richard A. Brackley, 6 Bennett Street, 

Cambridge, Mass. 
Daniel E. Braman, 7 St. Marks Road, 

Dorchester, Mass. 
Oscar Epstein, 23 Ferndale Street, 

Dorchester 24, Mass. 
William R. Gorrill, Apt.· 104 So. Apts. 

University of Maine, Orono, Maine. 
Robert 0. Harlow, 20 Eldridge Street, 

Lebanon, N. H. 
Leonard B. Loitherstein, 64 Goodale 

Road, Mattapan 26, Mass. 
Robert S. Loomis, 44 Tobey Avenue, 

Windsor, Conn. 

Louis L. Lunetta, 3 Oakdale Street, 
Jamaica Plain, Mass. 

Philip J. McNamara, 31 Phillips 
Street, Fitchbur~, Mass. 

Roger P. Reidy, 45 Chester Street, 
Newton Highlands, Mass. 

Albert Salloom, 62 Plantation Street, 
Worcester, Ma5s. 

Stanley Shuman, 11 Lorna Road, Mat
tapan, Mass. 

Bernard F. Stone, 19 Victoria Street, 
Keene, N. H. 

Sumner J. Weinstein, 93 Ballou Ave
nue, Dorche"ster, Mass. 

Louis W. Wise, B'ox 67, Lindsey 
Street', Attleboro, Mass. 

DEATHS 
Mark E. Kelley, February 2, 1948. 
C. Frank Allen, June 6, 1948. 
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HOW ARD E. BAILEY 
Consulting Sanitary Engineer 

Fay, Spo:ff ord & Thorndike 
Engineers 

Water Works Water Purification Port Developments Airports Fire Prevention 

Sewerage Sewage Treatment 

Industrial Wastes Disposal 

6 Beacon St., Boston, Mass. 

H. K. BARROWS 
Conaulting Hydraulic Engineer 

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

6 BEACON ST. BOSTON, MASS, 

CAMP, DRESSER & McKEE 
Consulting Engineers 

6 BEACON STREET BOSTON 8, MASS. 
Telephone CApitol 0422 

Water Works and Water Treatment 
Sewerage and Sewa1re Treatment 
Municipal and Industrial Wastes 

Investigations & Reports Desia:n & Supervision 
Research and Development Flood Control 

Coffin & Richardson, Inc. 

Consulting Engineers 

68 Devonshire Street 

Boston 9, Massachusetts 

WILLIAM S. CROCKER 
(Formerly Aspinwall & Lincoln) 

Louis A. Chase Associate 
Amos L. Perkins Associate 

Registered Professional Engineers 

Registered Land Surveyors 

46 Cornhill Boston, Mass, 

HUGH P. DUFFILL 
Engineer 

Bridges Buildings 

80 Boylston Street 

Boston 16 Mass. HAN. 3158 

Bridges Buildings Foundation• 

Dralnaa:e Water Supply Sewerage 

BOSTON NEW YORK 

Ganteaume & :McMullen 
Engineers 

99 Cbauncy Street 

BOSTON 

GARDNER S. GOULD 
Conaulting Engineer 

Port Developments, Wharvea, Plera &114 
Bulkheads, Oil Storace, Coal Ha114U111, 

Warehouse■ and P'oundatlou 

89 Broad St. Room 412, Boston, Mass. 

JACKSON & MORELAND 
Engineers and Consultants 

Design and Supervision of Construction 

Reports - Examinations - Appraisals 

Machine Design - Technical Publication• 

Boston New York 

MARK LINENTHAL 
Engineer 

16 LINCOLN STREET 

BOSTON 

CHAS. T. MAIN, Inc. 
Engineers 

80 FEDERAL ST., BOSTON, MASS. 

INDUSTRIAL BUILDING DESIGN 

STEAM AND HYDRO-ELECTRIC PLANTS 

ELECTRICAL ENGINEERING 

INVESTIGATIONS-APPRAISALS 

FOUNDATIONS 

Please mention the Journal when writing to Advertisers 
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METCALF & EDDY 
Engineer• 

Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 

Airfields Valuations 
Laboratory 

STATLER BUILDING, BOSTON 16 

MAURICE A. REIDY 
Conaulting Engineer 

Structural Designs Foundations 

101 Tremont Street 
BOSTON, MASS. 

Stone & Webster Engineering Corporation 
Engineering and Construction 

Reports Examinations Appraisals 

Consulting Engineering 
49 FEDERAL ST., BOSTON, MASS. 

THE THOMPSON & LIGHTNER CO., INC. 
Engineers 

Designs and Engineering Supervision , 
Investigations, Testing and 
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Contributions of the Members of America's Oldest 
·Engineering Society to 100 Years of Progress 

in Civil Engineering 

A CENTURY OF TRANSPORTATION 
BY CHARLES B. BREED, PAST PRESIDENT, B.S.C.E.* 

(Presented at 100th Anniversary Meeting, Boston Society of Civil Engineers, March 31, 1948.) 

Probably Transportation is the oldest of the four branches of 
our profession which are being presented on this program. Even neo
lithic man had the urge to move about. In fact he had to do so for 
sustenance. His next urge was curiosity. He wanted to see what was 
beyond the hills. Then followed the urge for conquest, in order that 
he might thereby possess the goods of his neigh,bors. Water trans
portation was the accepted means of travel until about 4000 B.C. 
Then the use of the wheel was discovered and land transportation 
had its birth. 

With the Industrial Revolution in Europe . a speedier note of 
transportation was required, and this challenge was met about the 
year 1805 when McAdam and Telford showed the world how to 
construct paved highways. 

Then in the early 1820's; only 12 5 years ago, Stephenson's railroad 
locomotive made its appearance, and with the advent of the locomotive; 
New Englapd became the center of industry in the United States. 

Of the· 31 founder .members of B.S.C.E., 28 were in railroad 
construction at some time during their careers. Ten devoted their 

•Consulting Engineer; formerly Head of the Department of Civil and Sanitary Engineering 
at the Massachusetts Institute of Technology, Cambridge, Mass. 
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lives to it and held prominent positions in railroad engineering, oper
ation and management. Both the first president of the B.S.C.E., James 
F. Baldwin/ and the first president of the A.S.C.E., James Lauri.e, 
were prominent in the field of railroad construction. 

In 1826 within 10 mil~s of/Boston; '.the first railroad in America 
was constructed and operated at Quincy. This was the first of the 
191 different railroads thaf make up the present New Haven system. 

The Quincy Granite Railway was built to haul the granite blocks 
which were used in the construction of Bunker Hill Monument. The 
road ran from the West Quincy quarries to the Neponset River, and 
its motive power consisted of horses. Soon, however, railroad motive 
power changed to steam, through the use of which developed the 
230,000 mile5 of railroad in this country. 

The first electrification of a steam railroad took place only a 
few miles from Boston, when, in 1895, it was used on the Nantasket 
Beach Branch of the Old Colony Railroad. Charles P. Clark, Presi
dent of the New Haven Railroad, foresaw the great possibilities of 
electric traction as applied to steam railroads, and to him belongs the 
credit for electrifying this line.2 

Of the many members of the Society who were prominent in the 
transportatio_n fie_ld, the careers of the following are typical. 

RAILROADS 

James F. Baldwin was the son of Colonel Loammi Baldwin, who 
built the Middlesex Canal from Boston to Lowell. He was a younger 
brother of Loammi Baldwin (2nd), who has often been called the 
"Father of Civil Engineering in America." James Baldwin in 1828 
made a survey for a railroad from Boston to the Hudson River under 
the authorization of the State Board of Internal Improvements. His 
survey was the basis for the location of several railroads which were 
subsequently built. He was chief engineer for the construction of the 
Boston & Lowell R.R., and later served as a commissioner for the 
construction of the first Boston water supply. Baldwin was elected 
President of the Society at its founding in 1848. 

1B.S.C.E. membership is identified by italics in text. 
"A story is told that President Clark who was much interested in the details of the new 

electrification projects, wanted to know about the flow of current in a third-rail. He asked 
eleven engineers whether the current was concentrated on the surface of the third-rail or was 
distributed throughout the rail, and was reported in an interview as saying, "five said 'on the 
surface', and five said 'throughout' " ; he was inclined to agree with the eleventh fellow who 
said he did not know ! 
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Samuel Nott, at the age of 18, became a rodman on the con 
struction of the Boston & Worcester R.R. in 1833. Later he was ap
pointed division engineer on the construction of the Eastern R.R. 
and its extension the Portsmouth, Saco & Portland R.R. The Eastern 
R.R. first terminated in East Boston and the passengers were ferried 
to Boston. (Until 1910, only 38 years ago, the Pennsylvania Railroad 
terminated on the New Jersey shore and passengers were ferried to 
New York City.) Nott served as chief engineer on construction of the 
Manchester & Lawrence R.R. and of the Concord & Portsmouth R.R. 
Later he became superintendent of the Hartford; Providence & Fi!:;hkill 
R.R., holding this position for more than twenty years. 

He was elected a director at the founding of the Society in 18'1 S 
and subsequently served as secretary for many year·.s, until its re
organization in 1874.3 

J amcs Laurie was chief engineer of the Norwich & \Vorcester R.R. 
It is probable that this was the first railroad in the United States on 
which a tunnel was built. He was also connected with other New 
England railroad projects, including surveys and a report on the 
Hoosac Tunnel. Perhaps his greatest work was the design of the 
iron lattice bridge across the Connecticut River at Warehouse Point, 
for the New Haven, Hartford & Springfield R.R. of which he was 
chief engineer in 1862. 

He was a founder member of both the B,S.C.E. and the A.S.C.E. 
and served as first president of the latter. He presented the first 
paper before each of these societies. The "James :i:.,aurie" A.S.C.E. 
prize was established in his honor. 

Samuel M. Felton taught mathematics to the ci,vil engineering 
students of Loammi Baldwin (2nd), and after Baldwin's death, he 
continued the work. 4 He was chief engineer for the eastern section 
of 'the Fitchburg R.R., and later was appointed its superintendent. 
In 1851 he became president of the Philadelphia, Wilmington & 
Baltimore R.R., which he developed successfully. It was he who ar
runged for the safety of Abraham Lincoln on his famous trip through 
Baltimore to take the oath of office in Washington. Felton served also 
as president of the Pennsylvania Steel Company and wa,:; a commis
sioner for Hoosac Tunnel. He ~as a director of the B.S.C.E: from 
1849-51. 

•A photograph of Samuel Nott is shown on p, 374. 
4See p. 363 for a discussion of the education and training of Boston's early civil engineers. 
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FIG. !.-RAILROAD PASSENGER STATIONS AND PROPOSED TREMONT STREET SUBWAY, 1894. 

This map was presented in the program of the 27th Annual A.S.C.E. Convention 
hold at Hotel Pemberton (Hull) in June, 1895. It :;how:; four :;cparutc pa:;:;eni:;er :;tationG 
on Cal!•rway St., whkh is incorrect. The p:1ssenger tr:i.cks of the Boston & Maine R.R. 
continued across Cau!;Cway St. (Gee Fii:;. 2), to a ~tation at Haymarket Square. The 
fir3t North Station was built in 1894 on Causeway SL. (Lttw~cn N"shu« and IIavcrhill 
streets) ; and was used by the B. & M. (including Boston & Lowell and Eastern) and 
by the Fitchburg (which became part of B. & M. system in 1900). 

Construction of the Tremont Street Subway started March 28, 1895. The section 
from th~ P11hli, 1.arrlr.n to Park St. was opener! Sept 1, 18<l7; it. was opener! to North 
Station Sept. 3, 1898. 

Thomas Doane was trained in the offices of Loammi Baldwin 
(2nd) and Samuel Felton. He was in charge of the construction of 
the Vermont .Central and Cheshire Railroads. In 1863 he became 
chief engineer of the Hoosac Tunnel and revised its aline.ment, "boldly 
locating on a tangent throughout." Here he was the fir3t engineer in 
the United States to make use of the compressed air rock drill and 
to substitute the use of nitroglycerine ( forerunner of dynamite) for 
black powder. The Hoosac Tunnel is 41/z miles long and, at the time 

it was built, was the longest railroc1;d tunnel in the United States. 
Ip. 1869 he was chief engineer of the Burlington & Missouri R.R. 

(part of C. B. & Q. system), and consulting engineer for other western 
railroads. While in Nebraska he was instrumental in founding a 

college at Crete, which was named Doane College. 
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He was the first president of the Society when it was reorganized 
m 1874 and served for eight years.6 

The pa-st century has been an era of great railroad expansion. 6 

Between 1835 and 1855 the railroad mileage in Massachusetts in
creased from 50 to 1200 miles; and in New England, from 50 to 3500 
miles. Between 18 70 and 1890, 18 miles of railway were constructed 
every day in the United States. This huge expansion was followed 
by the consolidation of hundreds of small railroad corporations and 
the building of great terminals, such as: 

Pennsylvania Station, New York City, constructed in 1910 
Grand Central Terminal, " " " " " 1912 
North Station, Boston, constructed in 1894 and entirely re-

modelled in 19 2 8 
South Station, Boston, constructed in 1898 
St. Louis " " 1894 

In 1890 Boston had 8 separate passenger stations; 4 on the 
north side of the city and 4 on the south -side. The New York & New 
England R .R. station was located on the site of the present South 
Station. The Boston & Providence station was at Park Square and 
the Boston & Albany and Old Colony stations were on Kneeland St. 
The Boston & Lowell, Eastern and Fitchburg stations were on Cause
way St. .and the Boston & Maine at Haymarket Sq. (Fig. 1. ) 

The South Station was built between 1896 and 1899 and into this 
passenger station all the south side railroads were received. Many 
B.S.C.E. members were engaged in its construction , and George B. 

Francis, a past president of the Society, was perhaps the most out
-s tanding of this group. He built the Providence Terminal of the New 
Haven R.R. before coming to Boston to supervise the construction 
of the South Station. H e became one of the best known railroad 
engineers in the country. 

The consulting engineers for the construction of the South Station 
were F ayette S. Curtis, Lawson B . Bidwell, and Walter Shepard. 
Curtis was vice president of the N. Y. , N. H. & H . RR. Bidwell, a 
past president of the Society, was chief engineer of the New York & 
New England R.R. Shepard was chief engineer of the Boston & 
Albany R.R. 

"A photograph of Thomas Doane is shown on p. 379. 
•Th e 100th a nniversary of th e Galen a & Ch icago U nion R.R. (now part of Chicago & N orth 

Western system) is being celebrated th is year. It was the first railroad to ru n out of Chicago 
to the west. 
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FIG. 2.-CAUSEWAY STREET IN FRONT OF RAILROAD STATIONS, 1884. 

This photograph shows construction of trunk sewer in Causeway Street with 
railroad and street traffic m aintained on the surface. The trestle-like structure is the 
trench excavating machine, invented by Howard A. Carson, then in charge of sewer· 
construction for the Boston Main Drainage Works. Locomotive are those of the Boston 
& Maine R.R. which terminated at Haymarket Sq. (to right of picture). The stone 
building is the Fitchburg R.R . station . Stations of the Boston & Lowell and the Eastern 
railroads would be just to the left of picture . 

Horse cars are shown in front of Fitchburg station. In left foreground may be seen 
the front of an omnibus, a few of which were still in operation at that time. 

H ezekiah Bissell was engaged in the construction of the Union 
Pacific R.R. when its rails reached those of the Central Pacific at 
Promontory, Utah, in 1869. He served as chief engineer of the Eastern 
R.R ., and when it was consolidated with the B . & M. in 1884, he 
became chief engineer of that railroad. By 1900 the B. & M. included 
the Boston & Lowell and the Fitchburg railroads (Fig. 2) . In 1894 
the first Union (North) Station was built on Causeway St. Bissell 
was in charge of the design and construction of this project. After 
his death, J. Parker Snow, a well known bridge engineer, served as 
chief engineer for two years. 

Arthur B. Corthell, who had worked with George B. Francis at 
Providence and Boston, was later in responsible charge of much of 
the work on the Grand Central Terminal in New York. He returned 
to Boston in 1911 as chief engineer of the B. & M., and served until 
his death in 1924. 



CENT URY OF TRANSPORTATION 315 

. During the years 1926 to 1929, the B. & M. Boston terminal 

facilities , passenger and freight, were largely revamped. William J. 

Backes was chief engineer at the time the new North Station was 

built in 1928. Frank C. Shepherd served as construction engineer 

during the period when many of these important B. & M. changes 

were underway (Fig. 3.). 

FIG. 3.-TERMINAL IMPROVEMENTS OF BOSTON & MAINE RAILROAD, 1930. 

At the left: Manger Hotel (then under construction), new North Station with 
Boston Garden huilt above it , and B. & M . Office and Industrial Building. Across the 
river: New freight house facilities, engine terminal, fruit and vegetable terminal and 
classification yards. 

Grade crossing elimination between railroads and highways was 

an important part of the work of the railroad engineer from 1890 to 

1910. Many of our Society members were prominent in this work. 

Among them might be mentioned Edmund K. Turner, for 18 years 

chief engineer of the Fitchburg R.R., who became an outstanding 

engineer in the field of grade crossing elimination; and James W. 

Rollins,7 a railroad engineer who later became a prominent contractor 

on the construction of a number of these projects. 
The great strides in the development of our vast nation-wide 

railway system-and our 3,000,000 miles of highway-are due almost 

entirely to the vision and skill of this country's eminent civil engineers. 

URBAN AND RAPID TRANSIT 

Meanwhile in Massachusetts, local transportation advanced from 

the omnibus to the horse car and then to the electric car. In 1897 

the Tremont Street Subway was built, the first subway for electric 

7President of the Society, 1912-13. 
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cars in America. Each step was part of a gradual evolution into our 
Metropolitan Transit Authority of today. During this time progress 
in transportation was advancing in all of the great cities throughout 
our country. 

Then with the coming of the automobile, improved construction 
of highways was required, and bituminous macadam roads began to 
replace those of local materials such a:.s gravel, sand and water-bound 
macadam. 

The stage coach or omnibus furnished local public transportation 
in Boston and its environs when the Society was founded in 1848.8 

The first horse car was run on the Cambridge (Horse) Railroad be
tween Harvard Square and Bowdoin Square on March 26, 1856. The 
network of horse-car lines expanded rapidly during the next 2 5 years. 
John H. Blake, a founder member of the Society, served as president 
of the Metropolitan and the Middlesex Railroad companies in the 
horse-car days. 

By 1888 the principal street car companies were consolidated as 
the West End Street Railway, and the fir st part of the system wa·s 
electrified early the next year ( Fig. 4.). 

The development of rapid transit in Boston stemmed from the 
comprehensive studies and report of the Rapid Transit Commission 
of 1891. In this report it was recommended that a North Union 
Station and a South Union Station be built and that a street car sub
way and elevated lines be constructed. Society .members connected 
with the Rapid Transit Commission included William Jackson, Fred
eric P. Stearns,9 Alphonse Fteley and George S. Rice. 

In 1897 the Tremont Street Subway was opened, the first street 
car subway in the United States (See Fig. 1.). It was built by the 
Boston Transit Commission, of which George F. Swain was a com
missioner. Professor Swain served throughout the entire life of the 
Transit Commission ( 1894-1918); he was chairman from 1913 to 
1918.10 

Howard A. Carson was chief engineer for the Transit Commission 
for 15 years.11 Edmund S. Davis was his successor and served from 

•In 1849 the Harvard Branch Railway was built from the Fitchburg R.R. at Union Square, 
Somerville to H arvard College, but with the advent of the horse car lines between Boston 
and Cambridge it was abandoned. 

9 A photograph of Frederic P. Steal'ns is shown on p. 330. He was pres ident of the Society, 
1891-92. 

10A photograph of George F. Swain is shown on p. 338. He was president of the Society, 
1896-97. 

llHoward A. Carson was chief engineer of the Metropolitan Sewerage Commission at the 
time of his appointment. Before that he had been in charge of the construction of sewers in 
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FIG. 4.-HORSE CAR AND EARLY TROLLEY CAR. 

1911-18. Many other member3 of the Society were connected with 
this commission, including H enry H. Carter who served as consulting 
engineer. It was a B.S.C.E. engineered job! The estimated cost of 
the Tremont Street Subway (Boylston and Pleasant Streets to the 

.,. orth Station) was about $5,000,000; the actual cost was only 

$4,360,000 (Fig. 5.). 

FIG. $.-CONSTRUCTION OF TREMONT STREET SUBWAY AT PARK STREET, BOSTON. 

Boston, where he had invented the trench excavating machine shown in Fig. 2. He was 
president of the Society, 1898-99. 
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The East Boston Tunnel, completed in 1904 by the Transit 
Commission, was the first sub-aqueous tunnel for street cars which 
was built entirely of concrete. Other projects completed by the Transit 
Commission were the Washington Street Tunnel, subway under Beacon 
Hill , Boylston Street Subway, and Dorchester Subway to Andrew 
Square. 

The Boston Elevated Railway, which was incorporated in 1894 
and leased the West End. Street Railway at the time the Tremont 
Street Subway was built, was empowered to construct elevated lines 
(Fig. 6. ) . By 1901 the line from Dudley Street to Sullivan Square 
(via the Tremont Street Subway) was in operation . Subsequently 
extensions were built to Forest Hills and to Everett. The Cambridge 
Subway was built by the Boston Elevated Railway. George A. Kim
ball12 was the chief engineer of elevated lines. He was in charge of 
design and construction until his death in 1912. Others, like Clarence 
T. Fernald, were also active on these construction projects. Harry M. 
Steward was in charge of maintenance of way for 35 years. Eugene 
C. Hultman was engineer for the West End Street Railway for many 
years. 

HIGHWAYS AND PARKS 

William E. M cClintock was often referred to as the " Father of 
Good Roads" in Massachusetts. In 1892 he was engineer member 
of a commission to investigate the improvement of highways in Mas
sachusetts. This investigation resulted in the formation of the Mas
sachusetts Highway Commission in 1893. McClintock was made a 
member and was chairman of that commission from 1898-1908, when 
he resigned to devote his services to the rehabilitation of his home 
city of Chelsea after its tragic fire. McClintock had much to do with 
the development of the well-known Massachusetts bituminous
macadam type of road. He was one of the organizers of the Massa
chusetts Highway Association and served as its first president. He 
was a past president and honorary member of our Society. 

Harold Parker, a son of founder member George A. Parker, was 
a member of the Massachusetts Highway Commission from 1900 to 
1911, and its chairman from 1908-11. Charles Mills was the first 
chief engineer of the Commission. 

John R. Rablin started his career with the Metroplitan Park 

"'President of the Society, 1902-03. 
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FIG. 6 .- M EIGS ELEVATED R AILWAY P ROPOSED FOR B OSTON. 

Full-size opera ting model, bu ilt in East Cambridge in 1886, of Meigs E levated 
R ailway w hich bad been authorized to build a line fro m "some point in Cambridge" 
to Bowdoin Square, Boston. The st ructure included a single longitudinal truss sup
ported on iron columns; the train, carried centra lly above the truss, was supported on· 
l a rge, grooved-rim wheels, with axles set at 45 ° to t he horizontal, rolling on rails 
fas tened to the lower chord of the truss. 

Although this company did not build the proposed line , the R apid Transit Act of 
1894 au thorized the newly-formed Boston E levated R a ilway to construct its elevated 
lines according to the patents granted to J oe V. Meigs, or according to such other plans 
as the Board of R ailroad Commissioners approved. It was finally decided that Boston 's 
-elevated lines should be built with standard type of construction and equipment. 

Commission in 1899 and was its chief engineer from 1904 until his 
death in 1928. During this period there was a great expansion of 
the Metropolitan P ark system ; this included the construction of roads, 
bridges and recreational areas. 

Frank 0. Whitney was chief engineer of the Street Laying Out 
Department of the City of Boston for many years. He served as 
treasurer of the Society for 15 years. 

The advent of automotive vehicles on the highways has resulted 
"in revolutionary changes in highway design and construction methods. 
·some of these changes were taking place in the first decade of the 
20th century when McClinto ck and Parker were members of the 
Massachusetts Highway Commission. But the most important high
way developments are those of more recent years. Several of the 
present members of the Society have niade outstanding contributions 
to highway engineering during this latter era. 

Frank W. Hodgdon served the Commonwealth of Massachusetts 
for 4 7 years-with the Board of Harbor Commissioners, the Directors 
rof the Port of Boston , and the Waterways Division , Department of 
Public Works. He was active in river and harbor improvement, and 
"in the construction of Commonwealth Pier and the Dry Dock at 
:South Boston . He represented the State in the supervision of the 
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construction of the Cape Cod Canal by a private company. He re
ported on the Traffic Tunnel (vehicular) to East Boston. He also 
supervised the start of the airfield at East Boston. Hodgdon was 
president of the Society, 1906-07. 

The layout and construction of vast airports to accommodate our 
rapidly growing commercial air transport has become one of our most 
important fields of Transportation Engineering. But this is of such 
recent origin that its development is in the hands of pre.sent members 
of our Society; it is not the province of this paper to include living 
members. 

It is not possible in a paper of this limited scope to include the 
accomplishments of all the eminent transportation engineers who were 
members of the Boston Society of Civil Engineer.;;. However, the 
careers herein sketched bear eloquent witness to the contributions to 
Civil Engineering which were made by these men, and others toward 
the development of transportation in our Commonwealth and through
out the United States. 
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Contributions of the Members of America's Oldest 
Engineering Society to 100 Years of Progress 

in Civil Engineering 

CONTRIBUTIONS TO SANITARY ENGINEERING 

BY GORDON M. FAIR, PAST PRESIDENT, B. S. C. E.* 

(Presented at 100th Anni\'ersary ::\Jeeting, Boston Society of Civil Engineers, :\larch 31, 1948) 

Sanitary Engineering is as Bostonian in its origins as are baked 

beans and brown bread. The evolution of sanitary thought, I grant 

you, is cosmopolitan and ageless, but incorporation of the principles 

of sanitary science into an engineering discipline in the latter half 

of the nineteenth century is, in my opinion, forever bound to the 

city of Boston and to the Commonwealth of Massachusetts, and 

within them, to their governments· and public works; to the so_cial 

conscience of their people and their department~ of health; to their 

teachers and educational institutions; and-last but n'ot least-to 

their engineers and the Boston Society of Civil Engineers. 
Sanitation as a foundation stone of the public health movement 

is indeed one of the dynamic manifestations which, within one brief 

generation, did away with incarceration for- debt, reformed the 

prisons and the penal code, improved the care of the sick, the blind, 

and the i11sane, and crusaded for the abolition of child labor and 

of slavery. 
During the industrial revolution, first in England and later in 

America, society had sinned. Men, women, and children had been 

worked for a pittance from dawn to dark in dangerous and ill

ventilated factory buildings. Workers and their families had been 

herded into dismal tenements that clustered about the factories. The 

sanitary facilities of the mushrooming industrial towns were grossly 

inadequate to satisfy new and often catastrophic public health needs. 

By contrast, mill owners and stockholders had grown rich, and great 

fortunes had been laid up in New England by merchants and finan-

*Abbott and James Lawrence Professor of Engineering, Gordon McKay Professor of 
Sanitary Engineering, and Dean of the Faculty of Engineering, Harvard University, 
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ciers who had turned from foreign commerce to the exploitation of 
natural resources and to the creation of native industries. 

In violent reaction, society eventually found itself in a mood 
for atonement. It was ready for pity and for penance. In particular 
was it ready to support organized community effort for the protection 
and promotion of the health of those whom it had almost destroyed. 
Engineers had made possible the industrial revolution. Engineers 
should now provide the means to wipe out the failings of that 
revolution. The machine should no longer enslave but make free. 

Interestingly enough, the sanitary awakening of New England 
was contemporaneous with what has been called the flowering of 
the Puritan spirit: that simultaneous and unheralded appearance 
in Boston and its suburbs of men and women of unusual intellectual 
and literary capacity. This group, as a whole, was imbued with a 
belief in the value of the common man and in the unbounded op
portunity for him to succeed in America. The West was opening 
up. Its challenge was without limit, its horizon without end. Small 
wonder that Yankee engineers should have found in sanitary science 
an instrument for their belief in the goodness of things. Small 
wonder that sanitary engineering should have flourished at the side 
of transcendentalism~ 

NEED FOR SANITARY ENGINEERING 

It was a happy omen for the future of sanitary engineering and 
the Boston Society of Civil Engineers that, as the century of this 
Society opened, there was staged, around the Frog Pond on Boston 
Common, a celebration of a great engineering and civic accomplish
ment. ( Fig. 1.) Patriotic, fraternal, and literary societies were 
massed about their standards on the slopes of Beacon Hill. The 
Ancient and Honorable Artillery Company, brave in tailcoats and 
busbies, rested on its arms on Beacon Street. The rostrum for 
dignitaries of state, town, and church was thrown, like a flying 
bridge, across the waistline of the pond. Bands blared patriotic tunes; 
there was high oratory; and a commemorative ode1 by James Russell 

• Lowell was sung by the school children. Then, upon a signal, a great 
1 From which the following is quoted: 

"My name is Water: I have sped 
Through strange, dark ways, untried before, 
By pure desire of friendship led, 
Cochituate's ambassador; 
He sends four royal gifts by me 
Long life, health, peace, and purity.,, 
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FIG. 1.-CELEBRATION AT THE F ROG P OND ON BOSTON COMMON ON THE 

INTRODUCTION OF COCIIITUATE W ATER, 1848 

323 

iron gate was turned, and the waters of Lake Cochituate, pouring into 
the distribution system, rose majestically through a fountain to 
heights that had the onlookers gasping with wonder and delight.2 

The prologue to this scene had been written more than a dozen 
years before by Loammi Baldwin, foremost engineer of his day, 
when he had recommended that the city acquire Farm Pond and 

2 A charming accou n t of t hese proceedi ngs appears in N. J. Brad lee's "History of the 
Introduction of P ure Water into the City of Boston" from wh ich the fo llowi ng extracts are 
quoted: 

"The weath c t· wa::; propitioua and nt the brcuk of day, n salute of one hundi·ed gun s, 
accompanied by the ri ng in g of t he bell s, opened the ceremonies. At an early h our th e streets 
were fi lled with peop le, attracted by the decorations, mottoes and devices, by w hi ch the 
principal avenues t h rough wh ich the procession was to pass, were embelli shed. These were 
very numerous, we11 arranged and in good taste, and some of them extremely beautiful." 

"The SERVICES on the CO'M::MO~◄ were brief, on account of the lntcn ose of t h e hm.1r at 
which the process ion reached the spot; they were as follows: 

FIRST, H ymn by George Russell Esq., which was sung by the H andel a nd H ayden Soc iety 
and the audience. · 

SECOND, Prayer by R ev. Daniel Sharp, D .D. 
THIRD, Ode by James Ru ssell Lowell , Esq., which was sung by the Sch ool children. 
FOURTH, ADDRESS by the HON. NATHAN HALE, one of t he WATER COM -

MISSIONERS. 
FIFTH, ADDRESS by the H ON. JOSIAH QUINCY, JR. , MAYOR OF BOSTON. 
At the conclusion of the Mayor's Address, he asked the Assembly if it were their pleasure 

that the water should now be introduced . An immense number of voices responded, 'Aye!' 
VVhereupon the gate was gradually opened , and the water began to rise in a strong column, 
s ix inches in diameter, increasing rapidly in height, until it reached an elevation of e ighty feet. 

After a moment of silence. shouts rent the a i r, th e be ll s began to ring, cannon were fired, 
and rockets streamed across t he sky. The scene was on e of in tense excitement, which it is 
impossible to describe, but wh ich no on e can forget. In t he evening, there was a grand display 
of fireworks. and a ll the public buildings and many of the private houses were bri lliantly 
illuminated." 
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Long Pond (later renamed Cochituate) as the source of a gravity 
supply for Boston (See Fig. 2). Construction, after many delay,s, 
was authorized in 1846 and James F. Baldwin,3 first President of the 
Boston Society of Civil Engineers and brother of Loammi,4 was 
made one of the Commissioners for this undertaking. E. S. Ches
brough5 and William Whitwell were chief engineers of the western 
and eastern departments of the works, respectively. 

Delay in construction from 1834 to 1846 had been caused by 
division in preference for different sources of water supply. During 
the period of uncertainty, a veritable barrage of pamphlets descended 
upon the town. Even Harvarg's Professor of Obstetrics and Medical 
Jurisprudence, Walter Channing, who was serving as Dean of the 
Medical School, joined in the debate. 6 

Three times within the next hundred years new water supplies 
were introduced as Boston grew from a city of 128,000 souls to a 
metropolitan giant of nearly 2 ¼ million inhabitants. For the de
velopment of each of these supplies, a member of the Boston Society 
of Civil Engineers was to become chief engineer: Joseph P . Da'l.'is 
for the Sudbury Works completed in 1878; 7 Frederic P. Stearns 
for the Wachusett Supply substantially finished in 1907 ; and Frank 
E. Winsor for the final westward drive to the Ware and Swift Rivers 
within the memory of most of us. (Fig. 2) It was characteristic of 
the high-minded leadership of the General Court of Ma,ssachusetts 
that the last two expansions were ponsored by the Commonwealth 
as metropolitan ventures. Control of the system of water distri
bution was for many years vested in D exter Brackett, who eventually 
became the first chief engineer of the Metropolitan Water Works. 

In the course of time, strangely enough, the degree of public 
response to engineering feats seems to have dwindled more or less 
in proportion to the increase in magnitude of the engineering works 
accomplished ; the public had become dulled to the feats of the 
engineer. 

As shown in Lowell's "Ode on the Introduction of Cochituate 
Water," the principle that clean water was health-giving was well 

•Member ship in t h e B. S. C. E. is identified by itali cs in t h e text. 
•L oammi Baldwin had died before the B. S. C. E. was founded. 
•Both Chesbrough a nd Whitwell were members of the first Board of Directors of the Society. 
6Channing elaborated three argum ents in favor of a n ew source of supply, his third 

proposition be ing "That an abundant supply of pu1·e and fresh water directly promotes health 
a nd longev ity, and as surely tends to diminish or prevent pa uperism.u Was Channing's "Plea 
for Pure Water" perh aps the source of inspiration for James Russell Lowell's Ode? 

•Alph onse Fteley, later engaged on the Croton Water Supply of New York City, was an 
assistant engineer on the Sudbury Works . 
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established by 1848. Many years were to elapse, however, before 
the causative agents of waterborne infections were to be fully 
identified8 and before the art of sanitation was to give way to the 
science of sanitary engineering. In 18 71, for example, Dr. George 
Derby, Secretary of the Massachusetts State Board of Health, wrote 
that "The single continuous thread of probability which we have been 
able to follow in this inquiry leads uniformly to the decomposition of 
organized ( and chiefly vegetable) substances as the cause of typhoid 
fever as it occurs in Massachusetts." ( 1) 0 

In similar ignorance, as late as 1875, the commission appointed 
by the Mayor of Boston "to report on the present sewerage of the 
city . . . and to present a plan for outlets and main lines of sewers, 
for the future wants of the city" ( 2) thought that: "The point 
which must be attended to, if we would get increased comforts and 
luxuries in our houses, without doing so at the cost of health and 
life, is to get our refuse out of the way, far beyond any possibility 
of harm before it becomes dangerous from putrefaction." ( 3) Al
though, therefore, the members of the commission, E. S. Chesbrough, 
Moses Lane, and Dr. Charles F. Folsom, appear to have been 
unacquainted with the revelation in 1873 by the English physician 
William Budd of the nature of the relation of sewage to typhoid fever, 
the plan proposed by them was far-sighted and provided a sturdy 
framework for the ultimate sewerage of Metropolitan Boston (Fig. 
3). Fecal matter, incidentally, had been rigidly excluded from Boston 
sewers until 1833, when the overflow of liquids from privy vaults was 
for the first time permitted to seep into the sewers with benefit of 
the municipal authorities. 

The first great sewerage works to be built for Boston served 
the southern portion of the city. Construction was under the super
vision of the city engineer Joseph P. Davis, who employed Eliot 
C. Clarke as his principal assistant. Chesbrough, the consultant on 
the project, was at this time city engineer of Chicago and is noted 
for the sewerage and water works that he constructed for that 
community; Lane had been associated with Chesbrough in Chicago 
and was about to become city engineer of Milwaukee. 

The main drainage works of Boston were placed in service 
in 1884. They have continued to function, substantially unchanged, 

"The typhoid bacillus was not discovered by Eberth until 1880. 
0ReTerences in parenthesis are shown at end of paper. 
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BOSTON M'-IH DRAINAC.t 

·. MA.IN A.ND BRANCH 
•---" INTERCEPTING SEWERS 

A.[COMMCNDED BY TH[ 

SEWERAC..t COMMISSION. 
1875. 

FIG. 3.-SEWERAGE SYSTEM RECO.MlMENDED FOR METROPOLITAN BOSTON, 1875 

to this day. For a long generation Edgar S. Dorr was the chief 
sewerage engineer and gave much thought to rainfall-runoff relation
ships. 

As Boston grew, its sewerage system, like its water system, was 
elaborated into a metropolitan plan. Two large-scale additions were 
made: the North Metropolitan System completed in 1894, and the 
South Metropolitan System finished in various stages between 1891 
and 1909. Again members of the Boston Society of Civil Engineers 
were prominently connected with the development of these works 
under the aegis of the Metropolitan Sewerage Commission that had 
been appointed in 1887. Frederic P. Stearns was Chief Engineer, 
while Howard A. Carson, Charles H. Swan, and Frederick Brooks 
were in charge of the three main divisions of the North Metropolitan 
Sewerage system. Howard A. Carson became Chief Engineer for the 
initial South Metropolitan Works. He was succeeded by William 
M. Brown, who carried them to completion. 

ORGANIZATION FOR SANITARY ENGINEERING 

Although the members of this_ Society did thus make noteworthy 
contributions to civil engineering by the planning, design, construe-
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tion, and operation of great and useful sanitary works, the creation 
of sanitary engineering as a branch of civil engineering ties back 
more immediately to four events that took place in the year 1886. 
In this memorable year, the Massachusetts State Board of Health 
was reorganized under the chairmanship of Dr. Henry Pickering 
Walcott, a physician keenly aware of the sanitary problems of 
public water supply and waste disposal. In the same year, further
more, there was passed by the General Court an act of far-reaching 
effect. Entitled "An Act to Protect the Purity of Inland Waters," 
its implementation required the creation of an engineering division 
within the State Board of Health. Joseph P. Davis,1° whose name 
we have already ·encountered in connection with the Sudbury Water 
Supply and with the main drainage of Boston, became the consulting 
engineer of this the first engineering department of an American 
health authority. Frederic P. Stearns, later to take charge of the 
development of the Wachusett water supply, was appointed chief 
engineer; and X. Henry Goodnough became Stearns' assistant and 
eventually succeeded him. 

The origins of the Massachusetts State Board of Health trace 
back almost as far as the founding of the Boston Society of Civil 
Engineers. In 1849, by resolve of the Legislature, Lemuel Shattuck, 
who had been successively a schoolteacher, bookseller, and publisher, 
was appointed to head a commission of three "to prepare and report, 
to the next General Court, a plan for a Sanitary Survey of the 
State." ( 4) In a -single year and almost unaided, Shattuck completed 
this task. with the expenditure of but $500. His "Report of a General 
Plan for the Promotion of Public and Personal Health" was a 
monumental tome of more than 500 pages which outlined a system 
of organization for health such as is only being approached as we 
round out the century of its conception (Fig. 4). So advanced 
were the principles it advocated that they were not comprehended 
by contemporary men. As a result, the report was laid on the table, 
and most of the two thousand copies that had been ordered to be 
printed were consigned to the attic of the State House where they 
remained until they were found and put to use by Dr. Walcott. 

Among the measures proposed by Shattuck was the creation 
of a general board of health, composed so far as practicable "of 

JOEventually, Davis became chief engineer of the American Bell Telepho~e Company and 
of its succes'eor, the American Telephone and Telegraph Company. 
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F IG . 4.- l M PORTANT S ANITARY E NGINEERING R EP ORTS 

Left : " R eport on the Subject of Introducing Pure Water into the City of Boston ," 
L oammi Baldwin, 1834; cente r, " R eport of the Sanita ry Commission of M assachusetts," 
1850; right, " R eport on Sewerage in the City of Providence," J. H erbert Shedd, 187 4. 

two physicians, one counsellor-at-law, one chemist or natural phil
osopher, one civil engineer, and two persons of other professions or oc
cupations; all properly qualified for the office by their talents , their 
education, their experience, and their wisdom." ( 5) The engineer 
member of the proposed board was to possess "competent knowledge 
to determine the best methods of planning and constructing public 
works, and the best architectual sanitary arrangements of public 
buildings, workshops and private dwelling-houses." ( 6) Does not 
this recommendation contain the germ of sanitary engineering "like 
a grain of mustard seed which a man took and cast into his garden ; 
and it grew and waxed into a great tree" ?11 

Almost two decades elapsed , and a great civil war was fought , 
before the Massachusetts State Board of Health was ultimately 
established . Although the board included an engineer member12 in 
of note, it was not until the advent of Hiram F. Mills to the board 
due course and, upon occasion, employed engineering consuitantsis 
in 1886 and the creation of its engineering department that sanitary 
engineering as such began to emerge as the fascinating and satisfying 
profession that it was eventually to become. 

"Luke 13 :19. 
12J ohn C. H oadl ey of Lawren ce, w ho ser ved fro m 1874 to 1882 . 
'"A m ong th em E . S. Ch esb rou g h a nd J a m es P . Kirkwood . T h e latter was the fi rst 

A mer ica n en g ineer to build a muni cipa l water fil te r. 
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Frederic P. Stearns 
185 1-1919 

FIG. 5 

Hiram F. Mills 
1836-1921 

Mills at the time of his appointments was chief engineer of the 
Essex Company which, then as today, owned the dam and canal 
on the Merrimack River at Lawrence and controlled the water needs 
of the mills. John R. Freeman,14 who as Mills' principal assistant for 
many years aided him in the experiments that were conducted in 
the hydralic laboratory Mills had built at Lawrence, has the following 
to say about the deep, and in some ways tragic, influence of Mills' 
appointment to the State Board of Health upon his subsequent 
career as an hydraulic engineer ( 7) : 

"His profound interest and zeal as an investigator were then awakened to 
the importance of advancing scientific knowledge in matters of purification 
of public water supplies and of prevention of stream pollution , and for 
about twenty-eight years this work of one kind and another for the Massa
chusetts Board of Health, for which he received no pecuniary compensation, 
absorbed a majority of his time, to the neglect of his earlier investigatons 
in hydraulic science ... " · 

In 1887, Mills placed at the disposal of the State, for the study 
of water purification and waste disposal, even his hydraulic labora
tory. This was an act of self-immolation for which sanitary engineers 

14His photograph is shown on p. 388. 
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should be eternally grateful. The laboratory, renamed the "Lawrence 
Experiment Station," was the first of its kind devoted to sanitary 
research. Within its walls and on the land adjacent to it were to 
be performed experiments so fundamental and so well conceived 
that they continue to this day to constitute a source of reference 
to which sanitary engineers may turn with profit. 

EDUCATION FOR SANITARY ENGINEERING 

In the first years of its existence, investigations of the State 
Board of Health that involved questions of chemistry were usuallv 
referred to Professor William R. Nichols of the Massachusetts Insti
tute of Technology. Nichols was one of the pioneer American sani
tary chemists. Another eminent chemist was Eben N. Horsford, 
trained first as a civil engineer, later becoming a pupil of the great 
Liebig, and Rumford Professor and Lecturer on the Application of 
Science to the Useful Arts in the Lawrence Scientific School of 
Harvard University. Horsford's name appears on a number of in
vestigations of water quality and of the effect of water upon pipes.15 
It is interesting to note that in Horsford's day "Service Pipes for 
Water" was a topic of concern to so august a body as the American 
Academy of Arts and Sciences. 

Although need for the services of "an experienced chemical 
philosopher" had been foretold by Lemuel Shattuck, this need did 
not make itself felt until the provisions of the Act to Protect the 
Purity of Inland Waters were put into operation in 1886. Nichols 
died in that year and was succeeded at M.I.T. by Thomas M. Drown, 
who later became president of Lehigh University. Biologists, too, 
among them William Thompson Sedgwick, became associated with 
the investigations of the engineering department. For ten years 
the analytical work was performed in the laboratories of the Massa
chusetts Institute of Technology. A haP.PY and fruitful exchange 
of personnel and ideas was thereby effected. Students as well as 
staff became interested in the problems of sanitary engineering, and a 
number of young graduates of the Institute, enthusiastic for ·~ani
tary engineering through their contact, especially, with Sedgwick, 
were engaged by Mills to staff the Lawrence Experiment Station. 
Thus was the perpetuation of sanitary engineering assured. N0 

15Horsford is remembered best, however, as an industrial chemist and manufacturer (after he left Harvard) of a baking powder and an acid phosphate at his Rumford Chemical Works. 
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longer did it depend on the fortuitous contact of civil engineers with 

the problems of community sanitation. Trained young men had 

becoine available and, in the spirit of the times, they were eager to 

follow the Emersonian injunction to hitch their wagon to a star. 

There ensued, in consequence, an era of sanitary investigation and 

progress the like of which the world has never seen again. 
Hiram Mills used to say(8) that of all his discoveries his great

est was Allen Hazen, engineer-chemist, who had cha;rge of the 

Lawrence Experiment Station during its formative years. Among 

the many studies completed by Hazen at Lawrence was his analysis 

of the physical properties of sands and gravels, with special reference 

to their use in filtration. The hydraulic principles that he enunciated 

in this connection were incorporated in the design, with the advice 

of Hiram Mills, of the Lawrence slow sand filters completed in 1893, 

and the first scientifically designed water-purification plant in America. 

Among the many other fundamental contributions of Hazen to the 

advancement of sanitary engineering, made after he left Lawrence 

to enter consulting practice, are his elucidation of the principle~ 

of sedimentation, his formulation of the flow of water in pipes, 

his statistical analysis of flood flows, and his generalization of 

storage volumes to be provided in impounding reservoirs. 
Hazen was succeeded at Lawrence by George W. Fuller, fresh 

from graduate studies in Germany with Piefke16 and other savants. 

In going to Europe for advanced study and observation of sanitary 

practice, Fuller continued the precedent that had been set by Boston 

engineers from the very inception of their concern with problems 

of municipal sanitation. Sanitary engineering, by this contact with 

developments abroad, was kept from becoming provincial in its 

outlook and interests. Conversely, it was not long before engineers 

from all parts of the world began to beat a path to the doors of 

sanitary engineers in Boston. 
At Lawrence, Fuller ··developed means for identifying and enu

merating bacteria. He became best known, however, by his investi

gations of water filtration at Louisville, Kentucky, and Cincinnati, 

Ohio. These, together with work done at Pittsburg by Hazen, as 

· Consulting Engineer, and Morris Knowles, as Resident Engineer, 

as well as at New Orleans by Robert Spurr W eston,17 firmly es-

16Known to sanitary engineers as the author of the term "Schmutzdecke." 
17Assistant to Fuller at Louisville. 
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tablished the principles of operation _of rapid sand filters and the 
use of chemical coagulants for water ~treat1J1ent. The prototype for 
the rapid filter , it should be said, had iihetl~\'aeveloped by Edmund 
B. Wes ton, one in a succession of ~xtraordinarily_ competent city 
engineers of Providence, R . I. 

Fuller's work in bacteriology wa;; continued at Lawrence by 
Stephen D eM. Gage, who later transferred to the State Board of 
Health of Rhode Island and did notable work on the sanitary 
control of shellfish and of swimming p3ols. 

Contemporary with Hazen and Fuller and of equal intellectual 
stature was George C. Whip,ple, like them a graduate of M.I.T. 
Although Whipple had studied civil engineering, his most effective 
work was done in water analysis. He concerned himself in particular 
with the effect of algae and related organisms upon the quality of 
water supplies. Whipple was encouraged to do so by Desmond 
FitzGerald,18 Superintendent · of the Western Division of the Boston 
Water Works, who gave Whipple his first job. Catholic in his inter
ests, Whipple studied and wrote competent books on subjects as 
diverse as Typhoid Fever, the Microscopy of Drinking Water, the 
Value of Pure Water, State Sanita;tion, and Vital Statisfi1tr · ' A 
number of these works were completed or revised in pis lat~r- ye,:i.rs 
when he was professor of :sanitary engineering in Harvard University. 
Together with William T. Sedgwick and Milton J. Rosenau, furth er
more, Whipple organized the first school of public health in America. 

With Boston blossoming into the Athens----or perhaps one would 
say more appropriately Rome-of sanitary engineering, a number of 
consulting engineers found it a congenial headquarters. Although 
both Hazen and Fuller, event~ally, settled in New York, they, like 
other Massachusetts-trained men , showed their appreciation of their 
Massachusetts apprenticeship by maintaining, throughout their life, 
their affiliation with the Boston Society of Civil Engineers. Fuller 
was taken into partnership by Rudolp,h H ering, pioneer consultant 
in sanitary engineering, known for his connection with many early 
sanitary works, among them the Chicago Drainage Canal for which 
he proposed the long-famous dilution value of :4.0 cfs per 1000 
population . Supporting evaluations of dilution requirements were 
made subsequently by Stearns, Goodnough, and Hazen. A partner 

18Active in the reconstitution of the B. S. C. E. in 1874 afte 1· an in terim of about twelve 
years. Hi s photograp'1 is $hown on p. 379 . 
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Allen Hazen 
1869-1930 

Leonard M etcalf 
1870-1926 

George C. Whipple 
1866-1924 

H arrison P. Eddy 
1870- 1937 
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of Rudolph Hering, too, was John H. Gregory, designer of the sani
tary works of Columbus, Ohio, and first professor of sanitary 
engineering at the Johns Hopkins University 

Among early Boston consultant5 we must name William Wheeler, 
with whom became associated Robert S. Weston who, among other 
things, was to contribute much to the knowledge of iron removal 
from water. They were joined, on Beacon Hill, by Frank A. Barbour, 
who together with his partner, F. Herbert Snow, conceived the 
principle of sewer rentals. In the forefront for many years, however, 
stood Leonard Metcalf and Harrison P. Eddy. Metcalf is best known 
for his contributiom to the knowledge of rate structures for public 
utilities; Eddy for his association with the effective adaptation of 
new processes of sewage treatment, including that of the activated 
sludge process at Milwaukee, Wis. Both men lent dignity to the 
profession and, by the workings of their personalities, increa5ed the 
stature of the consulting engineer. Eddy had been a student at the 
Worcester Polytechnic Institute where the chemist Leonard P. 
Kinnicut was the catalyzer for sanitary engineering in much the 
same degree as Sedgwick was at M.I.T. Operation within the com
munity of the first chemical precipitation plant-in its day one of 
the large5t sewage treatment works in America-furthermore made 
Worcester and later, in similar fashion, Providence a center for 
sewage research. Sanitary interest in Worcester goes back at least 
to 1876 when Phineas Ball recommended treatment of the city's 
sewage by irrigation. 

The sewerage of Providence is a monument to J. Herbert Shedd 
who in 1874 proposed for Providence the first comprehensive sewer
age plan of an American city. Shedd's report stated the principles 
of sewerage so clearly and was so inclusive that it remained for many 
years a prized source book for students of sanitary engineering ( :;ee 
Fig. 4). Shedd' s contributions to the development of a water supply 
for Providence were also very important 

Most of the men whose names should find their way into this 
roster of sanitary engineers lived long and happy lives. There are 
a few, however, who were cut down all too soon. They include, 
in particular, Robert W. Pratt and Samuel M. Ellsworth, both men 
of great promise. 

It has been one of the great satisfaction5 of mv life that I 
entered the profession of sanitary engineering in ti.me to know 
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personally many of the men about whom this brief history of sani
tary engineering has been written. With some of them i worked 
very closely: they were my teachers either in school19 or in the 
office. Others I encountered in the practice of my profession. Still 
others I would not have had the privilege of knowing had it not 
been for the Boston Society of Civil Engineers which through the 
years has been a "Rialto" for young as well as seasoned engineers, 
a forum and a college for men concerned with the advancement of 
their profession and thereby of themselves. 

As I look back, in summary, upon the first hundred years of 
this Society, this century of the civil engineer, these happy years of 
new endeavor, this golden age of sanitary engineering, I can but 
hold the wish that we who are assembled in commemoration of the 
founding of the Boston Society of Civil Engineers in the United 
States Hotel in the city of Boston, Massachusetts, in 1848, will be 
adjudged by an historian of a later day as having played our part 
as gallantly and well as did the men whom we have met to honor 
for their contributions to 100 years of progress in civil engineering. 

REFERENCES 

1. Second Annual Report of the Board of Health, 1871, p. 178. 

2. CLARK, ELIOT C., Main Drainage Works of the City of Boston, 1888, p. 22. 

3. Ibid., p. 23. 

4. Report of the Sanitary Commission of Massachusetts, 1850, p. 3. 

5. Ibid., p. 112. 

6. Ibid., p. 113. 

7. Memoirs of the American Academy of Arts and Sciences, 1924, p. 62. 

8. WHIPPLE, GEORGE C., State Sanitation, Vol. 1, 1917, p. 81. 

For other accounts of the history of sanitary engineering in America, the reader 

should consult: 

(a) WHIPPLE, GEORGE C., State Sanitation, 2 vols., 1917, Harvard University Press. 

(b) EDDY, HARRISON P., GEORGE W. FULLER, SAMUEL A. GREELEY, S. H. McCRORY, 

AND J. H. LE PRINCE, Historic Review of the Development of Sanitary 

E11gi11ecri11g in the U1titcd States during the Past One Hundred and Fifty 

Years, Transactions Am. Soc. Civil Engineers, 1928, p. 1207. 

(c) FAIR, GORDON M., Engineers and Engineering in the Massachusetts State 

Board of Health, New England Journal of Medicine 1945, p. 443. 

'°Among them George C. Whipple and Dwight Porter, the latter for many years Professor 
of Sanitary Engineering at M. I. T. 



100 YEARS OF STRUCTURAL ENGINEERING 337 

Contributions of the Members of America's Oldest 
Engineering Society to 100 Years of Progress 

in Civil Engineering 

100 YEARS OF STRUCTURAL ENGINEERING 
BY CHARLES M. SPOFFORD, PAST PRESIDENT, B. s. C. E.* 

( Presented a t 100th Anniversary Meeti'.1g, B oston Socie ty of Civi l Enginee rs, March 31, 1948) 

The science of Structural Engineering has developed almost 
entirely during the las t century and in this development members 
of the Boston Society of Civil Engineers have played an important 
part. It is true that the Romans built bridges which have in some 
instances resisted the ravages of time for 2000 years, but there is 
no evidence so far as I have been able to ascertain that the ancient 
Romans had any understanding of the scientific principles under
lying the design of such structures. Prior to the Romans, the Su
merians built arches as early as 3500 B.C. but it is doubtful if 
they knew anything about the mathematical analysis of such 
structures. Neither the Egyptians nor the Greeks used arches and 
probably had no knowledge of the scientific principles underlying 
their design or that of other structures. As usual the art of con
struction preceded the theory and it was not until the beginning 
of the present century that the mathematical theory of -s tructural 
design developed, and in this development members of our Society 
have taken a prominent part. Whatever progress has been made in 
this field by our members has been due to individual engineers of 
whom the following deserve special mention: 

GEORGE F. Sw AIN 

J OSEPH R. WORCESTER 

FREDERIC H. FAY 

1857-1931 
1860-1943 
1872 -1944 

All of these were distinguished both in local and in national engineer
ing circles. 

*Partner in Fay, Spofford & Thorndi ke, Consulti-ng Engineers , Boston, Mass.; formerly 
Head of the Department of Civil and Sanitary E·ngineering , ).[assachusetts In s titute of 
Techn ology. 
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Geo rge F. Swain 
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FIG. 1 

Joseph R. Worcester 
1860-1943 
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Swain1 had perhaps more influence during his lifetime in 
transforming the art of structural engineering in the United States 
into a science than any other person during that period. 

Swain, a native of California, was of Cape Cod ancestry, but 
instead of following the advice of Horace Greeley, "Go West Young 
Man," he came East to study civil engineering at M.I.T. After 
graduating, he spent three years of study at the Royal Polytech
nicum in Berlin, specializing in structures , railroads and hydraulics, 
and becoming proficient in the German language. In 1881 , he 
began his career in teaching as Instructor in Civil Engineering 
at M.I.T. Later, at the age of 30, he became head of its Civil 
Engineering Department. It was in 188 7 that Swain fir st distinguished 
himself in the practical engineering field . In March of that year, 
the Bussey Bridge in Roslindale, on the Boston & Providence Rail
road, failed and many passengers lost their Ii ves. (Fig. 2.) Swain's 

Before After 
FIG. 2.-BUSSEY BRIDGE DISASTER 

analysis of the cause of the failure was so clear cut and authoritative, 
as compared with that of other engineers who testified at the hearing 
held by the Massachusetts Railroad Commission, that he was soon 
appointed as the first expert engineer of that Commission. In this 
capacity he became responsible for the safety of more than 2,000 
steam and electric railroad bridges in Massachusetts, none of which 
failed. 

Among his other engineering accomplishments should be empha
sized his services with the Boston Transit Commission, to which 
he was one of the first to be appointed and of which he later became 
chairman. He also served in many grade crossing and railroad 
valuation cases . 

' Membership in the B. S . C. E. is identified by ital ics. 
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F IG. 3.-BREAKS IN B USSEY BRIDGE HANGERS 

In 191 8, he was one of the representatives of the American 
Society of Civil Engineers appointed by the four Founder Engineer
ing Societies of the United States to confer with French Engineers 
regarding the adoption of a program for the rehabilitation of France. 
He was also a member of the Franco-American Engineering Com
miss_ion organized in 1919. For a number of years he was a member 
of the Board of Judges to select names for the Hall of Fame at 
New York University, and this University, in 1906, conferred upon 
him the honorary degree of Doctor of Laws. 

He was a member of many scientific and educational organi
zations, and served as President not only of the Boston Society of 
Civil Engineers but also of the American Society of Civil Engineers. 
He was made an Honorary M ember of both of these engineering 
societies, and served a term as President of the Society for the 
Promotion of Engineering Education. As an author, he presented 
many important papers to professional societies, and these papers 
materially influenced structural practices in the United States. In 
later years he published a three-volume treatise on materials and 
stresses. 

The following extract from the words of Hardy Cross , when 
he presented Swain for Honorary Membership in the American 
Society of Civil Engineers in January 1930, is an excellent descrip
tion of this noted engineer: 

"This man , this teacher, is no mere academic pedagogue. He was a 
man who never permitted mazes of mathematics and mazes of statistics 
to befog the vision of the men who studied un der him. He was a prophet. 
a priest of clear individual thought and aggressive individual judgment." 

Wore ester's most important contributions to the advance.men t 
of structural engineering were his investigations and report on 
foundation conditions in Boston and his leadership as Chairman of 



100 YEARS OF STRUCTURAL E NGINEERING 341 

the Joint Committee2 of six organizations on Standard Specifications 

for Concrete and Reinforced Concrete. This Committee played a 

fundamental part in the development of reinforced concrete as an 

engineering material ; and to Worcester, its Chairman, should go 

great credit for his services in this field. 
Worcester, a Harvard graduate, also served as a consultant on 

the design of the Harvard Stadium, one of the earliest important 

reinforced concrete structures built in the United States, and was 

responsible for the design of the Cambridge Viaduct and mariy other 

structures including the beautiful arch bridge at Bellows Falls across 

the Connecticut River. (Fig. 4. ) 
Fred Fay was one of Swain's pupils. In fact , he was the fir st 

graduate of M .I.T. to obtain a Master's Degree in Civil Engineering. 

Fay's contributions had to do both with port development, and with 

the design of important bridges and air fields; also grade crossing 

eliminations. The Boston Army Supply Base, the Hampden County 

Memorial Bridge, and the bridges across Lake Champlain (Fig. S) 

and across the Cape Cod Canal are outstanding contributions to 

structural engineering of this former President of the Boston Society 

of Civil Engineers. 

F IG. 4 .-STEEL ARCH B RIDGE AT B ELLO W S F ALLS, V ERMON T 

:!American Concrete ln s titute; American I nstitute of Architects; American Rail·,·ay 
Engineering Associat ion; American Society of Civi l Engineers; American Society for 
Test ing :\Iaterials; Portla nd Cement Associat ion. 
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Among his investigations and important reports was one con
sisting of two volumes on the Great Lakes Commerce and the Port 
of Oswego, New York, illustrated by many maps, tables and dia
grams. This was undoubtedly the most complete report on com
merce in the Great Lakes that had ever been published. Another 
report of 17 3 pages with 31 plans and diagrams was upon the 
elimination of grade crossings at Syracuse, ew York. This report 
was adopted by the Syracuse Grade Crossing Commission and its 
recommendations have been carried out in large measure by the New 
York Central Railroad . 

He was intimately connected with the design of the Longfellow 
Bridge of which William Jackson, City Engineer of Boston, was 
Chief Engineer and John E. Cheney, Assistant City Engineer of 
Boston, was Designing Engineer. Cheney also developed the rolling
lift type of movable bridge used with much success in Boston. 

Although this paper is, by instruction of the committee in 
charge, confined to former members of the Society, it would seem 
desirable to call attention to the fact that one member of the Society 
still living may be considered the father of the science of soil me
chanics and another member has been foremost in the application of 
scientific principles to the design of reinforced concrete and to cost 

accounting. 

FIG. 5.- LAKE CHA:MPLAIN BRIDGE AT CROWN Ponn, NEW YORK 
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Contributions of the Members of America's Oldest 
Engineering Society to 100 Years of Progress 

in Civil Engineering 

100 YEARS OF HYDRAULICS 
B Y HOWARD M . T URNER, P AST P RESIDEN T, B . s. C. E .* 

( P resented a t 100th A n n iversary Mee ting, Boston Societ y of Civi l Eng ineers, March 31, 1948) 

" The Flowering of New England" is the name of the book by 
Van Wycke Brooks, the eminent critic, describing the lives of the 
great men of letters of the last half of the 19th century. We start 
our history of the achievements of the members of the Boston 
Society of Civil Engineers at about the same time and it is also a 
" flowering" of great talent. It was particularly marked in the de
partment of hydraulics which it is my part to describe. 

The year 1848 was itself a notable year in this engineering 
field. At the great water powers at Lawrence and Lowell which 
had been built some years, the older forms of water wheels were 
being replaced with the new turbines. The latter power was also 
being greatly enlarged. The large dam across the Connecticut River 
was being rebuilt after its first failure . Water was first brought to 
Boston from the Cochituate supply in that year.1 Scientific education 
was beginning with the Lawrence Scientific School at Harvard, jus t 
founded, and the Sheffield School at Yale starting that year. 

The science of hydraulics as we know it, however, was still 
in its infancy. The first book in English on the subject, Storrow's 
"Treatise," had only been published thirteen years before. A great 
many of the common methods and tools of hydraulic engineering 
which we now have were crude or even entirely undeveloped. The 
engineer had to derive his own solutions of many of his problems. 
Some of the great achievements of these early members of the Society 
were their carefully conducted experiments many of which have 

•Consu lting E ng ineer, Boston, Mass . ; and Professor of the Practice of Civil Engineering~ 
Harvard University . 

1 See page 323 . 
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LONGITUDINAL 8ECTION SE<.:TION AT STI L L BOX ES 

F IG . 1.- W EIR E XPERIMENT-FRANCIS' " L OWELL H YDRAULI C E XP ERIMENTS" 

CROSS SECTION 

HALF PLAN HALF PLAN 
FIG. 2.-D EVELOPM:ENT OF F RANCIS' T U RBINE 

Left: Original type Right: Modern type 

not needed to be repeated. They were most of them research scien
tists as well as practical engineers. They had to be! 

I have selected from the Society's history certain men whose 
lives and achievements show the work that has been done by the 
members of the Society in this 100 years in advancing hydraulic 
engineering. Many others who have contributed have had to be 
omitted. 
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The name of James B. Francis 2 is one of the great names in 

hydraulic history. In 1837 at the age of 22, he became chief engineer 

of the Proprietors of Locks and Canals, the owners of the water 

power in Lowell, which position he held for 48 years. A great investi

gator and experimenter, he advanced the science of hydraulics in 

many ways. A great engineer, he enlarged and improved the water 

power at Lowell and was consulted in many important projects all 

over the country. 
In his research at Lowell he developed the Francis weir formula, 

the first in which coefficients were used directly making the weir a 

practical and accurate meter for the flow of water. It is still the 

most universal and useful formula we have. The layout for his weir 

experiments is shown in Figure 1, which is taken from one of the 

beautiful copper plate engravings in his famous "Lowell Hydraulic 

Experiments" published in 1855 . 
He developed the inward flow turbine from the original patents 

of Howd. This led to the present American Mixed Flow Turbine, 

the standard type of reaction turbine which still bears his name. 

His original wheel and also a modern type of about the same capacity 

are shown in Figure 2. 
Wherever one turns there are hydraulic fields that Francis 

explored. He early pointed out the possibility of upward pressure 

under dams and the advisability of draining the base of a dam 

to reduce it . He also discussed pore pressure in concrete mortar. His 

study of the expanding tube led the way to the use of that principle 

in any important applications. 
As an engineer one of his great works was the construction of 

the Northern Canal at Lowell. (Fig. 3). It is interesting to note 

that exoept for the replacement of a few of the bronze screw 

gate-sterns which have worn out and have been replaced , the canal 

and its headgates including all the structures, gates, and machinery 

are still in use today after 100 years. Even the original Francis 

turbine which provided power to lift the gates is still used. 
Many of you are familiar with the story of the great gate which 

he built in 1848 at the entrance to the Pawtucket canal. His studies 

of the previous floods in the Merrimack River led him to believe that 

sometime a flood would come when it would be required . It was 

called " Francis' Folly" until it saved the city in the great flood of 

1852. It was again used in 1936. 

"11embersh ip in the B. S. C. E. is iden ti fied b y italics. 
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FIG. 3.-NORTHERN CANAL, L OWELL, MASS. 18 4 8 

James B. Francis was one of the founders , president, and an 
honorary member of the Society. 

Uriah Boyden was another founder member of the Society. He 
was Francis' assistant at Lowell. His name is chiefly associated with 
the outward flow turbine which bore his name. Many New England 
mills installed Boyden wheels which were in use . in some cases for 
more than 60 years. While his turbine was ' not new, his diffuser, 
( Fig. 4) which applied the principle of the expanding tube to slow 
down the velocity of the water discharging from the turbine and 
thus increase the power produced, was a great development. It was 
the forerunner of the modern draft tube now an essential part of all 
reaction turbines. 

Clemens H erschel,3 educated here and then in Germany, fir st 
practiced in Boston doing mostly structural work. His hydraulic 
career started when he was appointed engineer of the Holyoke 
Water Power Company in 1879. The necessity of measuring the 
water used by the mill water wheels led to his taking over and re
building in 1887 the famous Holyoke Testing Flume which was one 
of the first permanent hydraulic laboratories in the country . It was 
widely used for testing water wheels from all over the country. 

3His photograph is sho\.vn on p. 388. 
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FIG. 4.-BOYDEN WHEEL AND. DIFFUSER 

The development of the modern turbine was largely experimental 
and thi.s flume played a great part in that development providing 
as it did an accurate and standard test. 

Figure 5 shows a longitudinal section through the flume and 
a ch;:Lrt of the increq.5e in efficiency of the best wheels tested ranging 
from 81% in 1887 to 94.5% in 1931. The flume was in active use 
for 50 years until 1936 when, with the advent of model testing, the 
manufacturers built their own flumes and it was given up. 

Just before Herschel left Holyoke, the necessity for measuring 
the industrial process water used by the mills there led to his most 
famous achievement, the invention of the Venturi meter whi"ch he 
named for the scientist who first introduced the principle involved 
100 years before. It is still of wide application and led to the de- , 
velopment of many forms of orifice meters using the same principle 
for all fluids and for many purposes. ( Figs. 6 and 7). Leaving 
Holyoke in 1899 he later became a consulting engineer and was 
widely consulted on some of the most important hydraulic works in 
the country. 

Clemens Herschel was treasurer, president, and an honorary 
member of the Society. He was donor of one of the prizes for 
meritorious papers presented before the Society. Until a few years 
ago this prize consisted of a copy of his translation from the Latin, 
"Frontinus and the Water Supply of the City of Rome". 
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FIG. 5.-HOLYOKE TESTING FLUME r 

Hiram F. Mills4 was another one of the hydraulic engineers 
on the Merrimack River. He became chief engineer of the water 
power company at Lawrence in 1869 and a few years later of the 
company at Lowell also. Though he is chiefly remembered; as 
Professor Fair has described,· for his work for the State Board of 
Health, his name must be included in this hydraulic section. · 

Mills was an engineer of great resource and ability. He made a 
great 'many important hydraulic experiments chiefly of the flow of 
water in open channels and on piezometer gages and did a great 
work in increasing the capacities of canals in Lowell by means of 
improving their hydraulics. His resource in engineering is shown 
in his design of retaining walls on the Pawtucket . canal in Lowell 
which has always interested me. (Fig. 8.)' As described by his suc
cessor, Arthur T. Safford, it consisted of "wrapping masonry around 
the resultant." These walls are still in service after 60 years under 
the extreme conditions of the varying water levels in the canal which 
is emptied nearly every week-end in the summer. Mills was for years 
a member of the corporation of the Massachusetts Institute of Tech
nology. 

•His photograph is shown on p, 330. , 
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Courtesy of Builders -Providence, Providence, R. 1. 

FIG. 6.- LARGE V i,NTURI M ETER 

Courtesy of Build ers -Provid ence , Providence, R . I. 

FIG. 7 .- SMALL VENT URI M ETER 

Frederic P. Stearns5 was a self-educated engineer who rose to 

the very top of his profession here in Boston. He was engineer of 

the State Board of Health and then of the Metropolitan District 

Commission. His name is chiefly connected with the construction of 

the Wachusett Dam in Clinton, Mass. in 1900. This dam was the 

first dam in which upward pressure was allowed for in the design 

6 Hi s photograph is shown on p. 330 . 
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F:rG. 8 .-PAWTUCKET CA,.VAL R ETAINING WALLS, L OWELL, MASS . 
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FIG. 9.-WACH U SETT DAM: AND DIKE CROSS-SECTIONS, 1900 

of the section by the method which is now standard, though there 
had been a few dams built in Europe where some allowance had 
been made. A cross section of the dam and one of the embank
ments is shown in Figure 9. The grading of the s tone paving on the 
latter is particularly noteworthy. 
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Stearns contributed in many ways to the science of _hydraulics. 
He assisted Alphonse Fteley, another one of the Society's prominent 
hydraulic engineers in the development of the Fteley-Stearns Weir 
Formula which is still in use. With Fteley be also developed a 
current meter. He was interested in seepage and investigated the 
use of a filter of graded materials for water flowing out from soil. 
He was widely consulted on much important engineering work in

.eluding the Panama Canal. 
John R. Free-man6 was another of our great hydraulic engineers, 

identified now particularly with his work on fire protection for the 
Associated Factory Mutual Insurance Companies with which he was 
connected, first as engineer and later as president, for the whole 
period of his career. He made extensive studies of the hydraulics 
of fire streams and nozzles which were published in 1899 and are 
still the standard after 50 years. The apparatus used for these ex
periments is shown in Figure 10. The list of work on which he was 

FIG. 1O.-LAYOUT OF APPARATUS-FREEMAN'S NOZZLE EXPERIMENTS 

consulted covered all of this country, Canada, Panama and China. 
His great interest in hydraulic laboratories led to an extensive study 
of these, most of which were then in Europe. In 1929 he published 
his book "Hydraulic Laboratory Practice". His work in this field 
gave a great impetus to the development of hydraulic laboratories 
in this country. 

He left generous funds to three engineering societies, among 
them the Boston Society, the income from which has been used 
largely to provide scholarships, generally traveling scholarships, for 
young· engineers in whom he always took a great interest. He was 
president and an honorary member of the Society and a member of 
the corporation of the. Massadiusetts Institute of Technology. 

•His photograph is shown on p. 388. 
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Allen Hazen,7 although located in New York during the height 
of his career, was a member of this Society and certainly belongs 
with its eminent hydraulic engineers. The list of his achievements 
both in practice and research is a long one. He was engineer for 
the water supply of the city of Springfield, including the Cobble 
Mountain Dam on the Westfield Little River; at the time it was 
built in 1930 the highest earth dam in the world. It is an interesting 
development combining a large power plant with the water supply. 
Of his contributions to the science of hydraulics, I think the two 
most important are the pipe friction formula which he developed 
with Gardner S. Williams (the Hazen-Williams value of C has be
come a standard measurement of pipe roughness) and his work 
on statistical analysis in the hydrological field. His probability 
paper has been a valuable tool in such computations. 

Frank E. Winsor made great engineering contributions, chiefly 
among which are construction of the Pawtuxet water supply for 
the city of Providence in 1921 and the extension of the Boston Metro
politan water supply to the Ware and Swift Rivers including the 
great dam across the Swift River completed in 1939 which bears his 
name. A cross section of this great construction is shown in Figure 11. 

There are many others who were responsible for important 
work. Among them, A. A. Conger and Arthur C. Eaton, who were 
hydraulic engineers with the New England Power Company system, 
in the development of the water powers on the Connecticut and 
Deerfield rivers. 

The last name on my list is S. Stanley Kent. At the time of his 
death in 1943 he was Engineer of the Locks and Canals at Lowell 
and Vice-President of the Society. As a member of the Society's 
Flood Committee which made its report in 1930, he was chairman 
of the sub-committee on Flood Formulae for New England. The 
concept was brought out that the time period or length of the base 
of flood hydrographs for all floods at a given ,point caused by rain
falls of comparable length is substantially the same regardless of the 
size of the flood. This is shown by the upper diagram on Figure 12 
which shows the hydrographs of some floods of the Merri.mack River 
at Lowell. It has been defined as "one of the fundamentals underlying 
some of the most valuable recent contributions to the science of 
hydrology". The lower diagram on Figure 12 shows characteristic 

7His photograph is shown on p. 334. 
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curves made up on a unit basis, showing the similarity of different 

floods at the same point. This was also a great contribution. Practi
cally the entire credit for this work is· Stanley Kent's. 

There are many other members who in the last 100 years have 

made great contributions in the office, laboratory and field. The 

specifications for this history have required the omission of our 

present living members who have given and are now giving much 

to the science and practice of hydraulic engineering. They with others 

to come will continue in the next 100 years the great tradition of 

the first century of the Boston Society of Civil Engineers. 



LOOKING AHEAD 355 

Centennial Address - April 21, 1948 

LOOKING AHEAD 
BY CARL s. ELL, MEMBER, B. s. C. E.* 

Looking to the future is perhaps a habit with most of us in 
America. We breathe free air, we face the future without fear, 
we look at this great land-broad acres from the Atlantic to the 
Pacific; great cities with their beautiful churches, colleges, hospitals, 
and schools; vast transportation systems of railroads, highways, 
steamship and air lines spanning the continent; endless communi
cation networks of telegraph and telephone lines and radio stations 
covering the nation; and we immediately feel the throb of a growing, 
thriving prosperous country. . 

Yet when this Society of Civil Engineers was organized in 
Boston one hundred years ago, there were only thirty stars in the 
American flag, the city of Boston had a population of some 127,000, 
the going rate for that thing called skilled labor was $1.2 5 a day 
instead of $20, Captain Robert E. Lee and Lieutenant Ulysses S. 
Grant were serving on the same side in the war with Mexico. America 
was a land of contrasts-Negroes were bought and sold in slavery 
while individual freedom was staunchly supported as a democratic 
ideal; gold had been discovered in California but poverty was wide
spread; there was a growing demand for scientific information to 
increase production and a great need for engineers of all kinds, but 
there was only one college of engineering over a year old in the 
United States. 

However, we are interested in the past tonight only to the 
extent that it will help clarify the "Look Ahead" and point the way 
for the future. As a Civil Engineer, I cannot forget the lesson I 
learned in surveying: to set a proper foresight one must first focus 
on a backsight, then reverse the telescope and set a point ahead in 
the course to be followed. 

As we take a backsight on the course we have pursued, we see 
*President of Northeastern University, Boston, i\lass. 
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that during the last one hundred years scientific and engineering 

schools have multiplied until now we have some one hundred and 

fifty-eight accredited colleges of engineering in this country, and 

a large number of technical institutes; applied science has created 

one new industry after another, and brought new techniques, new 

jobs, new comforts and new convenience.s; hygiene, medicine, and 

surgery have made enormous strides until the average span of life 

has increased from forty years to at least sixty-five years; speed 

in transportation has increased until jet-propelled plane.s can leave 

Boston at sunrise and arrive in San Francisco two hours after sun

rise_:_as William Rand, President of Monsanto Chemical Company, 

said in an address at Northeastern University: "Racing dawn across 

a continent." 
As we look about us, we see the constantly expanding stream 

of more and better goods and services which has been poured into 

the lap of the average American; the ever-advancing level of living 

which we have come to enjoy in the march from the one-room log 

cabin to the modern home; and the magnificent opportunities in 

this country today for everyone to improve his station in life. Then 

we realize that "America's progress during the past one hundred 

years-the rise in individual well being, in wealth, in income, in 

security, in the scale of living-has been one of the marvels of 

mankind." 
But we have become so accustomed to material comforts that 

we take them for granted. We assume that they can be maintained 

by merely .increasing production, or by empowering the federal 

government to grant more and more subsidies, or by developing 

new and better sources of energy and power. 
If we look for the reasons why this nation enjoys the present high 

standard of living, we see that they are not due to our material 

resources alone but to their development and use by the1 people 

themselves. We see that these things have come about because 

of the character traits of our people, their fervent desire to be free 

and independent, their vision and courage at work in a country rich 

in raw materials. 
When we view the triutpph of science in producing synthetic 

product.s to supplement and improve the materials of nature, in 

producing the modern miracles of radio, radar, and atomic energy, 

we come to believe that American genius can produce the knowl~dge 
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and the know-how to meet any need and to solve any problem which 
may confront us. In fact, as a result of one success after another, 
we have been prone to feel that the advancement of the human race 
is inevitable, that the pathway may be difficult, halting, slow, and 
at time bloody, but nevertheless ever onward and upward. 

It would be easy to look ahead to days of more comfort when 
by simply pushing more buttons, electronic devices would wake us, 
dress us, serve us breakfast, hand us the morning paper, take us 
to the station and put us on the train; when atomic energy in minute 
quantities will furnish us light, heat, and power-no more coal to 
shovel, no more empty oil tanks, no more lighting problems-a 
blessing to home owners. These, and an endless number of other 
improvements · are more of the developments which have already 
caused us to assume that progress will never cease. 

We have, however, come suddenly to see that progress is not 
necessarily inevitable, that man has learned so much about the 
manipulation of material things and at the same time gained so little 
control over human behavior that he is on the verge of destroying him
self. We have penetrated the material universe in the last one 
hundred years but all is not going well. 

As we look ahead, we must realize that although we can look 
to -science to find out how the universe works, we can never expect 
science to find for us why the universe exists, or jo explain the Master 
Mind which directs its working or to determine for us its ultimate 
destiny. 

Although we have waged two world wars to "make the world 
safe for democracy," we are still searching for some magic formula 
to cure all of our economic, political, and social difficulties. We need 
more knowledge of world affairs, a better grasp of our complicated 
-political and economic systems, more study of the social sciences, 
of man and his relation to the universe. We see that the average 
man is conscious of the material wealth of this great country, that 
he has an increasing desire for an equal division of what has al
ready_ been produced, but that he has to an alarming degree a de
creasing desire to work to produce more of the good things of life. 
What he does not see is that the enduring satisfactions of life do 
not come from a division of material wealth, from less work and 
more pay, or from getting something for nothing, but rather from 
individual achievement. He should cease looking outside himself 
for the magic which he seeks. 
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He needs to be reminded, as perhaps do most of us at times, 
that the growth of this country has been made possible through 
that great reservoir of hidden assets within the heart and mind 
dedicated to worthy ends and made to -bear fruit. We all need to 

- realize that our society as a whole can be no better than the 
quality of its individual par:ts. 

We as individuals need to regain something of the vision, 1e
termination, willingness to work, and devotion to high ideals which 
our forefathers possessed-something of the qualities which are the 
foundation stones on which America was built, then use them to -
build for tomorrow. 

.. 
How pertinent is the statement of Robinson Jeffers, "Lend me 

the stone strength of the past, and I will lend you the wings of the 
future." 

One of our brightest rays of hope for the future comes from 
the fact that many of our great scientists agree that-and I quote 
from one of them: 

"Science dominated by the spirit of religion is the key to progress and the hope 
of the future .... _The most important thing in the world is a belief in the reality 
of moral and spiritual values." · 

With such an attitude of mind, we can be sure that constructive 
forces are at work in our laboratories. 

Another encouraging outlook for the future is the advance of 
education in America, the placing of emphasis on the mental abilities 
of all our people regardless of social, racial, or economic condition. 
We have come to realize that talent is where you find it just as it was 
in the day of Thomas Jefferson when he said, referring to the State 
of Virginia: 

"We hope to avail the State Qf those talents which nature has sown as . 
liberally among the poor as the rich, but which perish without use, if not sought 
for and cultivated." 

We can also look with hope to the influence of those thousands 
of returned veterans from World War II who have proved in so 
many of our colleges and universities, as they have at Northeastern 
University, that they are in general an earnest, sincere and de
termined group of young men and w·omen whose mature outlook 
and, social realism are an asset to their communities and their 
country. 
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As David Lilienthal said recently: 

"What goes on in people's minds, and in their hearts, is more important in 
determining the fateful future than what goes on in laboratories and production 
centers." 

As we look ahead to a better tomorrow, let us not fail to dis
cover and develop the assets to be found in the mental and emotional 
capacities of our young people today, and guide them into the 
proper channels for maximum personal development and social use
fulness. Above all, in helping our young people develop their 
native intelligence, let us inculcate in them the idea that there is no 
substitute for sincere, earnest devotion to the work at hand, that 
persistence and determination are still the touchstones to success, that 
holding fast to a planned course of action is the road to achievement. 

The future is fraught with trials and difficulties but in ad
versity there is strength. The future is before us; it is alluring; 
it is brimful of challenge and opportunity. 

As we celebrate this· Centennial of the Boston Society of Civil 
Engineers, let us realize that there is nothing more vital and more 
important in training for the future than your home and mine, 
for-

"As long as there are homes where father~ come at close of day, 
As long as there are homes where mothers plan and children play, 
As long as boys and girls are taught to love the truth, the right
So long our cities will survive the years, outlast the night. 

As long as there are homes where beauty dwells and books are read, 
As long as there are homes where kindness reigns and prayers are said; 
Although wars fling hatred on the world and nations grope, 
With homes like these, and children waiting there, we still can hope." 
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CENTENNIAL HISTORY OF THE BOSTON SOCIETY 
OF CIVIL ENGINEERS 

1848 1948 

BY JOHN B. BABCOCK, 3D, PAST PRESIDENT, B.S.C.E.* 

April 26, 1848.-An informal meeting of gentlemen engaged principally in 
Civil Engineering, having been called by private notification, was held at the 
United States Hotel in Boston, on Wednesday evening, April 26, 1848, to consider 
the expediency of taking measures to· form a Society, for social intercourse and 
professional improvement, to be composed of civil engineers and of gentlemen 
engaged in pursuits kindred to civil engineering. Of about twelve persons invited, 
there were present only Messrs. J. H. Blake, G. M. Dexter, E. S. Chesbrough, 
H. S. McKean and W. S. Whitwell. 

The meeting was not formally organized. A general conversation took place 
on the subject of the proposed Society. A ·conviction that it was desirable to 
form one, and a willingness to co-operate for that object, was expressed by all 
present. The determination of the precise means to be used was deferred to a 
subsequent meeting which it was supposed would be more fully attended. 

After a light supper the meeting adjourned to meet at the same place on 
Monday evening, May 8th. H. Si M. [H. S. McKean.] 

This informal gathering of five civil engineers of Boston at the 
United States Hotel marked the first successful endeavor of engineers 
on this continent to unite for the advancement of the profession and 
the improvement of its members. Their sincere conviction of the de
sirability of such an organization. and their willingness to cooperate 
to attain that end are clearly expressed in the record above. At sub
sequent meeting;;, in which additional persons participated, the con
stitution and by-laws were adopted, and on July 3, 1848, was held the 
first regular meeting of the Boston Society of Civil Engineers-the 
oldest. engineering society in America! 

Four years later the American Society of Civil Engineers and 
Architects was established in New York, and in 1869 the Civil Engi
neers Club of the Northwest (now We;;tern Society of Engineers) was 
founded in Chicago.1 

•Professor of Railway Engineering, Massachusetts Institute of Technology, Cambridge, 
Mass. 

l"The Boston Society of Civil Engineers and its Founder Members" by John B. Babcock, 3d, 
Jour., B.S.C.E., July, 1936 includes a brief history of the formation of these societies, the 
Institute of Civil Engineers (London) and the Societe des Ingenieurs Civils de France, which 
was founded a few months before our Society. 
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The following officers were elected: James F. Baldwin,2 president; 

George M. Dexter, vice president; John H. Blake, secretary; William 

P. Parrott, treasurer; and Joseph Bennett, Ellis S. Chesbrough, James 

Laurie, Samuel Nott, and William S. Whitwell, directors. 
The desirability of having quarters where meetings could be held 

and a library established was recognized at the outset, and a room 

was leased in Joy's Building on Washington Street at $100 per year. 

A Library Committee was appointed and appropriations made for the 

purchase of books and periodicals. Joseph Bennett later became li

brarian, an office provided under the by-laws adopted wh~n the Society 

was incorporated in 1851. Papers presented before the Society were 

copied neatly in a bound volume, which was available in the library. 

Considerable attention wa:s also given to the collection of plans, models 

and specimens of interest to the members. The Society maintained 

this room until January, 1853, when new quarters were established at 

11,½ Tremont Row, jointly with the New England Association of 

Railroad Superintendents. 

FIG. 1. 
Artist's conception of the informal meeting held at the United 

States Hotel in Boston on April 26, 1848 to consider the formation 
of a Boston Society of Civil Engineers-originally drawn for the 
Menu of the Annual Dinner in 1895 it was used again on the 
Centennial Banquet Menu, April 21, 1948. 

"Membership in the B. S. C. E. is identified by italics in the text. 
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James Laurie presented the first paper before the Society on the 
"Coal and Iron Trade of Great Britain and United States." This was 
published in the Mining Journal and American Railroad Gazette with 
the editorial comment that "judging from the paper of Mr. Laurie, we 
may look for valuable contributions from this Boston Society to the 
cause of science and general knowledge, and we rejoice in,its existence 
among us." It is an interesting fact that Laurie, a founder member 
of both the Boston Society of Civil Engineers and the American 
Society of Civil Engineers, gave the first paper in each. 

FOUNDER MEMBERS OF THE BOSTON SOCIETY OF CIVIL ENGINEERS* 

Samuel Ashburner (1816-1891) 
James Fowle Baldwin (1782-1862) 
Joseph Bennett (1814-187 5) 
John Harrison Blake ( 1808-1899) 
Simeon Borden (1798-1856) 
Uriah Atherton Boyden (1804-1879) 
Ellis Sylvester Chesbrough (1813-1886) 
John Childe (1802-1858) 
Marshall Conant (1801-1873) 
Franklin Darracott (1820-1895) 
William Lee Dearborn (1812-187 5) 
George Minot Dexter ( 1802-1872) 
Sereno Dwight Eaton (1823-1899) 
Robert Henry Eddy (1812-1887) 
Samuel Morse Felton (1809-1889) 
James Bicheno Francis ( 1815-1892) 
Charles Haynes Haswellt ( 1809-1907) 

•Includes all members of the early Society. 

Waldo Higginson (1814-1894) 
Isaac Hinckley (1815-1888) 
Eben Norton Horsford:!: ( 1818-1893) 
Josiah Hunt (1818-1874) 
Martin Brimmer Inches ( 1820-1893) 
Samuel Francis Johnson (1821-1883) 
James Laurie (1811-1875) 
Henry Swasey McKean (1810-1857) 
Samuel Nott (1815-1899) 
George Alanson Parker (1822-1887) 
William Pearce Parrott (1810-1868) 
Thomas Willis Pratt (1812-1875) 
Theophilus E. Sickels (1822-1885) 
Lucian Tilton (1811-1877) 
William Scollay Whitwell ( 1809-1899) 
Thomas Scott Williams (1812-1874) 

tCorresponding Member. tHonorary Member. 

Many of the papers were on ·railroads and hydraulics, fields in 
v.rhich most of the members were engaged. Locomotive boiler explo
sions were distressingly frequent in those days, and we find committee 
reports to the Society on explosions of the locomotives "Taghconick," 
"Piscataqua" and "Erie"; these reports were printed in full in Boston 
newspapers. Other railroad papers included "A Railroad to the 
Pacific," by Mr. P. P. F. Degrand, a Boston railroad broker; reports 
of railroad surveys with detailed estimates; and a treatise on "Useful 
Formulae Adapted to Locating and Constructing Railroads," by 
Simeon Borden. 

Boston's ·first water supply was then being built, and papers on 
that project included "Construction of Beacon Hill Reservoir" and 
"Mode Adopted for Carrying Water to South Boston," by Whitwell; 
an excellent one on "Contracts," by Chesbrough; and "Use of Lead 
for Service Pipes," by Blake. Borden exhibited the base-line measur-
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ing apparatus which he had designed and used on the Trigonometrical 

Survey of Massachusetts, and Conant demonstrated his "Solar 

Attachment" for a compass. 
By 1850 the Cochituate Aqueduct was completed, and within a 

few years the amount of railroad construction in ew England had 

diminished. The middle west, however, was developing rapidly, and 

civil engineers were in great demand. It is not surprising to find that 

many of the members left Massachusetts to take advantage of these 

opportunities. Before long Childe, Eaton, Felton, Hunt, Johnson, 

Laurie, Parker, Sickels and Tilton were engaged in railroad work out

side of New England ; Nott and Pratt were in Connecticut; B ennett 

was in New York ; and finally Chesbrough left to take charge of the 

sewerage work in Chicago. For some time those who remained carried 

on the affairs of the Society, but with a gradually decreasing atten

dance . F i11..-1lly it w~.'i dPcidPd to .'i11srwnd the adivilies, al lP..-1 .. 'il. for a 

time. Ashburner and Higginson were appointed to take over the 

property of the Society, and in 1861 they deposited the library books 

and the Society's records with the Boston Athenaeum. 
The experience of our Society was much like that of the American 

Society of Civil Engineers which was founded in 1852 and held meet

ings for three or four years , then ceased its activities until 1867, when 

it was revived by James Laurie, its first president. In early engineering 

societies the membership consisted largely of those who had already 

reached positions of responsibility. Lack of encouragement of the 

younger men just entering the profession to join and take an active 

part in the proceedings was probably one of the reasons for the failure 

of these societies to become •2,tronger in their early years. In the case 

of our own Society we shall see that a new group of young engineers, 

with the advantages of technical education and training, was to revive 

the organization, reestablish the library, and so conduct its affairs that 

tnrfay it nrrnpiPc; ~ hieh position in the enginPering world t 

EDUCATION AND TRAINING OF EARLY CIVIL ENGINEERS 

Opportunities for formal education in civil engineering before 

1850 were very limited. In fact, Professor Horsford, who was asso

ciated with the Society as an honorary member, was the only one of 

this group who had a degree in civil engineering (Rensselaer, 1838) . 

Parrott graduated from Norwich University in 1825 , where he studied 

mathematics and the natural sciences, and probably obtained some 
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knowledge of civil engineering. Captain John Childe, a graduate of 
the United States Military Academy, received an excellent grounding 
in mathematics and science as well as some engineering training. 

The middle of the nineteenth century marked the beginning of 
several well-known scientific and technical institutions and the estab
lishment of civil engineering courses in existing colleges. The Law
rence Scientific School ( at Harvard) and the Sheffield Scientific School 
( at Yale) were both organized in 184 7. Courses in engineering were 
established at Union College in 1845 and at Brown University in 1849. 

Loammi Baldwin,3 often referred to as "The Father of Civil 
Engineering in America," was responsible for the sound practical 
training received by many civil engineers in New England. Although 
originally planning to become a lawyer, his interest in the natural 
sciences soon convinced him that he should devote his talents to the 
then little-known profession of civil engineering. After a trip abroad 
to inspect the public works of Europe he opened an office in Charles
town, Mass., and in the short span of his professional career (less 
than thirty years) he became the most noted civil engineer of that era. 

Loammi Baldwin 
1780-1838 

FIG. 2. 

James F. Baldwin 
1782-1862 

3Son of Colonel Loammi Baldwin, builder of the M iddlesex Canal from Boston to Lowell, 
from whom the "Baldwinu apple received its name. 
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He took into his office as students a number of young men whom he 

trained in physics, mathematics, surveying and kindred subjects. 

These students or apprentices also served as assistants in the field and 

office as their training progressed. Among these were Boyden, D exter, 

Eddy, Felton, Higginson, Johnson, McKean and Parker. Samuel M. 

Felton, while studying civil engineering there, served as an instructor 

of mathematics and the sciences. At Loammi Baldwin's death, he took 

over the office and some of the younger men remained with him as 

students. Although his death occurred a decade before the B.S.C.E. 

was organized, any history of the Society would be incomplete if it 

failed to give to Loammi Baldwin a large measure of credit for his 

influence on the civil engineering of that formative period. 

Most of the other members of the founder group had the equiva

lent of a high .school education, after which they engaged in civil 

engineering work and gained their knowledge of the profession through 

practical experience supplemented by earnest study on their own part. 

It is an interesting fact that the two men who became most prominent 

in the field of hydraulics and sanitary engineering, and served as 

presidents of the American Society of Civil Engineers, received almost 

no schooling beyond the elementary grades-these men were Francis 

and Chesbrough! 4 

OPPORTUNITIES FOR CIVIL ENGINEERS IN 1848 

Although the opportunities for obtaining a civil engineering edu

cation, as we now conceive it, were limited, the demand for men capable 

of carrying out engineering projects was great. The era of canal con

struction had ceased abruptly with the advent of the railroad. In 182 5 

Loammi Baldwin had reported on a proposed canal from Boston to 

the Hudson River , but three years later all thought of a canal was 

abandoned, and his brother, James F. Baldwin, was engaged to make 

surveys for a railroad across the State. Within the next t..wo or three 

years charters were granted for railroads from Boston to Lowell, 

Worcester, and Providence; by 1835 these three lines were in oper

ation. This intensive railroad development provided a fertile field for 

employment, and at least twenty-eight of the thirty-one regular 

members of the Society were on railroad work at some stage in their 

careers. At least ten of them devoted their lives to it, occupying po-

4See p. 374 for education and training of civ il engi neers in the period following the 

reorganization of the Society in 1874. 
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sitions of importance in railroad engineering, operation and .manage
ment (seep. 310). 

The development of Boston's first public water supply is closely 
associated with the Society's early life. For twenty years there had 
been agitation for a public 5upply. Loammi Baldwin and later his 
brother, James F. Baldwin, recommended Long Pond as a source, 
while others, including R. H. Eddy, advocated near-by ponds north 
of Boston. Finally, in 1846, the Cochituate gravity scheme was 
adopted and James F. Baldwin named as one of the commissioners. 
Chesbrough was made chief engineer of the aqueduct section from 

E llis S. Chesbrough 
1813-1886 

FIG. 3. 

William S. Whitwell 
1809-1899 

Framingham to the Brookline reservoir , and Whitwell wa:5 chief en
gineer of the section from Brookline to Boston, which included reser
voirs at Beacon Hill and South Boston and the distribution system. 
Williams, Sickels and M cK ean served as resident engineers on this 
project, and Conant was an a:5sistant. On October 25 , 1848, a cele
bration was held on Boston Common when the water was turned on 
at the fountain in the Frog Pond and rose " in a strong column, 6 
inches in diameter , increasing rapidly in height , until it reached an 
elevation of 80 feet" (see p. 323 ). 
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Others were engaged in the development of water power for the 
growing textile industries on the Merrimack River. With the entry 
of the civil engineers of this period, rapid strides were made in the 
science of hydraulic engineering; and New England will always be 
noted for its celebrated hydraulicians, among the first of whom were 
Francis and Boyden (seep. 345). Other activities were taking place 
in the cities-land and water-front developments, roads and bridges, 
and the construction of gas works. Many opportunities existed for 
civil engineers to become associated with industrial enterprises, and 
in their later years a number of them were eminently successful as 
presidents of railroads and street railways, fire insurance companies, 
steel plants, water power and land development projects, and manu
facturing and commercial companies.5 

"JUNIOR" B.S.C.E. OF 1873 

The early Society had ceased its activities and deposited its library 
and records with the Athenaeum in 1861. For the next decade no 
formal steps were taken by civil engineers in Boston to meet together 
for the discussion of professional matters. The Massachusetts Institute 
of Technology, incorporated in 1861, had postponed its opening during 
the Civil War, but in 1865 classes were started and the first students 
graduated in 1868. A new generation of civil engineers was becoming 
established in Boston. One of these was Ernest W. Bowditch, M.I.T. 
1869, who had opened an office as topographical engineer and surveyor. 
On May 24, 1873, he wrote to about forty young men in the vicinity 
of Boston proposing "to form a junior engineers' association to meet 
at certain times and places for the purpose of consulting and discussing 
whatever topics of interest may be suggested, connected with 
engineering." 

In response to this call, twenty-six persons met at M.I.T. on May 
30, 1873 and agreed to form a Society, the name of which was first 
suggested as the "Boston Engineers' Club". At a second meeting, on 
motion of Desmond FitzGer-ald, the name of "Boston Society of Civil 
Engineers" was adopted. With the characteristic enthusiasm of youth, 
a constitution and by-laws were adopted and on that same day, the 
new society was under way with the following officers: president, 
Desmond FitzGerald; vice presidents, Henry Manley and Ernest W. 

5The professional biographies of the thirty-three founder members of the Society are given 
in "The Boston Society of Civil Engineers and its Founder Members" by John B. Babcock, 3d, 
Jour., B.S.C.E., July, 1936. 
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Bowditch; secretary, George S. Rice; and treasurer, Robert H. 
Richards. This was indeed a young group of men. Of the sixty-two 
names signed to the constitution nearly half had attended M.I.T., 
which had graduated its first class only five years before. 

The Executive Committee was instructed to determine the steps 
necessary "to render the society legally capable of holding property 
and of having an exclusive right to its name." It was soon learned 
that a society bearing the same name, which had been incorporated 
in 1851,6 still had a legal existence-although then inactive. Prompt 
steps were taken looking toward a "union of the societies and pos
session of literary property of the corporated society." 

Contact was made with the members of the early Society, a few 
of whom were still living near Boston. A meeting was held on April 
27, 1874 at which Francis, Higginson, Darracott, Pratt and Nott were 
present. James B. Francis was elected president and Samuel Nott, 
secretary. The members of the Junior Society (B.S.C.E. of 1873) were 
proposed for membership in the incorporated Society, and Higginson 
and Pratt were delegated to reclaim the property from the Athenaeum. 
On June 8, 1874, these members of the Junior Society were elected 
to membership. Thus was established that direct link which provides 
our Society with a continuous existence for a century! 7 

With the "union" accomplished, the older members retired from 
office, and the Society was turned over to this young and virile group. 
Thomas Doane was elected president, an. office which he held from 
1874-80 and again from October, 1880 to March, 1884. The other 
officers elected were: vice president, Desmond FitzGerald; secretary, 
George S. Rice and treasurer, Clemens Herschel. 

BOSTON SOCIETY OF CIVIL ENGINEERS-18 7 4 TO 1948 

The foregoing account of the early Society from 1848 to 1874 
has been condensed from the author's paper "The Boston Society of 
Civil Engineers and its Founder Members."8 The chronicle of the 
next 7 5 years of the Society's history must of necessity be presented 
in a different manner. To describe the professional and the B.S.C.E. 

6The original incorporation permitted the Society to hold property up to a value of 
$20,000 ; in 1902 this was increased to $200,000. 

7Some years later it was voted that the names of those, then Jiving, who took part in 
reorganizing the Society on June 8, 1874, should be listed separately on the membership roll 
and should be exempt from all dues. One by one death has removed the names from this 
Roll of Honor. Howard A. Carson, Past President of the Society, who died on October 26, 
1931, was the last surviving member of. this group. 

8Jour., B.S.C.E., July, 1936. 
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activities of the many hundreds of men who have taken part in the 
affairs of our Society since 1874 would be a well-nigh impossible task. 
The contributions of many of these members to the progress of Civil 
Engineering in America are ably described in the papers presented at 
the 100th Annual Meeting on March 31, 1948; these are published 
in this Centennial Journal. Many important contributions to Civil 
Engineering, which have been made in recent years, are not recorded 
in these papers since it was decided that the accomplishments of 
Society members now living should not be included. Their notable 
ccntributions will be "highlights" of our next Annals! 

A chronological record of all the activities of the Society would 
be so voluminous and repetitious that it would fail to show the growth 
and development of the Society in true perspective. Instead , the his
tory of the Society for this 7 5-year period will be traced in topical 
form , to show the changes which have taken place, the new activities 
embarked upon , and the status of the Society in this, its Centennial 
Year. The reader may note the particular attention given to activities 
of the past two or three decades. The inference might be drawn that 
this was due to the fact that the author had more personal knowledge 
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of this period or that the recent records were more accessible than the 
earlier ones. This is not the case! The past twenty-five years or so 
constitute an era of marked progress in the affairs of the Society. 
During this period-three professional Sections were established ; the 
Society took part in the formation of the Engineering Societies of New 
England; all but one of the Society's awards and prizes were instituted ; 
the Permanent Fund increased 50 per cent ; $25 ,000 was received for 
the establishment of the John R. Freeman Fund ; four other funds 
were set up from bequests to the Society ; noteworthy reports of the 
Committees on Boston Subsoils, Rainfall and Run-Off, and Floods 
were published in the Journal ; and " Contributions to Soil Mechanics-
19 2 5 to 1940" was published in book form. 

The Society has been served by 15 7 officers9 since its formation 
in 1848. Additional hundreds of members have served on committees. 
All have been loyal workers. Throughout the years many have made 
notable contributions to the Society through service as officers, com
mittee members and authors of papers. Several have made substantial 

J ames B . Francis 
1815-1892 

FIG. 5. 

Uriah A. Boyden 
1804-1879 

osee p. 398 for "Past a n d Present Officers of the Society." Forty per cent of these officers 
are now living, many of them still active in the affairs of the Society. 
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gifts of books to the library or funds for various Society activities. 
No attempt will be made to give the names of all such members-the 
list would indeed be long and the difficulties of making a fair selection 
too great. The author feels, however, that this history would be in
complete if it failed to mention the names of a few of our past mem
bers whose services to the Society were of outstanding character. 
Perhaps some of our older members, with long background in the 
Society, will consider this list all too short! 

Thomas Doane (1821-1897),1° who joined the Society June 8, 
1874, was elected president August 7, 1874 and served to March, 1880. 
Following the resignation that year of President Joseph P. Davis, :who 
.moved to New York, Doane again became president, an office which 
he held until March, 1884. His untiring service had much to do with 
the sound growth of the Society in tho.se critical years following its 
reorganization in 1874. 

Desmond FitzGerald (1846-1926),11 who joined the Society June 
8, 1874, was elected vice president on September 4, 1874 and served 
until March, 1877. He was president for two years, 1888-1890. In 
1915 he became an honorary member. He was the donor of the medal 
which bears his name. For many years he made a substantial con
tribution to the Permanent Fund and left a bequest, the income of 
which is used for the De·smond FitzGerald Scholarship. In 1898, he 
delivered the Society's Semi-Centennial Address. For fifty years he 
took part in Society activities, serving as chair.man of many important 
committees. . 

John R. Freeman (1855-1932),12 who joined the Society Jan. 19, 
1881, was vice president for two years, 1889-91 and president for the 
term 1893-94. He was elected an honorary member in 1917. He took 
great interest in the work of the Society and was particularly impre.ssed 
with its value to young engineers just starting on their professional 
careers. In recognition of this he gave $25,000 to the Society for the 
establishment of the John R. Freeman Fund. · 

Clemens Herschel (1842-1930),13 who joined the Society June 8, 
1874, was the first treasurer of the reorganized Society, serving from 

10Memoir. Trans., Am. Soc. of Civ. Eng., vol. XXXIX, p. 690; also Jour. of Assoc. of 
Eng. Soc., vol. XXIV, p. 73. 

11Memoir. Jour. B.S.C.E., vol. XIV, p. 427; also Trans., Am. Soc. of Civ. Eng., vol. 92, 
p. 1656. 

12Memoir, Trans., Am. Soc. of Civ. Eng., vol. 98, p. 1471; also Jour., New Eng. Water. 
Assoc., Vol. XLVII, p. 100. 

1.1Memoir, Jour., B.S.C.E., vol. XIX, p. 213; also Trans., Am. Soc. of Civ. Eng., vol. 95, 
p. 1419. 
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September 4, 1874 to March, 1880. He was president in 1890-91, and 
became an honorary member in 1915. Although he moved from 
Boston in 1879, he always maintained a great deal of interest in the 
activities of the Society. He established the Herschel Library in 1906 
and later provided for prizes in recognition of meritorious papers. 

Edward W. Howe (1846-1931),14 who joined the Society June 8, 
1874, served as treasurer for fourteen years, 1892-1906. During this 
period, the Permanent fund increased from $4000 to $19,000. The 
Society was fortunate in having as treasurer a man of his interest, 
capability and sound judgment. He served as president for the year 
1907-08. His interest in the Society never halted and he served ably 
on committees for many years after his term as president. He left a 
bequest, the income of which is devoted to the Society and its member
ship. 

Henry Manley ( 1841-1919) ,15 who joined the Society June 8, 
1874, was treasurer for twelve years (1880-1892). He served as presi
dent for the year, 1892-93. Following his term as president, he was 
a director from 1893 to 1895. In addition to his valuable service as 
treasurer, another contribution of his to the Society was notable. When 
the 1st Annual Dinner was held in 1883, Manley was responsible for 
the arrangements; and for the next 25 years he ably carried out the 
same assignment .. He also served on many important committees of 
the Society. He presented a valuable paper on Rapid Transit in 1889.16 

Samuel Nott (1815-1899) 17 was a Founder Member of the So
ciety on July 3, 1848. He. became a director at that ti.me and served 
to March, 1849, when he was elected secretary and filled that office 
ur1 til the reorganization of the Society in 18 7 4 (although the early 
Society was inactive after 1861). He was a regular attendant at the 
meetings and served on numerous committees. As secretary he was 
in large measure responsible for the affairs of the early Society. After 
the reorganization he cpntinued as a regular member until 1891 when 
he became an honorary member. His last meeting with the Society 

"Memoir, Jour., B.S.C.E., vol. XIX, p. 362; also Trans. Am. Soc. of Civ. Eng., vol. 96, 
p. 1495. 

J.5Memoir. Jour., B.S.C.E., vol. VII, p. 223; also Trans. Am. Soc. of Civ. Eng., vol. 87, 
p. 1387. 

1a1n this paper he said "I would let no train be stopped and turned around in the central 
part of the city. For instance, let trains made up at South Braintree run through the city 

· to Reading and vice versa. Another train made up in Somerville might run through to 
Dedham". Nearly 60 years later, the report of the Legislative Commission on Rapid Transit 
for Metropolitan Boston made similar recommendations. 

17Memoir, Jour., B.S.C.E., vol. XXIII, p. 212; also Jour., Assoc. of Eng. Soc., vol. XXIV, 
p. 227. 
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was at its Semi-Centennial ; at that time Desmond FitzGerald paid 

high tribute to Nott' s devoted service to the early Society. 

S. Everett Tinkham ( 1852-1 921),18 who joined the Society on 

September 18, 18 7 8, was elected secretary on April 21 , 1880 and 

served until December 20, 1882. He again became secretary on May 

18, 1887 and served until his death on April 21, 1921. How well he 

filled that office for the entire 3 7 years is shown by the records! In 

hi:; tribute to Tinkham's service to the Society, Desmond FitzGerald 

wrote: " In all the wanderings of the Society, from the time when the 

library was kept in a single dry-goods box to the days of its present 

magnitude, Mr. Tinkham' s cheerful and cordial interest were ever 

exerted for the advantage and enlargement of the Society. . . . The 

Society, in its chequered career, has had many officers and members 

who have contributed to its usefulness and renown, but among them 

was one whose name leads all the rest, and the good which S. E. Tink

ham accomplished for the Society will endure as long as the Society 

exists." 
George L. Vose ( 1831-1910),19 who joined the Society on o

vcmber 16, 1881, served as its president for three terms, 1884 to 1887. 

He became an honorary member in 1896. He took the leadership of 

the Society upon the retirement from office of Thomas Doane. These 

two men served as presidents for more than the first decade of the 

Society's life following the reorganization in 1874. Professor Vose in 

addresses before the Society made several notable contributions on 

the lives of such famous early engineers as Loammi Baldwin,20 and 

George W. Whistler , noted railroad builder.21 

Frank 0. Whitney ( 1851-1936 ),22 who joined the Society January 

15, 1879, was treasurer for 16 years, 1915-193 1, serving in this office 

for the longest period in the history of the Society. H e had been a 

director from 1894 to 1896. His careful administration of the financial 

affairs of the Society, his sound judgment and his faithful service on 

an arduous task are deserving of high praise. 
Attention has been called to the fact that only one of the founder 

members ( 1848) had a degree in civil engineering and only two or 

"'Memoir. The October, 1921 B.S.C.E. J ournal (vol. VIII) was devoted to papers in 

memory of Mr. Tinkham; a lso see T rans., Am. Soc. of Civ. Eng., vol. 86, p. 1704 and Jour. , 

New Eng. W ater. Assoc., vol. XXXVI, p. 318. 
'"Memoir. Jour., Assoc. of E ng. Soc., vol. XLVI, p . 145. 
"°"A Sketch of the Life and Works of Loammi Baldwin," Jour., Assoc. of E ng. Soc., 

vol. VI, p. 11. 
""George W. Whistler, C. E.," Jour., Assoc. of Eng. Soc., vol. VI, p. 37. 
"'Memoir. Trans., Am. Soc. of Civ. Eng., vol. 102 , p. 1667. 
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three had received any formal technical education. But with the estab
lishment of two technical schools in 1848, the adoption soon after of 
civil engineering courses in several existing colleges, and finally with 
the opening of M.I.T., in 1865, the opportunity for obtaining a civil 
engineering training had greatly increased. Today there are more than 
100 colleges offering accredited23 courses in Civil Engineering ; many 
of these schools also give graduate work in this field . 

Of the 67 presidents of the Society since its reorganization in 
1874, at least 50 attended engineering schools, and several others had 
some form of higher education. Of those serving since 1900, all but 
5 or 6 received a formal engineering education. It is interesting to 
note, however, that neither D esmond FitzGerald nor Frederic P. 
Stearns had any technical education ; but both rose to the highest rank 
in the profession and served as presidents of the American Society of 
Civil Engineers. 

Sixteen members of our Society have served as presidents of 
national engineering societies- 12 in the American Society of Civil 
Engineers ; 3 in the American Society of Mechanical Engineers; and 

""App roved b y E .C. P.D. (En g ineers' Council for Profession a l Developmen t) . 
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one each in the American ~nstitute of Electric~} Engineers and the 
American Institute of Mining and Metallurgical Engineers. (J. R. 
Freeman served as president of both A.S.C.E. and A.S.M.E.) 24 

Ours is the first engineering society in America to observe its 
Centennial Anniversary. This fact made it seem worthwhile to delve 
into the records in some detail. It is true that few of our members 
will be interested in all phases of the Society's history but it seemed 
best to make it fairly complete for future reference. The author 
realizes that some significant facts may have been overlooked in scan
ning such a large amount of material but it is hoped that their number 
is few. 

As stated earlier the subject is presented under those topics into 
which the Society's activities may· be logically divided. Cross
references are used to avoid needless duplication. The order in which 

the topics appear is somewhat arbitrary and is not an indication of 
their relative importance. 

MEMBERSHIP 

The Constitution and By-Laws adopted in 1848 provided for 
grades of Member, Corresponding Member and Honorary Member. 
In the early Society, the membership included thirty-one active Mem
bers, one Corresponding Member and one Honorary _Member.25 The 
18 7 5 By-Laws of the reorganized Society provided for the same grades. 
By 1890 the grade of Corresponding Member had been eliminated, 

and a grade of Associate had been added to include "other persons 
interested in the objects of the Society and desirous of being con
nected with it."20 

In his presidential address in · 1909, I oseph R. Wore ester laid 

considerable stress on the desirability of making the Society of more 
interest to the young engineers on whom the responsibility of carrying 
on the profession would later rest. It was probably due to the interest 
aroused by his address that a committee was appointed the following 
year to consider the revision of membership grades. On June 15, 1910 
the Society adopted a revised Constitution and By-Laws which pro-

••A.S.C.E.-James Laurie, E. S. Chesbrough. J. B. Francis, Alphonse Fteley, Desmond 
FitzGerald, F. P. Stearns, G. F. Swain, E. L. Corthell, Clemens Herschel, F. S. Curtis, J. R. 
Freeman, H. P. Eddy. A.S.M.E.-J. R. Freeman, I. N. Hollis, C. T. Main. A.I.E.E.- D. C. 
Jackson. A.I.M.E.-R. H. Richards. 

""The names of the Founder Members (1848) are shown on p. 362. 
ruThe number of Associates has never been large, seldom over 2 per cent of the membership: 

on March 31, 1948 there were only 3 members in this grade. 
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vided for a grade of Junior. This grade has been continued, with 
minor changes in age limits, to the present and has proved beneficial 
in attracting younger men to join the Society. In 1932 the grade of 
Student was added. 

In the year 1923-24, the By-Laws were amended as follows: "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 all further dues."27 

During the year 194 7-48, there were eight Honorary Members 
on the rolls of the Society.28 At the time of the Centennial Meeting 
(March 31, 1948) our senior member was Prof. C. Frank Allen, Past 
President and Honorary Member, who_ joined the Society on March 
24, 1875. It is with deep regret that we record his death on June 6, 
1948 after a membership of almost three-quarters of a century. ( Pro
fessor Allen was also the senior member of the A.S.C.E.). 29 

About 60 members of the Junior Society (B.S.C.E. of 1873) be
came members of the incorporated Society on June 8, 1874. The 
membership list shows 75 members in 1875 and 90 in 1879. The hun
dred mark was passed in 1882. In 1888, there were two hundred 
members. At the time of the Semi-Centennial ( 1898) the Society had 
nearly 500 members. The membership increased steadily until 999 
were enrolled at the beginning of World War I. Following a decrease 
during the war period, it irn::reased again and reached its maximum 
enrollment of 1065 in 1930. During the serious depression of the 30's, 
followed by World War II, the enrollment was again reduced. At the 
Annual Meeting on March 31, 1948 the Society's membership was 
782, but on July 3d (the official Centennial date) it was over 800.30 

MEETINGS 

-It would be impossible to present an adequate summary of the 
800 ( more or less) meetings of the main Society between 18 7 4 and 
1948. Only some of the "high lights" will be attempted! 

In the early years, part of each meeting was devoted to verbal 
"'In the year 1947-48 seventy-two members (nearly 10 per cent of the total enrollment) 

were exempt from dues under this provision. 
"81)r. Karl T. Compton, Prof. C. Frank Allen, Prof. Charles M. Allen, Arthur W. Dean, 

Charles R. Gow, Arthur T. Safford, Prof. Charles M. Spofford and Charles W. Sherman. On 
March 24, 1948, the following were elected to Honorary Membership: Prof. Dugald C. Jackson.. 
Sanford E. Thompson and Edwin S. Webster. · 

20Qur senior member is now Frederick W. Bateman, who joined the Society on March 21, 
1888 and has maintained continuous membership since that date. 

30Those residing over 30 miles from Boston are classed as non-resident members and pay 
lower dues. There are now about 165 of these included in the membership. 
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reports on recent articles in American or European technical journals. 
The rest of the program included a talk or paper on some engineering 
project of current interest.31 Excellent papers presented before the 
Society were soon ( 1881) being published in the Journal of the Asso
ciation of Engineering Societies. During the next thirty years the 
volumes of that Journal contained many valuable papers from the 
Society (see p. 385). Since 1914 they have been published in the 
B.S.C.E. Journal. 

Regular Meetings. The Society has always held regular monthly 
meetings except during the summer.32 For many years informal meet
ings were held in the Society's rooms on special topics or for the dis
cussion of papers presented at previous regular meetings. But with 
the establishment of a complete program of Section meetings devoted 
to topics in specialized fields, the holding of extra meetings of the 
main Society has practically ceased. Each year at least one of the 
Society meetings is held jointly with a Section which sponsors the 
program. 

Annual Dinner and Annual Meeting. The First Annual Dinner 
was held at Young's Hotel on March 21, 1883. Henry Manley was 
appointed a committee of one to make the arrangements. In 1907, 
when the Twenty-Fifth Annual Dinner was held, a gold watch and 
chain was presented to Manley, who had arranged every one of these 
twenty-five affairs! For several years, the Annual Dinner and the 
Annual Meeting were held on separate days, but since 1909, the An
nual Dinner ( or Smoker) has been held following the afternoon Annual 
Meeting. The award of prizes is now a pleasant feature of each Annual 
Dinner. The menus of the dinners in the "good old days" seem almost 
unbelievable at the present time-and the price was only $2 .00 ! 33 

31fo the annual report of the Board of Government for 1875-76, attention was given to 
the question "whether to make the meetings altogether informal and conversational, and so 
run the risk of wasting time, or of descending to personal discussions, or whether to confine 
them mainly to formal papers which shall be read and then opened for discussion simply, 
with the chance of stiffness and inutility, or whether a middle course shall be adopted." 

""Regular meetings have been held on the 3d Wednesday of the month throughout most 
of the period since 1874. The January meeting was later moved to the 4th Wednesday to 
avoid conflict with the A.S.C.E. Annual Meeting at New York; the September meeting was 
also changed to the 4th Wednesday a few years ago. For several years around 1890, the 
meetings were scheduled at 19 :30 o'clock (instead of 7 :30 p.m.). The clock now in the Society 
rooms has an ingenious dial in which the figures of the hours can be arranged to show the 
time on either the regular 12-hour or on the 24-hour system. 

83Young's Hotel, March 6, 1889. MENU: Oysters on Deep Shell ; Soup: Mock Turtle-
Consomme Brunoise. Fish: Chicken Halibut, Sauce Hollandaise; Removes: Sirloin of Beef
Mallard Duck-Roast Philadelphia Chicken-Leg of Mutton, Caper Sauce; En trees: Potted 
Pigeon, Andalouse--Chicken Croquettes, Sauce Suprf!me-Banana Fritters, Glace Curacao
Vol au Veut of Oysters a la Poulette--Spaghetti Monte Carlo-Lobster Cutlets a la Cardinal. 
Sweets: Charlotte Russe-Wine Jelly-Lemon Meringues-Tipsy Cake-Frozen Pudding
Biscuit Glace; Dessert: Oranges-Bananas-Apples-Nuts-Raisins-Figs-Ice Cream-Sherbert 
-Coffee. 



378 BOSTON SOCIETY OF CIVIL ENGINEERS 

For nearly a half century the President has delivered an address 
at the Annual Meeting. It became such a regular custom that it was 
included as a requirement in the 1910 revision of the By-Laws. 

Semi-Centennial Celebration. The Hotel Vendome was the scene 
of our Se.mi-Centennial Celebration on November 11, 1898. Following 
a reception by the officers and their wives, President Howard A. Carson 
spoke on "Glimpses of Boston Fifty Years Ago." Desmond FitzGerald, 
Past President, then gave the Historical Address in which he traced 
the life of the early Society, its reorganization in 1874 and its activities 
during the succeeding quarter century. His address ·paid tribute to 
many of the deceased members who had been active in the Society 
during that period. After FitzGerald's memorable address, a collation 
was served, followed by music and dancing.34 

Student Night. A high spot in the program every year is Student 
Night. On April 5, 1911, when Charles T. Main was president, the 
first of these events took place. Civil Engineering students at Harvard, 
Tufts and M.I.T. were guests of the Society and about 350 attended. 
George B. Francis, Past President, gave an illustrated talk on "The 
Engineering Features of Pennsylvania Terminal Station in New York 
City." This affair has been carried on each year since then.35 

Social Activities. "After a light supper the meeting adjourned" 
(from minutes of informal meeting, April 26, 1848). The habit of 
eating together on the evenings of the meetings was thus established 
100 years ago-a custom happily preserved! When the Society quar
ters were at the Boston & Albany Railroad station ( 1885-89), the 
members dined together at the restaurant there ( at 2 5 % below list 
prices) before the meeting. Again when located at the American House 
there was opportunity to continue this custom. For many years after 
the Society moved to Tremont Temple in 1896, tables were reserved 
on meeting nights at Marston's restaurant for members desiring to eat 
together. In 1914 a Social Activities Committee was appointed to 
arrange dinners preceding the meetings at the Boston City Club and 
at various hotels. Beginning in 1919, the Committee provided buffet 
suppers in the Society rooms or in Chipman Hall, Tremont Temple. 
This met with much favor and was continued until 1933. Since then 
many of the meetings have been held at other locations, but a dinner 

.. The 60th Annual Meeting was held in connection with a summer outing at Bretton Woods, 
N. H. 

SSit is now held as a joint activity of our Society and the Northeastern Section of the 
American Society of Civil Engineers with students invited from the Northeastern Section, 
B.S.C.E. and the A.S.C.E. Student Chapters in the New England Area. • 
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has usually been included in the program. Recently several meetings 

have been held in the splendid auditorium of the American Academy 

of Arts and Science3 on ewbury Street. Although facilities are not 

available for serving a complete meal, the Hospitality (formerly Social 

Activities) Committee has provided a collation in the library after the 

meeting. These have been highly successful and have afforded an 

excellent opportunity for the members to spend a pleasant hour 

together. 
EXCURSIONS 

Starting in 1885 , excursions became a very prominent feature in 

the Society'3 program. For the next 30 years, the Excursion Com

mittee arranged about 10 trips each year. They were usually held in 

the afternoons preceding the regular evening meetings. Some of them 

included the ladies and concluded with a clambake or other festivity. 

The average attendance was seldom less than 50, in some years as 

high as 7 5. Although most of the excursions were made to construction 

projects or recently completed work, a number were to industrial 

plants.36 The monthly Bulletin of New Engineering Work ( 1900-13) 

""Excursions in 1893-94 included : Boston Bridge Works; General Electric Co., Lynn; Law

rence Experimental Station and New Filter; Metrop. Sewerage W orks, Deer Island ; Brockton 
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prepared by the Excursion Committee, furnishes an excellent summary 
of construction activities in Boston and vicinity (see p. 385). From 
1886-90, excursions lasting two or three days were made each Fall to 
points of interest in New England.37 

Later the interest in such frequent excursions apparently waned 
and after 1915 no regular Excursion Committees were appointed. Since 
then the Society has made a good many inspection trips to construction 
projects of particular interest but they have not constituted a major 
part of the program. The Sanitary Section usually devotes its June 
Meeting to an inspection trip. 

SECTIONS 

Sanitary. Albert F. Noyes, in his presidential address in 1896, 
suggested the formation of sections or branches within the Society for 
the discussion of topics of particular interest to individual groups. In 
1903, President George A. Kimball again urged consideration of this 
subject. On December 21, 1903, the Board of Government received 
a petition from fourteen members of the Society to establish, in ac
cordance with the current By-Laws,38 "a section for consideration of 
the special subjects relating to sanitary engineering, to be known as 
the Sanitary Section of the Boston Society of Civil Engineers." This 
petition was approved and on January 27, 1904 the Board approved 
the By-Laws which had been adopted by the Section. For 45 years 
the Sanitary Section has been in active operation and has been a highly 
important factor in the Society's activities. 

The Sanitary Section has appointed a number of committees to 
study special phases of sanitary engineering. These included such 
topics as Run-Off from Sewered Areas ; Sewerage Statistics ; Inverted 
Syphons for Sewers ; Collection and Disposal of Garbage; and Mini
mum Velocity for Sewers . The reports of these committees have been 
p_rinted in the Journal. 

Structural. No additional sections were formed for about fifteen 

Sewage Disposal . Plant; Boston Rubber Shoe Co., Malden ; N ew Public Library and Natural 
History Rooms; State H ouse Extension; N orth Packing and Provision Co., and New England 
Dressed Meat Co., Somerville. Excursions in 1906-07 included: Charles River Basin and Dam ; 
Wonderland P ark , (before public opening) ; Lawrence Worsted Mills; Blake & Knowles Pump 
Co., Portland (Me.) Stone Ware Co.; Paragon Park ; Simplex Pile Driving, N. Y ., N . H . & H . 
R.R.; Submarine S ig nal Co.; Washington Street Subway. (Where subway and tunnel work was 
included, members were requested to bring overshoes or rubbers a nd to wear old hats and 
coats) . 

37Jn 1886, to H oosac Tunnel; 1887, White Mountains ; 1888, Newport a nd Providence; 1889, 
Lake Champlain ; 189 0, White Mounta ins . ( In the announcement of one of these trips it was 
stated that it was "restricted to members and their lady friends only"). 

38Rev ised at about that time to provide for the formation of Sections. 
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years. On May 19, 1920, the Board39 approved the By-Laws of the 
Designers Section ( renamed Structural Section in 194 7). One of the 
objects of this section was to provide for the informal presentation of 
papers. It was felt that this would provide a better opportunity for 
the younger members employed as designers to take an active part in 
the discussions. The programs of this section have been very successful 
throughout. In recent years with the formation of additional sections 
in separate fields, its meetings have been increasingly devoted to 
structural engineering. 

Transportation. The Board approved the organization and By
Laws of a Highway Section on May 1, 1924. The name was changed 
to Transportation Section in 1946, and the scope of its activities 
broadened to include railways and airports. 

Hydraulics. A section devoted to Hydraulics was organized on. 
May 1, 1940. This section was formed to occupy a field in Section 
activities not previously covered. It was to a considerable extent the 
result of the wide interest shown in a series of lectures designated as 
the John R. Freeman Lectures on Hydraulics given in 1939-40 (see 
p. 389). 

Surveying and Mapping. The most recent section is the Surveying 
and Mapping Section, which was authorized by the Board on April 8, 
194 7. The activity of this section during the past year has jus~ified 
the expectations of its sponsors. 

Northeastern University. An affiliate section of the Society was 
authorized at Northeastern University on January 20, 1922. Member
ship in this section is limited to students, graduates or members of the 
Faculty of Northeastern University. 

Section meetings ate usually held in the Society rooms; the 
average attendance is probably about 45 although it varies considerably 
depending on the subject. From twenty to twenty-five meetings of _the 
professional sections are held each year; exclusive of the Northeastern 
University Section which holds its meetings at the University. Joint 
meetings of two Sections are often held on subjects of mutual interest. 

The formation of these sections .of the Society has been amply 
justified. They have added greatly to the strength of the Society as 
a whole and have been of much value to the individual Section 
members. Section Prizes (seep. 387) have provided an incentive for 
the preparation and presentation of papers. 

89The Board of Government includes the president. two vice-presidents, secretary, treasurer, 
four directors and the three 1atest past-presidents. Chairmen of Sections are invited to attend 
all meetings of the Board. 
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SOCIETY ROOMS 

The early Society in 1848 established quarters for a library and 
meeting room in Joy's Building. In 1853 the Society moved to 11¼ 
Tremont Row where quarters were occupied jointly with the New 
England Association of Railroad Superintendents for several years. 
With the reactivation of the Society in 1874, a room was obtained at 
66 State Street which was used for a short time. In 18 7 6, the library 
was moved to a room at Wesleyan Hall, 36 Bromfield Street, where 
the quarters were maintained for nine years. 

Iu 1885 the Society was fortunate in obtaiuiug Llie joint occuµancy 
with the New England Railroad Club of a room (rent free) at the 
Boston & Albany Railroad Station. Here. for the first time, space was 
available to provide adequate facilities for library and meeLing room. 

· But in 1889, this room was needed by the railroad and the Society 
was again without a home. For a brief period, it withdrew to M.I.T. 
Later a room was obtained at the American House where meetings 
were held. In 1893, a move was made back to 36 Bromfield Street 
(Wesleyan Hall). Although larger than its previous quarters there, 
facilities were scarcely adequate for the increased membership and 
the growing library.40 

In 1896 the Society moved to Room 715 Tremont Temple, where 
it has remained for over fifty years. Ample space was then available 
for the library and reading room and for informal meetings. Since 
that time the quarters have been enlarged from time to time by the 
addition of adjoining rooms. The first regular meeting at Tremont 
Temple was held in Chipman Hall, on May 20, 1896 with an atten
dance of 318 members and guests. Since 1922, the Engineering So
cieties of New England have maintained headquarters jointly with the 
B.S.C.E. in these rooms. 

. For years it has been the hope of many of the members that the 
Society might join with other engineering groups in the establishment 
of a modern clubhouse with ample accommodations for auditorium, 
library and cuisine faciliLies. AlLliuugh a number of plans to accomµlish 
this have been studied, no plan has yet been evolved which provides 
a satisfactory solution within the resources of the Society.41 Engineer-

,1.01n considering these quarters it was stated that "the noisy Temperance Society, which 
heretofore occupied the adjoining hall, has moved". 

~.11n at lcn:Jt two enc.co, contributions v:crc oolicitcd tov.rard a propoocd pcrmnncnt qun1·tc1·s 
and club house. The plans under consideration from 1908-10 resulted finally in the formation 
of the Engineers' Club of Boston as a private club instead of as a joint activity by engineering 
groups" in Boston. 
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ing groups in several of the larger cities have been successful in ob
titining facilities of this character. In almost every ca3e, however, it 
has been made possible through a gift of sufficient amount to provide 
the capital cost of the building and equipment. Is it too much to hope 
that some benefactor may ~o the same for the e_ngineers of Boston? 

LIBRARY 

"A library maintained for the use of its mcmbcrs"-this ha:3 been 
included among the objects of the Society in its Constitution for one 
hundred years! Attention has been called to the small library de
posited with the Athenaeum when the activities of the early group 
ceased. In 1874 these books formed the nucleus of a library for the 
rejuvenated Society. Its growth ·3i_nce then is indicated as follows: 
in 1889 there were 600 bound volumes and 900 unbound volumes and 
pamphlets; 1903, about 5000 volumes including pamphlets; 1914, 
7500 bound volumes and 2000 unbound; 1925, 10,500 bound volumes 
and 3800 pamphlets. 

From 1874 until 1896, the various quarters occupied by the 
Society were small and rather inadequate for the library. The room 
at the Boston & Albany Railroad Station (1885-1889) apparently pro
vided the only satisfactory library facilities during this period. But 
when the Society moved to Tremont Temple in 1896, it Wa:3 believed 
that the facilities would be ample for many years. But this proved 
not to be the case. Soon the Librarian reported that space was in-· 
adequate. In 1906, the quarters were materially enlarged by the ad
dition of adjoining rooms and the library facilities remodelled. In 
the ensuing years the shelves again became filled. For about twenty-' 
five years, it has been necessary to make room for new material by 
progre3sively discarding older material, particularly those bound 
periodicals anci departmental reports which are used infrequently and 
are available elsewhere. At the Annual Meeting in 194 7 the Library 
Committee presented a detailed report to the Board of Government 
with recommendations as to the material which should be maintained 
permanently, the publications which should be kept for a limited time, 
and the material'. available elsewhere, which might well be discarded 
from our library. 42 Progress is now being made in carrying out these 
recommendations. 

"Jour., B.S.C.E. vol. XXXIV (April, 1947), pp. 133-144. 
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The importance of securing the latest text and reference books 
in civil engineering was recognized from the start. Appropriations 
from current income and from the income of several funds available 
for library purposes, hav_e been made each year for the purchase of 
such books. Many have been donated by authors and publishers. In 
192 2, when the Affiliated Technical Societies of Boston (now Engineer
ing Societies of New England) became joint occupants of the Society's 
rooms, some books in electrical and mechanical fields were added by 
the Society and the list of technical periodicals broadened: 

Herschel Library. The Society has received many valuable do
nations of books from its members. The Herschel Library deserves 
particular mention. In 1906, Clemens Herschel, Past President and 
Honorary Member, presented seventy books to form the nucleus of 
a special library. Most of these were books about engineers and engi
neering, or books written by engineers. Mr. Herschel donated addi
tional books to this collection during his life and others were received 
from his estate. This collection is of unusual interest and value. 

In 1909 Harold Parker presented the Society with 300 volumes 
from the library of his father George A. Parker, one of the founder 
members. These books are of historical value as they show the develop
ments in civil engineering in the early years of the nineteenth century. 
In a similar category are a number of books received from the estate 
of Charles H. Swan in 1901. In 1916, the Society received 1100 books 
from the estate of Edmund K. Turner. Many other donations of books 
and transactions have been received from our members. The Library 
Committee recommends that some of these scarce and valuable books 
be placed in an historical collection in our library which will be of 
increasing interest and value as time passes. 

PUBLICATIONS 

The papers presented before the early Society were copied in a 
bound volume which wa:s available to the membership in the Society's 
library. Although not published by the Society a number of these 
papers were printed in newspapers and periodicals.43 The "Reports 
of Proceedings-September, 1879 to June, 1881" was one of the first 
publications of the Society. It contained minutes of meetings, annual 
reports, committee reports and the papers presented before the Society. 

43A treatise entitled "Useful Formulae Adapted to Locating and Constructing Railroads,'" 
originally presented as a paper before the Society bl,• Simeon Borden, war, f;Ubocqucntly printed 
in book form. 
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Journal of Association of Engineering Societies. In 1881, the So

ciety joined the Engineers' Club of St. Louis, Civil Engineers' Club 

of Cleveland and Western Society of Engineers in organizing The 

Association of Engineering Societies. The primary object was to pro

vide a joint publication of the papers and proceedings of the partici

pating societies. Other groups subsequently joined the As;;ociation; 

in 1900 there were eleven member societies. The papers and proceed

ings of our Society were printed in the monthly Journal of the Asso

ciation from 1881 until the Society withdrew in 1913 to establish its 

own Journal. 
Bulletin of New Engineering Work. From 1900 to 1906 the 

Society issued a monthly publication which included notice;; of meet

ings and excursions and a special section entitled "Bulletin of New 

Engineering Work." 
Monthly Bulletin. In 1906, the content of the Bulletin was ex

tended to include minutes of meetings, annual reports, library notes, 

etc. but not the papers presented before the ~ociety. At this time an 

advertising section was added to help defray the cost of publication. 

The Bulletin was continued in this form through 1913. The section 

on New Engineering Work (1900 to 1913) probably furnishes one of 

the most complete records in existence of civil engineering projects 

then underway in this area. 
B.S.C.E. Journal. In 1913, the Society voted to withdraw from 

the Association of Engineering Societies and establish its own Journal. 

In the report of a special committee, attention was called to the fact 

that in the 10-year period ending in 1912, our Society had furnished 

nearly one-half of the entire text of the Association's Journal. It was 

felt that the advantages to the Society of having its own Journal far 

outweighed the disadvantages of losing the papers presented by other 

societies. It was also believed that the cost of publfahing such a 

Journal, with the elimination of the Monthly Bulletin, would be less 

than under the previous procedure. 
The B.S.C.E. Journal made its appearance in January, 1914. 

The first paper was a noteworthy one and set a high standard for 

this new publication.44 Ten issues of the Journal were publi;;hed each 

year for Volumes I to XX. Since 1934, the Journal has been published 

'""Boston Foundations" by J. R. Worcester, Past President of the Society. In addition to 
valuable text material it included an appendix with twenty-six folding plates showing the 

location and the soil information for many hundreds of borings in Boston, Brookline, Cambridge 

and Chelsea. 
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quarterly with an index in the last issue of the year. A card index of 
the material published in the Journal is available at the Society's 
library.45 The Journal contains papers presented before the Society 
and its Sections, reports of professional committees, items of general 
interest and the proceeding_;; of the Society and Sections. 

No attempt will be made to mention the many excellent papers 
which have been published. The list is too long and the difficulty of 
choice too great! Attention should be called, however, to the meri
torious papers presented on topics in the field of Soil Mechanics. In 
1940, the Society printed a book of 400 pages entitled "Contributions 
to Soil Mechanics-192 5-1940" which contains thirteen papers re
printed from the Journal and one from the New England Water Works 
Journal.46 

Several valuable reports by professional committees of the So
ciety have been published in the Journal (seep. 393). The April, 1946, 
Journal contains the Constitution and By-Laws of the Society; By
L~ws of the Sections; and Award_;; and Prizes of the Society.47 

AWARDS AND PRIZES48 

Desmond FitzGerald Medal. At a Society meeting on September 
15, 1880 it was voted "that the sum of $15 be appropriated to be 
expended on books as a prize for the best essay read before the Society 
during the year ending March, 1881". In March, 1881, the Society con
tinued this offer for the ensuing year. However, no records have been 
found which indicate an award of this prize in either year. Apparently 
no further consideration was given to the establishment of a prize for 
nearly thirty years. At the annual meeting of the Society in 1910 it 
was voted that the Board be requested to consider the advisability 
of offering an annual prize for the best paper presented to the Society. 
Past President Desmond FitzGerald offered to provide a bronze medal 
to be given as a prize each year. On December 21, 1910, the Society 
accepted this generous offer and adopted the proposed rules governing 
the award of this medal which was designated a3 the Desmond Fitz-

"It is expected that a cumulative index for Volumes I to XXXV (1914-1948) will be printed 
as a supplement to the Journal at an early date. 

4f1Thia book hnn been reprinted ocvcrnl timco; copico nrc availabl-e: at. Lin:: 3udt!ly rooms. 
715 Tremont Temple. Boston at $2.25 per copy ($2.00 each when three or more copies are 
ordered). . 

"'The Society published a list of members regularly until 1926. The B.S.C.E. members are 
now listed in the E.S.N.E. Bluebook. 

'8Regulations governing the awards, names of recipients and titles of papers for which 
awards were made through the year 1945-46 are given in the April, 1946, Journal. 
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Gerald Medal. These have been awarded for thirty-two papers through 
the year 1947-48. 

Clemens H erschel Award. In 1923, Clemens H erschel, a Past 
President, presented to the Society a number of autographed copies 
of his book entitled "Frontinus and the Water Supply of the City of 
Rome" ( a translation from the Latin ) with the request that the 
Board award one or more of these books as prizes for papers which 
have been "particularly useful and commendable and worthy of grate
ful acknowledgement". These copies were exhausted in 1941, but the 
Clemens Herschel Fund, established in 1931 as a bequest, now pro
vides for prizes of books. Forty awards have been made through the 
year 194 7-48. 

Section Prizes. The Board 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." Thirty
nine Section Prizes have been awarded through the year 194 7-48 as 
follows: Sanitary Section, 12 ; Structural ( formerly Designers) Sec
tion, 13; Transportation ( formerly Highway) Section, 4; Hydraulics 
Section, 5; Northeastern University Section, 5. 

D esmond FitzGerald Scholarship. This award is .made to students 
in Civil Engineering at Northeastern University in memory of Des
mond FitzGerald, Past President and Honorary Member of the Society, 
and in keeping with the intent of the donor that the income from the 
fund "be used for charitable and educational purposes." . Thirteen 
awards were made through the year 1943-44. 

Samuel E. Tinkham Scholarship. This fund was established in 
1921 at the Massachusetts Institute of Technology from contribution 
of the membership in memory of Samuel E. (S. Everett) Tinkham, 
who served as Secretary of the Society for thirty-seven years. The 
income of the fund is used "to assist some worthy student of high 
standing to continue his studies in Civil Engineering." The value of 
this fund is currently about $2 500. 

JOHN R. FREEMAN FUND 

In 1925 John R . Freeman, Past President and Honorary Member 
of the Society, made a gift to the Society of securities amounting to 
about $25,000 which was established as the John R. Freeman Fund. 
Similar gifts were made by him to the American Society of Civil En
gineers and to the American Society of Mechanical Engineers. The 
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income of this fund is particularly devoted to the encouragement of 
the younger members. Mr. Freeman suggested several uses, such as 
the payment of expenses for experiments and compilations to be re
ported to the Society ; for underwriting meritorious books or publi
cations pertaining to hydraulic science or art ; or a portion to be 
devoted to a yearly prize for the most useful paper relating to hy
draulics contributed to the Society ; or establishing a traveling scholar
ship open to the younger members of the Society for visiting engineer
ing works. A standing Freeman Fund Committee has the responsibility 
of determining how the income of this fund shall be used . 

Clemens Herschel 
1842-1930 

Frc. 8. 

J ohn R . Freeman 
1855-1932 

Tra veling Scholarships. From 192 7 to 1938, the Committee 
awarded Traveling Scholarships to six young men for a total of ten 
years' study. The scholarships, with one exception, were for study 
in Europe. 

Publications. The Committee has from time to time authorized 
the use of a portion of the income for the publication of such important 
reports as those of the Society's Committees on Rainfall and Run-Off 
and on Floods, and a report on hydraulic laboratories.49 

49"Representative Hyd raulic Laboratories in the United States and Canada" by L. J. Hooper, 
Freem an Scholar, J ou r ., B .S.C.E ., Jan. 1938, Sect. 2. 
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John R. Freeman Lectures on Hydraulics. A series of lectures 
on hydraulics was given in 1939. Seventeen lectures were given by 
Dr. Kenneth C. Reynolds, at that time a member of the staff at M.I.T. 
and in charge of its River Hydraulic Laboratory, and a former Free
man Scholar in Europe. The final lecture was given by Prof. Harold 
C. Thomas of the Carnegie Institute of Technology. These lectures 
were limited to members of the Society; the average attendance was 86. 

Research. Appropriations have been made for hydraulic research 
at engineering schools in the vicinity of Boston. Owing to the difficult 
conditions in the colleges during and immediately following the war, 
it has not been possible to carry out any of these projects yet. 

CAPITAL FUNDS 

The capital funds of the Society had a book value of about 
$108,000 on March 8, 1948 as shown below: 50 

Permanent $67,532.80 French $1,096.23 
Freeman 31,959.97 Herschel 1,203.05 
Turner 1,037.55 Howe 1,001.69 
FitzGerald 2,074.87 Morse 2,000.00 

Permanent Fund. On March 15, 1882, the Society voted "that 
· the income of the invested funds and the money received from en
trance fees be added to a permanent fund and not used for current 
expenses." The nucleus of the Permanent fund at that time was a 
$1200 investment in railroad bonds. The growth of this fund is indi
cated below; 1890, $3000; .1900, $10,000; 1910, $26,000; 1920, 
$44,000; 1930, $49,000; 1940, $58,000; 1948, $67,500.51 

Freeman Fund.· On March 19, 1925, John R. Freeman, Past 
President, presented to the Society securities having a value of about 
$25,000 and yielding an annual income of about $1700 (seep. 387). 

Turner Fund. In 1916, the Society received $1000 under the will 
c.f Edmund [(. Turner, the income to be used for library purposes. 

Fitz Gerald Fund. In 192 8, a bequest of $2000 was received from 
the estate of Desmond FitzGerald, a Past President. The will provided 
for the establishment of a fund, the income to be used for charitable 
and educational purposes (see p. 387). 

French Fund. In 1931, a bequest of $1000 was received from the 

"°The market value on that date was 95.5% of the book value. 
51The rate of increase since 1920 has been less than in earlier years. With increased ex• 

penses, the Society has for a number of years authorized the use of a portion or all of the 
income of the Permanent Fund for current expenses. 
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late Alexis H. French, Past President, the income to be devoted to 
the library. 

Herschel Fund. In 1931, a bequest of $1000 was received from 
the late Clemens Herschel, Past President, the income to be used for 
prizes for meritorious papers presented before the Society (seep. 387). 

Howe Fund. In 1933, a bequest of $1000 was received from the 
late Edward W. Howe, Past President. No restrictions were placed 
upon the use of this money but the Board has recommended that the 
fund be kept intact, and the income used for the benefit of the Society 
or its members. 

Morse Fund. In 1948, a bequest of $2000 was received from the 
late William P. Morse. The Board has recommended that the income 
be used for the benefit of the Society or its members. 

RELATIONS WITH OTHER SOCIETIES 

Boston's civil, electrical and mechanical engineering groups have 
long cooperated, informally at first and later as members of the Engi
neering Societies of New England. The Boston Section of the American 
Institute of Electrical Engineers was started in 1903 and that of the 
American Society of Mechanical Engineers in 1909. Meeting notices 
of these sections were included in the B.S.C.E. publications with a 
cordial invitation to our members to attend, and electrical and me
chanical engineers were invited to our meetings. Joint meetings were 
often held on subjects of mutual interest. Starting in 1910, an Annual 
Engineers' Dinner was sponsored by these groups. Following World 
War I steps were taken to secure closer cooperation between these 
societies and other technical groups in Boston.52 

On June 12, 19 2 2 "The Affiliated Technical Societies of Boston" 
was granted a charter "to bring the technical societies and their 
members into closer touch with one another for more effective public 
service, and for the advancement of scientific investigation, education 
and research." The name was changed to Engineering Societies of 
Boston, Inc. on June 11, 1929 and to its present name, Engineering 
Societies of New England, Inc. on June 6, 1934. The first chairman 
was Leonard Metcalf, Past President of our Society, who had taken 
a prominent part in founding the Affiliation. Nine societies and sec
tions of national societies, with a membership of 3300, became mem-

• 20n November 12, 1921, the Northeastern Section, A.S.C.E., was organized. This section 
was an Affiliate Section of our Society for a brief period prior to the organization of the 
Affiliated Technical Societies of Boston. 
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hers at that time.53 Arrangements were made for occupancy with the 
B.S.C.E. at 715 Tremont Temple. These joint headquarters have been 
continued to the present time. The E.S.N.E. Journal, published month
ly except during the summer, contains announcements of the meetings 
of all the affiliated societies together with matters of general interest 
to the membership. 

The mo3t cordial relations have always been maintained with the 
American Society of Civil Engineers. Our Society has been invited 
to take part in many meetings of the national society held at Boston 
and nearby locations. In June, 1878 their Annual Convention was 
held in Boston. The next visit was in June, 1895 to Hotel Pemberton 
in Boston Harbor (Hull, Mass.) 54 A.S.C.E. conventions were held at 
Bretton Woods, N. H. in 1909 and at Portsmouth, N. H. in 1922. 
Fall meetings were held in Bo3ton in 1929 and 193 7. The Society is 
honored that the American Society has chosen Boston as the scene 
of its Fall Meeting in October, 1948, in recognition of our Centennial 
Year! Each year a Student Night and other joint meetings are held 
by the Society and the Northeastern Sectiqn, A.S.C.E. 

Other national societies have held meetings in Boston in which 
our Society has been privileged to take part. Among these are included 
a visit by the Canadian Society of Civil Engineers in 1900 at which 
time a joint meeting was held with our Society. In 1894, members of 
the Societe des Ingenieurs Civils de France visited Boston.55 Our 
Society subscribed $550 toward the cost of maintaining a headquarters 
for engineers attending the Columbian Exposition (World's Fair) at 
Chicago in 1893.5° Cooperative relations have been maintained with 
the New England Waterworks Association which jointly occupied 
quarters with our Society at Tremont Temple for many years. Joint 
outings were held in June for a number of years and a program of 
sports and entertainment carried out. 

COMMITTEE ACTIVITIES 

Historically, the Committee on Library deserves first mention. 
It has been included in every list of committees since 1848.57 The 

53The E.S.N.E. now includes 18 organizations with a net membership of about 6000. 
s.1The printed program included an SQ.page section, which featured the water, sewerage, 

transit and park systems of Metropolitan Boston. 
MAfter returning to France they sent medals and souvenirs to be given to our members 

who had entertained them. 
""This sum was obtained through contributions from B.S.C.E. members. 
67At least 25 members have served as Librarian since the Society was organized. 
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complete history of the library may be traced through their reports. 

Throughout much of the Society's life there have been committees 

on Meetings, Program, Censorship of Papers, Publication, etc.; their 

duties are obvious from the titles. For about 30 years (1885 to 1915), 

the Committee on Excursions was one of the most active in the 
Society (see p. 379). 

Separate committees are appointed each year for the Desmond 
FitzGerald and Clemens Herschel Awards and for each Section Prize. 

A standing committee is in charge of the John R. Freeman Fund. 
For the past 35 year.=; the Hospitality ( formerly Social Activities) 
Committee has been responsible for the dinners before the meetings 

and for excursions and outings. 
A Welfare Committee has been active in connection with em

ployment, particularly during the depression of the 30's, and on 

matters concerned with compensation and other aspects of the welfare 
of the membership (seep. 396). A Committee on Relations of Sections 

to the Main Society has served an important function in coordination 

of programs and similar matters. 
Committees on Membership and Publicity have been appointed 

from time to time when the need arose. Attention has been called to 

numerous studies which have been made in connection with permanent 

quarters; these have· been carried out by Committees on Quarters 

appointed at various times. 
The foregoing committees have dealt principally with the internal 

affairs of the society and with matters directly concerning the welfare 

of its members. Other committees have been appointed on specific 
problems of the engineering profession and on public affairs. Although 

the list of these is too long to enumerate, attention is called to a few. 
In 18 7 5, committee.=; were appointed on the Introduction of the Metric 

System and on Preservation of Timber. The latter committee does 
not appear to have been active but the one on the Metric System made 
comprehensive reports for many years. The first paper presented be
fore the reorganized Society in 1874 was on that subject. Other com
mittees have been appointed on such subjects as Preservation of Na
tional Parks, National Department of Public Works, Highway Bridges, 
Weights and Measures, New State Map, Research, Legislation, 
Classification of Engineers in Civil Service, Licensing of Engineers 
and Building Codes. At present the roster of committees of this char
acter includes Building Law.=; and Building Construction, and Com-
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petitive Bidding for Engineering Services. Since the formation of the 

Engineering Societies of New England in 19 2 2 to coordinate the ac

tivities of the affiliated groups, it has been customary for that organi

zation to name committees for the consideration of some of the broader 

subjects affecting the engineering profession. Many B.S.C.E. members 

have served on these E.S.N.E. committees. 
The Society in recent years has appointed several committees to 

study specific problems of importance both to the civil engineer and 

to the community. The results accomplished by these committees have 

been of such outstanding value that they are presented in some detail. 

Boston Subsoils. In 1914, J. R. Worcester published in the first 

issue of the B.S.C.E. Journal a treatise on "Boston Foundations," 

v;:hich recorded many borings. For several years thereafter no boring 

records were collected but in 1921 a Committee on Boston Subsoils 

was appointed to carry on this work. Between 1923 and 1931, the 

Committee collected about 3900 boring records. The final report of 

the Committee, published in the September, 1931 Journal, contains a 

complete tabulation of the boring records in Boston and Cambridge 

together with nine detached maps showing the location of borings, 

geological cross-sections and a contour map.58 Copies of these maps 

and index cards showing data of the individual borings were placed 

in the rooms of the Society. This information is available to engineers, 

architects and builders. Probably in no other city in the country is 

there such a comprehensive record of boring data assembled for con

venient use. In 1943, another Committee on Boston Subsoils was ap

pointed to continue the collection of boring data along the lines of the 

1931 report and to consider the possible collection of water table data, 

settlement records and other information. This work is now in progress. 

' Rainfall and Run-off of New England. In 1916, a Committee on 

Run-Off was appointed "to collect, compile, analyze and report upon 

the best figures of run-off in New England, which are available for 

water power purposes." After a five-year study, the Committee pre

sented its report, which was published in the October, 19 2 2 Journal. 

Owing to the expense involved, the published report did not contain 

the duration tables and complete records for twelve stations, but these 

were made available at the Society's rooms. Data were later collected 

in the name of the Committee for the period from 1922 to 1937. The 

final assembly of this information was made by the chairman, Arthur 

MHarry E. Sawtell served as chairman of the Committee on Boston Subsoils. 
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T. Safford, and was presented as a contribution by him to the Society. 
This paper "Rainfall and Run-Off of New ~ngland," a comprehensive 
treatise of 100 pages, was published as Section 2 of the April, 1939, 
Journal. 

Flood Committee Reports. New England was the scene of floods 
in 1927, 1936 and 1938. Immediately after the November, 1927 flood, 
a committee was appointed to collect and analyze all possible infor
mation concerning it. The Committee presented a very complete re
port, published in the September, 1930 Journal. This report included: 
a,n analysis of the 19 2 7 flood together with data on earlier floods; a 
study of flood factors and characteristics of New England rivers; a 
new "flood formula" recommended for New England; analysis of flood 
prevention measures; and a study of costs and economic phase;;. The 
value of the "flood formula" and methods recommended have been 
recognized nationally. 

Immediately after the 1936 flood, another committee was ap
pointed. While this study was in progress, New England was hit by 
the "hurricane flood" of 1938 and it was decided to extend the work 
of the Committee to cover this flood also. The final report of this 2nd 
Flood Committee was published as Section 2 of the January, 1942 
Journal. This report assembled in one volume information on New 
England storm rainfalls and floods; a summary of the progress of 
engineering studies of all factors relative to rainfall, run-off, flood 
routing, _flood frequency; a summary of what had been done and was 
proposed for the prevention and control of floods in New England; 
and a description of methods for flood warnings and handling of flood 
emergencies in force in New England. Arthur T. Safford, chairman of 
the 1927 Flood Committee, served from 1936-37 as chairman of the 
1936 Committee; Howard M. Turner was chairman from 1937-41. 
fo addition to members of the Society, the 1936 Flood Committee in
cluded a number of engineers throughout New England. Through the 
notable reports on Rainfall and Run-off and on the New England 
Floods, the Society has made contributions of inestimable value to 
New England. 

Sanitary Section Committees. Attention has been called to the 
reports of several important committees appointed by the Sanitary 
Section, which have been published in the Journal (seep. 380). 
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PUBLIC AFFAIRS 

The Society, directly and through its members, has always been 
active in those public affairs in which the civil engineer could be of 
service. Much of this has been done through the reports of special 
committees previously mentioned. Recommendations of these com
mittees have resulted in formal votes of the Society, by letter ballot, 
urging approval or disapproval of pending legislation. Many matters 
have ·been referred to the Society or to the Board by governmental 
authorities; these include requests for the recommendation of civil 
engineers qualified to serve on public boards in connection with such 
matters as Zoning, Licensing of Engineers, Civil Service Examiners, 
etc. 

For several years the Society was a member of the Federated 
American Engineering Societies and of American Engineering Council. 
However, where matters are of a national character, the Society has 
often taken the position that action by the national engineering soci
eties is more appropriate than by a local society. Since the formation 
of the Engineering Societies of New England, action on public affairs 
is usually taken by that group-it appearing more logical for the So
ciety to lend its whole-hearted support to that more inclusive organi
zation than to act individually. 

MISCELLANEOUS ACTIVITIES 

Society Badge. In 1903, a committee was appointed to consider 
the adoption of an official badge. Five designs were prepared, one of 
which embodied the target of the early Boston Leveling Rod.50 After 
considerable discussion, the Society adopted the present badge, a shield 
bearing 1848 and. Boston Society of Civil Engineers in gold letters on 
a maroon background. 

Code' of Ethics. The Society adopted its present Code of Ethics 
or. December 18, 1912.00 It was probably the earliest Code of Ethics 
to be adopted by an engineering society. The Engineers' Council for 
Professional Development (E.C.P.D.) has recently prepared a Canon 
of Ethics which it has recommended to the engineering societies 
throughout the country. 

GO'fhe 0 Boston" rod was made by W. M. Pool, Easton, Mass. It was apparently designed 
by Charles Harris in the Boston City Surveyor's Office in the 1850's. It was used by the 
city of Boston and by other surveyo1·s for many years. It had a fixed target; there were 
no numbers on th~ face, the readings being obtained from Verniers on the side. 

COPrinted in Monthly Bulletin, B.S.C.E., November, 1912; also in the Jour., Assoc. of 
Eng. Soc., vol. L, p. 4. 
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World Wars. During bot_h World Wars the Society remitted the 
dues of members in the Armed Forces who were unable to participate 
in the Society's activities. In 1917, the First Corps of Cadets of 
Boston, in continuous existence since 1741, raised an engineer regiment 
for the National Guard (101st Regiment, U. S. Engineers). The So
ciety voted its support and assistance to this activity and obtained 
subscriptions amounting to over $2 200 for a fund to be used for the 
benefit of the regiment. It was u.sed to equip a band-the 101st be
coming the first engineer regiment to have its own band attached. 

Employment. As early as 1889, the Secretary_ was directed to 
maintain a list of members seeking employment. In 1910, the Board 
established an Employment Bureau. Lists of men available and po
·.sitions open were maintained at the Society rooms. Brief notices as 
to men available were published each month in the Bulletin until 1913 
and thereafter in the Journal. The Society's employment service con
tinued until the formation of the Affiliated Technical Societies of 
Boston in 192 2, after which a similar service was maintained by that 
organization for all the member groups. In 1932 during the early days 
of the depression the Engineering Societies of New England and the 
Boston Society of Architects organized the Emergency Planning and 
Research Bureau, Inc., which rendered valuable employment service. 
Thi-3 organization continues to operate an employment service for 
engineers and architects. The Society has cooperated in this work 
through its Welfare Committee. 

ONE HUNDRED YEARS-1848-1948 

In these "high lights" of the first 100 years of our Society, many 
items have been omitted because they were deemed of lesser importance 
--and some no doubt may have been overlooked. In concluding this 
Centennial History of the Boston Society of Civil Engineers, oldest 
engineering society in America, there seem no words more fitting than 
those of Desmond FitzGerald, fifty years ago, in his Semi-Centennial 
Address.61 

"In what has already been said, I have attempted to give an historical 
account of the formation and progress of this Society during the past fifty 
(one hundred) years. Such a narrative must necessarily deal with facts 
which can be of little interest outside of our own membership, and with 
statistics which, I am afraid, tax even your patience. I trust, however, they 

GlJour., Assoc. of Eng. Soc., 'vol. XXI, p. 263. 
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may at least. be useful in bringing to your minds the paths, more or less 
familiar, which we together have been following at different times in this 
eventful half-century (century),-paths at times clouded by the passing 
storm, and perhaps even at times by failure, ·but more often illumined with 
the bright rays of success and of progress. 

"In the laborious and responsible work of the profession there is little 
time for looking back.ward; the swimmer who turns his eyes from the goal 
is cast into the eddy; but there are times when retrospection is profitable, 
and a glance into the past, at least once or twice in a century, is instructive 
and at least pardonable. 

"As we consider the record of this Society, founded by the early toil 
and constant struggles of the fathers of the profession, built solidly on the 
eternal principles of truth and honesty, and rising slowly but surely out of 
every discouragement to its present commanding proportions, we have reason 
to be proud,-proud of our Society, and proud of the achievements of our 
members in every branch or specialty of the work of the civil engineer, who, 
by patience, by industry, by ability, and, best of all, by unswerving integrity, 
_have aided in lifting the noble profession of engineering to its place among 
the great professions of the world". 
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PAST AND PRESENT OFFICERS OF THE 
BOSTON SOCIETY OF CIVIL ENGINEERS 

And Years in which They Held Office 
The figures for year during which office was held are printed without those of the century, 

except for 1948. Unless shown otherwise by footnote, office was held from 1'1'.larch of year given 
to the following March. Names of Deceased Members ar~ printed in italics. 

Key to Memoirs:-B, Jour., B.S.C.E.; A, Trans., A.S.C.E. (volume and page). 

Vice-
NAME President President Secretary Treasurer Director l\11emoir 

Adams, Henry s. 25-26 BIS~l42 
Allen, c. Frank 99 97-98 
ALLEN, CHARI..ES M. 26 22-23 14----15 
Alvord, Henry B. 1 39 Al05-1794 
Ashburner, Samuel 50-51 823-182 
BABCOCK, JOHN B., 3d 35 32-33 22-28 30-31 
Baldwin., James F. 2 48-49. 823-183 
Barbour, Frank A. 20 10-ll 834----335 
Barnes, T. Howard 99-00 BIS-IOI 
BARROWS, HAROLD K. 36 33-34 30-31 
Bennell, Joseph 3118-51 B23-IR,~ 
Bidwell, Laioson B. 01 B10-318 
Blake, Edmund M. 15-16 B8-287 
Blake, John H. '48 B23-187 
Borden, Simeon 552-56 650-52 B23-188 
Bowers, George 08-09 B18-64 
Brackett, Dexter 97 95-96 B2-351 
BREED, CHARLES ll. 28 25-26 13-1<1 
Brooks, Frederick 04 02-03 90-93 B6-178 
Brown, William M. 01-02 B7-68 
Bryant, Henry F. 10 08--09 
BURDEN, HARRY P. c44 8 44 33-34 
Burton, Alfred E. 99--00 
CAMERON, EDWARD H. 28-29 
CAMP, THOMAS R. 40-41 
Carlon, Howard A. 98 A96-1386 
Carter, Henry H. 94-95 AI00-1624 
Carty, John E. 20-21 
CASAGRANDE, ARTHUR 36-37 
Chaplin, Wfoficld s. 0 !io 
Cheney, Herbert N. 22-23 B20-14 

Chesbrough, Ellis s. 1052 11 53-55 348-51 B23-191 

CLAIR, MILES N. 45-46 
Clapp, Otis F. 04----05 B5-139 

Conn, EDWIN B. 47 
COBURN, CHARLES L. l.!)41-42 

ConURN, RAYMOND w. 35-36 26-27 
45 

Coffin, Freeman C. 1305-06 ASB-532 

COFFIN, GEORGE w. 47-1948 

CRANDALi., J. STUART 35-36 

CURTIS, RALPH E. 15-16 

Darracott, Franklin 
14 i4 B23-195 

Davis, Joseph P .. 1580 77-79 B4----437 

1Mar. 15, 1939~April 20, 1939. °Feb. 19, 1890-Mar. 18, 1891. 

'July 3, 1848-Mar. 25, 1850. 10Dcc. 6, 1852-Mar. I, 1853. 

3July 3, 1848-Mar. 22, 1852. 11i\for. I. 1853-0ct. !, 1855. 

'July 3, 1848-Mnr. 6, 1849. 121\.far. 19, 1941-Dec. 17, 1942. 
5Dec. 6. 1852-0ct. 28. 1856. 131\far. 15, 1905-NO\'. l l. 1906. 
6Mar. 25, 1850-Dcc. 6, 1852. 14Junc 8. 1874-Aug. 7, 1874. 
7Aug. 13, 1944-Mar. 21, 1945. 151\far. 17, 1880-Sept. 15. 1880. 
8hfar. 22, 1944----Aug. 13, 1944. 
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PAST AND PRESENT OFFICERS-Continued 

Vice• 
NAME President President Secretary Treasurer Director l\fomoir 

DEAN, ARTHUR w. 33 31-32 16-17 
Dean, Francis IV. 07-08 
Dearborn, IPilliam L. 51 B23-195 
Dexter, George M. 050-52 0 48-19 B23-196 
Doane, Thomas 10 74-79 A39-690 

"80-83 
DORE, STANLEY M. 42--43 
Dorr, Edgar s. 21-22 
DRESSE!t, HEH.MAN G. 1948 42--43 
Eaton, Arthur c. 1833 A99-1445 
Eaton, Horace L. 1082-87 A36-554 
Eddy, Harrison P. 14 Al04-1867 
EDDY, HAllHISON P:, J•. 19•18 27-28 
EDWARDS, ATHOLE B. 2042 !?1 4I-1i2 36-37 
Ellis, Jolin IV. 05 B5-360 
Ellsworth Samuel M. °"•!<I 43 40-11 B32-102 
FAIR, GORDON M. 39 37-38 31-32 
Farnham, Irving T. "-'07--08 ASl--415 
FARWELL, CARROLL A. 45 44 37-38 
Fay, Frederic H. 13 11-12 °"08-10 A72-1691 
Felton, Samue'l M. 49-50 B23-199 
FERGUSON, JOHN N. 13-14 
Ferrrnld, Clarence T. 17-18 BM-150 
FitzGeral<l, Desmond 88-89 !!5 74-76 B14--427 
FLOOD, FRL ..... K L. 46-17 
Francis, George B. 09 02--03 B2-125 
FrClncis, James B. "°74 B23-200 
Freeman, John R. 93 89-91 A98-l<l71 

French, Alexis H. 00 98-99 B2-327 

Cmes, FREDERICK s. 19•18 
GINDER, CHESTER J. "- 42--47 19•18 
Goodnough, X. Henry 01-02 98-99 Al0l-1565 

Gow, CHARLES R. 15 13-14 11-12 

GRAMSTORFF, EMIL A. 43--44 

GUNBY, FRANK M. 23 20-2] 
HAERTLEIN, ALBERT 41 40 35-36 

Hale, Richard A. 16 14-15 95-96 B17-139 

HALE, RICHARD K. 25 23-24 21-22 

Hastings, Lewis M. 16-17 
Herschel, Clemens 90 0•74-79 B19-313 

Hodgdon, Fronk IV. 06 00-01 96-97 Bll-187 

Hollis, Ira N. 03 00--01 

HOLMCREN, RICHARD s. 20 39--40 

HORNE, RALPH w. 32 30-31 28-29 

HOWARD, JOHN L. 18-19 

Howe, Edward IV. 07 92--05 B19-362 

HUTCHINS, EVERE'M' N. 47-1948 29-46 

JACKSON, DUGALD C. 22 
Johnson, William s. 12-13 06-09 

Jov, c. FREDERICK, JR. 41-12 

KENNISON, KARL R. 38 36-37 31-35 

Kent, s. Stanley 30 ,13 38-39 B30-212 

Kimball, Ge.orge A. 02 A87-l368 

KtNCSDURY, FRANCIS H. 45--46 

KINNISON, HARVEY B. 47 45-46 39--40 

KLEINERT, ALBERT E. 44--45 

Laurie, James 
31 48--49 B23-210 

Main, Charles R. :r.!4-z 41 36-40 24-25 -1329-286 

Main, Charles T. JI 09-10 06-07 B30-128 

Manley, Henry 92 80-91 93-9•1 B7-223 

10Aug. 7, 1874-Mnr. 17, 1880. ~'iSept. 4, 1874-Mar. 21, 1877. 
170ct. 20, 1880-Mar. 19, 1884. ~6Apr. 27, 1874-Aug. 7, 1874. 

1S1'\far. 15, 1933-Mar. 6, 1934. Z1'Jan. 14, 1942-Mnr. 31, 1948. 
100cc. 20, 1882-May 18, 1887. 28Sept. 4, 1874-Mar. 17, 1880. 

~Oct. 21, 1942-Mar. 17, 1943. ~Oct. 20, 1939-Mnr. 19. 1941. 
21 Mnr. 19, 1941-Oct. 21, 1942. MMar. 17, 1943-May 16, 1943. 
221\tar. 22, 1944-Aug. 13, 1944. 31Julr 3. 1848-Mar. 5, 1850. 

ZlMar. 20, 1907-Sept. 19, 1908. 3".!Mnr. 18, 1942-Aug. 22. 1942. 

24No,·. 18, 1908-Mar. 15, 1911. 
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PAST AND PRESENT OFFICERS-Continued 

MARSTON, FRANK A. 
McClintock, William E. 
Metcalf, Leonard 
Miller, Edward F. 
l\foHR, HENRY A. 
Morn, RoeERT W. 
MOORE, LEWIS E. 
MoSF..S, JOHN C. 
Noll, Samuel 
Noyes, Albert F. 
Parrott, William P. 
Philbrick, Edward S. 
PIKE, WALDO F. 
Porter, Dwight 
PnoTZE, H'ERMAN G. 
Rice, George S. 
Rice, L. Frederick 
Rogers, Edwin H. 
Rollins, Jomes W. 
ROPES, LA WREN CE G. 
SAFFORD, ARTHUR T. 
SAMrSON, GEORCE A. 
Sawtell, Harry E. 
SHAW, ARTHUR L. 
Shepherd, Frank C. 
SHERMAN, CHARLES \V. 
Sn.ow, J. Parker 
SPOFFORD, CHARLES M. 
Stearns, Frederic P. 
STREET, L. LEE 
Swain, George F. 

·TAYLOR, DONALD W. 
THOMPSON, SANFORD E. 
Thorndike, Sturgis H. 
Tinkham, S. Everett 

TURNER, HOWARD M. 
Tuule, Arthur S. 
Varney, Henry A. 
J'ose, George L. 
Waldron, Samuel P. 
Walker, Frank B. 
Wason, Leonard C. 
WEA\'ER, FREDERIC N. 
WESTON, ARTHUR D. 
Weston, Robert. S. 
Whipple; George C. 
Whitney, Frank 0. 
Whitwell, Wi.llliam S. 
Wn.suR, JouN B. 
Wins or, Frank E. 
WooD, DANA, M. 
Wood, Henry B. 
Woods, Henry D. 
Worcester, Joseph R. 
WRTCHT, EDWARD 

33Feb. 19, 1890-Mar. 15, 1893. 
"'Mar. 6, 1849-Aug. 7, 1874. 
36Mar. 1, 1853-Mar. 4, 1868. 
30July 3, 1848-Mar. 1, 1853. 
:ilMar. 19, 1941-May 2, 1941. 
88Aug. 7, 1874-Apr. 21, 1880. 
31>Sept. 24, 1941-Mar. 17, 1943. 

Vice-
President President Secretary Treasurer Director 

27 24-25 
94 33 90-92 
19 06-07 

30 27-28 

95 92-93 
36 53-67 

80-83 

03-04 

87 84-86 
24 21-22 
12 10-11 

34 28-29 
46 
31 29-30 

•040 u39-40 

17-18 

18 
91 87-88 

96 93-94 

43 

84-86 

,04-0 

1948 
37 
21 
17 

29 

08 

42 

38-39 
18-19 
46-47 
34-35 
19-20 

26-27 

96-97 

1948 

"49-74 

88 74-80 

"80-82 
"87-21 

30 48-52 

10-14. 

15-30 

22-23 

04-05 
05-06 
44-45 

17-18 
32-33 

448 

37 41 
97-98 
47-1948 

18-19 

39 41-42 
23-24 
25-26 
26-27 
29-30 
27-28 

"'10-11 
12-13 

43 10-12 
91-92 
46-47 
16-17 
19-20 

37-38 
19-20 
29-30 

34-35 
34-35 
14-15 
38-39 
31-32 
12-13 
15-16 
94-95 

3 48-51 
43-44 
24-25 
23-24 
20-21 

03-04 
32-33 

••Sept. 18, 1940-Mar. 19, 1941. 
"Mar. 15, 1939-Sept. 18, 1940. 
42Sept. 21, 1910-Mar. 20, 1912. 
43Sept. 21, 1910-Mar. 19, 1913. 
44Apr. 21, 1880-Dee. 20, 1882. 
46Mny 18, 1887-Apr. 21, 1921. 
48Mar. 20, 1940-June 3, 194-0. 

Memoir 

B18-121 
B14-148 

B23-212 
A36-560 
B23-214 
A38-454 

Al02-1639 

A85-1713 
B6-313 

AlOl-1631 

B26-148 

AlOl-1650 

A83-2132 

B19-364 

B15-481 
B8-291 

A71-1539 

Al03-1908 

B31-40 
B13-131 

Al02-1667 
B23-221 

AlOS-1957 

B14-151 
B19-361 
B30-214 



Past 

COMMITTEES 
rn4S-I949 

NOMINATINd COMMITTEE 

Presidents (Members of lhe Committee) 
ATH.0LE B. EDWARDS . HoWAllD M. TUIINEU HARRY P. BURDEN 

DEAN PEABODY, JR. 

WILLIAM P. HYLAND 

•WALTEll E. MERRILL 

CEOIICE F. BROUSSEAU 

FRANK L. Ctt ►:NEY 
WILLIAM E. STANLEY 

(Term expires l\'lurch, 19=19) (Term 'expires March, 1950) 

TuoMAs H. CAMP 
WILLIAM £. STANLEY 

STANLEY 1\1. DonE 

JOHN 8. BABCOCK 

JAMES F. BRITTAIN 

ELI.JOT F. ·cutLDS 

JOSEPH C. LAWLER 

CHARLES M. ANDERSON 

ALLEN J. BunDOIN 

C11ARLES M. ALLEN 

Jo11N Il. \VILUUR 

HAnnv P. Bunu~N 

HENHY llnAsK 

F1iANc1s T. McAvov 

Eu10T F. Cn1Los 

ALEXANDER J. BONE 

l\'IIU-:S N. Ct.AIR 

lnvtNC U. Cnosnv 

FREDERIC N. \VE,\VER 

C1~0RGE \'V. COFFIN 

GEonc.E F. Bnous:sE,\U 
CHESTER A. l\'lo0HE 

HElll\1AN C. DRESSER 

J\LBl::RT 1-IAERTLEIN 

EMIL A. GRAMSTOHH 

BuuTls S. EnowN 

JA<:K E. McKEE 

EnNEST L. SPENCER 

JOHN R. NICHOLS 

DONALD w. TAYLOR 

JOHN p. \VENT WORTH 

GconcE W. COFFIN 

SPECIAL COMMITTEES 
Pl".ogrilm 

FnEOEHIC N. WEAVEH, Chairman, ex-officio 
RoRERT \V, 1\foJR 
CHARLES 1\1. ANDERSON 

ALLEN J. 8URDOIN 

Publication 
CHARLES E. KNOX, Chairman 

EDWIN B. Coon 
Library 

H.01.iEnT W. MOIR, Chairman 
EDWIN B. Cone 

GEORGE \V. HANKINSON 

THOMAS C. COLEMAN, ex-ulficio 
Hospitality 

EDwAnD S. AVEIULL, Chairman 
C11ARLES T. MAIN, 2ND 

Relations of Sections to Main Society 
O1.:vER G. JULIAN, Chairman 

WILLIAM J, DOWNEY, JR. 

John R. Freeman Fund 
HOWAHD M. TunNER, Clwirman 

Desmond FitzGera-Jd Award 
BYRON 0. McCOY, Clwriman 

Sanitary Section Award 
JACK E. McKEE, Clwirnwn 

Structural Section Award 
JOHN B. W1Luun, Chairman 

Transportation Section Award 
ALEXANDER J. BONE, Chairman 

Hydraulics Section Award 
8YllON 0. McCoY, Chairman 

Surveying and Mapping Section Award 
CHARLES 0. BAIRD, Chairman 

Subsoils of Boston 
DONALD W. TAY LOH, Chqirman 

Investment Committee 
HERMAN G. DRESSEH, Chairman 

Auditing Committee 

Membership Central Committee 
FRANK L. LINCOLN, Clwirman 

RommT W. Mom. ex-officio 
Quarters Committee 

HowAno M. TtmxEH, Chairman 

RommT W.· Mom, Px-o/fir.io 

OLIVER G. JULIAN 

R. NEWTON MAYALL 

JOHN G. \V. THOMAS 

LEONARD J. A. fENOCKETTJ 

RALPH M .. SOULE 

HENRY I. WYNER 

JAMES C, 1\1. TILLINCBAST 

R. NEWTON MAYALL 

JOHN G. \V. THOMAS 

WILLIAM F. UHL 

JACK. E. McKEE 

GEORCE F. BROUSSEAU 

HOWARD A. GRAY 

ERNEST L. SPENCEU 

HAROLD K. BARROWS 

C11ESTER A. MoonE 

STANI.EY M. DORE 

LAWRENCE G. H.oPES 

EVERETT N. HUTCHINS 

CuESTER J. GlNDER 

FRANCIS H. KINGSBURY 

JAMES f. BRITTAIN 

E. SHERMAN CHASE 

JOHN B. WILBUR 

Building Laws and Building• Construction 
JouN R. NICHOLS, Chairman 

Publicity Committee 
STEPHEN HASELTINE, JR., Chairman 

GARDNER K. Woon 
Safety Committee 

HERMAN G. PnoTZE, Chairman 

Insurance Committee 
FRANKL. FLOOD, Chairman 

ARTHUR L. SHAW 

THOMAS WORCESTER 

1.1.EWP.1.1.YN T. Sc110F1ELD 

J Al\11-:s C. 1\L TILLINGHAST 

HENRY I. WYNER 

GEORGE A. SAMrSON 

Competitive Bidding for Engineering Services 
RALPH W. Honi'a:, Chairman 

Changes in By-Laws 
FREDEn1c N. WEAVER, Clrnirman 

GEORGE C. BOGREN 

HERMAN G. DRESSER 

CAllROLL A. FAR WELL 

l 


