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CONICAL SHELL THEORY APPLIED TO 
CONCRETE TANKS 

BY M. J. HOLLEY, JR., Member* 
(Presented at a meeting of the Structural Section of the Boston Society of Civil Engineers, held on 

• February 8, 1950.) 

SUMMARY 

The general problem of tank analysis is discussed in introducing 
the subject of conical shells. It is indicated that such structures 
should be separated into their main components ( cones, cylinders, 
slabs, etc.), and, as an early step in the analysis, the interacting edge 
forces between components must be determined. Second, the conical 
shell component is discussed. It is convenient to consider the actual 
condition of such a shell as the sum of a "membrane" condition plus 
a change condition. The ·latter results from the departure of actual 
edge forces from their membrane values. Expressions are given for 
edge distortion in the membrane state and for additional edge dis
tortions due to changes in edge forces. Superposition equations for 
the solution of edge force changes are described. Third, curves are 
presented which permit the rapid evaluation of internal cone stresses 
due to edge forces. Finally, two examples are given to demonstrate 
the method of analysis and use of curves. 

INTRODUCTION 

Conical shells are frequently used for the roofs or bases of con
crete tanks. As roofs they can span very large areas without the need 
for internal column supports. As bases they can often be made much 

•Associate Professor of Structural Engineering, l\russachnsctts Institute of Tcchnologr, CambridgeJ 

Mass. 
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lighter than a flat slab of corresponding area and loading. With the 
cone, ( as with doubly-curved shells), more efficient use of materials 
is achieved by reason of the fact that direct stresses rather than bend
ing stresses predominate; i.e., the entire thickness is effective. Coni
cal shells sometimes are indicated by functional considerations. For 
example, digester tank bases usually are of conical shape for func
tional reasons. 

The so-called direct "membrane") stresses in conical shells are 
readily computed, and these frequently are used as a criterion for 
adequate design. In addition to the membrane stresses there also are, 
near the edges, bending stresses and modifications of direct stresses. 
Mathematics of shell theory provides a solution for these latter effects, 
but its application is so tedious a process, particularly for the designer 
who only occasionally encounters a conical shell, that edge effects 
frequently are accounted for by an arbitrary thickening of the shell 
near its edge. While this approach presumably has been successful 
in most instances, the designer should be able to handle the effect 
of departures from membrane condition with more confidence if he 
had certain design aids which would facilitate rapid application of 
the mathematical theory of such effects. Such design aids are pre
sented, herein, for the case of complete cone shells of uniform thick
ness, which frequently are met with in practice. 

The magnitude of the edge effects depends not only upon the 
loading and characteristics of the cone itself, but also upon the load
ing and characteristics of the wall element to which it is joined. Thus 
edge stresses in the cone may be caused by loading of the adjacent 
tank wall. While we shall not be concerned with the cylindrical wall 
as such the manner of accounting for wall distortions, in the determina
tion of forces which act at the junction of cone and wall, will be dis
cussed in general terms. In so far as the cylindrical tank wall itself 
is concerned discussions are readily available in the literature. In 
this regard, reference should be made to a bulletin (ST57), of The 
Portland Cement Association which contains useful tabulated co
efficients for circular tank walls, and to any good text on Strength 
of Materials. 

GENERAL METHOD OF EVALUATING JUNCTION FORCES 

A typical tank is shown in Figure 1. This particular tank is 
shown with its base below ground surface, but the concepts which 
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will be discussed apply equally well to tanks which are elevated, on 
ground surface, or fully buried beneath the surface. While the tank 
shown has a conical roof shell and flat base, the ideas involved are 
equally applicable to any combination of cones, doubly-curved shells, 
or slabs, at roof and base. _It is taken for granted, of course, that 
we limit q_ur discussion to tanks c~mprised of components which are 
of circular planform and loadings which are axially symmetric; i.e., 
of constant value at any particular elevation. ·-

To analyse the complete-tank it is convenient to imagine a separa
tion of the three components-roof, wall, and base, as sho-wn on the 
right half of Figure 1. Each such component is shown with its applied 
loading plus junction forces which are the resultants of the internal 
junction stresses in the actual structures. Thus on the cone edge 
are shown the horizontal and vertical force components, ( F 1 and F ~ 
lb/ft), and the moment, (M1 lb-ft/ft). Equal and opposite counter
parts of these force components and moment are shown on the top 
edge of the wall. A similar set of equal and opposite edge forces and 
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moments ( F 3 , F 4 , M 2 ), is shown acting on the edge of the base slab 
and the lower edge of the wall. The stresses, strains and distortions 
of each of these separated component parts must be the same as 
the corresponding stresses, strains and distortions in the integral 
tank structure. This fact provides us with the necessary relationships 
for finding those edge reactions which can~ot be determined by equa
tions of static equilibrium. To illustrate, there are shown six unknown 
edge reactions, ( F 1J F 2 , M 1 , F 3 , F 4 , M 2 ), of which two ( F 2 , F 4 ) can 
be obtained by the application of equations of static equilibrium in 
the vertical direction. To determine the remaining four unknown 
reactions we can proceed as follows: First, express the horizontal 
displacement of each edge of each component, ( cone, cylinder and 
slab), in terms of the known applied loads and unknown edge re
actions on that component. Second, express the rotation of each 
edge of each component in terms of the known applied loads and 
unknown edge reactions on that component. Finally, equate horizontal 
displacement of the cone edge to horizontal displacement of top edge 
of wall; equate horizontal displacement of bottom edge of wall to 
horizontal displacement of base slab edge; equate rotation of cone 
edge to rotation of top edge of wall; equate rotation of bottom edge 
of wall to rotation of base slab edge. The solution of these four 
simultaneous equations will yield the values of F 1J Mll F 3 and M 2 • 

Theoretically each of the four equations will include all four 
unknowns. However, the propqrtions of the cylindrical wall are 
usually such that the unknown reactions at one edge of the wall 
have a negligible effect on displacement and rotation of the opposite 
edge. Thus, unknowns F 3, and 1\12 can be omitted from the equa
tions written for the junction of cone and wall, and the un
knowns F 1 and 1\11 can be found by the solution of two equations 
which include only these unknowns. Similarly F 3 and M 2 can be 
found by the solution of two equations written for the junction of wall 
and base. 

From the above brief outline it may be seen that evaluation of 
the junction forces is a straightforward matter if the edge distortions 
can be expressed for the adjacent component parts of the structure 
in terms of the known loads and unknown junction forces. Later we 
shall consider these expressions as they apply to the conical com
ponent. 
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DETERMINATION OF STRESSES-GENERAL 

When the junction forces have been determined, each component 
part of the structure can be considered separately in determining in
ternal stresses caused by the known junction forces and applied loads. 
Calculation of internal cone stresses will be discussed. 

CONE NOTATION 

Geometry of the cone is indicated on the sketch at the upper 
left corner of Figure 2. L, a, and constant thickness, t, define the 
size and shape of the shell; y denotes the distance from cone apex 
to any specific elevation on the cone. The cone height, h, is a super-

/ L cot a 
fluous, but useful dimension. X = 3.68 ✓ t is a parameter 

of the cone which occurs in the mathematics of shell theory. The 
rapidity with which edge stresses die out depends upon the value of 
this parameter. 

At mid-depth of Figure 2 are given two sketches which define 
the shell stresses. Imagine a small particle of the shell isolated by 
two closely spaced concentric circular cuts and two vertical cuts 
which pass through the apex and subtend a small angle. The sketch 
on the left shows stresses which act on the upper and lower edges 
of the particle; i.e., the normal stress N, shear stress Q, and moment 
m. Also shown on this sketch are the edge forces and edge moment. 
Note that we shall deal with two horizontal edge forces, H and H 1 . 
The former refers to the "membrane" value whereas the latter refers 
to the difference between final value and membrane value. The 
methods which will be given are applicable to any loading of the 
cone provided that it is not discontinuous along the cone generator, 
and provided that it is axially symmetric; i.e., of constant value around 
any parallel circle. However, one of the most common loadings is 
the uniformly distributed vertical loading, and this type is indicated 
on the sketch by the symbol w. On the sketch to the right are shown 
the stresses which act on the two inclined edges of the small particle; 
i.e., the normal stress No and the moment, mo. All stresses are con
stant at all points on a particular parallel circle. Dimensions of 
stresses and edge forces are shown at the right side of the sketch. 

In the lower left corner of Figure 2 is a sketch illustrating the 
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edge displacement, o, and edge rotation, q:i. oo, on and o~r are the 
horizontal edge displacements due, respectively, to membrane stress 
condition, unit horizontal edge force and unit edge moment. Simi
larly, q:i11 and (f)M are edge rotations due, respectively, to unit edge 
force and unit edge moment. 

MEMBRANE CONDITION 

In the so-called "membrane" condition, Figure 3, the loading is 
sustained by a system of stresses acting in the plane of the shell; i.e., , 
without bending or shear normal to the shell surface. In the case 
of the cone, with axially-symmetric loading, the membrane stresses 
consist of an inclined normal stress, N, and the ring stress, No. It 
should be noted that if the intensity of loading and shell thickness 
both vary continuously from apex to edge of cone, and if the adjacent 
structure provides an edge reaction consistent with the membrane 
stresses at the cone edge, the membrane stresses represent a rather 
accurate solution of the actual cone stresses. The first two require-
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men ts ( continuous loading and continuous thickness) usually are 
satisfied, but the edge support rarely is consistent with the membrane 
condition. 

We shall first analyse the cone in the membrane condition and 
then determine the difference between actual edge forces and mem
brane edge forces. Finally we compute cone stresses due to the varia
tion of edge forces and combine them with the membrane stresses to 
obtain the final stresses in the cone. 

MEMBRANE STRESSES 

To obtain the inclined stress, N, at any parallel circle distant 
y from the apex we write the equation of static equilibrium in the 
vertical direction for that portion of the cone betwe~n the parallel 
circle and the apex. This is an easy step, regardless of the loading 
variation, and for vertical loading of uniform intensity it yields 

-wy 
N =----

2 cos a 
........................ ( 1) 
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To obtain the ring stress, No, we write the equation of static 
equilibrium for components of forces acting on a small particle (shown 
cross-hatched) in· a direction normal to the shell surface. Since N 
has no component· normal to the surface, only No is involved in this 
equation. The value for No- will o~viously depend upon the intensity 
of loading normal to the shell at the point in question, and upon the 
radius of curvature of the shell at the same point. For vertical loading 
of uniform intensity the equation yields 

No = -:- wy sin a tan a .................. ( 2 ) 

By substituting y = 1 we obtain the expressions for membrane 
stresses at the edge of the cone; i.e., 

wL 
N = ---- ; No = - w 1 sin a tan a ........ ( 3) 

2 cos a 

For the reaction components, H and V, to be consistent with 
the adjacent membrane stresses they · must be equal respectively 
to the horizontal and vertical components of the inclined stress, N. 
Thus, for vertical loading of uniform intensity, 

wL 
V. = - N cos a = V = + - ............. ( 4) 

2 
wL 

H = + N sin a = - - tan a .............. ( 5) 
2 

To obtain an expression for the horizontal displacement of the 
edge we consider a thin ring of the shell at the lower edge. The cir
cumferential strain of this ring is given by 

No -vN 
= circumferential strain 

Et 

and the horizontal displacement is equal to the product of the cir
cumferential strain and the radius of the thin ring. Thus, 

No - vN Lsin a 
Oo = ---- (1 sin a) = --- (No - 'JN) .... (6) 

Et Et 

Substituting the above expressions for No and N we obtain an ex
pression for the horizontal displacement of the edge for the case of 
vertical loading of uniform intensity. 
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wL~ tan a 
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An additional comment on the membrane condition is important. 

In this state it is possible to analyse the distortions of the shell which 

result from strains consistent with the membrane stresses. If this 
were done it would be found that the shell undergoes a small amount 

of bending distortion. However, if the ratio of shell thickness to radius 

of curvature is small ( as is true of almost all practical cases), the 

bending stresses associated with these bending distortions are found 

to be very small, and the corresponding bending stresses are a very 

small fraction of the unit membrane stresses (N and No divided 

by t). 

EDGE DISPLACEMENT AND ROTATION CAUSED BY DEPARTURES OF 
EDGE FORCES FROM MEMBRANE VALUES 

It is almost never true that the edge conditions satisfy the mem

brane requirements. The vertical edge reaction, V, is determined 

by considerations of static equilibrium, and will thus always be equal 

to the membrane value. However, the final value of horizontal edge 

reaction will be some value (H + H 1 ) different from the membrane 

value (H). In addition there will usually be some final edge moment 

M which was not present in the membrane condition. In order to 

evaluate the reaction components H 1 and M, which represent de

partures of the final edge reactions from their membrane values, we 

need relationships between the reaction componnts H1 and M and 

the edge displacement and edge rotation which they produce. 
The desired relationships depend upon the theory of bending 

of conical shells. This theory has been developed by applied mathema

ticians but its application is much too time-consuming for the average 

designer. Note on Figure 4, expressions for (fi)I, cprr, s~r and on which 

include the plotted coefficients Cll C2 and C3 • (f)M, 9n, O)r and Orr 
represent edge rotations and horizontal edge displacements due to 

the action of a unit edge moment or a unit horizontal edge force. 

When multiplied by M or H 1 these expressions give actual edge rota

tion and horizontal edge displacement caused by M or H 1 . The 

application is simple requiring first, the calculation of X = 3.68 

J L ctot a ; second, reading off the proper values of Cll C2 
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· and C3 from the appropriate curves; and third, substitution in the 
expressions for rp;\I, rpn, OM and 01-1. The procedure will be demon
strated ~n an example later. 

SOLUTION FOR Hl AND M 

The values of H 1 and M are obtained by the solution of two 
simultarieous equations, each of which contains these two unknowns. 
The first equation .is a statement that the horizontal displacement of 
the cone edge is equal to the horizontal displacement of the support
ing wall. The second equation is a statement that the angular rota
tion of the cone edge is equal to the angular rotation of the adjacent 
edge of the supporting wall. Restated, these equations become 

outward 
(oo + Hl 6r1 + M 0~1) = outward deflection of wall 

edge due to H, H 1 M and the wall loading. 

clockwise 
(H1rpH + M~l1) = clockwise deflection ~f wall edge due 

to H, H 11 M and the wall loading. 
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. It may be recalled ·that theoretically the above equations should 
include the effect of the unknown edge reactions which act at the 
junction of the lower edge of the wall with the base component. As 
has been pointed out, in virtually all practical cases the lower .edge 
junction forces have a very small effect on the upper edge· displace
ment and rotation, so that they can usually be omitte·a from. the 
above equations. 

DISTRIBUTION OF INTERNAL BENDING MOMENT, m 

It was point~d out that for the membrane condition the inter~al 
bending moments, m and mo are essentially equal to zero. Thus we 
need only concern ourselves with such values of these bending 
moments as result from the edge moment, M, and horizontal edge· 
force, H 1 . _ 

The curves shown in Figure 5 give the ratio of internal moment, 
m, to edge moment, M. There is a separate curve for each_ value of: 

✓ Leota. 3.68 ----. Note, that the effect of edge 
t 

A 
t .---r,rrm,;;m-;,r;n;m=mrrmmmr==r.m====== 

I 
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moment dies out more quickly for shells having large values of X. 
Most of the curves were cut off at the zero ordinates because their 
negative values are very small. The curve for X = 30 was continued 
below the zero ordinate to illustrate this fact. In application, the 

, . values of internal moment, m, (due to edge moment, M) are obtained 
by multiplying the ordinates to one of these curves by the value of M. 

The curves on Figures 6 .and · 7 permit rapid evaluation of that · 
portion of the internal bending moment caused by the edge force H 1 . 

Again note that the effect of edge force H 1 dies out most rapidly for 
the larger values of X. In application the values of internal moment, 
m ( due to edge· force H 1 ) are obtained by multiplying ordinates to . 
-one of these curves by the constant H 1h, where h is the altitude of 
the cone. 

The final value of internal moment, m, is equal to the sum of · 
the values found for the separate effects of M and H 1 . 

DISTRIBUTION OF INTERNAL RING BENDING MOMENT, mo 

The curves on Figure 8 give the ratio of mo to edge moment M. 
Most of the curves have been cut off at zero ordinates because their 
negative values are small. Valu_es of mo are obtained by multiplying 
the ordinates to these curves by the value of M. 
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The curves on Figu,es 9 and 10 permit the evaluation of that 
part of moment m• caused by edge force H,. Values of m, are obrained by multiplying the o,dinates to these curves by H,h, (where h 
is the cone height. See Figure 2.) The final value of internal ring moment, mo, is equal to the sum 
of the values found for the separate effects of M and H

1

. 

---

DrsTRIBUTION OF _INTERNAL RING TENSIO~ 
Final values of internal ring tension, N,, will be equal to· the 

values obtained foe the membrane condition combined with the values 
caused by edge moment M and edge force H

1
. Figure 11 gives cucves pern1itting the rapid evaluation of dng 

tension N,, due to edge moment, M. It is only necessary to nmltiply 
the ordinates of one of these curves by the constant ~ The curves 
have been carried below the zero ocdinate because the negative values 
are of magnitude comparable to the positive values. Figure 12 gives curves for evaluating N, due to edge force H,. 
In application, values of N, would be obtained by multiplying the H 1h 
ordinates to one of these curves by the constant - . t 
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The final value of internal ring tension would be found by 

algebraic combination of membrane value, effect of M and effect of 

. H
1

. Thus for the special case of vertical loading of uniform intensity 
.,, we can write: 

N . . M ( No) H 1h ( No ) 
o=-wysmatana+- --- +- - .... (8) 

- - t M/t t H
1
h/t · 

DISTRIBUTION OF INTERNAL INcLr'NEo TENSION, N 

Final values of inclined tension, N, will be equal to the values 

found for the membrane condition combined with values caused by 
edge moment M and edge force H

1
. 

The values of .N caused by edge moment M are obtained by 

M multiplying the ordinates to the curves on· Figure 13 by L tan a. 

The values of N caused by edge force H
1 

are obtained by multi

plying the ordinates to ·the curves shown on Figures 14. and 15 by 
H1 sin a. · 

· The· final value of internal, inclined tension, N, is obtained by· 

algebraic combination of the membrane value, 1 the value due to edge 
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moment, M, and the value due to edge force H 1 . Thus for the special 
case of vertical loading of uniform intensity we can write 

( 
N ) 

H 1 sin aJ 
... (9) 

DISTRIBUTION OF.INTERNAL SHEAR, Q 

The value of Q caused by edge moment, M, can be found by 
multiplying the ordinates to the curves shown on Figure 13 by the 

M 
value of L . 

The value of Q caused by edge force 'H1 can be found by multi
plying the ordinates to the curves ·on Figures 14 and 15 by the value 
of H 1 cos a. . 

Final values of Q are obtained by combining the separate effects 
of Mand H 1 . • 
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FI~ST EXAMPLE 

Imagine that the conicar roof shown in Figure 16 (a) is sup
ported on a cylindrical _,wall in such manner that the wall offers no 
resistance to rotation or horizontal displacement of the cone edge. 
What are the stresses associated with the dead weight of the cone? 

Gepmetry: L = \/(37.5) 2 + (10) 2 = 38.81 ; t = 4" = 0.333' 
sin a= 0.966; cos a-:-- 0.258; tan a = 3.75; 
cotan_ a = 0.267. 

X 
✓-( 3-8-.8-1 )-( .2-6_7 _) 

.., = 3.68 ----- = 20.5 
0.333 

Say X = 20 . 

Membrane Condition: [Figure 16(b)] w = 50 lb./sq. ft. 

·Eq. ( 4) gives V 

(5) " H 

= + (50) (33·3l) = +970 lbs/ft. . ·. /' 
2 

( 50) (38.81 ). ( 3. 7 5.) 
2 

-36"38 lbs/ft. 

. ·. inward 
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" . (1) 

" (2) 

Edge Forces: 

Stresses: 

" N 

" No 

(50)y 

2 ( _2 58 ) = -97y lb/ft. 

(S0)y(.966)(3.75) = 181y lb.jft. 

H +Hi= 0 

H1 = -H = +3638 = Hl ; M = 0 

Eq. (8) gives No-:- -181y + (3638 ) (lO) · ( No ) 
0.3~3 . H1h/t 

. = -18ly + 109,000 ( No ) 
H1h/t 

Eq. (9) gives N = -97y + (3638)(0.966) (
. N a.). 
H1 sin 

__:.97y + 3515 ·( ~ ) 
. H 1 sm_a. 

Q (3638)(.258) (H Q ) . 
l cos Cl. 

Also, 

= 937 ( Q ) 
. Hl cos Cl. 

m .. (3638)(10) (.;:,hf= 36380 ( H~h} 

mo= (3638)(10)(::h) =:36380 (::h) 

Values of 

( ;;:~) from Fi~res 12, 14, 6, and 10, respectively, reading in 

in each case, ordinates to the curve _for X = 20. (For some values 

of X it would be necessary to interpolate between adjacent curves.) 

In practice it would be necessary to compute stresses at several 

points, and for efficiency these computations are best arranged in 

· tabular form. In the tabulation below stresses are computed at only 

three points since these are sufficient for purposes of illustration. 
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y= 38.81 34.93 31.05 

y/L = 1.0 0.9 0.8 
' 

- 181y = -7020 -6320 -5620 

( H~/t) = +0.49 +0.20 +0.02 
(From 
Fig.12) 

109,000 ( H~/t) = +53,400 +21,800 +2180 

No= +46,400 +15,500 -3400 (lb/ft) 
_, _______ 

-97y = -3760 -3390 -3010 

(H1:nJ +1.00 +o.o5 -0.26 , (From 
Fig.14) 

3515 
(H1:nJ = +3515 +175 -914 

N = -245 -3215 -3924 (lb/ft) 

--------

(H1~sJ +1.00 +.o5 -0.26 
(From 

- Fig.14) 

Q = 937 ( Q ) H1 cos a. 
+937 +47 --:244 tlb/ft) 

--------

( :lh) 
·o +0.049 +0.031 

(From 
Fig. 6) 

m = 36380 ( ;;1
1
h) 0 +1780 +1350 (lb-ft/ft) 

--------

(.;;:h) +0.0095 +0.0174 +0.0103 
(From 
Fig.10) 

mo•= 36380 (~) 
Hlh 

+345 +633 +375 (lb-ft/ft) 



22 BOSTON SOCIETY OF CIVIL ENGINEERS 

SECOND EXAMPLE 

In Figure 16 ( d) the same roof cis imagined to be monolithic 
with a cylindrical wall 15' high and 1(,Jhick. What are the edge 
forces and internal stresses associated ~fth the dead weight of the 
cone? 

Membrane Conditions: Edge forces are the same as were computed 
for first example, and are shown· on Figure 16(b). Membrane 
stresses, N and Ne, are the same as for first example. 

. . . 

Expressions For Displacement and Rotation of Wall Edge: For a 
cylindrical wall of these proportions the rotation and displace
ment of the top edge, due to forces and moments on the same 
edge, can be expressed with good accuracy by the equations for 
a cylinder of infinite length. (See Tirnoshenko's "Theory of 
Plates and Shells", Art. 81, e~pecially Equations 233 and 234.) 
The symbols B and D, introduced below are from Timoshenko. 

Wall Thickness t1 = 1.0' 

Wall Radius R= 37.5 

Poisson's Ratio V = 0.2 

D= 
Et/ E(l) 3 

D = 0.0868 E 
12 (1-,/) 12 (0.96) 

. 3 ( 1-,/) 3(0.96) 
B4 

Rlt12 (37.5) 2 (1.0) 2 
B4 = 0.00205 

Ba 0.0096; B2 = 0.0452; B 0.213 

We have taken the positive direction of H and H1 as outward 
on the shell; therefore their positive direction on the wall will 
be inward. The positive direction of moment on the cone edge 
was taken as producing tension on the lower fibers; thus positive 
moment on the wall edge will cause tension on the inside fibers. 
Positive directions of edge displacement and rotation are taken 
as shown on Figure 2. With these conventions in mind, we 
write, for the edge of wall, · 

" . Gwnu= 
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(-3638+H1 ) M (0.2)(970)(37.5) 
----+ +-.-----

2(.0096)(.0868E} 2(.0452)(.0868E) (1.0)E 

+ 
2190000 600H1 

E E 

9wu11= + H 1 +H M 

2[:FD 
---

l:ID 

_ (-3638 + H 1 ) 

- + 2(.0452) (.0868E) 

= _ 464,000 + 128Hl 
E E 

+ 
128M 

E 

M 

(.213) (.0868 E) 

54M 
---

E 

Expressions For Displacement and Rotation of Cone Edge: In the 

membrane '"condition the cone edge is subject to a radial dis

placement given by Equation 7. 

oo = (50)(38.81) 2 (3.75) [0.2-(0.966)2] oo ~ 
E(0.333) 2 

707,000 

E 

In addition, there are displacement and rotation of the cone edge 

due to edge force H 1 and edge moment, M. The necessary ex

pressions are given on Figure 4. 

" CJ, sin a M 
0 

2C3L sin2 a H1 

+ Et 

( 3 .4) (38.81) (.966) M 2 ( 6.8) (38.81) ( .966 )2Hl 

E(0.333 ) 2 + E(0.333) 

11 SOM . f480Hl 
;. E + E .. 

; C 1 L M C2 L sin a H 1 

9 = Et3 + Et2 

(1.64)(38.81)M . 1150H, 

= E(.333) 3 + 

= 1720M + l1SOH1 

E E 
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Solution for M and H1 : 

Equating the displacements and rotations of wall edge and cone 
edge, we write, 

+2190000 600Hl 128M. -707,000 1150M 1480Hl 
E - E + E = E + E +E 

-464,000 128H1 54M P20M 1150Hl 
E +. E -~= E + E 

Solving the above two simultaneous equations we obtain 

Hl = + 2r22 lb/(t. . 

M = - 1484 lb-ft/ft: 

Figure 16(e) shows the above edge forces and Figure 16(f) 
shows the final edge forces; i.e., membrane values combined with 
the "change" values. 

Stresses: 

~ + (-1484)(No ·) + (+2122)(10)( No ) 
Eq. (8) No -·-l3ly .333 M/t .333 H

1
h/t 

= -181y- 4452 c:;t) + 63660 (H;~J 

Eq. (9) N , _ 97y + (-1484) (3.75) ( N ) 
· 38.81 M/1 tan a 

+ (2122) (.966) (H ~ ) 
1 sm a 

= -97y - 143 ( L N ) + 2050 (H ~ ) 
. M / tan a 1 sm a 

Also Q= + (2122) (.258) (H
1 

~s a.)·+ (~~;~4
) (M;JJ 

= +547 ( Q ) - 38 (_2_) 
H1 cos a M/L 
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m= + (-1484)(:)+ (2122) (10) (H:h) 

= -1484 (:) + 21220 ( H:h) 

mo= -1484 ( : ) + 21220 ( ;~) 

Stresses are computed below, in tabular form, for three values 
of y. 

y= 

. y/1 = 
-181y = 

(H;/t) = 

-·+63660 (N11/H?/t) 

(::;t) 
-4452 (~) 

M/t 

38.81 

1.0 

-7020 

+0.49 

+31200 

+3.3 

-14700 

No = +9480 

-97y 

(ML~ana) 

-'-143 ( N · ) 
ML tan a 

(H
1 
:n a) 

+2050 ( ~ ) 
H 1 sm·a 

N= 

-3760 

0 

0 

+1.00 

+2050 

-1710 

34.93 

0.9 

-6320 

+0.20 

+12740 

+0.16 

-710 

+5710 

-3390 

-5.12 

+730 

+o.05 

+100 

-25,60 

31.05 

0.8 

-5620 

+0.02 (From 
Fig.12) 

+1210 

(From· 
-0.80 

Fig.11) 

. +3560 

-790 (lb/ft) 

-3010 

(From 
-4.10 . 

Fig.13) 

+585 

-0.26 (From 
Fig.14) 

-530 

-2955 (lb/ft) 
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(H
1
~sa) = +1.00 +o.o5 -0.26 

(From 
Fig.14) 

+547 ( Q ) H1 cos a 
+547 +27 -142 

( Q (From 

M/1) 0 -5.12 -4.10 
Fig.13) 

-38 ( M~L) 0 +195 +156 

Q +547 +222 +14 (lb/ft) 

---------

( : ) +1.0 +.734 +.298 
(From 
Fig. 5) 

-1484 (: ) -1484 -1090 -442 

( ;h) 0 +0.049 +0.037 
(From 
Fig. 6) 

+21220( ~) = 0 +1040 +785 Hlh 
m -1484 -50 +343 (lb-ft/ft) 

--------

(:) +.335 +.205 +.062 
(From 
Fig. 8) 

' -1484 ( : ) -497 -304 -92 

( ;~) = +.0095 +.0174 
(From 

+.0103 F" ) 
~. ig.10 

+ 2 12 2 0 ( mo - ) = H1h +202 +369 +218 

mo= · -295 +65 +126 (lb. ft/ft) 
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APPENDIX 

THEORETICAL BASIS 

Reference: Timoshenko Plates and Shells. 
Eq. m, pg. 4 79 of the reference gives 

yQY = cl ["'11'1 (~) + : "'F'/ C~) J + c2 ["'11'2 C~) - : l_[I'/ (~) J 

27 

V,There C1 and C2 are constants selected to satisfy edge condi
tions; y and Qy are as in the fore going paper; '\f 11 "'F' 2 and their 
derivatives are functions of ~ and the latter corresponds to x in the 
foregoing paper. 

By substituting the above expression into Eqs. g, h and i, (page 
478 of Reference), we obtain expressions for Nn No, MY and Mo, 
which correspond respectively to N, No, m and mo of the foregoing 
paper. These expressions all include the constants C1 and C2, ( not 
to be confused with the constants C11 C2, C3 plotted on Figure 4). 
The constants, C1 and C2 are evaluated in each case by equating the 
expressions for QY and MY to their known values a.t the cone edge 
(i.e., at~ = x = X). 

Expressions for edge rotation and edge displacement are ob
tained by substituting in Eqs. h and p (pages 4 7 8 and 4 79 of Refer
ence) at x = X. 

The functions "'11'11 "'11'2 and their derivatives correspond, respec
tively to "ber", "-bei" and their derivatives. Tables of the latter, 
for values of the argument from zero to 30, are available in a paper 
by Savidge, Proceedings of Physical Society, Vol. 22, pp. 105-114. 
These tables were used in the numerical evaluation of the expressions 
which are the basis of curves presented in the foregoing paper. 
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AN EXPERIMENTAL INVESTIGATION OF BED 
DEGRADATION IN AN OPEN CHANNEL 

By CARROLL T. NEWTON, Member* 

ABSTRACT 

The problem of estimating the degradation that will result 
downstream in alluvial rivers following the construction of large dams 
confronts the agencies responsible for river control programs. A lim
ited laboratory investigation simulating the problem in nature, but 
under controlled conditions illustrates the general process and pat
tern of degradation of the bed resulting when the normal amount of 
bed load carried by the stream in an equilibrium condition is withheld 
at an upstream point. Further laboratory investigations of similar 
nature will be valuable in verifying analytical methods for calculating 
expected degradation in nature, however specially adapted laboratory 
apparatus and procedures are recommended. · 

NOTATION 

Terminology-(From: Report of the Subcommittee on Sediment Terminology, 
Trans. American Geophysical Union, December 1947.) 

Bed Load may be used to designate either coarse material moving on or near the 
bed, or material collected in or computed from samples collected in a bed 
load sampler or trap. 

Bed Material Load is part of the sediment load of a stream which is composed of 
particle sizes found in appreciable quantities in the shifting portions of the 
_stream bed. 

A term for the amount of material moved in a unit of time.-The term for amount 
of material moved in unit time should be "discharge." Where this might 
lead to confusion with water discharge, it should be qualified as for example, 
sediment discharge of saltation load discharge. · 

A sand-wave is a ridge on the bed of a stream formed by the movement of the 
bed material, which is usually approximately normal to the direction of flow, 
and has a shape somewhat resembling a water wave. 

Symbols-(Based as nearly as practicable on usage described in: Hydraulic 
Models, ASCE Manual of Engineerng Practice No. 25, 1942). 

*Lieutenant Colonel, 'Corps of Engineers, U. S. Army. 
EDITOR'S .NOTE: Complete report of research conducted at the St. Anthony Falls Hydrau

lic Laboratory, University of Minnesota, within provisions of a John R. Freeman Scholarship 
awarded by the Boston Society of Civil Engineers is on fil~ in the Society rooms. 
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INVESTIGATION OF BED DEGRADATION 

Total area of a cross section. 
Part of area A pertaining to the bed. 
Part of area A pertaining to the side walls. 
Breadth of rectangular channel. 
Depth of water. 
Friction coefficient. 
Froude number. 
Sediment discharge; dry weight per unit time. 
Acceleration due to gravily. 
Total energy head. 
Channel Length. 
Number of revolutions per unit time. 
Friction coefficient in Manning flow formula. 
Total discharge. 
Discharge per unit width. 
Effective discharge pertaining to unit width of bed. 
Hydraulic radius. 
Hydraulic radius of the bed. 
Hydraulic radius of the side walls. 
Reynolds number. 
Energy gradient. 
Time. 
Volume, total. 
Volume of sand. 
Volume of water. 
Mean velocity of flow. 
Shear velocity. 
Weight, total. ,' 
Weight of sand submerged in water. 
Weight indicated by platform scales. 
Weight of sand, dry. 
Weight of water. 
Deflection of mercury differential manometer. 
Specific weight of water. 
Bulk specific dry weight of sand. 
Kinematic viscosity of water. 
Mass density of water. 
Shear tractive force. 

INTRODUCTION 
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General Problem.-Streams in nature tend to approach an equi
librium condition wherein all factors contributing to their regimen 
are in balance. Alteration of any of the factors, from natural or man
made causes, r_esults in a distortion of the incipient balance and the 
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commencement of a period of gradual adjustment in an approach to 
equilibrium under the changed conditions. ( 1), ( 2), ( 3) 1 

Accordingly a change in the amount or nature of sediment carried 
· by a stream past any point in its length will cause subsequent changes 

to develop in_ bed elevation and slope and in stream depth and ve
locity. Likewise changes in slope for a given reach, changes in the 
normal fluctuations of discharge or changes in channel cross section 
will result in interrelated alterations in all other factors inherent in 
stream conformation. ( 4), ( 5), ( 6) 

· Specific Problem.-Any control works placed on a sediment 
bearing · stream will result, over a period 'of time, in compensating 
adjustments in the conformation of the stream. The construction 
and operation of a large dam on a principal stream in an alluvial 
valley upsets the existing near-equilibrium state of the stream with 
consequent changes in stage and elevation both downstream of the 
structure and upstream from the reservoir. The current program of 
development and control of the water resources in the main water
sheds of the United States, as for example the Missouri River pro
gram, involves the construction of a number of dams on the main 
stream. The economic life of these structures and the long range 
economy and development programs of affected valley areas depend 
directly on the nature and magnitude of the natural stream adjust
ments to the artificial obstacles in the form of dams and reservoirs. 
Accordingly the agencies and engineers concerned with river control 
programs have a definite need for a thorough understanding of the 
phenomenon of stream adjustment. Effective planning and design 
depend on the engineer's ability to forecast future conditions of the 
stream with reasonable accuracy. 

A specific problem ;in this connection is the calculation of the ex
tent, with relation to time, of degradation downstream of a projected 
dam. The stream in this case is robbed of its normal sediment load, 
·which deposits in the quiet water of the reservoir. In the natural 
process of restablishing the balance between amount of sediment 
transported and the hydraulic characteristics of the outflow from the 
dam, scour of the bed will progressively take place below the dam. 

Previous Studies.-The existence of some. fundamental natural 
relation between the forces of a moving fluid and the rate of trans-

1Numbers in parenthesis denote references in Bibliography. 
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portation of sediment has been recognized from historic times. Many 
investigators have explored this problem as evidenced by the number 
of professional papers listed in various bibliographies. Probably the 
most extensive index of published material in this field has been 
compiled by the U. S. Soil Conservation Service, microfilm copies of 
which are available from the Washington office of that agency (7). 
Of the studies dealing with the movement of sediment along the bed 
of an open channel, "bed-load," those by straub (8), Kalinske (9), 
Einstein (10), and Schoklitsch (11) are representative and have been 
accorded wide recognition as tools for calculating rates and quantities 
of bed-load movement. 

Published material dealing specifically with experimental or 
analytical investigations of the degradation pattern in an open chan
nel below a dam is extremely limited. Pertinent experimental work 
has been confined largely to bed-load movement under equilibrium 
conditions or to the problems of local scour, as around bridge piers. 
However, the Corps of Engineers and the Bureau of Reclamation have 
recently become involved in several analytical studies to estimate the 
probable changes in bed condition below certain proposed dams as 
part of the design problem for their respective river control programs. 

Representatives of Corps of Engineers offices in the Missouri 
River Division and consultants Dr. Lorenz G. Straub, Dr. H. A. 
Einstein, and E. W. Lane determined an analytical procedure, based 
primarily on a method adopted from Dr. Straub's early studies ( 8), 
applicable for investigating changes in bed conformation below the 
Fort Randall and Garrison Dams. The Fort Randall Study ( 12) was 
directed by Nicholas L. Barbarossa, Omaha District, Corps of Engi
neers, and the Garrison Dam study ( 13) by F. 0. Witzigman, Garri
son District, Corps of Engineers. 

E. W. Lane of the Bureau of Reclamation has drafted a study to 
estimate changes in the bed of the Middle Rio Grande resulting from 
proposed control works ( 14). 

Purpose of Study.-It is the purpose of this study to analyze 
the general nature of the degradation of the bed in an open channel 
and to determine expe_rimental procedures for the laboratory investi
gation of degradation problems. 

Scope of Study.-This study covers a limited laboratory experi
mental program wherein the degradation of the bed, in an open rec-
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tangular flume, composed of a uniform grain sized sand, is observed 
under a series of controlled conditions. Observed experimental data 
are plotted to illustrate the degradation process. Experimental re
sults are compared qualitatively with an analytical approach to the 
problem. Experimental procedures used are discussed in an effort to 
establish appropriate criteria for further laboratory degradation 
studies. 

APPARATUS AND MATERIALS 
' Flume.-The apparatus used for the entire testing program was a 

recirculating, open channel, laboratory flume. The flume is a perma
nent piece of equipment installed in the St. Anthony Falls Hydraulic 
Laboratory. , It was designed and built for the express purpose of 
making sediment transportation studies and has been so used by pre
vious investigators. The author accepted the apparatus as offered by 
the laboratory staff and found it necessary only to clean it thor
oughly and arrange for minor mechanical repairs; no alterations to 
the basic mechanism were made. A diagrammatic sketch is shown as 
Figure 1, and an overall photographic view in Figure 2. The flume 
provides a 30' -0" length of channel, l'-0" wide and 2'-0" deep for ob-

I 
I 

FIG. 1. 

Qc,f;« Difq~,./;Q/ 
{Vt!'"f:Vr)( ftfanon1ofe~ I 

l 

I' 
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Frc . 2 .- T ESTING FLU ME. 

servation of bed and water surface . There are two 5' -0" glass sections 
on one side and one 5' -0" glass section on the other to facilitate ob
servation. 

Water is supplied from a floor level sump through a centrifugal 
pump to a 4" feed pipe. Flow is metered through an orifice plate and 
measured by a mercury differential gage; it is controlled by valves at 
the pump and at the inlet to the stilling tank at the upstream end of 
the flume. Thermostat controlled electric heating elements are in
stalled in the entrance stilling tank. Flow enters the main channel 
through crushed stone and honeycomb baffles . Water level in the 
main flume is indicated for six points at 5' -0" spacing by tapped con
nections in the flume bed leading to stilling wells mounted on the side 
of the flume and to a manometer bank. Water returns to the supply 
sump over an adjustable tail gate at the downstream end of the flume . 

-Sand is supplied at the upstream end of the flume by means of 
an elevator, 1'-0" x l'-6" horizontal a rea. Elevator is operated by a 
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variable speed motor, chain and sprocket-wheel connected to a screw
lift mechanism. Screw lift is cut 10 threads per inch. Rate of lift is 
indicated by a counter connected to a hand-crank shaft that makes 4 
revolutions per thread spacing; that is 480 revolutions per foot of 
elevator lift. 

Sand transported to the downstream end of the flume is trapped 
in a bucket. Bucket is suspended from a yoke, one end of which rests 
on a platform scale ( Figure 3). Scale weight readings at successive 
time intervals indicate rate of sediment collection. 

A gage to measure elevation is mounted on a carriage which rolls 

FIG. 3.-SAND TRAPS AND WEIGHlN G ~CALES. 
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FIG. 4.- TRACK-MOUNTED CARRIAGE AND GAGE FOR M EASURING 

E LEVATION OF W ATER S URFACE AN D S AN D B ED. 
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the length of the flume on a level track. Gage is thumb-screw oper
ated and measures, by means of a vernier scale, elevations to 0.001 ft 
( Figure 4). A sharp pointed indicator rod is used with the gage 
to measure water surface elevations in the flume or in the stilling wells 
mounted on the side of the flume. A rod, machined to the exact 
length of the point indicator, but tipped with a 1" diameter disc , is 
used with the gage to measure elevation of the sand bed in the flume . 

W ater.-Tap water from the city water main was used in all 
tests. Physical data on the properties of fresh water were obtained 
from "Hydraulic Models," ASCE Manual of Engineering Practice, 
No. 25 , 1942 ( 15). 

Sand.-ln this experimental investigation it was desired to utilize 
a sand as channel bed material that would retain its transportation 
characteristics without change during any test . It was desired to 
avoid grain-size sorting in the bed. Accordingly a sand of very uni
form sized grains was indicated. Standard 20-30 Ottawa sand had 
been used previously at the St. Anthony Falls Laboratory in studies 
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of sediment transportation and appeared to have the desired qualities. 
2000 lbs. of this sand in unopened 100 lb. bags was provided by the 
laboratory. 

The sand used was remarkably consistent in size and shape. The 
average sieve analysis from five separate bags showed that 99.86 % 
by weight passed the 120 sieve (0.833 mm opening) and that 97.86 % 
by weight was retained on the ~30 sieve (0.589 mm opening) giving a 
mean size ( 50 % finer by weight) of 0.690 mm. Individual grains are 
well rounded ; mean diameter determined fro.m microscopic measure
ments was found to be 0 .680 mm . 

Specific gravity of the sand was determined by using distilled 
water with both a pycnometer bottle and a glass graduate. The mean 
of several tests with each method gave a specific gravity of ~ .650. 

The specific dry weight of any sample of sand depends upon its 
density, and the density varies with the void ratio of the sa.mple. The 
void ratio was found to vary from a minimum of 34 % to a maximum 
of about 42 % , depending upon the manner of preparing the sample. 
Void ratio is defined as the ratio of the volume of voids to the total 
volume for a sample. It was determined by weighing a known volume 
of saturated sample. For any saturated sample of total volume V and 
total weight W, let the volume of water in the voids be represented by 
Vw and the volume of the solids by Vs Let Ww represent the weight 
of water and W s the weight of solids in the sample ; and let y = the 
specific weight of water , then 2.65y = the specific weight of the 
solids. 

By definition, void ratio = ; 

Total volume, V = Vw + v. 
Total weight, W = W"' + w. 

WW w. 
vw = -y-; v. = 2.65y 

V"' = V - V. 
w. 

Vw = V - --2-.6-5_y_ 

W -Ww 
Vw= V- 2.65y 
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2 .65y Vw = 2 .65y V - W + y V w 

2.65y Vw - y Vw = 2.65y V - W 

Vw= 
2.65yV-W 

l.65y 

. . Vw 2.65yV-W 
V01d ratio= V = l. 65 Y V 
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Sediment 'Feed.-The feeding of sediment, into the upstream end 
of the flume, at the desired rate was accomplished by the use of the 
sand feed elevator described above. For a consistent rate of feeding, by 
weight, sand in the elevator was required to have a constant density. 
A number of tests were made to develop a simple system of placing, 
the sand in the elevator, that would consistently give the same density. 
_It was found that by packing the sand, under water, in four to six 
inch layers, by tamping with a weighted rod ( about 15 lbs.) having 
a 3" diameter plate on the base, a consistent void ratio of 36% would 
result. Tests were made in volume calibrated buckets, holding about 
a cubic foot of sample. 

Accordingly with a void ratio of 36 % , a specific gravity of 2 .65 
and a specific weight of water, y = 62.3 lbs/cu.ft. at 70° F, the bulk 
specific dry weight of sand in the elevator was calculated: 

Ys = 2.65 (62.3) (1- 0.36) = 105.8 lbs/cu.ft. 

With the floor area of the elevator, 1.0 X 1.5 = 1.5 sq. ft., a lift 
of one foot would feed: 

1.5 X 1 X 105.8 = 158.7 lbs. of sand. 

At 480 revolutions of the hand-crank counter per foot of lift, one 
. 158.7 

revolution corresponds to --- = 0.33 lbs. of sand feed per crank 
480 

revolution, or: 

Rate of feed = 0.33 N lbs. per unit time 

where N = revolutions of hand crank counter per unit time. 

Density of Bed Material.-In order to correlate the volume of 
bed material removed from the channel, during degradation, over a 
given time interval, with the weight of sediment collected in the sand 
traps during the same interval it is necessary to know the density 

.. 
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of the bed. The bed in all cases was permitted to build itself up to 
an equilibrium condition from sediment supplied upstream, accord
ingly the resulting bed density occurred from natural hydraulic forces 
and not from any manual packing or stirring. 

To obtain an undisturbed bed sample of the bed material for 
density determination a sampling tray was devised. It was noted 
that the natural angle of repose of the sand when submerged, as on 
the downstream face of sand waves, was approximately 45°; accord
ingly the sides of the tray were flared at 45 °. The tray was placed 
at about the mid-point of the flume with its long axis normal to the 
direction of flow. As the bed built up sand deposited in the tray in 
natural manner. Before degradation was started the tray was re
moved, carefully to avoid any vibration. Excess sand was struck-off 
with a steel straight-edge along the milled top edges. Tray with 
saturated sand was weighed. Sample in tray was dried in a laboratory 
oven and again weighed to determine weight of water in sample. 
From these data and the known dry weight (275.6 g.) and volume 
(218.5 cc) of the tray void ratio was computed. 

The average void ratio obtained by separate calculations for each 
· test-run condition was 39.0%. This means that the bulk specific dry 
weight of bed material in place is: 

Ys = 2.65 (62.3) (1-0.39) = 100.7 lbs/cu.ft. 

Weight of Sediment Trapped.-A diagrammatic sketch of the 
apparatus for weighing sand collected in the sediment trap buckets 
appears in Figure 5. 

Letting W. = dry weight of sand in bucket. 
W a = submerged weight of sand in bucket. 
W0 = Scale weight. 
v. = Volume of sand in bucket. 

From dimensions of the weighing yoke, 

W = 55
-
9 

W 2 5 W 
n 2 2 .2 o = . 2 o 

Relation of dry weight to submerged weight, 

w. _ 2.65y v. 2.65 
---

Wa 2.65y V. -yV. 1.65 

W. = 1.605 Wa = 1.605 (2.52 Wo) = 4.05 Wo 
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FIG. 5. 

Accordingly the actual dry weight of sand collected during any time 
interval, 1t, is determined by multiplying the change in platform 
scale readings,· during that time interval, W 0 , by 4.05. 

Flow Measuren:ient.-The orifice flow meter installed in the 4" 
feed line was calibrated for direct reading of discharge in cubic feet 
per second from the differential mercury manometer. The orifice plate 
contained four orifice openings of different sizes to provide a wide 
range of measurements. Selected orifice opening was readily placed 
in the line by removing two and loosening two flange bolts, rotating 
the plate about the center pivot until desired opening was in position, 
replacing and tightening flange bolts. 

For calibration, the suction side of the supply pump was con
nected to the main laboratory water supply source and the outflow 
end of the 4" feed line was fitted with a swinging arm to permit dis
charge into a weighing tank or a waste chute. Weighing tank had a 
capacity of about 1000 pounds of water and was mounted on a set 
of platform scales. The entire discharge capacity ranges of all four 
orifice openings in the plate were checked. 

Roughness of Smooth Channel.-A series of t_wenty-one separate 
test runs, over a wide range of discharges, was made to determine 
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the roughness of the smooth flume channel, without any sand in the 
bed. A plot of friction coefficient, f, against Reynolds number, Re,. 
appears in Figure 6. 

Friction coefficient 1s determined from the commonly accepted 

expression, f = 8gRS 
v2 

wherein, g, acceleration due to gravity ( ft/sec 2 ) 

- R, hydraulic radiu·s of channel (ft.) 
S, energy gradient 
v, mean velocity of flow (ft/sec.) 

Reynolds number in this case;. 
vR 

Re=--
w 

(1) 

(2) 

with w representing the kinematic viscosity of water in sq. ft. per 
. second. 

The mean curve representing the plotted values was calculated 
and is shown on Fi_gure 6: 

f = 0.17 7 Re-0
·
225 

( 3) 

Correction for Side Wall Efjects.-In a· channel where the sides 

" 7 e g t0,000 

"°' 
FIG. 6.-ROUGHNESS OF SMOOTH CHANNEL. 
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are composed of different surface characteristics than the bed with 

consequent differences in hydraulic roughness the problem of isolating 

the effects has plagued many investigators. - Einstein, in working on 

a study of bed-load transportation in a natural stream developed a 

, rational approach which appears to give reasonble values ( 16). The 

basis of Einstein's development is the reasonable assumption that 

the mean velocity of flow at a channel cross-section can be used in 

determining energy loss effects along both bed and side walls. Adapt

ing Einstein's method, a procedure for eliminating side wall effects 

and thereby isolating the hydraulic factors affecting the bed has been 

devised. 

From the friction vs Reynolds number relation found experi

mentally, equation ( 3) above, an expression for the velocity in terms 

of hydraulic radius and energy gradient, for flow along the smooth 

surfaces of the flume, may be evolved. Therefore for known values 

of S and v, corresponding values of the effective hydraulic radius 

of the side walls, Rw, can be determined. Further, from the computed 

Rw, known depth of flow, d, and width of channel, b, the effective 

hydraulic radius of the bed can be calculated. This sequence is de

veloped as follows: 

Rewriting equations (1) and (2) and (3) 

f= 
8g Rw S 

(la) 
v2 

Re= 
V Rw 

(2a) 
w 

f= 
0.177 
Reo.22s (3) 

0.177 8gRW S 

(V :w r-2

~" 

, (la) and (2a) substituted in (3) 

8g Rw1.22s S 
.yl.i75 = --------

0.177 Wo.22; 

v·= (
~)-o.s_6_3 __ R_w_o_.6_9~s_o._s~_ 
0.177 W0.127 
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with g = 32.2 ft/sec. 2 

and w = 1.059 X 105 ft2/sec, for 70° F. 

V = 2 58 R,/·69 S0
·563 

( 4) 

In relating the variables at a cross section of the rectangular 
flume channel: 

A = Total area of the cross section. 
Ab = Part of the area A pertaining to the bed. 
Aw = Part of the area A pertaining to the side walls. 

d = Depth of flow. 
b = Width of channel. 

Rb = Hydraulic radius of the bed. 
Rw = Hydraulic radius of the side walls. 

Then 

Aw 
R =--,... 2d 

- Ab 
R" --b-

A-Aw 
b 

bd- 2d Rw 
b 

(5) 

(6) 

(7) 

(8) 

Flow Conditions.-For convenience in· determining total energy 
head, H, velocity, v, and Froude number, Fr, of the fl.ow in the 
rectangular channel for various depths, d, and discharges, Q, a chart 
was prepared, covering the expected range of values, Figure 7. 

EXPERIMENTAL PROCEDURE 

General.-The range of conditions under which degradation 
studies could be made was limited by the apparatus and the time 
available. A general idea of flow conditions and related sediment 
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FIG. 7 .-FLOW CONDITIONS IN TESTING FLUME. 

transportation in this particular flume was obtained from a previous 
investigation in which the same ·api::raratus and same type of sediment 
was used ( 17). Accordingly the controllable factors for the initial 
run were selected arbitrarily well within the operating limits of the 
equipment. 

The plan for the experimental program was to make a number 
of test runs under controlled conditions. A test run consisted of first, 
the establishment of an equilibrium condition for a selected flow of 
water, Q, and a selected rate of sediment transportation, G; and 
second, the readjustment of the sand bed under the same flow, Q, 
but with no sediment being fed into the channel at the upstream end. 
This procedure was considered to simulate the occurrences in a natu
ral stream, wherein the construction· of a dam withholds the normal 
passage of sediment and results in readjustment of the stream bed 
downstream. 

Temperatre.-;-It is not within the scope of this study to investi
gate effects due to temperature variations. All degradation tests were 
run at a constant water temperature of 70° F. This was slightly higher 
than the average room temperature in the laboratory arid was main-
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tained with:n plus or minus 3 ° F by the thermostat controlled heat
ing elements in the inflow stilling basin. Actual water temperature 
readings were checked frequently from a thermometer, hung, com
pletely immersed, near the entrance baffles. 

Water Discharge.-Desired flow of water for a particular test 
run was obtained by placing the appropriate orifice plate opening in 
the feed line and then regulating flow by the inflow valve at the up
stream end of the flume. A constant water discharge, Q, was main
tained for the duration of each separate test run by frequently 
checking the orifice meter manometer and making indicated valve 
adjustments. Adequate depth of flow at the downstream end of the 
flume was maintained by fixing the elevation of the weir at the point 
where the flume discharged into the supply sump. 

Sediment.-Rate of sediment feed at upstream end of flume was 
contro.lled by regulating the variable speed elevator drive motor. Sand 
was fed at a constant rate during the period of bed adjustment to 
an equilibrium condition, for each test run. It was, of course, neces
sary to stop the test run for required reloading of the feed elevator. 
The rate of sediment discharge, G, at the downstream end of the 
flume was recorded continuously during each test run. Data were 
obtained by successive weighings of sand collected in the sediment 
trap buckets at known time intervals. 

Water Surf ace.-Measurement of water surface elevation was 
made by means of the point gage mounted on the carriage that 
traversed the length of the flume on level track. At relatively high 
velocities, and when sand waves were closely spaced the water surface 
became quite rough, making precise measurement in the flume im
possible. In such circumstances elevation was obtained by point gage 
measurement of the water surface in the stilling wells. Whenever the 
water surface in the flume was sufficiently smooth, elevations were 
determined by averaging the point gage readings at the center and 
quarter points for each recording station. Water surface recording 
stations were spaced at 2 .5 ft. intervals, the length of the flume. 

Bed Surface.-The bed surface elevations were measured with 
the carriage mounted gage instrument, fitted with th~ disc-tipped indi
cator rod. Recording stations for test Run No. I were spaced at 
2 .5 ft. intervals, and for .subsequent runs at 1 ft. intervals. The 
recorded elevation at any station was taken as the average of three 
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readings, the center and quarter points of the flume section. Due to 
the fact that the insertion of a bed-elevation measuring device into 
flowing water disturbed the bed it was necessary to· stop the run 
during the measurement of a bed profile. To stop the run without 
disturbance to the bed, a fitted end-dam was inserted by hand at 
the downstream end of the flume thus backing the water up, increasing 
the depth and stopping movement of sediment along the bed; feed 
valves were then closed and pump cut off. Run was started again by 
reversing that procedure. 

Equilibrium Condition.-The balanced state for a test run, called 
"equilibrium," was considered to have been met when the average 
rate of sediment discharged into the downstream trap buckets became 
equal to the calculated rate of sediment input from the feed elevator; 
and when water surf ace and bed surface reached essentially constant 
slopes and elevations. This· indicated that final bed adjustment had 
been reached and normal flow conditions established in the flume for 
the particular selected discharge, Q, and rate of sediment move
ment, G. 

Test Run No. /.-Controlling factors selected: 
Q = 0.2 cfs and G = 0.011 lbs. of sand per second (about 40 lbs. 

per hour). It took 2 5 .5 hours of actual operating time to reach a 
condition considered to be equilibrium; thereafter the run was con
tinued for 24 hours while degradation took place. Certain technique 
used in this first run was found to be inappropriate and accordingly 
was changed in subsequent runs. 

On the theory that bed change by degradation would result in 
slope flattening pivoted about a downstream point, a sediment re
taining dam was placed in the flume immediately upstream of the 
trap bucket, to constitute an artificial control feature. As scour of 
the bed progressed, it was observed that degradation occurs through
out the length of the flume as compensating bed adjustments develop 
with the gradually decreasing energy gradient and increasing depth. 
Therefore the end-dam served no useful purpose, but instead caused 
flow disturbance to such an extent that the conformation of the bed 
at the downstream 5 ft. of the flume became very irregular. There
after the end dam was dispensed with and in its place a small level 
sill was installed to fix the point of the normal angle of repose of the 
bed material at the drop-off into the trap. 
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At the upstream end of the flume, as the degradation period 
progressed a random scour pattern developed, probably due to en
trance conditions of the flow. These scour depressions appeared to 
further disturb the flow and create more aggravated scour with the 
result that eventually about the first 7 ft. of the bed became so irregu
lar as to destroy the usefulness of that section of the bed in analyzing 
a normal bed degradation. For the following tests a smooth section 
of bed was maintained at the flume entrance, within the sand elevator; 
bed in this section was smoothed with a trowel whenever the test 
was shut down to measure the bed profile. This innovation practi
cally eliminated scour depressions at the upstream end with a result
ing consistency in appearance of bed surface the entire length of the 
flume. 

Test Run No. I/.-With the purpose of hastening bed changes, 
it was decided to double the controlling factors of Run No. I; a 
Q = 0.4 cfs and a G = 0.0226 lbs/sec (about 80 lbs. per hour) was 
used. In this case equilibrium was essentially reached in 9 hours of 
operation; thereafter the bed was permitted to degrade for an oper
ating period of 41 hours. Bed aq.d water surface profiles were taken 
at very brief intervals at the start of degradation, while bed changes 
were relatively rapid, and at more extended intervals as the bed 
changes became slower. 

Test Run No. /I/.-Noting that the pattern of bed changes for 
the first two tests was somewhat similar, it was desired to set up a 
test whE:re the magnitude of bed changes would be more pronounced. 
Accordingly for Run No. III, the flow was halved from that used 
in Run No. II, and the sediment input was kept the same. Q = 0.2 cfs, 
G = 0.0228 lbs/sec. Equilibrium in this case was established in about 
16 hours of operation and the degradation period required 27 hours 
of operation. Time intervals for reading bed and water surface pro
files were about the same as fo Test Run No. II. 

Test Run No. /V.-Having established bed degradation patterns 
for two flow conditions and the same initial rate of sediment trans
portation (Tests II and III), it was considered appropriate to investi
gate the intermediate flow condition. The test was set up with 
Q = 0.3 cfs and G = 0.0228 lbs/sec. Equilibrium was established 
in about 20 hours; the degradation period was 27 hours. 
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ANALYSIS OF EXPERIMENTAL DATA 

General.-The data collected in the series of four test runs were 
plotted tci facilitate interpretation. The primary feature observed 
throughout was that changes and adjustments in bed and flow condi
tions occur without discontinuity and approach an eventual stability 
asymptotically ·with respect to . elapsed time. 
· Cutting off the normal bed load results in relatively rapid scour · 
and sl~pe flatten1ng at the extreme- upstream reaches of the channel. 
Bed load thus procured is carried downstream and inhibits rapid . 
removal of bed material in the downstream reaches. As the quan
tity of bed-load passing any point decreases, the deficiency under 
the hydraulic conditions pertaining at that point, is made up by 

. scour of bed material. The entire action is progre_ssive with time. 
Bed elevation decreases and bed · slopes flatten progressively in a 
downstream direction until, at infinite time, stability is established at 
a uniform slope, with consequent hydraulic forces incapable of moving 
bed material. 

Sediment Discharge.-Graphical representation of the relation 
between rate of sediment discharge passing Station O of the flume ( as 
collected in the sediment trap) and time of operation appears in 

. Figures 8, 9, 10, and 11, for Test Runs I, II, III and IV, respectively. 
These curves are based on data presented in Tables 2, 4, o and 8 of 

· the appendix. It will be noled that the curves for Test Runs II, ·III 
.. and IV are practically identical. 

FIG. 8. FIG. 9. 
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FIG. 10. FrG. 11. 

FrG. 12.-TEST RuN No. I-DEGRADATION PATTERN. 

Degradation Pattern.-To obtain a visual picture of the manner 
in which the bed changed and flow condition changed during the deg
radation period the profile data of bed and water surface elevations 
has been plotted ( Figures 12, 13, 14, and 15) . Curves shown were 
obtained by a purely mechanical process. Data were first plotted at. 
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F1G, 13.-TEsT RuN No. II-D_EGRADATION PATTERN. 

FIG. 14.-TEST RUN No. III-DEGRADATION PATTERN. 
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FIG. 15.-TEsT RuN No. IV-DEGRADATION PATTERN. 

FIG. 16.-TYPICAL PLOT OF OBSE!(VED PROFILE DATA. 

very small scale to damp out surface variations due to sand waves on 
the bed. A smooth curve was then fitted to the series of points ob
tained for each profile reading. The resulting smooth curves were 
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plotted at exaggerated scale as shown. Dashed portions of the curves 
indicate estimated surface, since corresponding profile data showed 
extreme, irregularities probably due to scour from abnormal flow dis
turbance as discussed prev,iously. A typical plot of observed profile 
data (for Test Run No. III) appears on Figure 16. Sand wave for
mations on the bed cause the uneven profiles and render precise 
determination of the degradation pattern somewhat difficult in such 
a short length of testing channel. 

A comparison illustrating rate of degradation of bed surf ace from 
the normal, at the same flume station (No. 20) under differing rates 
of o~iginal equilibrium sediment discharge and differing rates of water 
discharge is pictured on Figure 1 7 of the. appendix. It is interesting 
to note that the extent of degradation appears to be markedly affected 

··· :v.·by the originah~quilibri~m rate of sediment discharge. On the other 
~•, hand, it will be rioted that in Tests II, III and IV, with the same orig
~ foal. equilibrium rate of sediment · discharge, but . differing rates of 
•,. water discharge, degradation occurs in an almost jdentical manner 

t ,; 

:t 
I 
~ 
:f 

with respect to time and produces practically equal depths of 
i degradation. The curves derived directly from the experimental . ' 

4. 
Jt 
t ;, 
t 

FIG, 17. 
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data may be considered a basis for a general qualitative rela
tion as stated, but should not be accepted as precise from a quantita
tive viewpoint; an uncontrolled variable was present in this series of 
experiments that has an effect on bed elevation. An inspection of the 
water surface elevations near the downstream end of the flume, 
Figures 12, 13, 14, and 15, reveals that the tailwater elevation defi
nitely did not remain fixed, due to changing backwater effects above 
the fixed weir as flow conditions changed with bed degradation. Un
controlled variation in downstream water level, with subcritical flow, 
will cause variations in water level upstream, and consequent varia
tions in depth. Accordingly it is considered that quantitative analyses 
of depth of degradation can only be made with confidence when the 
downstream base water elevation is maintained constant. 

Since water surface readings could only be taken while a test was 
in operation, and bed readings while test was stopped, data for cor
responding profiles could not be gathered simultaneously. To obtain 
the water surface profile that would correspond, in time, to a particu
lar bed profile, water surface elevations and slopes were plotted 
against time on a work sheet and the required values determined by 
interpolation. 

For better results in reading profiles an automatic elevation re
cording device would be desirable. Such a device should record, 
simultaneously, both bed and water surface elevations, traced on a 
chart that has been calibrated for elevation and distance along the 
length of the experimental channel. This innovation would obviate 
the necessity of stopping the run to make measurements, with pos
sible attendant bed disturbances, and would eliminate the tedious and 
ti.me consuming procedure of reading, recording and plotting. 

Progressive Nature of Bed Degradation.-To illustrate the man
ner in which the bed degrades with time at several different cross
sections the change in elevation at stations 2 7, 21 and 15 has been 
plotted against time for Test No. III ( Figure 18). 

For comparison draft data obtained from the preliminary analyti
cal study of degradation below Garrison Dam ( 13) have been plotted 
on the same plate. In this .case distance from dam to downstream 
point where base water-surface elevation re.mains fixed is denoted 
by M. Degradation is shown for sections at O.lM, 0.3M and 0.5M 
downstream from the dam, which roughly correspond to the relative 
positions of stations 2 7, 21 and 15 in the flume. Elevation and time 
scales, not indicated, are purely relative. 
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FIG. 18. 

It will be noted that there is a distinct similarity between the · 
degradation curves obtained in the flume study and by analytical 
means. In both cases the difference in magnitude of degradation in 
relation to distance from point where sediment ,transportation is zero 
(dam) is quite apparent. Depth of degradation, at any time, de
creases with increase in distance downstream. , 

Analysis of Conditions at Sediment Trap.-In this series of 
laboratory experiments, as conducted, the only station, throughout 
the length of the flume, at which the rate of sediment transportation 
could be measured, was at Station O, where the sediment was collected 
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in the trap and weighed. Accordingly any analysis of sediment move
ment in relation to other factors could best be made at that location. 
However, since the physical limitations of the apparatus did not per
mit direct measurement of water surface at that station and since the 
bed· dropped off towards the trap just upstream from that station it 
became necessary to determine hypothetical data for that station by 
extrapolation from the recorded data upstream. 

Data considered necessary as the basis for computations included 
depth, d, slope of the energy gradient, S, and velocity, v. From the 
respective curves of water surface and bed· surface for any particular 
ti.me, t, (Figures 12, 13, 14 and 15) water depths at successive sta
tions from 2 upstream to about 15 were scaled off. Corresponding 
values of total head, H, were scaled from Figure 7. A work-sheet 
plot of these data gave curves of bed surface, water surface and total 
head against flume station; these curves were extended downstream 
through station 0 and values of d and H scaled off. The value of S, 
the slope of the total head curve at station 0, was determined by 
scaling the slope of the straight line tangent with a protractor. The 
velocity, v, was scaled directly from Figure 7 for known values of Q 
and predetermined value of d. This basic data is shown in columns 1 
through 5 on Table 1. 

To isolate the hydraulic factors pertaining to the bed, corrections 
to eliminate side wall effects are necessary as discussed in earlier 
section. This value of Rw used in equation ( 8) gives a value of Rb 
for the existing conditions: 

( 
2 Rw ) 

Rb= 1- b d (8) 

Computed values of Rb, the hydraulic radius of the bed appear in 
column 6 of Table 1. 

The bed tractive force, " = y S Rb is calculated from the above 
determined values of S and Rb. The value of y remains constant in 
these experiments, as 62.3 lbs/cu. ft., since the temperature was main
tained at a constant 70° F. Values of " are given in column 7 of 
Table 1. 

The rate of sediment transportation, G, past Statiori 0 for a 
given time, t, is taken from the appropriate sediment-discharge graph, 
(Figures 8, 9, 10, and 11) and listed under column 8 of Table 1. 



(1) (2) (3) (4) 

t d H s 
(hrs) (ft) (ft) 

Test No. I, Q = 0.2 cfs 

0 0.135 0.169 0.00416 

.139 .171 .00380 

2 .142 .172 .00340 

3 .146 .174 .00304 

4 .150 .177 .00264 

5 .156 .181 .00210 

7 .161 .184 .00184 

10 .164 .186 .00158 

13 .168 .189 .00136 

24 .178 .197 .00105 

TABLE 1 

COMPUTED DATA-CONDITIONS AT SAND TRAP 

(5) (6) (7) (8) 

V Rb T d 
(ft/sec) (ft) (lbs/sq. ft) (lbs/sec/ft) 

1.49 0.122 0.0317 0.011 

1.44 .1245 .0295 .0099 

1.41 .1266 .0278 .0080 

1.37 .1293 .0245 .0065 

1.34 .1318 .0216 .0054 

1.29 .134 .0175 .0046 

1.24 .137 .0157 .0034 

1.22 .1375 .0135 .0023 

1.20 .138 .0117 .0017 

1.13 .141 .0092 .00077 

(9) (10) 

V* qb 
(ft/sec) (cfs/ft) 

0.128 0.182 

.1237 .179 

.1177 .lz8 

.1126 .178 

.1058 .177 

.0952 .173 

.0901 .. 170 

.0837 .168 

.0778 .166 

.0690 .160 

(11) 

n 

0.0159 

.. 0159 

.01543 

.01533 

.01470 

.01385 

.01368 

.01292 

.01220 

.01156 
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To get an indication of the variation in bed friction for the range 
of data collected values of "friction velocity," V* were calculated and 
recorded in column 9 of Table 1. 

V* = \I g S Rb = / -r (9) . ✓ 0 

This useful term has found application in the studies of many in
vestigators dealing with open channel flow and sediment transporta
tion, as for example in Kalinske's paper (9). 

Based on the method adopted for determining the separate side
wall and bed effects in a channel ( 16), it may be considered that the 
total flow, Q, in the channel passing a cross section consists of one 
portion of flow pertaining to the bed and another portion of the 
flow pertaining to the side walls. From the previous discussion: 

A Ab + Aw (5) 

then Q AV 
= Ab V + Aw V 

= b Rb V + 2 d Rw V 

The quantity, b R" v, from the above equation apparently defines the 
flow pertaining to the·bed, or letting qb = the effective flow, pertain
i.ng to the bed per unit width of bed. 

( 11) 

Computed values of q" are shown in column 10 of Table 1. These 
values of qb represent the effective flow that causes bed adjustment 
during the conduct of a test run. 

Perusal of the q" values in column 10 of Table I immediately 
reveals a marked decrease in magnitude as the degradation proceeds 
during any test run. This is obviously due to the fact that as bed 
slope decreases, velocity decreases and depth increases in the channel 
with ·resulting more pronounced side-wall effects. The narrow chan
nel used in these tests unavoidably meant major side wall effects and 
consequent variations in q". Accordingly the desired basic premise 
of maintaining a constant effective flow for bed readjustment could 
not be realized. A wide channel in relation to depth would minimize 
side-wall effects and permit an essentially constant q" during a deg
radation study. 
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Several attempts to reconcile the varying values of qb in relation 

to other collected data were disappointing. The uncontrolled variables 

involved, accompanied with the probable fact that the standard hy

draulic flow equations do not apply precisely to varying flow condi

tions made thorough analysis very complex and hardly worthwhile. 

To obtain an idea of the range of variation of the friction factor 

in a standard flow equation, Manning's n for the collected data was 

computed and is shown in column 11, Table 1. 

n= 1.486 Rb 2/3 S 1 /2 
V 

(12) 

These tabulated data point out the dependent nature of many 

interrelated factors governing sediment transportation and bed deg

radation, and further show the variations in the hydraulic flow con

ditions that accompany degradation. A critical study of this table 

should be helpful to other investigators, concerned with the degrada

tion problem, in selecting apparatus and procedure that would result 

in .more closely controlled hydraulic conditions. 
Analytical Verification.-Due to the complex variations in tail

water elevation, extreme side wall effects with resulting variations in 

the hydraulic radius of the bed, (Rb) and effective discharge pertain

ing to the bed ( q1,) it was not considered feasible to attempt to 

verify degradation patterns by analytical means. Further experimen

tation, adopting the suggestions and recommendations herein, should 

provide degradation patterns resulting from fixed controlling hy

draulic conditions. Then the development of computed degradation 

patterns, utilizing the same controlling hydraulic factors with selected 

sediment transportation formulae, by methods similar to those used 

for degradation estimates on the Missouri ( 12), ( 13) and the Rio 

Grande ( 14) would provide the necessary comparison for laboratory 
verification of analytical procedure. 

CONCLUSIONS 

For a given type of sediment: 
1. Degradation of a channel bed is caused by the progressive 

scour and movement downstream of bed material. 
2. The rate and pattern of degradation is dependent on bed and 

flow conditions and amount of sediment being transported at the start 
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of degradation; flow conditions during the degradation period; the 
length of channel subject to degradation; and the elevation of a con
trol feature at the downstream limit of the degradation zone in the 
channel. 

3. The rate at which sediment is scoured from the bed and 
transported downstream decreases asyJµptotically to zero with time. 

4. Stream bed elevations and slopes decrease asymptotically 
with time; rate of change with respect to time increases with distance 
from downstream "control." 

5. Experimental results agree in a general qualitative manner 
with results of analytical studies; the patterns of bed conformation 
during degradation are similar. 

6. To determine experimentally the existing natural relations 
involved in a degradation study, materials, apparatus and experi
mental procedure must be selected in such a manner that every 
possible dependent variable can be isolated and controlled. 

RECOMMENDATIONS 

1. Further laboratory investigations into the phenomenon of 
open channel bed degradation are necessary to establish the pattern of 
bed conformation under known hydraulic conditions, sediment charac
teristics and time intervals. Such investigations should attempt to: 

a. Develop standard degradation patterns for various sizes 
of uniform grained sediment. 

b. Establish the relation governing the movement of bed 
sediment under the varied flow conditions inherent in a degrading 
channel. 

c. Determine the type of degradation pattern resulting from 
the use of natural graded sediments as bed material and the nature 
of the variation of such a pattern from that occurring with uniform 
grained sediment. 

d. Verify degradation patterns determined by analytical 
approaches with experimental results obtained from the same con
trolling conditions. 

2. In conducting laboratory experiments for the investigation 
of bed degradation it is recommended that the following be observed 
in order to reduce inconsistencies in data, obtain adequate range of 
observations and a void complexities in analyzing results: 
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a. Use a constant temperature. 
b. Use a constant, fixed, tailwater level. 
c. Use a wide channel to eliminate, or render insignificant, 

side-wall effects. 
d. Use a channel as long as possible so that actual degrada

tion effects will be large in comparison to depth of water, height of 
surface waves and height of sand waves. 

e. Establish sediment characteristics and applicable hy
draulic flow relations by a series of laboratory tests conducted in ac
cepted fashion prior to commencement of degradation experiments. 

3. To avoid delays and disturbances during a test run and to 
obtain frequent simultaneous water surface and bed surface profiles 
it is recommended that a test run be allowed to go to completion 
without interruption and that surface elevations be recorded by an 
automatic reading and plotting device. 
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STEEL IN MODERN FORM 

Bv B. L. Wooo* 

(Presented at a meeting of the Structurnl Section of ffle Boston Society of Ch·il Engineers, held on 

March 8, 1950.) 

WE HEAR much today about new materials and methods. Devel
opments in our older building materials should not be overlooked. 

For more than 50 years steel has been identified by the public 

and engineers as a structural material particularly adapted for the 
construction of large bridges and tall buildings. You are all familiar 
with the conventional hot-rolled steel shapes and have had long ex
perience in dealing- with the problems identified with their use, so I 

shall confine my remarks· to the structural ·uses of sheet and strip steel. 
The structural use of sheet and strip steel is not new. It has a 

long historical record. Back in the 1700's a building of thin iron 

sheets was erected in Tipton, England. It is still standing, according 

to reports. Structural members formed of iron sheets 1/16" and 1/8" 
thick were used in the Bank of the State of New York Building 
erected in New York City iri 1855 nearly 100 years ago. Those mem
bers were still in sound condition and functioning satisfactorily 
nearly 50 years later when the structure was replaced by a modern 
building. · 

Cold-formed strip steel has long been used for structural pur
poses in the manufacture of machinery, equipment, automobiles and 
railway rolling stock. 

Shapes and panels of cold-formed steel now are supplementing 
the heavier hot-rolled structural shapes to serve as secondary floor 
and roof deck panels in tall buildings, such as the John Hancock 

Insurance Building in Boston, and to frame and enclose the smaller 

structures-and those not so small. They have found their way into 
enormous assembly plants, some nearly a mile long. Advantage of 
the favorable strength-weight ratio, which makes light steel so ver
satile and so· readily adaptable to new uses, has been taken in one 
field after another, as production developments have lowered costs. 

•Consulting Engineer, American Iron & Steel Institute. 
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Today, steel is entering building construction in forms and 
shapes not new, but only recently made popular through the economy 
of quantity production and modern manufacturing methods. Use of 
structural members formed of 16 gage steel (about 1/16" in thick
ness) and of panels 18 and 20 gage in thickness is broadening. Steel 
is going modern, adapting itself to the needs of the times. In its. 
newer lighter shapes, it may fonction for several uses, and utilize· 
every pound of weight for greater utility and service. 

Questions and doubts that greeted the use of formed steel con
structions in buildings had a historical precedent and paralleled the 
reception accorded the conventional structural steel shapes when they 
were introduced. A few may recall that when the first steel sky
scrapers were built, there were many who questioned their strength 
and permanence. But the years have proved the soundness and en
during quality of steel construction. Today those doubts and ques
tions are resolved. 

Use of light gage steel members for building developed slowly. 
Several retarding factors were responsible: Production methods 
caused high costs, suitable collateral insulating materials were lack
ing, attractive finishes were costly, economical methods of fireproofing 
had not been developed, and rules of thumb served as inefficient 
design standards. Those handicaps have now been overcome. 

I propose to discuss briefly developments identified with two of 
those factors, design and fire protection. 

· Design Standards: Lack of recognized design standards was one 
.of the last handicaps overcome; but today the designer has specifica
tions and design standards to use, based upon more than a decade 
of research and testing devoted to the specific design problems peculiar 
to light gage steel. Steel is made to explicit and rigid specifications; 
its physical properties and strength are more accurately controlled 
than those of other structural materials widely used for building 
purposes. Effective use of its structural qualifications when formed 
into thin sections how is possible through application of sound design 
standards. 

About 12 years ago, the American Iron and Steel Institute 
through its Committee on Building Codes inaugurated a research pro
gram at Cornell University to study engineering literature and de
velop additional technical data necessary for establishing sound 
design procedure for light gage steel. Under the program, tests have 
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been made on nearly 1,900 structural specimens as part of a com
prehensive study of stress distribution and behavior of thin struc
tural elements under load. This study has included structural shapes 
made up of plane elements that have a wide range of width-thickness 
ratios. It has not included curved elements, to date. 

From the findings of those research studies the "Specification 
for the Design of Light Gage Steel Structural Members" was pre
pared and published in 1946 and was incorporated last year in a 
"Light Gage Steel Design Manual" published by the American Iron 
and Steel Institute. That Specification has gained national recogni
tion and now is recognized as the accepted basis of desigp in the 
national building standards sponsored by the National Board of Fire 
Underwriters, the Pacific Coast Building Officials Conferooce, the 
Southern Building Code Congress and the Building Officials Confer
ence of America, and is the accepted basis of approval in nearly 1,000 
American cities including New York, Cleveland, Chicago,. Los 
Angeles, etc. 

Briefly, the Design Specification deals with design problems: 
peculiar to wide, thin elements. It establishes limitations to prevent 
local instability or buckling under compression, and prescribed pro
cedures for determining safe loads and deflections of beams, panels 
and columns made up of stiffened and unstiffened elements. Also it 
introduces a method for evaluating the lateral bracing effect of waU 
sheathing on studs and columns and for determining the proper spac
ing of attachments. 

The basic design principles applicable to structural members. 
formed of thin steel are no different from those applying to the hot-. 
rolled shapes. But due to the fact that the proportions of the cold
formed shapes may be varied according to the needs of the designer 
and are not fixed in accordance with design considerations, as are 
the hot-rolled shapes, supplementary investigations and refinements 
enter into the design of the former. 

The elements comprising cold-formed steel sections usually have 
a high width and thickness ratio. Consequently attention must be 
given to the prevention of local buckling. It becomes necessary to 

differentiate between elements stiffened along only one longitudinal 
edge ( designated as unstiffened) and those stiffened along both longi
tudinal edges ( designated as stiffened), because their behavior under 
load is different. ( See Figure 1). 
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Stiffened compression elements behave quite differently under 
load. Instead of buckling suddenly at a critical stress-as unstiffened 
·elements do-buckling waves develop gradually when load and unit 
stress increase. Under low compressive stress, this wave action is in
consequential and the entire area and width of the stiffened element 
is effective; but as the unit stress increases, particularly in elements 
where the ratio of width to thickness is high ( 2 5 or greater), the 
portion in the center of the element (most remote from the stiffened 
edges) that has low stability begins to wave or buckle as the load 
and unit stress increase. This action causes the center, buckled portion 
to lose its effectiveness in resisting the compressive stresses. Further 
increases of load and unit stress cause further buckling and further 
losses of effective area. Redistribution of stress occurs; the unit 
stresses in the areas adjacent to the stiffened edges increasing as the 
stresses in the central, buckled portion decrease. Figure 2 shows 
the resulting unit stress distribution-low in the mid-portion, high 
near the stiffened edges. 
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The redistribution of stress resulting from the buckling or wave 

action does not cause failure of the stiffened element until the unit 
stress in that element near· its stiffened edges approaches the yield 

point of the steel. 
·Therefore, for purposes of simplification of design procedure, the· 

safe load determinations for stiffened compression elements are 

based on a uniform distribution of stress over the effective portion 

of the stiffened element adjacent to the stiffened edges, neglecting en

tirely the buckled area in the center of the element as illustrated in 

Figure 3. Under.this procedure, the uniform design stress X the effec

tive width = the actual stress X the full width. Tests have demon

strated the. validity of that design procedure. 
Thus, the safe load determinations for stiffened compression 
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elements are based on the full allowable unit design stress but that 
stress is calculated according to a reduced effective design width. The 
procedure parallels somewhat that followed in designing concrete 

T-beams. 
As the width to thickness ratio of the element increases or as the 

unit stress increases, the effective design width bcomes less. The re
lationships established in the design specification of the American 
Iron and Steel Institute for these factors have been confirmed by 

tests on hundreds of specimens. 
The use of a reduced effective width in the design treatment of 

stiffened compression elements, as developed by American Iron and 
Steel Institute, has enabled various manuf~cturers to correlate re

sults of load tests of their products that previously had not been 
reconciled. 

You will note from Figure 4 (Effective Width Curves) that, as 

the ratio of width to thickness becomes high, there is little gain in 
effective width-the curves flatten out in the high ratios. 

A comparison of the strength to weight ratios for two sections, 

one having stiffened compression flange, the other unstiffened is 
shown below. Obviously, those ratios and the relative efficiency 
vary with the dimensions of the sections compared; but as would 

be expected, stiffened elements are far more efficient in comprssion 
than unstiff ened elements. ( See Figure 5). 

If you have had occasion to use the Design Manual, you may 

have wondered why it has two charts for determining the effective 
design width, one for load determinations, the other for deflection 
determinations. The two charts are similar in form, but the unit 
stresses shown on the deflection-determination curves are 1.85 times 
those shown on the load-determination curves, for like width-thickness 
ratios. I shall endeavor to explain that anomaly. 

First, let me explain that the Design Specification applies a 

factor of safety of 1.85 to the yield point to arrive at the allowable 

design stress for light gage steel, instead of the standard factor of 
1.65 used for the design of the heavier hot-rolled shapes. The more 
conservative factor allows for irregularities in the forming of the 
light members. 

In preparing the chart that gives the effective width to be used 
in load determination, cognizance had to be taken of the fact that 

the effective width is a variable and that as the load and unit stress 
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increase, the effective width decrease_s. Therefore, in order to de
velop a full yield-strength factor of 1.85, the effective width used in 
load calculations must correspond, not with the unit stress caused by 
the safe load, but with the stress caused by a load 1.85 times the 
safe load. This adjustment was easily effected in the chart for load 
determination by plotting the effective width for each unit stress on 
the basis of values calculated for a unit stress 1.85 higher. Therefore, 
the effective widths given in the load-determination chart for the 
10,000 psi curve, for example, actually were calculated for 18,500 psL 
That procedure makes the necessary adjustment; and, as you will 
recognize, gives conservative results, well within the prescribed safety 
factors. 

In preparing the effective-width curves to be used in deflection 
determinations, we were concerned with the behavior under the actual 
unit stress produced by the applied load. Consequently, the effective 
width ratios of th~ deflection-determination curves were calculated 
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in each instance according to the unit stress indicated on the curve. 
Axial Compression.-A nice point came up in establishing the 

design procedure for columns, studs and members subjected to axial 
compression. The question arose as to whether the safe load of 
axially loaded members should be based on their ultimate load capaci
ty divided by 1.85, the safety factor, or whether it should be based 
on the buckling behavior of the weakest element comprising the cross 
section of such members. The latter, more conservative procedure 
was adopted. It was the considered opinion that although excessive 
buckling of a weak element in a stud or column might not seriously 
impair the load-carrying capacity, such buckling might be objec
tionable in some instances, particularly where finish materials were 
attached to the weak element. 

Therefore, where a cold-formed steel stud or column contains 
a weak element, such as an unstiffened one with high width-thickness 
ratio, the maximum load-carrying capacity of the stud or column 
may not be fully utilized, because under the design procedure the 
critical weak element may establish the safe load further below the 
ultimate load capacity than the 1.85 factor would allow. Accordingly, 
for full utilization of their load capacity, columns and studs should 
be made up of elements of balanced compression strength. Limita
tions of maximum allowable stress according to L/r ratios prevail as 
in conventional design procedure. 

To simplify the design procedure for compression numbers, the 
ratio of the reduced stress to the full allowable stress for unstiffened 
elements and the ratio of the reduced to the full cross-sectional area 
of stiffened elements are designated by a factor "Q" which appears 
in the design charts. (See Figure 6). 

What I have told you probably seems somewhat involved, but 
the Design Specification for Light Gage Steel, like the rules for 
Canasta, is much simpler than it sounds. 

If the designer will bear in mind that these factors and apparent 
departures from usual design procedure serve only as mechanical de
vices to facilitate application of variable stresses to unstiffened ele
ments and variable effective widths to stiffened elements, there will be 
little mystery in the procedure. 

The Design Manual published last year by the Institute simpli
fies the application of the Specification. In the Manual are included 
tabulations of the structural properties of about 230 formed sections, 
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including zees, single and double (back-to-back) channels :and angles 
with either stiffened or unstiffened flanges and legs. Design charts, 
tables, graphs and examples also are included. 

Fire Resistance Ratings.-The development of collateral insulat
ing and fire resistant materials has broadened the application and use 
of light gage steel constructions in buildings. Many ASTM fire tests 
have been conducted on light gage steel floor, roof and wall assem
blies to establish standard fire resistance ratings. In fact, more test 
data are available on these newer forms of construction than on 
some of the older conventional types. It is now economically feasi
ble to use these light steel assemblies even where· a high degree of 
fire-resistance is required. 

In the usual hotel, apartment, business, institut:onal or school 
occupancy, the average severity of the fire hazard represented by their 
combustible contents is in the order of .½- to 1-hour of the standard 
fire test exposure. In comparison, floor assemblies of light, formed 
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steel develop fire-resistance ratings of 2-hours where protection is 
provided by ceilings of ordinary ¾-inch thick sanded-gypsum plas
ter on metal or wire lath. 

In multi-storied structures or those where "fireproof" construc
tion is required by the building code, 3- to 4-hour fire-resistance 
ratings can be developed by light steel floor assemblies, at little addi
tional cost, through the use of gypsum-vermiculite or gypsum-perlite 
plaster ceilings applied on metal lath. In these plasters vermiculite 
or perlite is used as the aggregate instead of sand. Vermiculite aggre
gate is produced by exploding vermiculite, a laminated micaceous 
mineral, at high temperatures. Perlite is a glassy, igneous rock which 
is expanded by heating and which upon cooling divides into small 
spherical bodies. 

Wall Panels.-Today, as 100 years ago, the exterior walls of our 
buildings consist of millions of little clay units, each one carefully 
placed by hand after it has been painstakingly buttered with mortar 
-a procedure that has become increasingly more costly over the 
years. The result: Thick and heavy enclosure walls that often leak. 
Their function: To keep out the weather and provide a reasonable 
degree of insulation and fire protection. 

All these functions can, in the future, be performed more satis
factorily by thin insulated metal-clad panels, panels that will de
crease the weight, reduce the cost, and increase the usable and rent
able floor space. They also will afford the necessary degree of insu
lation and fire protection. 

As many codes now are written, they allow use of glass windows 
(of unlimited number and size) that afford 2-minute fire protection, 
or fire windows that afford ¾-hour protection; but if you substitute 
a wall for those windows, it must be of 4-hour masonry construction 
-:-in spite of the fact that 1° or 2-hours fire resistance (depending 
upon the width of separation from adjacent structures) is ample for 
the severity of the fire risk. Progress is being made in rationalizing 
building code requirements and making them consonant with the 
actual hazards. The metal-clad insulated spandrel panels are capable 
of developing 1- to 2-hours fire resistance and will qualify for use 
under modern code regulations. 

Advantages.-Obviously, the decrease of dead load effected 
through the use of light gage steel construction is a real advantage, 
particularly in multi-storied buildings. Floor or wall panels can be 

• 
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erected quickly. A couple of men can lift a floor panel in place as 
quickly as they could a 3 x 8 wood joist, but 30 sq. ft. or more of 
floor deck results from the effort and becomes immediately available. 
The shores traditionally required to support form work are elimi
nated-as is the fire hazard during construction. Clear working space 
immediately becomes available for the masons, electricians, plumbers. 
and other trades. All these features reflect speed and economy. 

Determination of the relative advantages and economies of any 
type of building construction must include consideration not only of 
the construction functioning in its structural capacity, but also its 
functions in facilitating the application of the collateral materials. 
necessary to provide a finished building and its function in accommo
dating the various utilities that enter a building. 

Light gage steel constructions are practicable and economical for 
use on ordinary spans to support live loads up to about 12 5 psf. 
Economy dictates the use of the heavy conventional steel shapes where 
the loads to be supported require the full structural properties the 
heavy members provide. But in apartments, hotels, office buildings, 
schools, hospitals and similar occupancies, the live loads are' moderate 
and often the collateral finishing materials require close spacing of 
supports. Under these conditions, light gage steel systems, having 
their structural elements closely spaced, meet the needs effectively 
and economically. The light steel systems provide space for plumb
ing, air conditioning, electric lighting and telephone wiring. Utilized 
for radiant heating, these steel panels afford a degree of flexibility of 
heat control not obtainable where pipes are embedded in concrete 
slabs and large masses of concrete have to be heated or cooled before 
desired changes of temperature can be effected. 

The establishment of recognized design standards and fire 
ratings, the development of collateral insulating materials, and the 
rationalization of building code regulations have been important steps 
in broadening the use of steel in its modern lighter forms and mak
ing its advantages available. You will find these new steel assemblies 
no less reliable than their sturdy predecessors. 

• 
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ENGINEERS JOINT COUNCIL WATER POLICY PANEL 
BY W. ~- UHL, Member·* 

(Presented at a meeting of the Boston Society of Ci\'il Engineers, held on September 27, 1950.) 

IN AucusT 1947, at the instance of the American Society of 
Civil Engineers, the Engineers Joint Council "took steps to institute 
the creation of a National Water Policy Commission charged with the 
investigation and reporting-among other things-upon the several 
elements affecting the orderly and economical development of the 
water resources of the country, with recommendations as to legisla
tion and administrative organization necessary to effect the ends 
sought." 

Engineers Joint Council is an organization of the five national 
engineering societies: 

American Society of Civil Engineers 
American Institute of Mining and Metallurgical Engineers 
American Society of Mechanical Engineers 
American Institute of Electrical Engineers 
American Institute of Chemical Engineers 

Engineers Joint Council is the clearing-house for the five socie
ties with respect to matters of common interest. It has many fields 
of action, among them that of coordinating the services which mem

. hers of the engineering profession may render to the public. 
As an initial step, Council set up an Exploratory Committee 

to formulate plans for such an investigation and report as had been 
proposed by the American Society of Civil Engineers. 

This Exploratory Committee was made up of one member from 
each of the five societies. 

This committee reviewed the whole field of water resources de
velopment, considered present procedures, and called attention to the 
confusion and lack of coordinated policy in our present water re
sources programs. It filed its report on January 21st, 1949, outlining 
the character of study which was needed, and recommended that the 
engineering profession itself be organized to undertake the work, 

•President, Chas. T. Main, Inc., Boston. Mass. 
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and present recommendations to the Congress of the United States. 
Engineers Joint Council, on receipt of this report, approved the 

objectives and the general procedure set out, but reached a conclu
sion that the study itself should be undertaken under the auspices 
of the national government. It gave favorable consideration to the 
idea that this might be done by the cteation of a Congressional Com
mission on National Water Policy. 

In November 1949, Council acted to transform its temporary 
exploratory committee into an Engineers Joint Council Action Panel 
with respect to National Water Policy. 

In December 1949, the newly created Action Panel prepared a 
revised report which, amongst other things, outlined a proposal for a 
joint conference with other interested societies, and possible joint 
action with such societies in presenting this matter to the Congress. 

A communication was addressed to Dr. John R. Steelman, Assist
ant to the President of the United States, advising him of the inter
est of Engineers Joint Council in the development of an adequate 
national policy for water resource development, and of Council's pro
posal to take action in the matter. 

On January 3rd, 1950, Dr. Steelman replied advising that the 
President, as of that date, had-by executive order-created a tem
porary Water Resources Policy Commission of seven members. This 
letter concluded with the statement: "The work you are undertaking 
will, I am sure, prove of valuable assistance in the undertaking of 
the vital problem of water resources and conservation." 

The President's temporary Commission held its first meeting on 
January 14th, and issued the following statement: "The Commission 
decided to include in its procedure an opportunity for all persons 
and organizations concerned with water resources to bring to its 
attention their conception of the elements of a sound water resource 
policy for the nation." 

Under date of March 3rd, 1950, the Chairman of the Presidential 
Commission addressed a letter to the Chairman of the Council's 
Action Panel requesting, " a full presentation of such aspects of the 
matter as you would want the Commission to consider". 

On January 18th, 1950, Engineers Joint Council took the follow
ing additional interim action: "That its Action Panel be instructed 
and authorized to act as an administrative agency for the purpose of 
establishing contact with the Presidential Commission, and be au-
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thorized to present to it, on behalf of Engineer~ Joint Council, specific 
proposals for a desirable revision of National Water Policy." 

Under this authorization, the Panel invited some seventy-five 
of the leading engineers of the United States, having long experience 
in the water resource development field, to serve on voluntary Task 
Committees for the purpose of developing a statement of desirable 
water resources policy. · 

Almost without exception the invitat:ons were accepted and the 
Task Committees were constituted. The personnel of the under
taking adequately covers the geographical area of the United States. 
In terms of type of engineering service, the membership was well
spread throughout the fields of consulting engineering practice, State 
and Municipal service, university and other institutional organiza
tions and industry. 

No engineers now actively engaged under the Federal services 
were requested to serve, but experience within the Federal services 
is well represented, since about one-third of the committee member
ship has, at some time, had actual experience in the organizations of 
the Corps of Engineers, Bureau of Reclamation, etc. 

The organization consisted of the Action Panel, a Coordinating 
Committee responsible for reconciling the Task Force reports and 
for the preparation of a summary report, a Committee on General 
Economic Principles which dealt with policies of general applicability; 
and eight Task Force Committees covering the major functional fields 
of water resource development and use as follows: 

No. 1-Domestic and Industrial Water Supply and Pollution. 
No. 2-Flood Control, Including Water Flow Retardation. 
No. 3-Navigation and Inland Water Transportation. 
No. 4-Irrigation. 
No. 5-Hydroelectric Power. 
No. 6-Recreation, Fish and Wild Life. 
No. 7-Basic Water Resources Information. 
No. 8-Land Drainage. 

The majority of the members serving on committees were drawn 
from the membership of the five national engineering societies, but 
there were included within the committees, non-members-princi
pally geologists, agricultural economists, and recreational planners or 
administrators. 
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Since the immediate objective was the presentation of a state
ment of desirable policy to the President's Temporary Commission, 
the period of the effort had to be limited and the project completed 
as of July 1st. Under these circumstances brevity was essential. Be
cause of the wide range of matters which had to be considered, the 
statement is of greater length than might have been desired. 

The individual members of the various committees brought to 
the project a distinctly objective approach. It has been interesting 
to have seen within the Task Force Committees the development of 
unanimous agreement as to essential basic principles regardless of 
the fact that the individual members in their personal affairs, often 
represented a wide divergence of interests. 

The statement of the history of this effort of the engineering pro
fession has been made by way of introduction since to the best of 
our knowledge, it is the first time that engineers were able to induce 
the highest authority to take immediate action on their proposal. 

It also is the first time that so many engineers have volunteered to 
bring their experience and their long time consideration of policy 
matters to a joint project. In many cases this involved great per
sonal sacrifice. It is believed that the individuals came into the 
effort with a full knowledge that it represented the possibility of a 
major service by the profession to the public, and an opportunity 
for service that could not be ignored. 

Prior to 1920, water policy questions were related primarily to 
rights of individuals and the laws of the states. The Federal Govern
ment, under the Commerce Clause of the Constitution, had assumed 
responsibility for the maintenance of channels in the interests of 
navigation; it developed a reclamation program in the west for the 
public lands, but with the expectation that costs would ultimately 
be repaid by the users; and from a consideration of navigation inter
ests, had accepted authority for licensing the hydroelectric power de
velopments on so-called navigable streams, and on public land. 

It had also assumed some responsibility for protection against 
flood damage to interstate commerce, primarily along the lower 
Mississippi River. After 1920 there was insistent demand for the 
Federal Government to assume full responsibility, including finan
cial responsibility, for the abatement of flood damages, culminating 
in a national policy to that end in 1936. Also, throughout the last 
twenty years there has been a steady extension of Federal responsi-
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bility for reclamation of arid lands and an extension of the charac
ter of the reclamation program into projects beyond the ability of 
the users to repay, with a consequently steadily increasing charge 
to the Federal taxpayers on that account. 

The enactment of the "Water Pollution Control Act" by the Con
gress, in 1948, defined for the first time an area of assumption of 
Federal responsibility in the stream pollution field. 

These and other Federal programs impinge on the previously 
recognized rights and responsibilities of individual states and limit 
the possibilities of water development under private initiative. The 
greatly expanded Federal program is being planned and executed 
through a variety of Federal agencies, and is being presented to, and 
considered and authorized, by the Congress through several differ
ent committees. 

There has been a growing conviction on the part of the public 
that our water programs, on the Federal level, are not satisfactorily 
coordinated as between Federal agencies, and that they were pro
ceeding in the absence of any recognizable overall, comprehensive 
water policy. 

When, to this confused situation at the Federal level, there are 
added the complications and the conflicts of interest between the 
Federal and State levels; and when there are considered the interests 
of the individuals, both as beneficiary and as taxpayer, it appears to 
be obvious that there is an urgent need for a complete review of the 
National water situation in all of its aspects, ar:d early developments 
of a comprehensive water policy to guide and control the utilization 
of this great nationwide resource. 

In the time available tonight only a few of the many recommen
dations made in the Engineers Joint Council Water Policy Panel 
statement of a desirable policy with respect to water resources can 
be reviewed. 

Throughout the deliberations of the individual committees on 
functional objectives and controls, the following general principles 
were universally accepted. 

Conservation and control of the waters of the United States are 
in the national interest but not necessarily a function of the Federal 
Government. On the contrary, that which can be done by the indi
vidual should be done by him, and that which requires collective 
action should be dor.e at the lowest government level practicable. 

• 
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The Federal Government should engage in the conservation and con
trol of waters only when the collective action of all the people of the· 
nation is necessary for the accomplishment of the objectives. 

Such collective action through the medium of the Federal Gov
ernment is justified for only two purposes: 

First, to do those things which are essential to the National 
Defense or otherwise of substantial benefit to all of the people 
throughout the nation; and 

Second, to aid in the financing of the cost of construction of 
works for the benefit of a limited number of people on terms equita-
ble to all other citizens of the nation. 

In the discharge of the first function, the Federal Government 
is acting as trustee in the disbursement of tax revenues on a non-
reimbursable basis for the general benefit. It follows that , such ex
penditures should be made for those purposes which will produce 
the greatest benefits to the nation as a whole. This responsibility 
goes far beyond any determination of feasibility; it requires a deter
mination of what is best, not merely what is good. 

In its performance of the second function, the Federal Govern
ment is basically acting as a banker responsible for the soundness 
of his loans. It is fundamental to this function that such loans should 
be repaid with interest so long as there is a national debt, and that 
the period of amortization should not exceed the useful life of the 
works. It is also fundamental to this function that those who benefit 
directly from the construction of such works for the conservation 
and control of water should repay all costs properly allocable to the 
production of such benefits; furthermore, where indirect benefits will 
accrue to a region in greater degree than to the nation as a whole, the 
people in the region should repay a like proportion of all costs not 
allocable to production of direct benefits. 

All non-reimbursable expenditures and all subsidies, regardless 
of the source of payment, should be considered as being for the gen
eral benefit, and should be compared with the benefits which could 
be derived from the expenditures of like sums for any other purpose 
at any other location. Only such portions of the total costs as will 
actually be repaid with inter:est by beneficiaries can properly be ex
cluded from the test of comparison. 

Under "Domestic and Industrial Water Supply and Pollution", 
we find that the use of water resources for domestic and industrial 
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purposes is believed to be the highest and best use. The use of water 
for these purposes is also the only universally distributed use. 

Since the domestic and industrial water supplies are of such 
prime importance, it necessarily follows that pollution of water re
sources must be so controlled as to make it practicable to provide a 
water of satisfactory quality as well as adequate in quantity. 

Pollution of water should be regulated at the lowest govern
mental level adequate for the particular situation. Some will be wholly 
local, some at state level, and some at state compact level. Federal 
jurisdiction and participation should be limited to the administration 
of existing laws; to research, investigation and guidance upon which 
sound state laws and local regulations may be based, with as much 
uniformity as is consistent under the variable conditions encountered. 

Contrary to general public belief, there is no experience basis 
for the fear that the availability of water resources, surface or under
ground, is declining. Shortage of water is neither universal nor 
increasing. 

Under "Flood Control and Retardation" it is stated that flood 
control is of vital concern both to Federal and local interest. It 
should be effected by cooperative efforts between them. It should not 
be the sole concern of the Federal Government. 

The present policy wherein the Federal Government bears the 
entire cost of flood control projects is inconsistent with the existing 
policies on other types of water resources projects wherein local inter
est must bear part or all of the cost. It is believed to be funda
mentally unsound not to require that the beneficiaries pay an 
equitable portion of the cost of flood control projects. 

The report entitled "Measurement Aspects of Benefit Cost Prac
tices", prepared for the Federal Inter-Agency River Basin Committee, 
November 1948, reveals that major differences exist among Federal 
agencies engaged in planning and constructing flood control projects 
for evaluating the feasibility of such projects. These differences are 
particularly prevalent in the matter of calculating benefits, both 
tangible and intangible, in determining rates of interest and in fixing 
the life assigned to projects or components thereof. 

The term "Flow Retardation", as applied to surface run-off has 
bt::en greatly strained in order to get it under the flood control ban
ner. Its efficiency in reducing the height of and hence damages from 
major floods is virtually nil. Its principal worth, therefore, must be 
judged as a means for the mechanical conservation of soil. 
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Flood control projects in a river basin should not be held in abey
ance pending the cotnpletion of flow retardation projects on the 
uplands of that basin. · If both types of projects are feasible, they 
should be physically coordinated but may be developed independently 
as regards time. 

A flood control project, or a flood control component of a multi
ple purpose project, should not be pronounced feasible unless each of 
the following three criteria are met at the time of initial appropria
tion: 

a) The value of all average annual estimated tangible benefits 
are in excess of estimated average annual costs-; 
also, 

b) The value of all average annual estimated tangible benefits 
plus the annual amount the beneficiaries of intangible benefits would 
be willing to pay for such_ intangibles is materially greater than the 
estimated average annual costs; 
and if, 

c) Local interest will furnish their equitable share of aid, finan
cial and otherwise, that may be assigned to them, including their 
equitable share of the cost of intangible benefits. 

Under "Navigation and Inland Water Transportation", the state
ment informs us that the inland waterways of the United States, if 
converted to one continuous channel, would extend arourid the world 
with over 300 miles to spare-and would include 480 locks and dams 
and 270 harbors along the way. The exact figure is 28,591 miles. 

The total Federal expenditures in co~nection with river and har
bor navigation projects, as of June 30, 1948, would appear to be ap-
proximately 3. 7 billion dollars. . 

Each completed project carries with it a continuing liability over 
the years for further expenditures for maintenance and operation. 
In the past eleven years, maintenance costs on rivers and harbor's 
projects ha~e more than doubled. In 1938 the expenditure for this 
work was 37.6 million dollars, and they have since increased to an 
estimated 83.S million dollars in 1949. By the constant initiation of 
new projects, therefore, the Federal Government is creating an ever 
growing annual charge for maintenance, operation and care of water
way projects. 

The Committee believes that the role of water-borne transporta
tion in national transportation policy lies in the transportation of 
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bulk cargo. Transportation of non-bulk cargo on inland waterways 

has proven generally uneconomical. In the computation of traffic and 

benefits on navigational projects no prospective traffic or savings on 

other than bulk freight should be included until carriers' experience 

in transporting such freight has demonstrated that it can be done 
economically. 

The use of inland waterways as a regulatory agency to force re

ductions in rates on land carriers should be abandoned. 
Under "Irrigation", we find that irrigated acreage now covers 

about 22 million acres. Something like 30 million acres more are con

sidered susceptible to irrigation, although more land is suitable than 

there are water resources to serve them. Projects now under way or 

under consideration involve more than 13 million acres of reclama

tion and nearly 8 million acres of supplemental irrigation. The most 

economical projects have already been undertaken and further de

velopments will be costly and in many instances too large for private 

groups to undertake. 
When the original Reclamation Act was adopted in 1902 for the 

primary purpose of developing public lands, only ten years were 

allowed for repayment of moneys expended from the Reclamation 

Fund for construction purposes. This was quickly found to be too 

short a time, and in 1914, under the Reclamation Extension Act, a 

repayment period of twenty years was allowed. Twelve years later, 

in May 1926, the repayment period was extended to forty years, 

and finally, by the Reclamation Projects Act of 1939, it became effec

tive in fifty years by inclusion of a ten-year development period 

during which no construction charges had to be paid. 
The necessity for extending the repayment period from ten years 

to twenty, then to forty, and now in effect to fifty years, arose from 

the inability or unwillingness of water users to make annual pay

ments sufficient in amount to pay back construction costs without in

terest in any shorter period of time. Inasmuch as Federal irrigation 

projects will be increasingly expensive, the applicability of the re

payment form of contract in the future may well be questioned. 
While some weight should be given to the desirability of increas

ing the production of food and fibers, this is not restricted to irriga

tion development and applies with equal force to the drainage of land 

and to measures which can be taken to improve the productivity of 

existing farms. The benefit to the citizens of the nation is inde-
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pendent of where or how production of foods and fibers is increased. 
Hence, in any computation of subsidiary benefits from irrigation, the 
benefits to be derived from the expenditure of a like sum elsewhere 
for the production of foods and fibers should be considered. 

Under "Hydroelectric Power", it is stated that the Federal Gov
ernment should not engage in the production or supply of power pri
marily in order to fill the power requirements of any community or 
region. That should be left to local enterprise, state, municipal, or 
private. 

As to Federal development of hydroelectric power, there should 
be no subsidization in respect of capital costs. In principle, there 
should be no sale of power at less than the appraised value upon 
which the construction of the project was predicated. In any event, 
there should be no subsidization by way of sale of power at less than 
its true cost. 

In computing the costs of Federal water resources develop
ments, including computations for the purpose of determining eco
nomic justification, there should be included amounts equivalent to 
the taxes which would have to be paid were the lands, physical im
provements and business, if any, not exempt from taxation, whether 
Federal, state, or local. 

Any taxes on power developments are ordinarily paid by the 
consumer. This is true whether the taxes are on real property or 
on income or output. Consumers served by the private· power indus
try are, of course, subject to just such indirect taxation. It appears 
to be no more than fair that all consumers of power from the Federal 
projects should make like· contribution to the Federal Treasury. 

Congressional approval or authorization of a comprehensive 
basin plan, or authorization of a specific project or projects should 
not serve to bar the construction of any project by others than the 
Federal Government, provided the plan of construction and operation 
is not inconsistent with a reasonable overall plan of construction and 
operation for the basin. 

Local enterprise should not merely be encouraged but should 
have priority to make hydroelectric power developments under proper 
governmental control and regulation. 

The sale of Federal power should in general take place at the 
generating stations. Except where absolutely essential for its own 
needs, the Federal Government should engage in transmission of 
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power only when and where necessary in order to attain higher net 

income to the Treasury, after subjecting the transmission' facilities 
to the same bases of cost determination as should be used for the 
Federal water developments proper. 

Where there are involved vendible products or services, includ
ing hydroelectric power, serious consideration should be given to the 
financing of Federal developments by means of capital borrowed on 
the security solely of the earning capacity of such developments, 
in the form" of revenue bonds or otherwise. 

Suitable provisions should be made in law whereby states or their 
nominees, or other local agencies, may acquire hydroelectric power 
developments or transmission lines, constructed by the United States. 

Under (<Recreation, Fish and Wild Life", the statement explains 

that recreation is a secondary benefit of water projects. In most 
cases, it involves use of water surface and adjacent lands at reser
voirs whose primary purpose is flood control, water supply, irrigation, 

navigation, and power. 
Flood control reservoirs, being normally dry, have recre!'l,tion 

possibilities only when sufficient dam height is provided so that a 
permanent pool can be maintained without sacrificing the flood con
trol capacity-the primary objective. Such extra dam height necessi
tates additional expenditure, chargeable to recreation and therefore 
should be incurred only after study of need for recreation facilities 
in the area involved. The last named functions-namely water sup
ply, irrigation, navigation, and power-present difficulties for recre
ation use because of drawdown during the recreation season. 

Delicate and subtle relationships are involved in the reaction of 
fish and wild life to their en.vironment, and in many instances these 

relationships are not clearly understood, even by the specialists in • 

this field. 
Recreation, fish and wild life provide benefits of such intangible 

character as not to be susceptible to appraisal in monetary terms. 
Efforts at such appraisal can only be, in the nature of the case, un
realistic and arbitrary. Recreation is like education in this respect 
and recognition of this essential difference between it and the other 

functions of multi-purpose water projects is fundamental to a sound 
policy and an equitable distribution of costs. 

Under (<Basic Water Resources Information" we find that the 

collection and publication of basic hydrologic data by Federal agencies 
has been delegated by various acts of Congress to the Weather Bureau 
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of the U. S. Department of Commerce, the Geological Survey of the 
U. S. Department of the Interior, and the Soil Conservation Service 
of the U. S. Department of Agriculture. The Weather Bureau com
piles data on precipitation, temperature, evaporation and river stages 
for flood forecasting. The Geological Survey is authorized to com
pile data on the flow of streams, ground-water, sediment content of 
streams and quality of water. The Survey also collects limited amounts 
of data on evaporation, and water content of snow. The Soil Con
servation Service is a relatively new agency but it has taken a leading 
part in collecting data on the water content of snow for forecasting 
runoff, on the accumulation of sediment in reservoirs, and on land 
use and soil characteristics. 

In the two most important functions of the Geological Survey, 
dealing with stream flow and ground-water, the data are collected 
cooperatively with the various States, in such a way that the Federal 
Government provides one-half of the funds and the States provide 
the other half. This procedure is commonly called "matching of 
State funds". The Weather Bureau and the Soil Conservation Ser
vice, in general, operate entirely with Federal funds, although these 
agencies often furnish technical assistance on programs financed by 
State or local agencies. In the last fifteen years, both the Weather 
Bureau and Geological Survey have received substantial funds for 
data collection by transfers from other Federal agencies such as the 
Corps of Engineers, Bureau of Reclamation, and Tennessee Valley 
Authority, which are essentially construction agencies. 

The collection of hydrologic data is not confined to the three 
principal Federal agencies mentioned. Numerous other departments 
and bureaus have become interested in ~ater resources development, 
and have collected and compiled data, but in general the data have 
not been readily available to engineers outside of the government 
services. The following agencies are engaged in some type of data 
collection: 

Forest Service 
Bureau of Reclamation 
Corps of Engineers 
Tennessee Valley Authority 
Indian Service 
Mississippi River Commission 
International Boundary Commission 
Public Health Service 
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In addition to the Federal agencies that collect data, there are 
numerous State agencies that operate without any Federal aid, par
ticularly in the compilation of information on ground-water. Many 
States issue annual publications on water resources. Often the data 
in these publications are contained in part in the Federal publications. 
Finally, there are many private companies and municipalities that 
collect hydrologic data, usually in connection with the operation of 
hydroelectric plants and water supply systems. Much of this data 
from State, private and municipal sources is made available to the 
Weather Bureau and the Geological Survey for inclusion in official 
publications. 

The expansi?n in water resources information since the report 
of the National Resources Committee in 193 6 has been in general 
greater than envisaged by that Committee. However, the increase 
has been desirable although it need not continue at as great a rate 
in all localities. One of the objections to such a rapid expansion is. 
the inability to obtain a qualified staff of technical experts. 

New data collection points should be carefully selected to meet 
specific needs, particularly in areas where there is a high degree of 
water utilization or where there are potential sites for essential projects. 

The policy of the Federal-State cooperation in data collection 
should be continued as it contributes to properly balanced programs 
that meet both local and national needs. 

Basic water resources information should be broadened in scope 
to include rates of evaporation from selected large and small water 
bodies, evapo-transpiration data, run-off data from drainage areas 
of less than 100 square miles, continued study of outstanding storm& 
and their tracks, with publication to make data available, data on 
run-off characteristics as related to topography, geology, vegetation 
and climate, more studies on sedimentation of reservoirs, regimen 
of streams, and stream pollution, and extension of snow studies. 

Under "Land Drainage" we are informed that in 1946 the Drain
age Committee of the American Society of Agricultural Engineers 
estimated that there were 97 million acres of wet, swampy and over
flow lands, of which 20 million acres could be drained at reasonable 
cost. Of this 6.4 million acres were cultivated or partly cultivated and 
13.6 million a'cres were undeveloped. In addition some 29 million 
acres of partly improved land is organized in drainage districts, and 



86 BOSTOX SOCIETY OF CIVIL EXGIN"EERS 

8 million acres of irrigated land needed improved drainage, a total 
of 57 million acres. Other estimates are even larger. 

It is normally possible to secure increased agricultural production 
through land drainage at less cost than in any other way, and the 
public benefit is equally large. 

The benefits accruing from agricultural drainage projects are 
not subject to accurate determination. Therefore, in order to justify 
drainage projects economically, the margin of direct benefits over 
costs should be substantial, the excess of direct benefits being large 
enough, not only to cover such possible errors resulting from inexact 
calculations of benefits and costs, but also to provide a margin of 
safety. 

Indirect benefits should not be used in determining the feasibility 
of drainage projects, but might well be used in determining priority 
as between projects and in establishing justification for Federal par
ticipation. 

In no case should a drainage project be approved if the cost per 
acre is greater than the value of productive land similarly situated. 

Traditionally, a basic assumption underlying national policy has 
been that a need exists for the development of more land and larger 
agricultural production. Today, the validity of that assumption can 
no longer be taken for granted. An agricultural revolution, still under 
way, has brought changes which have profoundly affected the need 
for land. Consideration of these changes suggests that there is no 
need to make more land available for production either now or in 
the near future. 

Lands now awaiting reclamation by means of drainage or irriga
tion are not deteriorating, and should be regarded and treated as a 
useful reserve for future needs. In general, the development of lands 
already partially developed can be completed more quickly and eco
nomically than raw lands. In the absence of need for the production 
from additional land, such production must be regarded as an eco
nomic liability rather than an economic asset. Claims that such re
clamation will provide additional farming opportunities are misleading. 
To the extent that they do so, an equivalent number of existing op
portunities will tend to be destroyed. 
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THE ARCHITECTS' AND ENGINEERS' APPROACH TO 
BUILDING CODES 

Bv WALTER C. Voss, Member* 

(Presented at a joint meeting of the Boston Society 0£ Ci,•il Engineers and the Structural Section 

B.S.C.E., held on December 20, 1950.) 

THERE is a marked contrast between the analysis and unity of 
approach whieh various professional groups use when confronted 
with matters which affect their profession. Perhaps the contrast is 
greatest between the legal and medical professions on the one hand 
and the architectural and engineering professions on the other. The 
former are the sine qua non of professional solidarity while the latter, 
divided into many technical groups, lack unity of interest and action 
on matters which affect their profession as a whole. 

There are two basic responsibilities which any professional group 
must accept. One of these is to advance the knowledge in their field. 
The other is to make sure that this knowledge is used in the public 
interest. All professional groups are diligent and energetic in the ex
pansion of technical knowledge in their various fields, but many con
fine their activities to this phase alone. In the absence of leadership 
on the part of such groups, the impacts of technical advances are 
passed on to the public through laws and customs fashioned by others 
not so cognizant of their details. Invariably this leadership is as- . 
sumed by the legal profession. The absence of vigorous leadership 
on the part of any professional group in dealing with the legal inter
pretation proposed for the implimentation of their professional work 
may lead to improper laws and unethical preferences which would 
not be in the public interest. 

To accomplish the proper coordination of their technical de
velopments and their social responsibilities, the medical profession 
has unified its activities under the aegis of the· American Medical 
Association and the legal profession operates similarly under the 
American Bar Association. The American Institute of Architects, 
appreciating the importance of its relation to government, has taken 

•Head of Department of Building Engineering and Construction, Massachusetts Institute of Tech

nology, Cambridge, Mass. 
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a greater interest in the broader aspects of professional responsibility. 
In contrast with these more effective approaches to professional 

responsibilities, the engineering profession is divided into many sepa
rate groups with a great variety of individual objectives. We have 
a group for each type of engineering, special groups whose interests 
are in particular technical fields, and more recently, attempts to or
ganize engineers on the basis of registration. This loose-jointed pro
fessional atmosphere imposes an unnecessary hurdle on the progress 
of many desirable activities and always shows a divided-house ap
proach to legislation proposed by one or more of the components 
of the engineering profession. 

The difficulties which such divisions impose upon a rational 
solution of the building code problem and the advantage taken by 
opportunistic political and business interests, because of this division, 
are the subject of this discourse. Codes are the subject of discussion 
in many quarters and a great number of groups, committees, or com
missions are writing what they hope will be ideal documents. Thou
sands of unrewarded hours of service are being poured into this 
kaleidoscopic "pot-pourri" of technical regulation which is the direct 
result of the lack of unified cooperation by the professions which 
should be most concerned with codes. 

Let us examine some of the primary features which must charac
terize all legislation dealing with codes. The first of these is that all 
building code regulations must be based upon the constitutional pro
visions of "police authority." Police authority, as applied to buildings, 
is concerned with the safety of people and property from fire, struc
tural failure and menace to health, with due regard to the effects of 
such failures on the public generally. The second feature is the 
general provision in nearly all state constitutions that the state grants 
authority to cities and towns to write regulations for building code 
purposes. This, by inference, gives the state the power to limit the 
extent of such authority. 

Because of the confusion created by the interpretation of the 
limitations of police power and the independent approach of many 
groups ar;d their advisors, codes have been either mandatory, per
missive or suggestive. The mandatory type have been those written 
into law by the state or by a local political unit. Whenever there 
has been fear of non-acceptance, the codes have taken on a permissive 
aspect. When private groups have prepared codes, they have always 
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been "suggestive," in the hope that political units would adopt them 
in whole or in part. 

This is the situation at present. Unless a more effective approach 
supported by the ar_chitectural and all engineering groups is used 
the situation will not improve but will grow even more confusing. 
Architects and engineers must take the initiative in formulating the 
objectives of a code and providing the technical criteria to meet pre
determined performance standards. In addition, they must take 
positive group action to see that their proposals are enacted into law. 

The provisions or regulations written into building codes must 
have two fundamental characteristics. They must provide the de
signer with the legal limitations governing his design. They mus.t 
be so written that the changes which may be dictated by technical 
advance can be added promptly and with the minimum of legal 
difficulty. 

When an architect or engineer designs a building he follows a. 
rather well-defined procedure. This procedure usually involves the 
following considerations: 

(a) Space 
(b) Construction 
( c) Mechanical Services 

The designer is concerned with required space in his plan, the lo
cation of the building on the lot, the provisions for circulation within 
and outside of the building and the relation of space arrangement 
to fire, health, and economic use. Because of the space determinations 
he has made, he selects t~e proper materials and studies the struc
tural requirements which his plan imposes upon these materials. To 
meet the conditions imposed by use the service requirements must 
be related to the plan and to the construction. For an orderly refer
ence to the code it should be subdivided into similar sections so that 
the designer will find all limitations related to space, construction 
and services in one place. 

In the writing of codes there has been considerable publicity 
given to the preference for performance codes to replace the usual 
specification code. The proposal to write codes from a performance 
point of view is not new. This approach was proposed more than 
twenty years ago. The reason it has not been more sucLessful is 
that it is difficult to set up performance requirements for many of 
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the items which comprise the modern building. If such performance 
requirements are too general they are of little use unless they are 
amplified by criteria for · performance which give practical interpre
tative information. These criteria will usually be of the specification 
variety but should always be accepted standard values. All other 
specification values, many of which presently appear in building codes, 
should be used as correlative information only, and not written into 
law particularly if such values are in a state of flux or as yet generally 
unacceptable to the profession. 

Two constructive approaches are presently· proposed or used. 
One of these is similar to that which came into existence with the 
passage of the Massachusetts statute establishing the Board of Stand
ards, which was empowered to impose regulations on the constru~tion 
of buildings and structures, but which is presently limited to places . 
of public assembly. The other is being· worked out under the New 
York State Law creating a Building Code Commission empowered 
to .write a code as far as practicable on a performance basis. This 
commission plans to limit the code to performance requirements and 
criteria of performance and to prepare an informative manual indi
cating current methods and standards which meet such criteria. 

Both of these plans have one important thing in common. This 
is the creation of a board or commission with Gomplete authority to 
write regulations and to decide which shall be a part of the code law 
or merely suggested details. In the case of the State of Massachusetts 
the regulations prepared by the Board of Standards are law and are 
mandatory on all cities and towns; in the case of the New York State 
Commission, their proposals are permissive leaving the refusal to 
conform to the cities or towns. While it probably is true that the 
greatest degree of uniformity would be accomplished by placing 
the responsibility for proposing code provisions to a competent and 
properly selected board or commission, it is equally as true that local 
desire for autonomy will for a time be an obstruction to the develop
ment of the most sensible and practical approach to uniformity in 
code provisions. Keeping in mind that progress in this direction 
will have to be evolutionary, one must examine the ultimate ideal 
solution to determine whether it may be approached in more accept
able gradual steps. Various groups are presently pressing for a 
variety of initial steps. 

Prominent among these is the proposal to enact legislation per-
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mitting cities and towns to incorporate existing national standards 
into codes by reference. It must be remembered that in accepting 
national standards by reference that such standards must bear the 
year or edition so included. This means that as such standards are 
revised, revisions of the code must be made. It has been found that 
to adopt national standards "as now exist and as hereafter amended" 
is generally considered unconstitutional. To adopt standards on 
this flexible basis delegates code writing authority to private groups 
not legally vested with -such authority. If such references to national 
standards are included in a code, the only method by which such 
standards can be amended or circumscribed is by the same legal 
procedure by which a code itself was originally instituted. This, in 
essence, is s_imply more confusion. However, any local political unit 
should be privileged to try this method if it wishes. 

Another method may be to allow the larger cities to set up their 
own local board or commission to function on code matters, reserving 
the preparation of code provisions for the smaller communities to a 
state board or commission. In this way local autonomy is provided 
and a degree of original resistance avoided. This method, too, is 
not the answer, but experience with a board on the local level will 
gradually demonstrate the efficiency of this type of control and it is 
hoped will lead such communities to accept state board controls. 

With the background which this discussion of the pros and cons 
of thinking on code matters provides, let us consider a plan which 
will place the responsibility for the technical provisions of a code in 
the hands of those who must use it and who are best qualified to de
termine its limitations. 

Such a plan proposes the enactment of statewide legislation 
setting up a board or commission with authority among others, 

"To provide reasonably uniform standards and requirements for con
struction and construction materials, consonant with accepted standards of 
engineering and fire protection practices." 

"To formulate such standards and requirements, so far as may be prac
ticable, in terms of performance objectives, so as to make adequate per
formance for the use intended the test of acceptability." 

In addition to the setting up of such a board or commission, the sta
tute law should carefully limit the qualifications of the members of 
such boards or commissions and the method of their appointment. 
Other provisions consonant with proper legal procedure will, of course, 
be included in any such law. 
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Such boards or commissions should keep all actual building code 
provisions which they propose on a brief performance basis amplifying 
such requirements by criteria which are generally accepted by the 
profession. Any additional technical information which has not 
reached the maturity of general acceptance but which such boards 
or commissions believe would aid local enforcement officers to under
stand the requirements of the code can be published as auxiliary in
formation for guidance until such time as general acceptance suggests 
its inclusion in the criteria of the code. 

An illustration of the above suggestion will assist in clarifying 
the approach. The code requirements for Habitable Space might be 
as follows: 

HABITABLE SPACE 

Requirements-The lighting and ventilation of habitable spaces 
and their location in respect to grade level shall be such as to provide 
healthful environmental conditions. 
Criteria 

Light-Habitable spaces shall be provided with windows or other 
translucent panels, facing directly on streets or other legal open spaces, 
to light each habitable space and to provide aggregate clear glass area 
equal to not less than 10 per cent of the aggregate floor area of the 
habitable spaces. Translucent panels other than clear glass may be 
substituted for clear glass, provided an equivalent amount of light 
is transmitted. 

Ventilation-Habitable spaces shall be provided with ventilating 
area in openable parts of windows, or in louvres, transoms, or other 
openable exterior wall surface, opening directly on street or other 
legal open spaces, to ventilate such habitable space and provide ag
gregate clear ventilating area equal to not less than 3 per cent of the 
aggregate floor area of the habitable spaces; or shall be equipped 
with mechanical ventilation which shall provide, within the habitable 
spaces, at least two air changes per hour. For such air changes, the 
air supplied may be either outdoor air or, in part, recirculated air. 
Where the purity, temperature, humidity, and movement of the air 
supplied is assured by approved equipment, controls, and installation, 
up to 95 per cent of the air supplied may be recirculated air. 

Location in Respect to Grade Level-Partly-below grade habit
able spaces shall be located so that their floor levels are not more than 
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4 feet below the average adjoining finished grade level, and so that 
at least one-half their height is above such grade level. 

While there might be differences of opinion as to the sufficiency 
of the criteria specified in this case or as to the correctness of them, 
the board or commission can propose any corrections which may be 
necessary at any time or add any additional criteria which may de
velop from time to time as acceptable standards. Until such time as 
the board or commission is satisfied that a new suggested standard 
is a proper code criterion, it may keep such standard in an informative 
-code manual. 

The only way in which such a proposal or any other may gain 
general acceptance is for all architectural and engineering societies 
or groups, all trade associations, and other parties at interest in the 
operation of codes to present a united front in promoting the pro
posal. The professions should guard zealously their prerogatives 
in the technical field and should be ready to control the quality of 
the appointments made under the legislation. We must be interested 
in something more than how we can live under codes written by others 
.and take an active interest in the initiation and promulgation of the 
legislation itself. We can end the "merry-go-round" of present code 
procedures if we will stand squarely behind the simplest and fairest 
method to accomplish uniformity by an evolutionary procedure in 
the gradual development of basic standards. 

This is the approach now being used by the New York State Code 
Commission, it was basic to the present Massachusetts law setting 
up the Board of· Standards, however deficient, and it was the theme 
of the report of the Building Code Committee of the American Insti
tute of Architects which is reprinted with the permission of The 
American Institute of Architects, Washington, D. C. 



94 BOSTON SOCIETY OF CIVIL ENGINEERS 

TENTATIVE STATUTE LAW FOR BUILDING CODE 
ADMINISTRATION 

Drafted by the Committee on Building Codes of 
The American Institute of Architects 1948-49 

Revised 1950 by Walter C. Voss, Chairman, Sub-Committee on Building Codes, Committee 

on Urban P1anning and Housing, the American Institute of Architects, 

Perry Coke Smith, Chairman. 

Department of Education and Research 
The American Institute of Architects 

The Octagon, Washington, D. C. 

IMPLEMENTING A. I. A. APPROACH TO 
UNIFORMITY IN BUILDING CODES 

FOREWORD 

While it is highly ·desirable that Building Codes be relatively 
uniform in their requirements, not only at the state level, but even 
at a national level, there are many considerations involved which 
stem from precepts which are a part of our usual political pattern 
of doing business in America, which must be met and satisfied. Among 
these the desire for local autonomy, and the differegces of opinion 
and method among competent men and groups are the most importai:it 
elements which seem to block the direct approach to this problem 
which the Code Committee of the A. I. A. has suggested. 

The Committee still feels that it will be necessary and desirable 
to separate the legislative from the technical provisions of a code, 
and that the latter be placed in the hands of a duly constituted Board 
of Standards with power to promulgate regulations for the control 
of such technical matters. 

To satisfy the demand for local autonomy which usually is ex
pressed most forcefully by our larger city authorities, it may be ex
pedient to have such communities set up Boards of Standards for 
their cities with the same pattern as that suggested for the state. The 
smaller communities may wish to have the state set up a Board 
of Standards for the control of technical provisions which would 
apply only to them. While such a procedure would introduce an 
intermediate step, it may well he the means of convincing all elements 
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in the state that the single state Board is sufficient and desirable. This 
will simply extend the time necessary for the realization of our state 

objective. It will, however, lead to the elimination of "frozen" speci
fications and expedite changes and modernization. 

The above intermediate step will satisfy the differences of opinion 
on a state level, allowing the larger cities, and even smaller com
munities, if they so desire, that degree of "home rule" which they 
seem to think is important. 

If there is not too much objection to a state Board at present 

it will be well to press for such legislation at once. It may well be 
that if the communities are permitted to enact· more restrictive regu

lations than those set as a minimum by the state Board that they 
will be satisfied to support state-wide regulation. 

In the absence of any degree of support for any of these ap
proaches it will be well to work for legislation at the state level which 

will make it possible for communities to adopt existing technical 
codes by reference. When this is accomplished such communities 
have endorsed the general principle that technical specifications 

are not matters for political action, but accepted standards developed 
and proven by the profession over a period of years, and that, there
fore, they are not regimentation, but simply desirable objectives 
which any reasonable person will approve. 

In order to set a pattern for the ultimate objective of our efforts 
we have prepared the following Tentative Statute Law as a suggestion 

for those who wish to see this problem solved. With this as a basis,, 
any state group can prepare as much as they deem possible of enact
ment at present and then follow up with further extensions to their 
original approach when the time is right. We must all remember that 
the A. I. A. wishes to provide leadership in this process, and is not 
making demands for idealism no matter how correct or desirable 
such demands may be. Progress by steps, not revolution, should 

be our slogan. 
Move for: 

1. Separation of legislative from technical at any and all 
levels. 

2. Adoption of available professional codes by reference. 
3. Eventual control of technical regulation by state Board 

of Standards. 
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CHAPTER ........ - STATUTE LAW 

Section 1.-There shall be established in the . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a 
Department of Buildings which shall be under the charge and supervision of the 
Commissioner of Buildings, hereinafter referred to as the Commissioner. 
Section 2.-The Commissioner shall be a full-time employee appointed for a 
term of . . . . years by the Governor and approved by the . . . . . . . . . . . . in ac
cordance with the provisions of Section 3. 

Section 3.-To be eligible for appointment, the Commissioner shall be a gradu
ate of a recognized school of architecture, engineering, or public administration 
or engineering administration and shall have had at least ten years of administra
tive experience in the field of the design and construction of buildings. As a sub
stitute for the above qualifications he may be eligible for appointment if he has 
had fifteen years of administrative and responsible technical experience in the 
field of building design and construction. He shall be generally informed on 
the quality and strength of building materials, on the prevailing methods of 
building construction, on sound practice in fire prevention, on the accepted re
quirements for safe exit facilities, and on the proper installation of plumbing, 
electric wiring, elevators and other installations for the safety of occupants. He 
shall not engage in or have interest directly or indirectly in the making of plans, 
writing of specifications, construction of buildings, the sale or manufacture of 
any material, process or device pertinent to the building industry, except as an 
owner of real estate. He shall be in good health, physically capable of directing 
the necessary inspections. 

Section 4.-The Commissioner shall receive a salary as determined by 

Section 5.-The Commissioner shall not be removed from office except for 
cause nor until full opportunity has been given him to be heard on specific 
charges presented before the . . . . . . . . . . . . . . . . . . . . . . . . in accordance with the 
laws of the ....................... . 

Section 6.-In ca·se of temporary absence or disability of the Commissioner, 
the D~puty Commissioner, appointed as hereinafter provided for in Section 7, 
shall act on matters which require prompt official attention and he shall have 
the same powers and duties as the Commissioner during the Commissioner's 
official absence from duty. 

Section 7.-The Commissioner may appoint a Deputy Commissioner and Dis
trict Supervisors who have had at least ten years of adminitstrative or responsible 
technical experience as registered architects, registered engineers or superintend
ents of construction. He may also appoint, after examinations in accord with 
the Civil Service Law, inspectors, who have had at least five years of technical 
experience in architecture, engineering or construction. 

Section 8.-The Deputy Commissioner, District Supervisors and Inspectors 
shall receive salaries as determined by ...................................• 
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Section 9.-The Commissioner shall submit on or before the first of December 

of each year a report to the Governor and State Legislature, covering the work 
of the Department during the preceding period. Such report shall include the 
minutes of all meetings of the Board of Standards, all public hearings under 

Section 2 7, copies of all regulations issued under Section 2 8, and all other business 
of his Department required under this Chapter. 

Section 10.-For the purpose of coordinating the work of the Department of 
Buildings with the local authorities, the Commissioner may establish districts 
each in charge of a District Supervisor appointed under the provisions of Section 7. 

Such districts. shall be defined by the Commissioner as embracing certain (politi
cal units). If such districts and District Supervisors are established the reports 

made by a Superintendent of Buildings under Sections 4 7 to SO inclusive shall 
be filed with the District Supervisor who shall transmit them with or without 
comment to the Commissioner. 

Section 11.-Where the word "Commissioner" appears hereinafter it shall also 
mean his "Authorized Representative," as provided for in Section 33. 

Section 12.-Where the words "this Chapter" appear hereinafter, they shall in

clude all Regulations issued by the Commissioner in accord with Section 28 and 
which were in force at the time of any application, permit, license, order or other 
document concerned with the provisions of this Chapter. 

Section JJ.-The Commissioner shall have full power to enforce and interpret 

the provisions of this Chapter for (political units) of the ................... . 

Section 14.-The Commissioner may take whatever action, not in violation of 

State statute or (political units) Charters, which he deems necessary for the 
public safety and health, after he has made a careful survey of copies of reports, 
licenses, and documents filed with him or the District Supervisors by the local 

Departments and Boards under Section 4 7. 

Section 15.-Whenever the Commissioner exercises powers under this Chapter, 
he shall cooperate with the local B'uilding Department in performing his duties 

as herein defined. He shall, however, be empowered to take independent action 
when he deems it necessary. 

Section 16.-The Commissioner shall have the same privilege to enter and in

spect any building or premises as is granted to the local Building Superintendent, 
and he may require that any existing building or structure comply with all or any 
of the provisions of this Chapter, and may take action in accord with Section 15 
to enforce such requirement. 

Section 17.-If upon inspection of a proposed structure, for which a permit has 
been granted, the Commissioner should find cause to stop the work due to viola

tion of this Chapter, he shall initiate the necessary action to establish responsi
bility for such violation in the manner prescribed in Section 15. 
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Section 18.-There shall be a board to be called the Board of Standards consist
ing of five membe(s and which should always include a registered ar~hitect, a 
registered engineer, a builder with ten or more years of experience, a representative 
of the building trades unions, and a fire-prevention engineer. The Commissioner, 
or the Deputy Commissioner, shall be present at each meeting of the Board and 
at all hearings held before the Board. He shall cause records to be kept of all 
such meetings and hearings, and shall provide for the issuing of all notices regard
ing the same. 

Section 19.-The Governor, subject to the approval of the ................... . 
. . . . . . . . . . . . . . . . . . . . , shall appoint one member of said Board to serve for one 
year, one to serve for two years, one for .three years, one for four years, and 
one for five years. Thereafter in each year, the Governor, subject to the appoval 
of the .......................... , shall appoint one member, to serve for a 
term of five years, to replace the one whose term expires, and such new member 
shall be a representative with the same qualifications as that of the member whose 
term has expired. The Chairman of the Board shall be elected annually by the 
members of said Board. 

Section 20.-The Governor shall likewise, subject to the approval of the 
............................ , fill all vacancies on said Board caused by death, 
resignation; or removal, for any unexpired terms. In all such appointments, the 
member appointed shall have the same qualifications and be a member of the 
same group which will thus be unrepresented. 

Section 21.-Members of said B·oard shall hold office until their successors shall 
qualify and be duly appointed. 

Section 22.-No member of said Board shall sit on a case in which he may have 
a commercial or corporate interest, and in case of such disqualification, or of the 
necessary absence of any member, the Chairman shall designate an alternate as 
provided for in Section 23 who represents the same group as the disqualified or 
absent member. No action shall be taken by the Board unless a quorum af quali
fied members of the groups as defined in Section 18 are present. Four members 
of the Board shall be considered a quorum, and a majority shall be required for 
action. 

Section 23.-The Governor, subject to the approval of ...................... , 
shall appoint an alternate· for each group, as defined in Section 18, to serve as 
provided under Section 22, and any alternate so serving shall be of the same group 
and with the same qualifications as the member or members of the official Board 
who are disqualified or absent. 

Section 24.-Each member or alternate of the Board of Standards shall be paid 
. . . . . . . . . . dollars per day for actual service but not more than . . . . . . . . . . dol
lars in any one year for members or alternates representing any single group. The 
reasonable expenses of said Board, including such clerical assistance, traveling 
expenses and office expenses, shall be budgeted by the Commissioner under Sec
tion 2 5 and approved in accord with the laws governing appropriations. 
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Section 25.-There shall be a separate budget, approved by ................. . 

for the Department of Buildings and the Board of Standards, and the Commis

sioner shall be empowered to employ technical and clerical assistance which may 

be necessary to carry out the duties imposed by this Chapter, and which are 

covered by the budget. 

Section 26.-The B·oard of Standards may at the request of the Commissioner 

or on its own initiative review any action by a local' Building Department, a 

local Board of Appeal or a local Licensing Board as submitted to it under Sec

tions 45 and 4 7. It shall also have power to initiate directly or after a review by 

the Commissioner as provided for in Section 46, action to approve or disapprove 

the use of new materials, methods of construction, equipment or matters relating 

to maintenance. Any permit, certificate of occupancy, action of a local Board of 

Appeals or local Licensing Board which allows construction or occupancy which 

is in violation of this Chapter or below the minimum requirements of this Chap

ter or Regulations issued under it shall be reviewed by the Board of Standards 

after a public hearing and allowed or disallowed under this section. The decision 

of the Board shall be final, unless reversed by action taken under Section 51. 

Section 27.-The Board of Standards shall have the power to promulgate, or 

amend, or repeal previously promulgated Regulations, with respect to the design, 

construction and occupancy of buildings and other structures, and with respect 

to materials, equipment and standards of acceptance and such other matters 

as relate to public safety and health which are not specifically covered by this 

Chapter and which are in accord with generally accepted principles and practice, 

but only after a public hearing called by it for the specific Regulations concerned. 

The B·oard shall, at the request of the Commissioner or on its own initiative, 

render decisions on matters provided for in Sections 45 and 46 and on other mat

ters when requested by the Commissioner. 

Section 28.-The Commissioner shall prepare and issue Regulations promulgated 

by the Board of Standards under Section 27 of this Chapter and the same shall 

become effective on the date printed on each such issue of Regulations. One copy 

of all Regulations shall be distributed to each public official 'in every (political 

unit) in the . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Additional copies may be 

obtained from the Commissioner at a charge fixed by the Commissioner. 

Section 29.-The Board of Standards shall establish its own rules of conduct not 

inconsistent with law and such rules shall be filed with the Commissioner for 

public information. 

Section 30.-The Commissioner shall establish and publish such administrative 

procedures as are necessary to provide attendance at meetings of the Board of 

Standards, control of inspectors, and annual reports, and such other matters as 

are necessary for carrying out the provisions of this Chapter. 

Section 31.-No full-time officer, employe or clerk connected with the Depart

ment of Buildings shall engage in or have interest directly or indirectly in the 
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making of plans, writing of specifications, construction of buildings, the sale or 
manufacture of any material, process or device pertinent to the building indus
try, except as an owner of real estate. 

Section 32.-Members, or their alternates, of the Board of Standards shall be 
exempt from the provisions of Section 31 above, except as previously provided for 
in Section 2 2. 

Section 33.-There shall be in each (political unit) in ....................... . 
a department to be called the Building Department, which shall be under the 
charge and supervision of a Superintendent of Buildings, hereinafter called the 
Superintendent. The Superintendent shall be the authorized representative of the 
Commissioner for the enforcement of this Chapter. Each such Building Depart
ment shall have a full-time or part-time Superintendent of B"uildings. Two or 
more (political units) may cooperate to meet the provisions of this Section. Such 
arrangements shall be local but in accord with law. 

Section 34.-The Superintendent shall be appointed by the (executive officer or 
officers of the political unit). He shall receive such salary as shall be fixed by 
local ordinance or by law. 

Section 35.-The Superintendent shall be a graduate of a recognized school of 
architecture or a school of architectural, structural or civil engineering with at 
least six years of responsible experience as architect, architectural, structural or 
civil engineer or superintendent of construction or any person who has had at 
least ten years' experience as an architect, architectural, structural, or civil engi
neer, superintendent of construction or building inspector in the Department. He 
shall be in good health, physically capable of performing his duties in the Depart
ment. 

Section 36.-The Superintendent shall establish with the approval of the (local 
officers) of the (political unit) such administrative procedures as are neces
sary to carry out the provisions of this Chapter. 

Section P.-The Superintendent shall enforce the prov1s10ns of this Chapter, 
and any other duties assigned to him by the (political units) either by ordinance 
or resolution. 

Section 38.-The Superintendent shall have the power of entry at reasonable 
times to any building or premises in the (political unit) to perform any duty 
imposed upon him by this Chapter. He shall establish his identity upon request 
to do so. 

Section 39.-The prov1S1ons of this Chapter shall apply to the construction, 
alteration, additions, removal, equipment, occupation, height, area, location and 
maintenance of all buildings and structures, in the .......... ·- . . . . . . . . except 
insofar as such matters are otherwise provided for in a (political unit) Charter, 
or apply to buildings or land ceded to the United States. 
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Section 40.-The provisions of this Chapter and Regulations issued under il 

shall be held to be the minimum requirements adopted for the promotion of the 

safety and health of the public. This Chapter shall not repeal, abrogate, annul or 

in any way impair or interefere with any existing provision of the law or ordi

nances other than such ordinances and codes pertaining to the erection, alteration, 

inspection and use of buildings which are less restrictive, which are hereby re

pealed. This Chapter ·shall not abrogate or annul any easements or agreements 

between parties which have been granted or issued prior to the date of adoption 

of this Chapter. 

Section 41.-The provisions of this Chapter apply to buildings or structures on 

land and to structures or construction that are appurtenant to such buildings or 

structures which are not otherwise provided for. 

Section 42.-The provisions of this Chapter shall apply with equal force to muni

cipal, county, or state buildings, as they do to private buildings. 

Section 43.-"Structures" or "constructions" as above used shall include all shel

ters, platforms, and other units used for the housing or accommodation of per

sons for whatever purpose. 

Section 44.-Any building or part of a building which is not in accord with this 

Chapter and Regulations, in existence at the time of the issuance of a certificate 

of occupancy or license shall not be construed to be in violation of future regu

lations, unless action is taken by the Commissioner as provided for under Sec

tion 16. 

Section 45.-Whoever desires to substitute for the materials or methods covered 

by this Chapter, materials or methods of construction or maintenance not cov

ered thereby, shall present to the Superintendent, or directly to the Commis

sioner, or Board of Standards as provided for in Section 26, plans, methods of 

analysis of the system or qualities of the material and shaU make such additional 

tests or present satisfactory evidence of such tests as the Superintendent or the 

Commissioner may require. The costs of any tests required to determine accepta

bility of substitute materials or methods shall be paid by the applicant. 

Section 46.-If a Superintendent finds there is merit in any proposed substitu

tion he shall submit all of the data and information to the Commissioner who 

shall review the matter in question and then obtain a decision of acceptance or 

rejection from the Board of Standards. 

Section 47.-The Superintendent shall file with the Commissioner or with the 

District Supervisor of his district, as provided for in Section 10, one copy of 

every building permit or certificate of occupancy granted for new work, demoli

tion, removal, alteration and change of occupancy, and of every action of a local 

Board of Appeals or local Licensing Board. 

Section 48.-The Superintendent shall make inspections, at least one every year, 

of all buildings or portions of buildings used for public assembly, institutional 
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buildings and hotels. All other buildings and structures shall be inspected when
ever the Superintendent has reason to believe there is danger to life and limb. 
One copy of every report on all such inspections shall be filed with the Commis
sioner or District Supervisor as provided for in Section 10. 

Section 49.-0ne copy of each decision rendered by a local Board of Appeal, 
together with plans and other pertinent information, shall be filed with the Com
missioner or the District Supervisor of his district, as provided for in Section 10. 

Section 50.-The Superintendent shall annually submit a report to the (executive 
officer or board). He shall incorporate in said report a summary of all permits, 
certificates of occupancy, inspections, decisions of the local Board of Appeal, 
proceedings before the B'oard of Standards and may submit recommendations of 
desirable amendments of Regulations to be issued under this Chapter. Copies 
of such reports shall be filed with the Commissioner or District Supervisor, as 
provided for in Section 10. 

Section 51.-Any person or persons who have been refused their request and are 
aggrieved by the action or decision of any officer or board under this Chapter 
may apply to a Judge of the Superior Court for a review of such action. The 
Judge, within .............. days of such application, shall appoint a Board 
of Review consisting of three members, one of which is a registered architect, 
one a registered engineer and one a builder with at least ten years' experience. 
This Board shall hold a hearing under its own rules of procedure and thereafter 
shall render a decision within 30 days to the appointing Judge, which decision 
shall be binding on all parties. Where such decision reverses the action or de
cision taken by the officer or board involved, such officer or board shall imme
diately grant relief to the applicant, in accord with the recommendations of the 
Board of Review. No such decision shall be a precedent, but shall apply to the 
particular application only, and in no case shall the initial action of any officer 
or board be subject to action for damages. 

Section 52.-The provisions of this Chapter shall apply to all (political units) 
m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . upon adoption by the State Legislature and 
signature by the Governor. 

Section-53.-Chapters ................ and other Chapters of the (statute law) 
and subsequent amendments relating thereto, or parts thereof in force at the time 
this legislation shall take effect are hereby repealed. 

Section 54.-The codes or ordinances pertaining to the construction and inspec-
tion of buildings in (political units) in the ........................ existing at 
the time of the effective date of this Chapter, which are in violation of or less 
restrictive than the provisions of this Chapter, are hereby repealed. 

I 

Section 55.-The invalidity of any division, part, section, sub-section, senten~e, 
clause or phrase of this Chapter shall not invalidate any other division, part, sec
tion, sub-section, sentence, clause or phrase thereof. 

Section 56.-This Chapter shall be, and is hereby declared to be, in full force 
and effect as of ................................. . 
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OF GENERAL lNTEREST 

PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETING 
Boston Society of Civil Engineers 

SEPTEMBER 27, 1950.-A regular 
meeting of the Boston Society of Civil 
Engineers was held this evening at the 
American Academy of Arts and Sci
ences, 28 Newbury Street, Boston, 
Mass., and was called to order by Presi
dent Thomas·R. Camp. 

President Camp announced the min
utes of the June meeting would be pub
lished in the forthcoming issue of the 
JOURNAL, after which there will be 
opportunity for their correction. The 
reading of the minutes will therefore 
be waived unless objection is raised. 

President Camp announced the death 
of the following members: 

Harold M. Westergaard, who was 
elected a member March 1 7, 193 7 
and who died June 22, 1950. 

John M. Cashman, who was elected 
a member June 15, 1910, and who 

. died July 2, 1950. 
Cliarles M. Allen, who was elected a 

member April 19, 1911 and elected 
an Honorary Member January 14, 
1942, and who died August 15, 
1950. 

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

Grade of Member-Henry C. Neff, 
George E. Townsend. 

Grade of Student-Llewellyn L. 
Cross, Jr. 

President Camp announced that the 
next meeting of the Society would be 
held on October 18, 1950 and will be 
the Annual Student Night meeting. The 
speaker will be Professor Gordon M. 
Fair. 

President Camp then introduced the 
speaker of the evening 

Mr. William F. Uhl, President, Chas. 
T. Main, Inc. 

Subject-"Report of Engineers Joint 
Council Committee on National 
Water Policy". 

A discus·sion period followed and the 
meeting adjourned at 8 :20 P.M. 
Eighty-three members and guests at
tended the meeting. 

Respectfully submitted, 
ROBERT W. MOIR, Secretary 

OCTOBER 18, 1950.-A joint meeting 
of the Boston Society of Civil Engi
neers and of the Northeastern Section 
of the American Society of Civil En
gineers was held this date at North
eastern University, Boston, Mass. 
Members of Student Chapter and civil 
engineering students of the New Eng
land Colleges were especially urged to 
attend. 

A catered dinner was held in Univer
sity Commons Hall, Northeastern Uni
versity from 6 :00 to 7 :00 P.M. Stu
dent delegations were present from 
Northeastern University, Harvard Uni
versity, Massachusetts Institute of 
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Technology, Tufts College, Rhode 
Island State College, University of 
Massachusetts and Brown University. 

President Camp called the meeting 
to order at 7 :30 P.M. 

President Camp extended a cordial 
welcome to the students and expressed 
appreciation of the cooperation of the 
officers of the student organizations and 
of the faculty members in making this 
event so successful. 

President Camp introduced Howard 
J. Williams, Vice- President of North
eastern Section, A.S.C.E., and asked 
him to conduct any matters of business 
required by that Society. 

President Camp introduced the 
speaker of the evening, Gordon M. 
Fair, Dean of Engineering, Harvard 
Graduate School of Engineering, who 
gave a most interesting talk on 
"Whither Civil Engineering". 

Two hundred and seventy-nine mem
bers and guests attended the meeting. 

The meeting adjourned at 8: 50 P.M. 
Respectfully submitted, 

ROBERT W. Morn, Secretary 

::\'ovEMBER 15, 1950.-A regular 
meeting of the Boston Society of Civil 
Engineers was held this evening at the 
American Academy of Arts and Sci
ences, 28 Newbury Street, Boston, 
Mass., and was called to order by 
President, Thomas R. Camp. 

President Camp announced that the 
minutes of the June, September and 
October meetings would be published 
in the forthcoming issue of the JOUR
NAL, after which there would be op
portunity for their correction. The 
reading of the minutes will therefore 
be waived unless objection is raised. 

President Camp announced the death 
of the following member: 

Harry J. Morrison, who was elected 
a member June 17, 1891 and who 
died July 19, 1950. 

President Camp announced that the 
December meeting would be a Joint 

Meeting with the Structural Section. 
Prof. Walter C. Voss to be the speaker. 

President Camp then introduced the 
speaker of the evening: 

Mr. Miles N. Clair, President, Thomp
son & Lichtner Co., Inc. 

Subject-"The Terminal Facilities 
for Logan International Airport". 

A short discussion period followed, 
after which members gathered in the 
Lounge where a collation was served. 

Seventy-two members and guests at
tended the meeting. 

The meeting adjourned at 9: 30 P .M. 
Respectfully submitted, 

ROBERT W. Morn, Secretary 

DECEMBER 20, 1950.-A Joint Meet
ing of the Boston Society of Civil 
Engineers and the Structural Section, 
B.S.C.E., was held this evening at the 
American Academy of Arts and Sci
ences, 28 Newbury Street, Boston, 
Mass., and was called to order by 
President, Thomas R. Camp, at 7: 10 
P.M. 

President Camp announced that the 
minutes of the September, October and 
November meetings would be published 
in the forthcoming issue of the JouR
XAL, after which there would be oppor
tunity for their correction. The reading 
of the minutes will therefore be waived 
unless objection is raised. 

The Secretary announced the fol
lowing had been elected to member
ship: 
Grade of Member.-Antonio Baglione, 
Joseph R. Batting, Gerald F. Blake, 
Domenick W. Caprio, Harry A. Carl-

. son, Martha L. Chapman, Robert D. 
Chellis, Vytaytas S-Chess, Frank R. 
Cook, *James L. Dallas, Frederick D. 
Goode, fr., Alfred M. Harriman, George 
A. Harns, Walter J. Judson, Kenneth 
M. Kelley. Nicholas Lally, Jesse J. La
Marche, Lloyd S. Lawrence. John M. 
Lind, Benjamin Mills, 3rd, Ramon A. 

*Transfer from Grade of Junior. 
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Nagle, Fred J. Nebiker, Leland V. 
Page, Robert S. Restall, Penyamin B. 
Sogikogly, John N. Squarebng~, Rob
ert E. Steacy, Hyman J. Stemhurst, 
Frank L. Suffoletto, Anthony S. J. 
Tomasello, •Clarence A. Tucker, Joseph 
Vander Hoeff, Jr. 

Grade of Junior.-Natalie J. Adel
man, Robert M. Beall, George A. L. 
Brown, John G. Chalapatas, Bernard 
S. Johnson, David W. Nolet, Frank 
W. Tomasello, Jr. 

Grade of Student.-Charles F. Ken
nedy, Robert S. Kleinschmidt, Fravk 
L. Parker. 

President Camp announced that this 
was a Joint Meeting with the Struc
tural Section, B.S.C.E., and called upon 
Arthur E. Harding, Chairman of that 
Section to conduct any business mat
ters necessary for that Section. 

President Camp then introduced the 
speaker of the evening: 

Walter C. Voss, Head, Dept. of Bldg. 
Eng'g & Constr., M.I.T. 

Subject-"The Architects' and En
gineers' Approach to Ruilding 

Codes". 
A short discussion period followed, 

after which members gathered in the 
Lounge where a collation was served. 

Forty-nine members and guests were 
present at the meeting. 

The meeting adjourned at 9: 00 P .M. 
Respectfully submitted, 

ROBERT W. MorR, Secretary 

STRUCTURAL SECTION 
NovEMBER 8, 1950, at the Social 

Hall, Tremont Temple: This was a 
joint meeting with the Transportation 
Section, Chairman· Adelman of that 
Section presiding. 

The speakers were John C. Rund
lett, Asst. Bridge Engineer, and William 
A. Henderson, Structural Designer, both 
of Massachusetts Department of Pub
lic Works Bridge Department, on the 
subject "The Annisquam River Bridge 
and Approaches, Gloucester, Mass." 

Mr. Rundlett gave a historical re
view of the conditions surrounding the 
one ex1stmg highway entrance to 
Gloucester (by means of the single 
roadway over the Blynman Bridge) and 
described the general planning back
ground for the new bridge and a_p
proach highways. Mr. Henderson dis
cussed the selection of the type of 
structure and described design prob
lems in detail. 

The speakers displayed a scale model 
of the bridge and approaches, also 
topographic maps of the area, and a 
number of slides showing construction 
progress. 

The attendance was 76. 
EDWARD C. KEANE, Clerk 

DECEMBER 20, 1950 at the Ameri
can Academy of Arts and Sciences: 
This was a joint meeting with the main 
society. President Thomas R. Camp 
presided. 

The speaker was Professor Walter C. 
V~ss, whose subject was "The Archi
tects' and Engineers' Approach to 
Building Codes". Professor Voss de
scribed the confused situation under 
existing building codes because of the 
hidebound nature of existing specifica
tion type codes, the fact that codes are 
legislated by non-technical men, prin
cipally lawyers, and the prevalence of 
local pride which is a deterrent to regu
lation of local building matters by 
State or National authorities. 

He suggested that engineers should 
get together and make their weight 
count politically, with the object of ob-. 
taining building codes embodying the 
following principles: ( 1) separation of 
the legal and the technical provisions 
of the codes; (2) authorization for 
inclusion of national standards by ref
erence, which is now unconstitutional 
in many states; ( 3) eventual acceptance 
by local bodies of regulation by state 
boards. 

The speaker advocated following the 
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practice of the New York State Build
ing Code Commission, which is working 
on a building Jaw based largely on per
formance requirements. The law will 
be supplemented by a manual to 
be prepared and continually revised by 
a competent technical board. The 
manual will set forth detailed descrip
tions of methods and materials that 
are known to comply with the basic 
law. Under this arrangement the pro
ponents of new methods and promoters 
of new materials will have the right 
to place their claims before the techni
cal board and if the claims are sus
tained, the methods or materials will 
be added to the manual for general use. 

A discussion period followed, after 
which refreshments were served in the 
Lounge. The attendance was forty
nine. 

Respectfully· submitted, 
EDWARD C. KEANE, Clerk 

TRANSPORTATION 
SECTION 

The Executive Committee of the 
Transportation Section voted to replace 
the regular September meeting of the 
Section which was scheduled to be held 
on Wednesday evening, September 20, 
1950, with a field trip to inspect the 
work done to date on Route 128 in 
Wellesley, Newton and northerly from 
there. A group of thirty-eight mem
bers and guests met on Route 9 at the 
intersection of the new bridge which 
will carry Route 128 over Route 9, 
and were transported by a Metropoli
tan Transit Authority bus on an in
·spection tour which extended into Lex
ington, partly over the new route and 
partly by means of detours. The trip 
was explained to the members by Mr. 
Sabin, District Engineer, Massachu
setts Department of Public Works. 

Great interest was expressed by all 
the members in the various features of 
the highway design, including the rock 
excavation and high fills at certain 

points, and the intensive bridge con
struction, which was concentrated at 
such places as Riverside where there 
are five bridges within the distance of 
a mile. A stop was made at Riverside, 
so that these bridges could be inspected 
in detail by the members and their 
guests. The bus returned to the start
ing point at approximately 12 :30 and 
everyone expressed himself as having 
had a very profitable trip. 

HUGH P. DuFFILL, Clerk 

NovEMBER 8, 1950.-The regular 
November meeting of the Transporta
tion Section was held as a joint meet
ing with the Structural Section. An un
usually well attended dinner meeting 
was held at Patton's Restaurant. The 
meeting was called to order by Mr. 
Arthur E. Harding, Chairman of the 
Structural Section, and Mr. Albert A. 
Adelman, Chairman of the Transporta
tion Section. Mr. Adelman introduced 
the speakers who were, Mr. John G. 
Rundlett, Assistant Bridge Engineer, 
Department of Public Works, Com
monwealth of Massachusetts, and Mr. 
William A. Henderson of the same 
office, who spoke on the subject of 
the new Annisquam River B"ridge. Mr. 
Rundlett spoke very entertainingly on 
the early history of the Annisquam 
River Canal and the early bridges 
crossing the Canal and brought the his
tory of the crossing up to date, and 
explained with charts and pictures the 
intensity of congestion which occurs on 
summer weekends at these points. He 
then outlined the general features of 
the bridge. Mr. Henderson went into 
detail of the design of the bridge, in
cluding the superstructure and founda
tions. A great many interesting pho
tographs were shown, of which the 
color photographs were outstanding. 
Following the regular talks, a discus
sion period was held and many addi
tional interesting facts were brought 
out. The meeting adjourned at ap-
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proximately 9 :00 o'clock. Eighty mem
bers and guests were in attendance. 

HUGH P. DuFFILL, Clerk 

HYDRAULICS SECTION 
MAY 3, 1950.-Dinner was held at 

Walker Memorial at 6 :00 P.M. 
At 7 :00 P.M. the Section reconvened 

to be the first group of professional 
men to hold a meeting in the classroom 
of the new Hydrodynamics Laboratory. 
Mr. Eliott F. Childs, Chairman, opened 
the meeting and introduced Dr. Arthur 
T. lppen, Professor of Hydraulics at 
M.I.T., who made a few remarks on 
the history of the Hydraulics Labora
tory at M.I.T. and on the research 
projects carried on since 1929. Dr. 
lppen then introduced individual mem
bers in charge of research projects to 
report on their work as follows: 

Dr. D. R. F. Harleman-"Studies 
and Experimental Investigation on tlie 
Validity and Applicability of the Hy
draulic Analogy to Supersonic Flow." 

Mr. K. C. Deemer-"Investigation of 
the Fluid Friction and Cavitation Phe
nomena in Unsteady Motion." 

Mr. R. S. Yoseph-"Fundamental 
Research on Methods of Air Dispersion 
to secure greater efficiency in the 
solution of oxygen from the air sup
plied in the activated sludge process 
for sewage and industrial waste treat
ment." 

Mr. S. C. Stephen-:'An Experimen
tal Investigation of the Solitary Wave." 

Lt. E. P. Braucher-"Initial Charac
teristics of Density Current Flow." 

Lt. W. J. Love-"Scour Around 
Bridge Piers." 

Mr. H. M. Paynter-"Transient Sta
bility of a Non-Linear System Con
cernirig the Dynamical Aspects of the 
Transient Performance and Operating 
Stability of Hydro Power Plants." 

Following these reports, the facili
ties of the new Hydrodynamics Labora
tory were explained to half the group 
by Dr. James W. Daily while the other 

half was shown the new electronic 
analog computer by Mr. Henry M. 
Paynter. The group was then conduct
ed to Building No. 21, the old Hy
draulics Laboratory of M.I.T., where 
eight experimental units were demon
strated in operation. The group was 
split up for this purpose into four 
smaller groups who were then guided to 
various experimental units as follows: 

Small High Velocity Flume, op
erated and demonstrated by H. E. 
Crossley and G. R. Higgins. 

Scour Flume, operated and demon
strated by W. J. Love and K. P. De
venis. 

Density Currents, operated and dem
onstrated by E. P. Baucher and 
D. R. F. Harleman. 

Spillway and Weir, operated and 
demonstrated by H. G. Farmer and 
E. M. Lowry. 

Wave Tank, operated and demon
strated by S. C. Stephan and B. N. 
Posthill. 

Unsteady Flow Tunnel, operated and 
demonstrated by K. C. Deemer and 
A. L. Keller. 

Oxygen Absorption Column, operated 
and demonstrated by L. G. Campbell 
and R. S. Yoseph. 

Large High Velocity Flume, operated 
and demonstrated by D. R. F. Harle
man and Prof. G. E. Russell. 

BYRON 0. McCOY, Clerk 

APPLICATION FOR 
MEMBERSHIP 
[January 1, 1951] 

The By-Laws provided that the Board 
of Government shall consider applica
tions for membership with reference to 
the eligibility of each candidate for 
admission and shall determine the 
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-
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rive at a just conclusion. Every mem
ber is therefore urged to communicate 
promptly any facts in relation to the 
personal character of professional repu
tation and experience of the candidates 
which will assist the Board in its con
siderations. Communications relating to 
applicants are considered by the Board 
as strictly confidential. 

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

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

For Admission 
Grade of Member 

ARTHUR J. BILODEAU, Weymouth, 
Mass. (b. May 5, 1920, Norfolk, Vir
ginia.) Graduate University of Illinois 
with B. S. degree in Civil Engineering 
in 1948. Experience, 1941-42 Cost An
alyst Beth. Steel Shipbuilding Div. 
Fore River. Coordinatecf predicted man
hours, time, and costs against actual 
performance and time. 3 ¾ years U. S. 
Army Air Force, administrative duties 
in overseas supply depots. 1948 to 
present Fay, Spofford & Thorndike, de
sign layout in Sanitary Section of 
Alaskan Project entailing water and 
sewage systems; water and sewage 
treatment plants. Engineer on New 
Jersey Turnpike Authority Project 
Drainage Section, design of reinforced 
concrete culverts and drainage specials. 
Studies and design of highway drainage. 
Refers to W. G. Dyer, M. H. Mellish, 
F. L. Heaney, W. L. Hyland. 

JOSEPH BORNSTEIN, 24 Audubon 
Road, Milton, Mass. (b. January 24, 
1921, B"oston, Mass.) Received B.S. 
degree in General Engineering from 
University of Massachusetts at Amherst 
in June, 194 7. Experience, September, 
1947-March, 1949, studied at Michigan 

State College, E. Lansing. Received 
M.S. degree in Agricultural Engineer
ing. During two quarters at Michigan 
State held a graduate assistantship for 
teaching and resMrch work. During the 
summer of 1941 worked on dairy farm 
in Hadley, Mass. 1946, 194 7 and 1948 
employed for the summers by the 
U. S. Soil Conservation Service in 
Northampton, Mass., as conservation 
aid. Work then, as now included level 
and transit surveys for farm drainage 
and ponds, for crop land terraces and 
contour cultivation and for other soil 
conserving practices. Also spent some 
time as soil scientist mapping soils 
of farm properties. At· present work 
includes design of above work and 
supervision of its construction. With 
U. S. Soil Conservation Service as 
agricultural ,engineer ( GS- 7) for the 
area including Essex, Middlesex and 
Worcester Counties in Massachusetts. 
Refers to A. Woolf, H. Feldman. 

JUNE BREVDY, Cambridge, Mass. 
(b. June 14, 1925, Cheyenne, Wyo
ming.) Graduated from University of 
Wyoming in June, 1947, with degree 
of B.S. with honor in Civil Engineer
ing. Graduated from University of 
Minnesota in December, 1948 with de
gree of M.S. in Civil Engineering. Ex
perience, September, 194 7 to Septem
ber, 1948 Research Assistant in Saint 
Anthony Falls Hydraulic Laboratory at 
the University of Minnesota; Septem
ber, 1948 to December, 1950 with the 
Corps of Engineers, U. S. Army, Rock 
Island District, in the Hydraulic 
Branch, Rock Island, Illinois. From 
December, 1950 to present time Hy
c!raulic Engineer with the Corps of 
Engineers, U. S. Army, New England 
Division, Boston Mass. Refers to 
E. F. Childs, F. D. Goode, R. S. 
Restall, F. C. Merrikin. 

ROLAND S. BURLINGAME. Boston, 
Mass. (b. September 28, 1911, Woon
socket, R. I.) Graduated University of 
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New Hampshire, B.S. Civil Engineer
ing, June, 1933. Experience, June, 1933 
to November, 1936, designer and 
draftsman B'ridge Division of New 

· Hampshire State Highway Department; 
November, 1936 to March, 1938, de
signer, draftsman in Hydraulic and 
Concrete Section of Phoenix Engineer
ing Co., of Electric Bond & Shar Co., 
New York. Worked hydro-electric 
power plants, primarily foundation and 
turbine settings; March, 1938 to June, 
1942, Assistant to Chief Engineer 
(Richard Holmgren) New Hampshire 
Water Resources Board. Prepared 
plans and specs. and supervised 
construction of water conservation 
dams, and a sewage treatment plant. 
Engaged in hydro-electric power studies 
and flood control projects (proposed) 
in State of New Hampshire; June, 
1942 to June, 1943, Sanitary Engineer 
with Navy Eng. Section during construc
tion of Clearfield Navy Supply Depot in 
Utah and for Kearns Army Base in 
Salt Lake City, Utah; June, 1943 to 
September, 1946, member of Armed 
Forces; September, 1946 to date, prin
cipal assistant engineer in office of 
Camp, Dresser & McKee, Consulting 
Engineers, Boston. Supervisory capaci
ty in preparation of plans and specs. 
for sanitary engineering works. Refers 
to T. R. Camp, H. G. Dresser, J. C. 
Lawler, Jr., J. E. McKee. 

ROBERT VI. BUTLER, Taunton, Mass. 
(b. October 29, 1916, Rochester, New 
York. Graduate Syracuse University in 
1939, B.S. degree in Civil Engineering. 
Experience, 1940-41, Jr. Engineer Pine 
Camp, Sewage Disp. Works; 1942, 
Resident Engineer, Sewage Disposal 
Works, Dansville, New York; 1943, 
Engineer Letterkenny Ordnance Depot, 
Chambersburg, Pa.; 1943-1946, Lt. 
U. S. N. R. Civil Engr. Corps; 1946-
1947, Office Engineer Philip D. Free
man, Norfolk, Va.; 1947-1948, Engi
neer, Sanitary Departml!nt, Fay, Spof-

ford & Thorndike. Resident Engineer, 
Taunton Sewage Disposal Works. Re
fers to F. L. Heaney, M. H. Mellish, 
W. G. Dyer, G. M. Reece. 

MARTIN F. COSGROVE, Waltham, 
Mass. (b. June 4, 1912, Cambridge, 
Mass.) S.B. degree in B'uilding and 
Construction Engineering from Mass. 
Institute of Technology in June, 1934·. 
Experience, 1934-1936, employed as a 
construction engineer. with the A. B. 
Ellenwood Company, Dorchester, and 
from 1936 to date, with the Metropoli
tan Water Supply Commission and 
the Metropolitan District Commission, 
Construction Division, on water supply 
and sewerage construction in responsi
ble charge of engineering studies and 
design and construction of large scale 
water supply and sewerage disposal 
projects including dams, aqueducts, res
ervoirs, pipe lines, deep rock tunnels, -
sewerage disposal plant and other re
lated works. Present position is Asso
ciate Civil Engineer with the Construc
tion Division of the Metropolitan Dis
trict Commission. Refers to J. J. 
Vertie, C. J. Ginder, R. W. Moir, E. 
H. Brown, R. M. Becker. 

WILLIAM DOUBLEDAY, Reading, 
Mass. (b. May 7, 1924, Campden, 
N. H.) 1946-1947 Franklin Technical 
Institute; 1947-1950 Northeastern Uni
versity, Lincoln Technical Institute: 
Experience, January, 1947 to August, 
1948, employed by Mass. Department 
of Public Health as Laboratory Assist
ant performing routine chemical anal
yses of water, sewage and industrial 
wastes. September, 1948 to date as a 
Senior Sanitary Engineering Aid assist
ing in river pollution and industrial 
waste studies; making examinations of 
water and sewage works, both public 
and private; and examining shellfish 
harvesting areas for pollution. As a 
member of the Mass. National Guard 
am Water Supply Sergeant (MOS 727) 
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with the duty of supplying potable 
water to the divisional and attached 
troops in the field. Refers to R. M. 
Soule, F. H. Kingsbury, A. D. Weston, 
J. C. Knox, A. C. Bolde. 

JOSEPH A. DUNN, West Newton, 
Mass. (b. March 4, 1893, Shelbyville, 
Missouri.) Graduated from Missouri 
State University in June, 1916, with 
degree of Civil Engineer. Experience, 
June, 1916, started work as assistant 
to Bridge Engineer, C&EI Railroad, 
Chicago, Illinois. While working as as
sistant to the Bridge Engineer, also de
signed the reinforcing of a multiple bent, 
steel, single track, deck girder railroad 
bridge, and was in charge of the field 
work on the reinforcing of this bridge. 
Also in charge of the construction of 
a 20 stall round house. Left the C&EI 
Railroad in May, 1918, to enlist in the 
Meteorological Division of the U. S. 
Signal Corps, and was overseas for nine 
months. June, 1919, returned to the 
C&EI Railroad and worked as a valua
tion Engineer and continued this work 
until March, 1920. March, 1920, to 
September, 192 2 served as a Field 
Engineer for the Portland Cement As
sociation promoting the use of precast 
concrete products. September, 192 2, to 
June, 1925, Chief Engineer for the In
dependent Concrete Pile Company, 
Indianapolis, Indiana. June, 1925 to 
August, 1926 in charge of the construc
tion of approximately 20 miles of col
lecting and outfall sewers, and the 
construction of a sewage treatment 
plant at Mount Healthy, Ohio. August 
1926 to August, 1928, Chief Engineer 
of the American Hume Concrete Pipe 
Company of Detroit, Michigan. Aug
ust, 1928 to November, 1929, was in 
charge of the construction and opera
tion of a Hume Centrifugal concrete 
pipe plant in Arlington Heights, Illinois. 
November 1929 to date have been 
President of the Hume Pipe of New 
England, Inc., Swampscott, Mass. Re-

fers to M. N. Clair, W. R. Cuff, H. G. 
Dresser, R. W. Horne, J. W. Raymond_ 
Jr. 

JOHN F. GLACKEN, Cambridge, 
Mass. (b. June 16, 1916, Cambridge, 
Mass.) B.S. Degree in Civil Engineer
ing, Massachusetts Institute of Tech
nology, June, 1938. Experience, Nov
ember, 1947 to April, 1950, with Jack
son & Moreland Engineers as Structural 
Engineer employed as assistant to the 
Principal Engineer on steam-electric 
generating plant and water power 
projects; April, 1950 to October, 1950, 
Construction Engineer supervising con
struction of rigid frame concrete arch 
and continuous deck reinforced highway 
bridges for the Massachusetts Depart
ment of Public Works. At present en
gaged as Chief Engineer for the Water 
Department of the City of Cambridge, 
having its own source of supply, operat
ing its own treatment plant and pump
ing facilities and maintaining its distri
bution system. Construction for the 
replacement of the pumping plant and 
extensive improvements to the treat
ment plant and distributive system, 
and design of new general maintenance 
building have just been initiated. Re
fers to T. R. Camp, E. W. Davis, 0. G. 
Julian, H. J. Shea, H. M. Turner. 

DONALD R. F. HARLEMAN, Boston, 
Mass. (b. December 5, 1922, Palmerton, 
Pennsylvania). Bachelor of Science in 
Civil Engineering, Pennsylvania State 
College, 1943; Master of Science, Mass. 
Institute of Technology, 194 7; Doctor 
of Science, Mass. Institute of Technol
ogy, 1950. Experience, Junior Design En
l!ineer for Curtiss-Wright Corporation, 
Columbus, Ohio, from January 1944 to 
October 1945. Design and testing of 
component parts for aircraft hydraulic 
systems. October 1945 to October 194 7, 
Assistant in Civil Engineering at M.I.T. 
Research on Stability of Density Cur
rents for M.S. "thesis; October 1947 to 
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July 1950, Research Associate in Civil 
Engineering at M.I.T. Research on 
Hydraulic Analogy to Supersonic Flow 
for Doctorate. 1948 engaged as instruc
tor in the Commonwealth of Massachu
setts University Extension Courses in 
Applied Hydraulics and Water Supply 
Engineering. Promoted to Assistant 
Professor of Hydraulics, Dept. of Civil 
and Sanitary Engineering, M.I.T. July 
1, 1950. Refers to J. W. Daily, A. T. 
lppen, C. H. Norris, G. E. Russell, 
J. B. Wilbur. 

HERBERT G. KEATING, JR., Braintree, 
Mass. (b. December 25, 1925, Aspin
wall, Pa.) S.B. Naval Architecture and 
Marine Engineering, Massachusetts 
Institute of Technology in 1946. Ex
perience, U.S. Navy, assistant to Ma
terials and Engineering Officer, Com
mand Service Force, U.S. Atlantic Fleet 
from February through July, 1946. 
Ship Engineering space inspection and 
repair scheduling; New England Tele
phone Company, September through 
November, 1946, Central Office Equip
ment Engineer, switchboard layout and 
material specifications; Fay, Spofford 
& Thorndike, November 1946 to date. 
Heating and ventillating engineering. 
Engineering, design, layout steam, hot 
water, warm air heating. Mechanical 
design conveyors, pumping equipment, 
pipe lines, air conditioning. Refers to 
W. L. Hyland, F. L. Heaney, A. W. 
Caird, F. M. Cahaly, W. C. Dyer. 

JOHN S. LovEWELL, Wellesley Hills, 
Mass. (b. May 15, 1921, Boston, Mass.) 
Attended Dartmouth College 1940-42, 
'46, '47. Served in U.S. Navy 1943-1945. 
Graduated from Thayer School of Civil 
Engineering in 1948. Employed by J. 
R. Worcester Co., summer of 1942 
doing survey work. At present Assist
ant Project Engineer with Metcalf & 
Eddy, Boston, Mass. Refers to E. B. 
Cobb, D. Coburn, L. W. Ryder, A. L. 
Shaw. 

EDWARD D. McLAUGHLIN, Melrose, 
Mass. (b. June 26, 1903, Melrose, 
Mass.) B.Sc. Massachusetts Institute 
of Technology in 1925. Experience, 
192 5-1928, Bridge Designer, Boston and 
Maine R.R.; 1928-1930, Hydraulic and· 
Concrete Designer, New England 
Power Company; 1930-1931, Structural 
Drawing, Design, Checking, Jackson & 
Moreland, B·oston, Mass; 1931, Asst. 
Bridge Engineer Bureau Public Roads, 
San Francisco, Cal., Holbrook, Arizona; 
1933-1934, Chief of Party, Mass. State 
Survey (WPA); 1934, Hydraulic De
signer Safe Harbor Power, Baltimore, 
Md.; 1934-1935, Structural Designer 
Solvay Process Co., Syracuse, N. Y.; 
1935, Asst. Engineer, National Park 
Service, Washington; 1935, Structural 
Designer Atmospheric Nitrogen Com
pany, Hopewell, Virginia; 1935-1936, 
Asst. Bldg. Design Engineer Eastman 
Kodak, Rochester, N. Y.; 1936-1942, 
Structural Designer, Estimator Solvay 
Process Co., Syracuse, N. Y.; 1942-
1950, Lt. Col. of U. S. Army, chiefly 
in Post Engineer activities; 1950 to 
date Designer N. E. Power Service 
Company, Boston, Mass. Professional 
Engineer, New York, 1935; Professional 
Engineer, Massachusetts, 1950. Refers 
to A. Adelman, W. S. Colby, E. G. Lee, 
J. C. Dingwall, C. M. Durgin. 

DARRELL A. RooT, Cambridge, Mass. 
(b. February 22, 1913, W. Springfield, 
Mass.) B.S. Sanitary Engineering, 
Massachusetts Institute of Technology, 
193 5; M.S. Sanitary Engineering, 
Massachusetts Institute of Technology, 
1939. Experience, Research Assistant, 
Dept. of Civil and Sanitary Engineer
ing, M.I.T. September, 1936-June, 
1939; Research Assistant, The Per~ 
mutit Co., New York, July, 1939-
March, 1941; 1st Lt. to Lt. Col. 
Engineer Corps, U. S. Army, March, 
1941-March, 1946. Senior Civil Engi
neer, East Bay Municipal Utility Dis
trict, January, 1946-February, 1947. 
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Supervising Civil Engineer, East Bay 
Municipal Utility District, Oakland, 
California, February, 1947-November, 
1950. Resident Engineer, Cambridge 
Water Supply 'Expansion Program for 
Camp, Dresser & McKee, Consulting 
Engineers, B·oston, Mass. Associate· 
Member American Society of Civil En
gineers; Member American Water 
Works Association and California 
Sewage Works Association. Registered 
Civil Engineer in California and regis
tered Chemical Engineer in California. 
Refers to T. R. Camp, H. G. Dresser, 
J. B. Babcock, R. Burlingame, G. 
Reece. 

JOHN R. SNELL, Melrose, Mass. 
(b. December 9, 1912, Soochow, 
China). B.E. Vanderbilt University, 
1934. lVI.S. University of Illinois, 1936, 
D.S. Harvard University, 1938. Experi
ence, 1934-1935, taught Civil and 
Sanitary Engineering at · Hangchow 
University, China; 1934-1940, \\later 
Supply Engineering field and design for 
federal government of Venezuela, S.A.; 
1940-1942, design of Water Supplies 
and Sewage Plants and Systems for 
JY[etcalf & Eddy, Stone & Webster 
Engr'g: Corp., and Fay, Spofford & 
Thorndike; 1943-1945, Sanitary Engi
neer, 1st Service Command, Repairs 
and Utilities Division; 1946, year in 
China with U. S. Public Health Service, 
assigned to UNRRA program of recon
struction of Sanitary Engineering 
aspects for 5 N. Provinces of China; 
194 7, Organized Engineering concern to 
serve China on a non profit status; 
1948, Project Engineer for Burns and 
Kenerson, Boston, designed Elliot 
Bridge on Charles River - Sewage 
Treatment Plant, etc.; 1949-1950, 
opened own consulting office in Sani
tary Engineering. Refers to Frank L. 
Flood, H. A. Thomas, _R .. Eliassen. 

··,· 

RALPH M. THOMAS, Framingham, 
Mass. (b. July 7, 1906, Hopewell, Pa.). 

Graduate of Hopewell High School. 
Engineering knowledge gained through 
study of e?,:tension courses and attend
ing evening classes in engineering sub
jects. Experience, July, 1924-April, 
1928, draftsman and estimator, Ray 
Engineering Company, Washington, 
D. C., April, 1928-March, 1930, instru
mentman and computer, Vinton D. 
Cockey, Silver Spring, Maryland, 
.March, 1930-January, 1948, employed 
in civilian status by the U. S .. Army 
Corps of Engineers, as Chief of Survey 
Party and Topographer on mapping of 
damsites and reservoirs. Computer on 
preliminary designs of lock structures 
and auxiliary works, layouts and quan
tity estimates in connection with the 
Survey Report, Ship Canal Across 
Florida; St. Paul District. Assistant to 
Engineer on Hydrological study of 
upper Mississippi River Basin and 
hydraulic studies of the river. New 
York and B'inghamton Districts, assist
ed in hydrological and hydraulic studies 
of river basins and streams in the 
Upper Susquehanna River Watershed 
in connection with development of a 
comprehensive flow for flood protec
_tion. Hydraulic Engineer on the design 
of local flood protection works at Bath, 
Corning, Elmira and Binghamton, New 
York. Civil Engineer on design of 
access railroad outfall sanitary sewer, 
airfield drainage system, water dis
tribution system, sewage collection and 
other utilities for the Rome Air Depot, 
Rome, N. Y. Manhattan District, Oak 
Ridge, Tenn., Civil Engineer on design, 
construction operation and mainte
nance of the \\later Supply System and 
Treatment Plants, Sewage Treatment 
Plants and Central Steam Plant for 
Oak Ridge, Tenn. January, 194 7 to 
October, 1948, U. S. Atomic Energy 
Comm., Oak Ridge, Tenn. Civil En
gineer on operation and maintenance 
of plants for Oak Ridge mentioned 
above. October, 1948 to date, New 
England Division, Corps of Engineers, 



PROCEEDINGS OF THE SOCIETY 113 

Boston, Mass. Hydraulic Engineer on 
design of drainage systems, sewerage 
and water systems for military in
stallations. Refers to F. S. White, E. F. 
Childs, P. C. Greuter. 

TsuAx HwA FENG, Melrose, Mass. 
(b. February 17, 1918, Hangchow, 
China). B.S. Peiyang University, 

· China, 1940. M.S. University of Wis
consin, 1946. Ph.D. University of 
Wisconsin, 1950. Experience, 1940-
1944, Highway and Municipal Engineer 
in China; January-June, 1950, Sanitary 
Engineer, Oscar Mayer Meat Packing 
Company, Madison, Wisconsin; July, 
1950 to present, Assistant Sanitary 
Engineer, Engineering Services, Mel
rose, Mass. Refers to H. A. Thomas, 
R. Eliassen, S. I. Tsien, C. N. Sawyer. 

FRAXCIS J. TURNBULL, Milton, Mass. 
(b. February 21, 1901, Boston, Mass.). 
192 5, S.B. Mechanical Engineering, 
Massachusetts Institute of Technology. 
Experience, 1925-1926, Clerk, Power 
Station, Boston Woven Hose & Rubber 
Co., Cambridge, Mass.; 1926-1935, 
Engineer, Jennison Co., Fitchburg, 
design of heating ventilation, aircondi
tioning; 1936-1941, Frigidaire Division, 
Boston, District Engineer; 1941-1943, 
Fay, Spofford & Thorndike, Design, 
Heating, Steam Distribution, Refrigera
tion, Resident Engineer on Construc
tion; 1943-1945, Radiation Lab. M.I.T. 
Staff Member-Heat Dissipation, Test 
Lab. Construction; 1945 to date, Fay, 
Spofford & Thorndike, Mechanical 
Engineer (Senior) Water and Sewage 
Pumping Stations, Pipe Lines, B"ridge 
Machinery, Conveyors, Heating, Ven
tilating. Reports, Specifications. Refers 
to F. L. Heaney, M. H. Mellish, F. M. 
Cahaly, R. W. Horne, W. L. Hyland. 

JULIO F. XAVIER, Bristol, Rhode 
Island. (b. June 2, 1909, Brockton, 
Mass.). Attended R. I. State College 
from Sept.. 1927-June, 1931. KS. degree 
in Civil Engineering. Experience, 1933-

193 7, 1st Lt. Engineer Resident with 
Civilian Const. Corps, Fort Adams, 
R. I.; 1938-1939, Instrument Man, R. I. 
Board of Public Roads; 1939, Assistant 
Resident Engineer Inspector, P.W.A. 
on Waterworks project; 1940, Inspector 
Prov. Dist. U. S. Engineers, fortifica
tions branch; 1941-1946, Wat Service, 
Corps of Engineers, promoted to 
Col. January, 1943, duty and command 
with Engr. Constr. Branch in Theatre 
of Opns; 1946-1948, Corps of Engi
neers, Providence District & New Eng
land Division, Hydrology Section; 
1948-1949, Fay, Spofford & Thorndike, 
designer, sanitary engineering branch, 
Alaskan Project; 1949 to date, project 
engineer Military Branch, New Eng
land Division, Corps of Engineers. Reg. 
Prof. Engineer, State of R. I. Refers 
to M. H. Mellish, E. F. Childs, F. C. 
Merrikin, W. F. Restall. 

Grade of Junior 

\VILLARD R. BLISS, Needham, Mass. 
(b. May 6, 1924, Worcester, Mass.). 
Freshman year in Civil Engineering at 
Cornell University in the fall of 1942. 
During the summer had been employed 
as a rodman on transmission line 
work, sub-station layout and submarine 
cable location. 1943, military service 
started where a five weeks' Specialist 
B·asic with the Corps of Engineers was 
followed by nine months of A.S.T.P. 
After the war employed as a transitman 
on transmission lines, property line lo
cation and soundings. Then followed 
the remaining three years at college 
with part-time work in the highways 
laboratory and on a reinforced con
crete research project. Received B.S. 
degree in Civil Engineering in the 
Spring of 1949. The Student Train
ing Program of the New England 
Electric System followed graduation. 
This was completed a couple of weeks 
ago and am now assigned to their 
engineering department. Refers to E. 
A. Dow, J. F. Germaine, H. F. Heald, 
E. G. Lee. 
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}AMES R. CASS, JR., Hyde Park, 
Mass. (b. January 29, 1927, Boston, 
Mass.). Graduated Mass. Institute of 
Technology, June 9, 19 50. Experience, 
summer of 1949 with U. S. Geological 
Survey. July, 1950 to date, Fay, 
Spofford & Thorndike, draftsman. 
Refers to N. N. Wentworth, Jr., C. 
Knox, G. K. Wood, J. B. Babcock. 

KEISTUTIS P. DEVENIS, Boston, Mass. 
(b. March 25, 1928, Waterbury, Conn.). 
Yale University, B.E. 1945-1948; 
Massachusetts Institute of Technology, 
S.M. 1948-1950. Experience, 1948-
1950, Mass. Institute of Technology 
teaching assistant; 1950 to present, 
Chas. A. Maguire and Associates, 
hydraulic engineer. Refers to A. T. 
Ippen, J. W. Daily, A. D. Weston, 
A. T. Gifford. 

EDWARD C. HICKEY, Hyde Park, 
Mass. (b. September 4, 1927, Newton, 
Mass.). Entered the University of 
Massachusetts at Fort Devens in Sep
tember 1946; transferred to the Univer
sity of Massachusetts at Amherst in 
September of 1948. During the sum
mer of 1949 worked with the Depart
ment of Public Works on· preliminary 
highway design. In June, 1950, re
ceived B.S.C.E. Degree. Experience, 
June, 1950 to October, 1950 worked 
with the Department of Public Works. 
on bridge and highway construction. 
At present with Department of Public 
Health as a junior Sanitary Engineer. 
Refers to R. M. Soule, F. H. Kings
bury, W. E. Merrill, E. Wright. 

RICHARD M. ·POWER, Millis, Mass. 
(b. October 6, 192 7, Millis, Mass.). 
Began college in 1945 under an 
A.S.T.R.P. at the University of Con
necticut. In September of that year 
was transferred to the University of 
Delaware and in December completed 
nine months of engineering foundation. 
After spending 21 months in the army 

was admitted to the University of 
Massachusetts at Fort Devens as a 
sophomore. Then transferred to the 
.University of Massachusetts at Amherst 
and completed a Civil Engineering 
course; receiving B·.s. degree in Civil 
Engineering in June of 1950. To date 
have been employed by the Mass. 
Department of Public Health, Division 
of Sanitary Engineering. At present· 
employed in the grade of a junior 
sanitary engineer. Refers to J. L. 
Dallas, W. E. Merrill, R. M. Soule, 
E. Wright. 

ERNEST J. SULLIVAN, Swampscott, 
Mass. (b. July 18, 1927, Lynn, Mass.). 
1947-1950, University of Maine. Ex
perience, May; 1950 to date employed 
by the Mass. Department of Public 
Health as a Senior Sanitary Engineer 
ing Aid assisting in special investigating 
harbor and shore pollution. Also ex
amination of private water supply. 
Refers to R. M. Soule, A. D. Weston, 
J. C. Knox, A. C. Bolde, F. H. Kings
bury. 

Transfer to Grade of Junior 
DAVID BORNSTEIN, Milton, Mass. 

(b. January 19, 1920, Boston, Mass.). 
Graduated with B.S. in Civil Engineer
ing from Northeastern University in 
1950. Co-operative employment with 
following firms: New England Survey 
Service as rodman and photographer; 
U. S. Geological Survey, photogram
metrist; H. R. Feldman as draftsman 
and transitman; Abraham Woolf as 
draftsman. In June 1942 inducted in 
U. S. Army. Discharged in Grade of 
Captain, Corps of Engineers, July, 
1946. Major experience, engineer in
telligence officer (Terrain and Techni
cal) technical librarian, photogram
metrist July-September, 1946 employed 
by Army Map Service as Research 
Analyst (Terrain); September, 1946 to 
August,' 194 7 Aero Service Corps as 
Topo Draftsman and Photo Interpreter. 
At present employed as draftsman and 
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assistant engineer by Abraham Woolf, 
Architectural Engineer, Boston, Mass. 
Refers tc:J A. Woolf, E .. A. Gramstorff, 
C. 0. Baird, E. L. Spencer. 

ARTHUR L. QuAqLIERI, Boston, 
Mass. (b. April 4, 1928, Boston, 
Mass.). Graduated Northeastern Uni
versity with B.S. degree in Civil 
Engineering in June 1949. Received 
S.M. in Sanitary Engineering from Har
vard University in June 1950. Co
operative work was employed by · 

Camp, Dresser & McKee from June, 
1946 to September, 1948, as draftsman, 
engineer's aide and general office 
worker. From June, 1940 to Septem
ber, 1949 was employed by the Town 
of Braintree Sewer Department as a 
draftsman and junior engineer working 
for the most part on the inking of 
Record Plans. At present employed by 
Camp, Dresser & McKee as an assist
ant engineer. Refers to T. R. Camp, 

. H .. G. Dresser, C. 0. Baird, G. F. 
Brousseau: 
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ADVERTISEMENTS. xi 

p .,~ .'l1
• DIGESTER HEATER AND 

HEAT EXCHANGER UNITS FOR 
AKR ": N, @HI·@ 

UTILIZING SEWAGE SLUDGE GAS, THEY WILL PROVIDE 
DIGESTER HEATING AS WELL AS BUILDING HEATING. 

~ VER the World , the 
~ busy and progressive 

c ity of Akron , Ohio, is 
known as the Tire Capital. 
Rece nt additions to its Sew
a g e Trea tment Plant include 
ei ght P.F.T. Dig est e r Heat
ers and Heat Exc hange r 
units. Four are arrang ed for 
either gas or oil firing and 
four are equipped for gas 
only. Th e flexibl e piping sys
tem allows for pre heating of 
ra w sludge simultaneously 
with the heating , by recir
culation, of the contents of 
any on e of six digesters. To
tal output ca pac ity for di
g ester heati ng is 8,000,000 
B.t.u pe r hr., with maximum 
hea ting ca pa city of 12 ,000,
,000 B.t.u. per hr. 

OTHER P. F. T. EQUIPMENT INCLUDED IN PLANT ADDITION 
Akron joins a long list of cities that 
have been a~sured positive, trouble
free heating of digester contents. 
P.F.T. Digester Heater and Heat Ex
changer units maintain ideal temper
atures in the digester assuring peak 
bacterial action. The Akron expan
sion program includes six P.F.T. 
Floating Covers to fit 95' O" diame
ter tanks, six P.F.T. Cover Position 
Indicators, six P.F.T. Supernatant Se
lectors, and Gauge, Sight Glass and 

Sampler Units and P.F.T. Gas Safe
ty Equipment. 
Additions to the sewage plant were 
designed under the direction of the 
City of Akron, Weldell R. LaDue, 
Chief Engineer and Havens & Emer
son, Cleveland, Ohio, Consulting En
gineers. The Akron plant also in
cludes P.F.T. Equipment in operation 
since 1926 on trickling filters, com
prising · fourteen 36" Twin Dosing 
Siphons and Nozzles. 
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