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LOCALIZED BUCKLING OF STRUCTURAL MEMBERS 
Bv CHARLES H. NORRIS, Member* 

(Presented at a meeting of the Structural Section, B.s:c.E.. held on December 8, 1948.) 

SYNOPSIS 

THIS paper is devoted to the localized buckling of the component 
parts of flexural and compression members. The existing theoretical 
solutions and experimental data applicable to this problem are re
viewed briefly. A theoret_ical solution for the case of an intermittently 
supported plate is presented and compared with some recent test 
data. Additional unsolved problems are noted and recommendations 
made for further research in this field. 

INTRODUCTION 

In recent years, there has been a growing interest in the evalua
tion of the. ultimate strengths of various types of structures. If the 
full capacity of a structural material is to be utilized so as to achieve 
the maximum possible ultimate strength in a structure, it is of course 
necessary that there be no premature buckling of the structure as 
a whole, or of any of its members. Local buckling of the component 
parts of these members may also decrease the ultimate strength of 
a structure. For example, local bu.ckling of a cover or web plate of a 
compression member, or of a flange plate of a flexural member may 
cause premature buckling of the member as a whole. On the other 
hand, local buckling of the web plate of a beam would not seriously 
affect its load carrying capacity if the vertical stiffners were properly 
designed. 

*Associate Professor of Structural Engineering, Massachusetts Institute of Technology, 
Cambridge, Mass. 

281 



282 BOSTON SOCIETY OF CIVIL ENGINEERS 

. Th_e designer should always realize, therefore, that local' buckling 
of a component part may lo~er the efficiency of·a member as a whole, 
and invite premature failure of an otherwise adequate structural 

.· m~mber·. In such cases, he should always strive to provide as much 
. local buckling strength in the component parts as integral buckling 
strength in the member as a whole. 

The integral buckling resistance of a compression or flexural 
member depends upon its bending and torsional stiffness. The local 
buckling resistance of a component part of such a member depends, 
however, upon the width-thickness ratio of the part and the manner 
iq which its edges are supported. 

The designer provides strength. to resist local buckling by con
forming with requirements such as the following, which have been 
extracted from typical spe~ifications for carbon steel members: 

( 1) In the webs of compression members, the unsupported width 
(b) and the thickness (t) must be such that 

b 
- does not exceed 32; t . 

and in cover plates, su_ch that 
b 

- does not exceed 40. 
t 

( 2) The width (b) and thickness ( t) of the outstanding legs of , 
angles in compression must be such that 

b 
- does not.exceed 12. 
t 

( 3) The maximum pitch (g) of rivets and the thickness ( t) of 
the thinnest outside plate connected must be such that 

~ does not exceed 16. 
t 

( 4) The clear space or gap (g) between intermittent fillet welds 
and the thickness ( t) of the thinnest plate conne_cted must be 
such that 

~ does not exceed 16. 
t 

Referring to item ( 1) note that this is equivalent to stating 
g ' 

that b should not exceed 0.5 for webs or 0.4 for cover plates. 

l There are many who feel that the problems involved in some or all of 
\ these specifications are in need of further study and research. 
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... 
FORMULATION OF THE PROBLEM 

Consider the make-up of typical welcfed._or riveted compression 
members such as those shown in Fig. 1. Elements A of such members · -. . ~ . 

A 

B~ 

7 r A 
7 i 

A 
B 

_J L 
(a.) (b) (c) 

(d) 

FIGURE 1 

are long rectangular plates (see Fig. ld) loaded in their plane by 
· compressive forces on the two ends and supported in some manner 
along the two long sides. Elements B are also long rectangular plate? 
but in this case supported on only one long side and free on the 
other. Buckling failure of such members may take place by local 
buckling of one of these plate elements rather than by integral buck
ling- of the member as a whole. 

Since compression me~bers are usually long in comparison to 
their width, the local buckling problem resolves into a study of the 
buckling of long rectangular compressed plates the sides of which are 
supported in various manners. The ends of these plates may be 
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considered to be simply supported-Le. displacement normal to the 
plane of the plate is prevented but the edge is free to rotate and move 
parallel to the plane of the plate. The support of the long sides may 
vary widely from being completely free to being almost clamped 0r. 
fixed against rotation. For example, if the section in Fig. 1 b were 
square, the cover plate would act as if simply supported if both cover 
and web plate were of the same thickness; and it would act as if it 
were essentially simply supported, if the cover plate were much 
thicker than the web; or as if it were essentially fixed along the sides, 
if it were much thinner. 

BUCKLING THEORY FOR RECTANGULAR PLATES 

The buckling of rectangular plates subjected to a uniform com
pression on both ends was first studied by Bryan ( 1). Bryan's formu
lae were subsequently extended by Timoshenko and others. 

The solutions summarized below by Eq. ( 1) are all for a rela
tively long rectangular plate of length a, unsupported width b and 
thickness t. The ends are considered to be simply supported and 
acted upon by a uniformly distributed compressive load. The lon·g 
sides are unloaded and supported in various manners as noted below. 
It is assumed that the material is homogeneous and elastic, and fol
lows Hooke's Law; that the plate is free from initial curvature or 
eccentricities; and that the deflections are small. In such a case 
Bryan's formula for the general case is 

O'er= K-------
12(1 - v2)b2 

(1) 

where 

<Ter = intensity of axial load at which buckling occurs, also = average axi,tl 
stress caused by the buckling load ( called the critical stress), 

K = a constant depending on the type of support along the long sides, 
E = modulus of elasticity in tension or compression, 
v = Poisson's ratio. 

The values of K for a rectangular plate having a length four or more 
times its width are as follows: 

Both sides clamped . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . K = 7 .0 
Both sides simply supported . . . . . . . . . . . . . . . . . . . . . . . . . . . . K = 4.0 
One side clamped, one free . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . K = 1.33 
One side simply supported, one free . . . . . . . . . . . . . . . . . . . . . . K = 0. 5 
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Experiments show that when compressive stresses reach the yield 

point, a plate having any but a very low ~ ratio may buckle. Theo-
t 

retical critical stresses in excess of the yield point are therefore 
meaningless. Strictly speaking Bryan's formula is not valid, however, 

for stresses which exceed the proportional limit and gives exaggerated 
values for the critical stress if applied beyond this point. For a plate 
with simply supported sides and fabricated from average structural 
steel stock, Bryan's formula would not be applicable, therefore, if 

the ~ ratio were less than 65, approximately. Several methods have 
t 

been suggested for approximating the critical stress of plates in the ~ 
t 

range where buckling occurs at stresses somewhere between the pro
portional limit and the yield point of the material. Notable among 

these is the method suggested by Bleich ( 7). 

REV~EW OF PREVIOUS EXPERIMENTAL INVESTIGATIONS 

There have been many excellent experimental investigations deal
ing with the problem of rectangular plates acted upon by end compres
sions-for · example, references ( 3), ( 4), ( 5) and ( 6), and many 
excellent papers published by the National Advisory Committee on 
Aeronautics. Apparently all of this research has involved plates one 
or both sides of which were continuously supported, and no research 
has been done on the case of intermittent side support such as is 
encountered in members the elements of which are connected by 

intermittent welds or rivets spaced at maximum pitch. 
Typical of the results of previous research is Fig. 3 on p. 4 of 

reference ( 6), which has been reproduced and shown as Fig. 2 herein. 
This curve gives results for a rectangular plate simply supported on 
the two long. sides. The numerous test points noted in the original 

figure have been omitted in the reproduction, however. The heavy 
solid line portion of the lower curve (labelled "buckling of plate") 
and the light line extension of it are actually a plot of Eq. ( 1), the 
Bryan formula, for the case where the two long sides are simply 
supported, i.e. K = 4.0. The tests agreed very well with this curve 
up to about seventy per cent of the yield point stress. At higher 
stresses, however, the Bryan formula ·gives values higher than those 
observed, because the proportional limit of the material has been 
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exceeded. The dashed line portion of this curve is a correction to the 
Bryan curve, of the type suggested by Bleich ( 7), and checks quite 
satisfactorily with the limited number of tests in this range. The 
reduction in the a-er given by this portion of the curve is, of course, 
similar to that encountered in tests of short cqlumns. 

The upper curve in Fig. 2 represents the experimental values of 
the ultimate strength of these plates. Note that there is considerable 
difference between the buckling load and ultimate strength of plates 

having a width factor B greater than 2 (this corresponds to a~ of 60 . t 
the usual structural steel). The reason for this difference is that 
buckling near midwidth of such plates ·is not an immediate cause of 
failure. What does happen is that upon buckling of ·this central strip 
it shirks its share of the load and throws it onto the side strips alon~ 
the two long supported edges of the plate. If the stress in the ·side 
strips after assuming this ad.ditional portion of the load still is less 
than the yield stress, the total load on the plate may now be increased 
until the side strips do reach the yield stress. 
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As a result, if the initial buckling of the plate occurs at a rela
tively low stress, the ultimate strength of the plate will be consider
ably greater than the Bryan buckling stress indicated by the lower 
curve. As noted earlier,. however, remember that while such local 
buckling may not cause immediate failure of the plate itself, it might 
lead ·to premature integral buckling of the structural member of 
which this plate was a component part. 

BUCKLING THEORY FOR INTERMITTENTLY SUPPORTED RECTANGULAR 

PLATES 

There has been considerable speculation about the validity of 
the specifications dealing with the permissible spacing of intermittent 
fillet welds. As a result the Structural Steel Committee of the Welding 
Research Council has sponsored a project dealing with this problem 
in the Structural Analysis Laboratory of the Department of Civil 
and Sanitary Engineering at the Massachusetts Institute of Tech
nology. In this project, a rational theory has been developed and 
compared with tests, for the buckling of intermittently supported 
rectangular plates. The detailed derivation of this theory is given 
in Appendix A. 

This derivation is for relatively long rectangular plates which 
are loaded in their plane by· compressive forces on the two ends and 
intermittently supported along the two long sides. The ends of the 
plate are considered to be simply supported and acted upon by a 
uniforrnly distributed compressive load. The long sides are unloaded 
and are considered to be simply supported at points which are uni
formly spaced along the side. The spacing of these intermittent sup
ports is called the gap g. The same assumptions are made with rega~d 
to the material, initial curvature, eccentricities and deflections of 
the plate as were made in the derivation of the Bryan formula. 

The theoretical value of the critical stress, <Tcr, for such a plate 
may be expressed by Eq. ( 1) where K may be obtained from the 
following equation/ 

1This equation is valid for gap-width ratios equal to or less than 1.0. 
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In this equation, 

a = length of plate, 
b = unsupported width of plate, 
g2 = spacing of intermittent point supports along long sides of plate, 
n = number of buckles in the plate (assumed to be an integer). 

(2') 

When computing the critical stress for a plate, the proper value of K. 
to be used in Eq. ( 1) is the minimum value that can be obtained from 
Eq. ( 2) for any integer value of n. · 

To determine this minimum value of K for a plate having a certain 

. gap-width ratio ( ~ ) , it is necessary to insert this value of ( : ) 

in Eq. (2) and then to assign various integer values ton, such as 1, 
2, 3, --. For each value of n, the value of K may be plotted against 

the length-width ratio (.: ) . From this family of curves, it will be 

possible to determine the minimum valu~ of K for a plate of a given 
length-width ratio, for any value of n. It will be found that the mini
mum value of K for any relatively long plate is essentially the same 
and equal to the value obtained by minimizing K in Eq. (2) with 

respect to the parameter ( n..!:_) • 
a 

Proceeding in this manner, the minimum values of K were com
puted for various gap-width ratios and plotted in Fig. 3. This curve 
indicates that K, for gap-width ratios between 0 and 0.5 is slightly 
greater than 4.0, i.e. the value for a plate with continuous simply 
supported sides. This is most certainly not actually true, and is the 
result of certain assumptions made in the derivation of Eq. ( 2). 
What is really notable about this curve, however, is the fact that 
there is no marked reduction in the value of K until the gap-width 
ratio exceeds 0.5. 

The theoretical values for the critical buckling stress for ·inter-

2When Eq. (2) is applied to actual plates which are riveted or welded along the sides, 
the gap g should be considered as the distance center to center of rivets or the clea'r distance 
betweeri intermittent welds. 
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FIG. 3. 

mittently supported plates are summarized in Fig. 4. The solid-line 
curves give the values obtained by using Eq. ( 1) and the approximate 
values of K from Fig. 3. All gap-width ratios from O to 0.5 are 
represented by the same curve inasmuch as the value of K is so 
nearly equal to 4.0 in this ·range. Of course, as in Fig. 2, th~se 
curves are not valid and should not be used for critical stresses above 
the proportional limit. The dashed-line correction curves have been 
plotted in the same manner as was done in Fig. 2, even though it 
was recognized that the Bleich type of .correction is not strictly 
applicable to plates having a gap-width ratio between 0.5 and 1.0. 

The validity of this correction procedure as well as the adequacy 
of the theoretical solution may now be investigated by comparing 
the values obtained from Fig. 4 with the test results obtained in a 
manner which is described briefly in the next section. 

TESTS OF INTERMITTENTLY SUPPORTED RECTANGULAR PLATES 

Two groups of intermittently supported plates were tested in 
the Structural ·Analysis Laboratory. In Group A, both long sides of 
the plate were supported while in Group B one edge was free. In 
each group, there were three series of plates each having different 
width-thickness ratios. In each series, plates were tested with various 
types· of simple s~pports on the long sides, varying from continuous 
support to intermittent supports having a gap-width ratio of as 
much as 2. 
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FIG. 5.- P LATE B EING M OUN TE D IN T EST FIXTURE . 

F ig. 5 is a three-quarter view of one of the plates being mounted 
in the testing machine. By use of a special flexible knife edge, a 
uniformly distributed compressive load was applied to the top and 
bottom edges of the plate. The vertical edges were supported by 
attaching a series of yokes to the edge of the plate and then restrain
ing the yokes in a rigid channel guide. The left-hand side of the 
plate in F ig. 5 shows the yokes representing an intermittent support 
in place and ready to have the channel slipped over them. The right
hand side shows the channel already in place. Using this design, it 
was easy to vary the type of edge support at will. Further, the yokes 
were fr ee to move vertically or horizontally in the plane of the plate 
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or rotate about a vertical axis but were restrained by the channel 
from moving normal to the plane of the plate-thus achieving an 
idealized simple support. 

Since the highest width-thickness ratio tested was 53 , none of 
the plates would take any more load after they buckled- i.e. the 
buckling load of the plate was synonymous with its ultimate strength 
( refer to Fig. 2). Fig. 6 shows a typical series of buckled plates. All 
of these plates have the same width-thickness ratio and differ only in 
the gap-width ratio of the supports on the long sides. The gap-width 
ratios reading from left to right are: 0, 0.12, 0.24, 0.48, 0.72, and 
0.96. It is of interest to note that the type of buckle changes from 

b 
F IG. 6.-T YPICAL SERIES OF B UCKLED PLAT ES, - = 0.5.3 . 

t 
g 

L eft to right , - = 0, 0.12 , 0.24, 0.48, 0.72 , 0.96. 
b 
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a typical plate . (spherical-like) buckle at the left to a column 
(cylindrical-like) buckle at the right. Note further that the plate 
type of buckle dominates up to a gap-width ratio of 0.5. 

The critical buckling stresses obtained from the tests of the 
three series o_f Group A are shown by the plotted points in Figures 7, 
8, and 9. For comparison, the theoretical critical stresses in each case· 
have been read from Fig. 4 and are shown by the curves drawn in 
Figures 7, 8, and 9. The width factors B computed from the test 
data are as follows for the three series of plates: 

b 
Fig. 7: - = 53, Uy.p. = 40, E = 30.8, B = 1.91 

t 

b 
Fig. 8: - = 32, Ui;p = 40, E = 30.8, B = 1.16 

. t 
b 

Fig. 9: - = 20.3, Oy.1). = 29.8, E = 30.5, B = 0.63 
t 

Ii In _each case, the yield point stress, and E are given in units of kips 
1· per square inch. 
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The test plates were steel and approximately 36 inches long. 
The widths of the plates ranged from 4 to 6 inches, approximately; 
and the thicknesses from 0.090 to 0.310 inches. 

Considering the experimental difficulties involved in this type of 
testing and the assumptions and approximations introduced into the 
theoretical solution, there appears to be a satisfactory agreement 
between the results. Certainly it can be concluded that it is only 
when the gap-width ratio exceeds 0.5 that there is a marked decrease 
in the critical buckling stress. Up to that ratio the plate behaves 
essentially as if it were continuously supported regardless what the 
width-thickness ratio is. For width-thickness ratios of 2 5 or greater, 
the decrease in the critical stress becomes increasingly noticeable for 
gap-width ratios greater than 0.5. 

Data for the Group B plates is complete but has not been ana
lyzed completely as yet. Preliminary indications are, however, that 
the effect of the gap-width ratio is about the same for plates supported 
on one side only as it is for plates supported on both sides. 

RECOMMENDATIONS FOR FURTHER STUDY 

Research similar to that discussed above should be extended 
to plates which are clamped or partially clamped along the sides in
stead of simply supported. When this has been completed, definite 
conclusions may be drawn concerning the effect of intermittent sup
ports along the sides of elements of compression members. These 
results may likewise be applied to the flange plates of flexural mem
bers, since these are likewise plates which are subjected to essentially 
a uniform compression across their width. 

In order to review the question of intermittent welds along the 
web plates of flexural members, however, research must be conducted 
on plates which are subjected to a uniformly varying axial load and 
(or) shear on the ends. · 

CONCLUSIONS 

There has been considerable theoretical and experimental work 
done on the buckling of rectangular plates loaded on the ends by 
uniform compressions and supported continuously on the sides in 
various manners. This information may be used to establish specifi
cations which will insure adequate local buckling strength in the 
cover or web plates of compression members, and in the outstandi1:g 
legs of angles and flanges. For this purpose, it would be conservatin 
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to consider the supported sides of· such plates as being simply sup

ported, and adequate to require that the critical stress of such plates 

be equal to the theoretical critical stress for buckling of the members 

as a whole. 
If an expression for the critical stress of a plate, which was 

adjusted in a manner such as suggested by Bleich so as to be valid 

above the proportional limit, were equated to a similar expression 

for the integral buckling stress of the member as a whole, an equa

tion would be obtained which expressed the required width-thickness 

ratio of the plate in terms of the slenderness ratio of the member. 

Such an expression would be awkward to use in design computation;;, 

however. A more usable criteria may be obtained by equating the 

critical stress of a plate to the theoretical critical stress in an average 

main compression member, which may be assumed to be within 

approximately five per cent of the yield stress of the material. 

The data summarized in Fig. 2 may be considered to be repre

sentative of the more reliable information on the buckling of rec

tangular plates loaded on the ends by uniform compressions and 

simply supported over the entire length of both sides. From this 

curve, it may be concluded that the width factor should not exceed 

1.33 if the critical stress is to be within five per cent of the yield 

stress. In this manner, the following criterion may be established: 

( 1) The width-thickness ratio for the cover or web plates of compression 

members should not exceed 

40 for structural carbon steel 
34 for structural silicon steel 
31 for structural nickel steel 

Further, since the theoretical critical stress of a plate which is simply 

supported along one side is one-eighth that of a plate which is simply 

supported on both. sides, it may be concluded that: 

(2) The width-thickness ratio of the outstanding legs of angles and flanges 

in compression should not exceed: 

14 for structural carbon steel 
12 for structural silicon steel 
11 for structural nickel steel 

Note that these recommendations depart from the form of the 

usual specifications in two respects. First, there is no differentiation 

between cover and web plates of compression members. Secondly, 
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it is suggested that the requirements for outstanding legs should 
likewise vary with" the material. 

According to the partial investigation of intermittently supported 
plates reported in this paper, if the gap-width ratio of an intermit
tently supported plate does not exceed 0.5, the critical stress for the 
plate is essentially the same as if it were continuously supported. It 
may therefore be concluded tentatively that the maximum rivet pitch 
or the m·aximu.m gap ( i.e. clear space) between intermittent welds 
should pot exceed one-half of the unsupported width of the plate being 
connected. 
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APPENDIX A 

BUCKLING OF INTERMITTENTLY SUPPORTED RECTANGULAR PLATE 

In the following development, advantage will be taken of two 
conclusions drawn from experimental evidence. First, in the case 
of an intermittently supported. rectangular plate it has been observed 
that the length of the supported portion is not an important parameter 
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as . long as it does not exceed the clear space between supports. 

Secondly, if a series of plates differing only in th~ir gap 0 width ratio 

are tested to buckling failure, it will be found that the type of failure 

gradually changes from plate to column ~ype buckling as the gap

width ratio is increased from 0 to 1.0. ( See Fig. 6.) Further it will 

be noticed that the plate type of buckle is very dominant up to a 

gap-width ratio of approximately 0.5. 
Consider therefore an intermittently supported rectangular plate 

such as shown in Fig. 10. This plate is considered to be simply 

supported and subjected to a uniform compression on the top and 

bottom edges. The tw·o sides of the plate, however, are unloaded but 

supported intermittently. It is convenient in the following derivation 

to consider the sides simply supported at uniformly spaced points, 

d 

thickness= t 

b 

FIG. 10. 

Ill ., 
u 
0 a. 
"' 

E 
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and this appears to be permissible according to the first observation 
noted in the previous paragraph. 

The objective of this development is not to predict accurately 
the critical stress of a plate having a certain gap-width ratio, but 
to determine if there is some critical gap-width ratio below which a 
plate retains essentially all the buckling strength of a continuously 
supported plate. In view of this, the energy method approach is 
an adequate, if not necessary, tool for making the following 
derivation. 

Using this approach it is assumed that the plate is acted upo:i 
by the end compressions and then some small lateral bending is 
imposed on the plate. This imposed displacement normal to the plane 
of the plate is denoted by w and must.be consistent with the given 
boundary conditions. As a result of this lateral bending, bending 
strain energy will be stored in the plate and, due to the movement of 
the ends of the plate associated with this lateral bending, the com
pressions on the ends will do a corresponding amount of work. U 
the work done by these compressions is smaller than the bending 
strain energy for every possible shape of lateral bending, the flat 
form of equilibrium of the plate is stable. If, however, the work 
done by the compressions is larger than the bending strain energy, 
the flat form· of the plate is unstable and it will remain in the buckled 
position. The critical or buckling value of the end compressions is 
therefore the value for which the work done by the end compressions, 
il T, is equal to bending strain energy, il V. Using the energy approach, 
the more ~ccurate the assumed buckled shape, the more accurate will 
be the value determined for the buck1ing load. 

Assume in this case that the buckled shape of the plate is the 
superposition of a plate and column type of buckling; or that 

• 1rX • n1ry . . 1ry 
w = A sm -- sm -- + B sm --

b a g 
(a) 

where A and B are arbitrary constants and n is ·an integer. ;Note 
that this assumed lateral bending satisfies the boundary conditions 
at all four edges of the plate. 

Referring to Timoshenko (2), ilT may be evaluated from the 
following expression: 

.6.T = ~11 ( /lw rdx dy (b) 
2 . /ly 
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By substituting the first partial de_rivative of w with respect to y, 

as obtained from (a), into (b), and integrating it is found that 

-6.T = <Tt.abrr2 {A2(~ r +rn2(_:_ r} 
8 a · g 

(c) 

provided n is not equal to ~ (and in none of the cases to which the 
. g 

final results are applicable would this be true). Note of course that 

a . 
both n and - are integers. 

g 
Likewise ti V may be evaluated from the following expression: 

-6.V = Efi ff f [ ,52w + lfw ]2- 2(1-v) 

24(1--v2 ) l ·sx~ 8y2 • 

[ s2w s2w - ( S2w ) ~] l dx dy (d) 

8x2 8y2 8x Sy 'J 

Again by substituting the proper partial derivatives of w obtained 

from (a) into ( d) and integrating, it is found that 

-6. V = rr4Et3a~ {~[ (-1 r + c ~ f] 2 
+ B

2 

(~ r} (e) 

24(1-v2 ) • 4 b a 2 g ' 

a 
again provided that n is not equal to -. 

g 

According to the energy method, however, at the buckling value 

of the end compressions, ti T = ti V. Therefore, equating the right

hand sides of ( c) and ( e) and solving for a, which in this case i3 

the critical stress acr, 

<Icr= 
(f) 

Before this expression can be used, it is necessary to evaluate the 

arbitrary constants A and B. 

To do this, the second experimental observation noted above 

will be utilized. It will be recalled that it has been observed that 

the buckle has become essentially· a column type buckle when -} = 1 

and that the plate type buckle is dominant up to ! = 0.5. Since 
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in (a), A is the coefficient of plate type buckling and B the coefficient 
of column type buckling, it will be assumed that 

A= (1-_!__) C 
b (g) 

B= (_!_)3c 
b 

where C is a new arbitrary consta::t. 
By substituting in ( f) from (g) and multiplying numerator and 

denominator by b4, the resulting expression may be writtep as follows: 
Et2.,,.2 

acr =. K 12(1- v2)b2 (h) 

where 

K= (i) 

From these last two equations, it is possible to evaluate the critical 
buckling stress for an intermittently supported rectangular plate. 

DISCUSSION 

Bv ERrc REISSNER* 

So far as is known Dr. Norris is the first who has, with this 
paper, attempted to give a solution for the problem of buckling of 
a long rectangular plate intermittently supported along its long pair 
of edges. 

Dr. Norris' conclusion is that up to a gap-width ratio of 0 . .5 
the plate behaves essentially as if continuously supported along the 
long edges and the experimental evidence of Figs. 7 to 9 is certainly 
in support of this conclusion. From the point of view of the general 
theory of elastic stability one might wish that additional test results. 
were available for even· smaller values of the ratio of buckling stress 
to yield stress than those given in the paper where the range 0.8 - 1.0' 
of this ratio is covered. Such additional results should further facili-
tate the correlation of theory and experiment. 

Coming next to theoretical solution of th_e problem, choice of 
•Associate Professor, Massachusetts Institute of Technology, Cambridge, Mass. 
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the energy method to obtain an approximate solution is certainly an 

appropriate one. Likewise Dr. Norris' choice of the approximate 

deflection pattern, stated in Eq. (a) of the appendix, for use with 

the energy method appears to be entirely suitable. It should perhaps 

be emphasized that the resultant expression for <Icr given in Eq. (f) 

will always give an approximation to the true value of <Icr which is 

on the high side. Thus the actual theoretical buckling stress is lower 

than the one given by the present formula no matter what the choice 

·of the parameters A/Band n. Dr. Norris simplifies the above formula 

by postulating, on the basis of experimental and intuitive evidence 

a relation of the form 
A 1 - (g/b) 

B (g/b)a 
-------- (1) 

whence <Icr is made as small as possible by a suitable choice of n. 

It appears that a somewhat more rational procedure would be to 

minimize <Icr both with respect to A/B and n, whereupon curves for 

<Icr would be obtained which lie below Dr. Norris' curves and still 

above the theoretically accurate curves. It may be seen from Figs. 

7 to 9 that this would be a desirable result in the region of small 

gap-width ratios. But not so in the region of relatively large gap

width ratios where the theoretical curves even now seem very con

siderably below the experimental points. 
Thus it seems that a theory of elastic buckling, based on the 

assumed boundary conditions does not reproduce sufficiently well 

the experimental data in at least part of the range of dimensions 

which have been investigated. It is suggested that contributing fac

tors to this rriay be 
( 1) the actual length of the intermittent supports 

( 2) the fact that the intermittent support offered is not true pin 

support. 
DISCUSSION 

Bv ALBERT HAERTLEIN, Member* 

Failure of structures by buckling have made the structural engi

neer keenly aware of the need for procedures of design which would 

avoid buckling. In 1757 Leonard Euler presented the formula which 

bears his name and expresses the critical load which causes a slender 

·column to bu~!s.le. Since then, especially since the use of steel for 

•Professor of Civil Engineering, Harvard University, Cambridge, Mass. 
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slender compression members, thin plates, and shells, the problem 
of buckling has been studied assiduously in its many ramifications 
by many investigators in several parts of the world. In 1936 Professor 
Timoshenko brought together this material for the guidance of struc
tural engineers in his book on the "Theory of Elastic Stability". 

Professor Norris selected for study the particular problem of 
buckling of a relatively long rectangular plate loaded in its plane by 
compressive forces on the two ends and supported intermittently along 
the two long sides such as by welds. Since this case had not been 
investigated experimentally, Professor Norris sought to verify the 
requirements appearing in current specifications of the ratios of un
supported width to thickness of webs of compression members and 
cover plates as well as maximum pitch of rivets and clear space or 
gap in intermittent fillet welds. 

The experimental procedure which Professor Norris devised for 
testing with intermittent supports is an ingenious one. The results 
which he has obtained will be useful to the designers. It is to be 
hoped that similar investigations will be carried out for other condi
tions of loading, such as a varying normal stress and shear as occurs 
in the web of plate girders. 

DISCUSSION 

B'v JOHN B. WILBUR, Member* 

In Dr. N orris's discussion of the curves showing some of the 
results obtained by the Navy's Taylor Model Basin, he mentioned 
that his recommendations were based on providing the same factor 
of safety against local buckling as for the integral buckling of mem
bers as a whole. While this procedure appears reasonable, it might 
be pointed out that it represents a departure from that followed by 
Moisseiff and Lienhard in their paper, "Theory of Elastic Stability 
Applied to Structural Design", that appeared in the 1941 Trans
actions of the A.S.C.E. If I interpret correctly the procedures fol
lowed by Moisseiff and Lienhard, they used a somewhat lower factor 
of safety for local buckling than for integral buckling. 

Factors of safety for columns must take into account such items 
as initial curvature, unintentional eccentricity of applied loads and 
lack of uniformity of column materials. It is not clear to me why 

•Professor of Civil Engineering and Head of Department of Civil Engineering, Massa• 
chusetts Institute of Technology, Cambridge, Mass. 
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such factors are less important for local buckling than for integral 
buckling. In the elements of some structural members, such as in 
the webs of plate girders, local buckling may not have much effert 
on the integral buckling strength of the members, but in the case of 
columns for which the structural elements have relatively low width
thickness ratios, it would seem that local buckling would have an 
important effect on the critical column load. 

It therefore see.ms to me that Dr. Norris is justified in providing 
as much factor of safety against local buckling as for integral 
buckling. As a matter of fact, it would appear that there is some 
justification for using an even higher factor of safety against local 
buckling. Because of initial curvature and the like, there is invariably 
non-uniform stress distribution in a column, even though it is sub
jected to substantially axial loads. Thus, a given element of the 
column may be subjected to a stress greater than the average stress 
in the column and this greater local stress may in turn contribute 
to local buckling. This remark is not intended to indicate a belief 
that Dr. Norris should necessarily have provided a greater factor 
of safety against local buckling than for integral buckling, but to 
further· substantiate the suggestion that he is well justified in having 
provided for at least an equal factor of safety. 

DISCUSSION 

Bv DEAN PEABODY, JR., Member* 

Our Chairman, Mr. Julian, should be congratulated on obtaining 
a paper of this nature. We are all too prone to accept unquestioningly 
special code requirements such as the ones quoted tonight that the 

ratio ~ of steel compression plate shall not exceed certain numerical 
t 

values. It is commendable to discuss the theoretical mathematical 
basis for these restrictions, as well as the experimental confirmation. 

The discussion becomes much more pertinent because Professor. 
Norris reports new experimental data. The tests have been very 
carefully planned and executed and Mr. Polychrone deserves credit 
for the execution of a painstaking research. The plots of test points 
show the natural variation of duplicate tests but the averaging of 

•Professor of Architecture, Harvard University, Cambridge, Mass. 



LOCALIZED BUCKLING OF STRUCTURAL MEMBERS 305 

test results for the same ~ and gap-width ratios is obviously justified. 
t 

The conclusions are consistent with the tests. 
I am particularly interested in this discussion because the Ameri

can Concrete Institute is also reviewing an allied requirement that 
"the clear distance between lateral supports of a reinforced concrete 
beam shall not exceed thirty-two times the least width of compression 
flange". I can only wish that the A.C.I. have similar experimental 
data to guide their decisions. 

])rscUSSION 
Bv JULIUS LASKER, Member* 

In his paper on Localized Buckling Dr. Norris contributed a 
good deal of enlightening information on a subject which to most 
structural engineers has been quite nebulous. The physical deform:i
tions of individual elements comprising structural members are quite 
complex, and any theoretical analysis seeking to define them bears 
heavily upon the time, if not on the mathematical versatility, of many 
engineers. It is therefore1 to be hoped that, for the benefit of those 
of us who are not au courant with all the theories on this subject, 
Dr. Norris ~vill in his closing discussion clarify the following points 
in his lum1.nous thesis: 

1) It seems that the values of K derived from Eq. (2) will agree with 
a . 

those shown in the curve of Figure 3 only if n = -. In other words, 
b 

within· the range of O to 0.5 for .£, K will not approach the valu~ of 4, 
b 

a 
unless n = -. If this is true, then Eq. (2) may be simplified to read: 

b 
g2 g 

6--8-+4 
b2 b K = _,_ _________ _ 

(1-_!__ r + 2_£_ 
b · b4 

2) The statement in Appendix A that the mathematical derivation is con-
a . . 

ditioned on n not being equal to - is challenging. Further explanation 
g 

might help the hesitant reader. 

•Senior Structu.ral Engineer, Jackson & Moreland, Boston, Mass. 
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3) The coefficients A and B of Eq. (a) of the Appendix, in which an ex-. 
pression is given for the lateral deflection w, are defined as "constants". 
It would appear that they are constants only for any one plate whose 
dimensions, a, b, and t (together with E), determine their magnitudes. 
In that case the rest of the equation would merely state that the 
deflections are sinusoidal curves. 

4) It is rather surprising that each plate shown in Figure 6, has only one 
buckle, and that in one of them the buckle appears at the top. 

CLOSING DISCUSSION 

Bv CHARLES H. NORRIS 

The writer is indebted to the participants in the discussion of 
this paper for their valuable criticisms and for the effective manner 
in which their comments have served to highlight the important 
points involved. 

Prof. Haertlein has emphasized that the conclusions in this paper 
concerning the spacing of intermittent welds are tentative and based 
on a partial investigation. Before final conclusions may be drawn 
it will be necessary to consider the effect of other conditions of load
ing such as, varying normal stress and shear, and of partial or com
plete fixity of the supported sides of the plates. 

Mr. Lasker has raised. several points which the writer will 
attempt to clarify to the extent he can without prolonging this dis
cussion unduly. The points will be discussed in the same order as 
used by Mr. Lask~r. 

1). The values of K plotted in Fig. 3 are for relatively long plates and 
are found to be essentially equal to the value obtained by minimizing 

K. in Eq. 2 with respect to the para.meter (n_!:_). For these values, n 
a 

a g 
is approximately equal to - for small values of -, and therefore the 

b b 
simplified expression for K will give essentially the same values as Fig. 3. 
The simplified expression is also very good in the range of 0.5 to 1.0 

for _! since in this range column type buckling is dominant., 
b 

2) The expressions for il T and il V reduce to those given in Eqs. ( c) 
and (e) of Appendix A only if certain terms are zero. These terms are 

a . 
zero unless 11 equals -, 

g 
3) Naturally, the coefficients A and B have different values for different 
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plates, but for any particular plate they are constants which define the 
amplitude of the assumed buckled shape. · 

4) Closer inspection of the plates shown in Fig. 6 will show several perma
nent buckles which are v.e'ry much Jess evident than the buckle so 
clearly shown in the photograph, at which major failure occurred. The 
major failure tended to occur at the location of maximum imperfec
tions- in the plate, which was usually near the center of the plate. 
Occasionally the maximum imperfections were near the end and as a 
result, the major failure occurred at this point-. 

It is reassuring to find that Prof. Peabody is of the opinion that 
the scatter of our test results .is not excessive. for this type of test, 
and that he finds the conclusions justified by the. tests. 

lh his discussion of the theoretical solution of the problem, Dr. 
Reissner has suggested that a more rational procedure would :be to 

. B . 
minimize acr, as given by Eq._ ( f), both w1_th respect to A and n. 

FIG. 11. 
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When this is done, i.t is found that the minimizing conditions are that 
B . . . 

A be equal to. either O 9r infinity. These conditions correspond, 

respectively, to either plate or column type buckling, i.e., 

. B 
either K = 0 when -- = 0, 

. A 

or K = ( ~) 
2 

when ! = oo. 
g . 

Plotting the minimum of these two values against ! · in the same 

manner as was done in Fig. 3 results in the curve shown in Fig. 11. 
As was anticipated by Dr. Reissner, the points on this curve fall 
slightly_ below those in Fig. 3. Again the really notable fact about 
the· new curve for K is that there is no reduction in the value of K 
until the gap-width ratio exceeds 0.5. 
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WATER POWER STORAGE IN MAINE 
Bv HOWARD M. TURNER, Member* 

(Presented at the Fall Meeting of the American Society of Civil Engineers, held in Boston.) 

GENERAL 

THE rivers used for water power in the state of Maine are 
characterized by the large a.mount of water storage upon them. The3e 
rivers drain south, those flowing north and east into the St. John 
having few or no power developments. All of these rivers have storage 
systems of varying degree of control, most of which have been in 
existence for many years. All of them are privately owned. These 
rivers have a total drainage area, measured at the downstream water 
power on each, of 21,300 square miles and the existing storage reser
voirs on them have a total capacity of 191,250 .m.c.f., 4,391 thousand 
acre feet, not including many small ponds and lakes which are also 
controlled by dams used for storage. Construction is starting on an 
additional reservoir with an ultimate capacity of 14,000 m.c.f. which 
will make the total 205,250 m.c.f., 4,713 thousand acre feet. The 
original construction of these reservoirs was aided greatly by the 
topography of the state which has numerous natural lakes, over 

· 2,222 in all, covering 5 % of the total area, .many of them of large 
size which could be raised by dams at their outlets at comparatively 
small expense. Many of them were originally used for log driving 
purposes only. Later, with the increasing importance of power their 
operation was adopted for power purposes, although in some cases 
combined with log driving. These older reservoirs were later supple- · 
mented, on the three larger rivers, by reservoirs built at natural sites 
or at existing lakes for power storage purposes. Table 1 summarizes 
these chief reservoir systems on the larger rivers and the map in 
Fig. 1 shows their location. 

The rivers below the storage reservoirs are extensively developed 
for power although there are some large undeveloped sites in the 
upper reaches of some of the important rivers. Many of the develop
ments are at mills which depend entirely on water power without 
any relay source. 

•Consulting Engineer, Boston, Mass .. and Professor of the Practice of Civil Engineering, 
Harvard University. 
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TABLE 1.-POWER STORAGE IN MAINE 
This is not a complete list but covers the chief reservoirs on the important systems w -Total Total Developed 0 

Drainage Storage Storage Storage Head on Developed 
Regulating Area Million Million 'l'housand River Horse-

River Basin River Point sq. mi. cu. ft. cu. ft. acre ft. ft. power 

EXISTING. STORAGE 

St. Croix St. Croix Woodland 1,4i0 25,000 25,000 574 141 31, 7 so 
Union River Union 496 7,000 7,000 161 70 13,700 
Penobscot West Branch Millinocket 1,910 55,000 224 65,190 b:) 

0 
East Branch - 1,100 6,825 162 62,630 1J) 

Piscataquis 1,500 3,240 16 3,000 
>-3 - 0 

Sebec 3il 3,366 31 1,758 z 
1J) 

Total River 7,i20 68,431 1,570 0 
n 

Damariscotta Damariscotta Damariscotta Mills · 4 7 1,946 1,946 45 66 700 ~ 
Kennebec Kennebec Madison 3,233 34,948 338 183,700 

>-3 
><: 

Messalonskee Oakland 205 3,771· 167 10,150 0 
Sebasticook 9i5 2,953 49 3,425 "!j 

Cobbosseecontee Gardner 220 1,417 96 2,440 n 
H 

< 
H 

Total River 5,970 43,089. 990 r 
Androscoggin Androscoggin Berlin, N. H. 1,360 28,795 7il 219,350 rr:I z, 

Little Androscoggin 380 1,142 117 2,929 C) 
H 

z 
Total River 3,470 29,93i 687 rr:I 

rr:I 
Presumpscot Presumpscot Sebago Lake 436 12,015 12,015 276 250 22,072 :,:I 

1J) 

Saco Saco Biddeford l,i20 3,832 3,832 88 280 55,353 
--- --- --- -- -- -

Existing Storage 21,329 191,250 4,391 2,778 678,147 

UNDER CONSTRUCTION 

Kennebec Dead River 14,000 14,000 322 
--- --- -

Grand Total 21,329 205,250 4,713 
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None of the reservoir systems in Maine have allotted any capac
ity to flood control. In most cases the large· reservoirs consist of 
natural lakes with large water surface areas compared-to their volume, 
so that there is a large flood surcharge storage capacity above spill
way level. The reduction in the recent large floods due to. storage 
reservoirs has been very marked. The decision of the War Depart-



312 BOSTON SOCIETY OF CIVIL ENGINEERS 

ment Engineers against any flood control projects in Mail'le is due in 

part to the absence of many large damage centers, but also was un

doubtedly affected by the effect of the existing reservoirs in reducing 

the intensity of the past floods on the large rivers in Maine. 

In this paper the reservoir systems of some of these rivers are 

summarized by brief descriptions. Records of stream flow and storage 

operation are available on four of the most important. The results 

obtained by the storage in these rivers are analyzed in some detail. 

They are the Penobscot, Kennebec, Androscoggin and Presumpscot 

rivers. 
ST. CROIX RIVER 

The St. Croix River lies on the eastern edge of Maine. Part of 

the drainage area is in Canada. The drainage area at the lowest water 

power station at Calais is 1,470 sq. mi. The total storage in Chiput

neticook, Grand and pther lakes is 25,000 m.c.f. The total developed 

head on the river is 141 ft. with a total horsepower of 31,750. The 

27-year records show an average flow of 1,674 c.f.s. or 1.14 c.f.s. 

per sq. mi. during the seven months from August through February 

when stored water is used. The mi.nimum monthly flow was 774 c.f .s. 

or 0.53 c.f.s. per sq. mi. in January, 1931 The storage is operated 

for mills on the lower river. Without storage the low flow would be 

less than 300 c.f .s. 
UNION RIVER 

The Union River has a drainage area at its mouth at Ellsworth 

of 496 sq. mi. The total developed storage is 7,000 m.c.f. of which 

6,000 m.c.f. is in Graham Lake, just above Ellsworth, the balance is 

in smaller lakes on the water shed. The total developed below this 

storage is 60 ft. in one plant with a capacity of 13,400 H.P. This 

storage is owned and operated for the use of this plant by the Bangor 

Hydro Electric Company. 

DAMARISCOTTA RIVER . 

This is included as an example of one of the smaller power 

storage developments: The total drainage at the outlet of Damaris

cotta Lake, which constitutes the storage basin, is 4 7 sq. mi. The 

total storage volume is 1,946 m.c.f ., 41 m.c.f. per sq. mi., which gives 

complete control of this area. The power plant owned by the Central 

Maine Power Company is located at the outlet of the lake It has 

66 ft. of head and 700 H.P. 
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SACO RIVER 

The Saco River is well developed for power in its lower reaches, 
a total of 280 ft. out of a total available head of 317 ft. below Hiram 
being developed with a total horsepower of 55,350. Practically all 
of this is public utility power. The drainage area at Biddeford is 
1,720 sq. mi. This river has less storage than most of the other 
power rivers in Maine, the total being 3,882 m.c.f. located mostly 
on various tributaries. There is a possible site for the development 
of a large storage reservoir above Hiram. The average minimum 
monthly flow of the Saco River at West Buxton, 1,550 sq. mi., is 
932 c.f.s., 0.60 c.f .s. per sq. mi., and the minimum monthly flow in 
the 40 years, 1908-1947 was 530 c.f.s., 0.34 c.f.s. per sq. mi., in 
October, 194 7. 

In considering the operation of the four rivers which are analyzed 
below, it must be kept in mind that the conditions on each river differ 
widely with regard to the needs of the users for log driving and 
power, the ownership and organization of the storage operating agency 
and the different climatic conditions and character of the reservoirs. 
In general the results of the operation of these main storage systems 
have been to raise the natural minimum flow of the rivers. from five 
to seven times and to increase the flow of usable water by over 30%. 

In considering these records the peculiar climatic conditions of 
northern Maine where most of these reservoirs are located should 
be noted. Compared with the rivers further south, the low water 
flow is shown by the records to extend into the winter and early spring 
to a very great extent so that the month of lowest flow is likely to 
be February or even March instead of being September as it is in 
most of our northeastern rivers. 

A reservoir system may be operated to get the maximum amount 
of capacity, i.e. the greatest safe continuous flow, the "safe yield" of 
water supply terminology, or to get the greatest number of kw. hrs. 
with some decrease in capacity if the reservoir should be emptied 
too soon. Most of the large systems for Maine are generally operated 
for both purposes, i.e. to maintain a given flow capacity and to get 
as much use of the storage as is possible each year consistent with 
that aim. 

Usually the quantity fixed as the minimum for which the reser
voirs are operated appears to be somewhat in excess of the absolute 
minimum that can be maintained during the greatest droughts. This 
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· is economical as it permits a more extensive annual use of the storage. 

It has its counterpart in water supply work, though not so rigid·, in 

Allen Hazen's "95% dry year". This regulated minimum has been 

fixed in various ways on the different rivers and the method of opera

tion varies with the particular condition of each river. 
There is also an upper economical limit of draft from storage 

which is required by the capacity of the water powers on the river 

below, which limits the flow that can be used without waste. Figures 

based on the analyses of a river in northern Maine show that if a 

river is operated purely to maintain a given safe yield, something 

less than half the .storage would be used each year. This would mean 
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not drawing the reservoir down as much as can be safely done and 
Maine storage systems are operated to get as much usable water out 
of storage as is consistent with maintaining the stated minimums. 

PENOBSCOT RIVER 

The Penobscot River is the largest river in Maine having a drain
age area at the lowest water power at Bangor of 7,760 sq. mi. See 
Fig. 2. The upper river is divided into the East and West Branches 
most of the storage being located on the latter. This storage consists 
of the Ripogenus Lake ystem controlled by a dam shown on Fig. 2A 

Frc. 2 A.- RIPOGENUS DAM- WEST BRANCH PENOBSCOT RIVER. 

built at that point in 1917 which controls the flow from four lakes 
and ponds with a total capacity of 30,000 m.c.f. Further south are 
the lakes controlled by the North Twin Dam near Millinocket con
taining 15,000 m.c.f. There is another series of 15 lakes and ponds 
with a total storage capacity of 10,000 m.c.f. used primarily for log 
driving. The power storage system is regulated for the flow of the 
West Branch at Millinocket at the paper mills of the Great Northern 
Paper Company which owns and operates the storage. The drainage 
area at Millinocket is 1,910 sq. mi. The total head on the West 
Branch is 224 ft. and this West Branch storage is usable also on 
153 ft. more of developed head on the main river below Millinocket. 
See Table 2. 

The operation of this storage is based on the maintenance of a 
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TABLE 2.-PENOBSCOT RIVER BASIN 

West Branch-33 years record 

Drainage area at Millinocket 
Storage above Millinocket 

Ripogenus (1917 ) 
Ambajejus, Pemadumcook 

North and South Twin Lakes 
Other Lakes (used primarily for log driving) 

1,910 sq. mi. 

30,000 m.c.f. 

15,000 m.c.f. 
10,000 m.c.f. 

Total 55,000 m.c.f. 

Area of water surface ( 5 .5 % ) 
Average monthly flo'Y 7 months, August through February 
Regulated monthly flow at Millinocket 98% of time 
Minimum monthly flow , March, 1942 
Average storage volume used each year 1943-48 

87 % (45,000 m.c.f. ) 

Developed water power below storage 

West B'ranch 
Main nver 

Total 

East Branch 
Drainage area, East Branch 
Drainage area, Main river at Mattaseunk 
Drainage area, Main river at Bangor 
Storage 

Head, ft. 
224 
153 

377 

Chamberlain and Telos Lakes (1 845, 1941 ) 
Second and Grand Lakes (1 942 ) 

Total 

Developed water power below storage 

Main river 

Piscataquis River 

Drainage area at mouth 
Storage 

Schoodic and Seboeis Lakes 
Other ponds 

Total 

Head, ft . 
153 

Horsepower 
65,190 
62 ,630 

127,820 

Horsepower 
62 ,630 

105 sq . mi. 
2,850 c.f.s. 
2,200 c.f.s. 
1,207 c.f.s . 

39 m.c .f. 

7,760 sq. mi. 

5,040 m.c.f. 
1,785 m.c.f. 

6,825 m.c.f. 

1,500 sq. mi . 

2,547 m.c.f. 
693 m.c.f. 

3,240 
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TABLE 2-continued 

DeveloI?ed w~ter power below storage 

Piscataquis River 
Main river 

Total 

Sebec River 
Drainage area at mouth 
Storage, Sebec Lake 

Developed water power below storage 

Sebec River 
Piscataquis River 
Main river 

Total 

Grand Total Storage 

Head,ft. 
16 

114 

130 

Head, ft. 
.31 
16 

114 

162 

Horsepower 
3,000 

44,585 

47,585 

371 sq.mi.-
3,366 m.c.f. 

Horsepower 
1,758 
3,000 

44,585 

49,343 

68,425 m.c.f. 

flow of 2,000 c.f.s., 1.07 c.f.s. per sq. mi., or better at Millinocket. 
This has been maintained on all but 7 month~ in 33 years of reG.ord* 
98% of the time. There have been two very low periods, 1922-24 
and 1942, when the monthly river flow was below 2,000 c.f.s. reach
ing a minimum of 1,207 in March, 1942. The low flow in the latter 
year was not due to low. summer flows but to a low spring run-off 
in 1941 which left the reservoirs unfilled so that in 1942 there was 
not enough water to maintain _a larger flow during' the winter. This 
unusual condition of which there was no previous record was experi
enced on· other water sheds with storage reservoirs· in Maine and 
Eastern New York. During the 1947-48 drought the flow did not 
fall below 2,197 c.f.s. See Fig. 3. . 

The records show that during the last 6 years the total volume 
of storage used from all _the reservoirs has averaged 39,000 m.c.f. 
each year. 

In considering the results obtained on this river it should be 
kept in mind that of the total 55,000 m.c.f., 10,000 m.c.f. is operated 
primarily for log driving though it serves also as storage, but the 
log driving is probably a greater factor than on the other streams 
in Maine. 

•Great Northern Paper Company records. 



318 BOSTON SOCIETY OF CIVIL ENGINEERS 

I-' 
u. w 

·"' 8~ 40000 
0 l-l+H+t-1-1+1!+!+-H+! .,,,_ 

z"' 3 z 2000 0 M .. H-i-t+"-++!f-1" ....,-
::; 

0 ~-,..,.L.LLµ,'.-LJ,...c~~'-'-'--,'-1----'---'--.l..l 

iJ 
::; 

,_- '-' 6 000 H++-1+1,!+!+.!..J+i+l+++-H+H·++-'-l 

~~ ~~~~~~~ 
0 

~ 5 400 0 t+-t+H-;--,.+. .. >+,-+t -'--'~,-H+'-1- +'~-l+H-'-l+H-'-rl 
...J a.. 
i ,_; 
1- u.. 2000 
<t :::, H+++frf-i+'+, 

L) 
~ 
0 
...J Qk:;,J~£~½!-;'::-c,-:~~=-':7.:';c;:;.'~'-::-!-iti..~ 
u.. 

I 9 4 0 4 I 4 2 4 3 

----ACTUAL FLOW 
.................................. ,FLO\,/ C.ORRECTED FOR. STORAGE 

4 6 4 7 4 8 

WEST BRANCH PENOBSCOT RIVER AT MILLINOCKET ME 
FIG. 3. 

The East Branch of the Penobscot also has some storage. Several 
dams or lakes which were originally used for log driving were rebuilt 
in 1941-42 for power storage. These included Chamberlain and Telos 
Lakes and Round Pond and Second and Grand Lakes with a total 
capacity of 6,82 S m.c .. f. of storage on this branch. The total drainage 
area on the East Branch is 1,063 sq .. mi. but at present there is no 
power development so that this storage is all used for the benefit 
of the main river. 

The Piscataquis River flows into the Penobscot from the west. 
This has about 3,240 m .. c.f. of storage, of benefit to local powers on 
it and to 114 ft. of head on the main river. The Sebec River, a 
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branch of the Piscataquis, also has storage development of 3,366 m.c.f 
used locally which benefits the plants on the Piscataquis and the 
main river. There are also various other small storage reservoirs used 
on other tributaries. 

The total storage listed here for the Penobscot River is 68,425 
m.c.f. 

KENNEBEC RIVER 

The Kennebec River drainage area is 5,520 sq. mi. at Augusta, 
the lowest water power. See Fig. 4. The storage on the main river 
consists chiefly of Moosehead Lake and the surrounding lakes. 
Moosehead Lake contains 20,630 m.c.f. of storage, the right to build 
a dam and· store water in the lake for log driving having been first 
granted to the Proprietors of The Moosehead Dam Company in 1834. 
More recently it has been used for power though combined with log 
driving which does not conflict with power use to any great extent. 
In 19 2 8 B rassua Lake above Moosehead was raised 30 ft. to create 
another reservoir with an 8,560 m.c.f. capacity, see Fig. 4A. Six other 
ponds and lakes gi've another 2,658 m.c.f. making a total storage 
on the upper river of 31,848 m.c.f. Last year the first section of a 
concrete dam was built at the principal outlet of Moosehead Lake 
replacing part of the wood crib structure. This work improved the 
low water discharge from the lake and while it did not increase the 
amount of available storage capacity, it did make possible the drawi11g 
of the bottom foot at rates .more nearly meeting the needs of the 
users. Consequently, 3,100 m.c.f. were added to the recorded storage 
capacity of the lake at that time. 

This storage is operated to build up the flow at Madison where 
the drainage area is 3,230 sq. mi. This is fairly near the power center 
of the river. It is operated generally to maintain a flow that can be 
sustained two out of three years. To obtain this, the controlled flow 
is fixed each year after log driving at a point that will produce a flow 
which can be maintained two years out of three. If the river falls 
off the flow is adjusted downward and vice versa. In operating the 
reservoir stored water is not released to cause a flow at Madison in 
excess of 3,500 c.f.s. unless there is ample storage available. The 
principal storages are operated on contract basis by an engineer who 
is employed by the important power users on the river, and who acts 
as an agent for the dam owners. Several of the small storages are 
operated by this engineer in cooperation with the owners. See Table 3. 
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An analysis of the 19-year record* since 1929-30 shows. that an 
average flow of 3,060 c.f.s., 0.95 c.f.s. per sq. mi., has been maintained 
during the 7 months from August through February when storage is 
normally required. There have been 4 periods of low flow on the 
Kennebec since that time. These have been in 1929, 1935, 1941-42 

•Kennebec Water Power Company, Madison records. 
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East Outlet Dam Moosehead Lake 
1834 Rebuilt 1947 

Brassua Lake Dam 1925 
FIG. 4A.-STORAGE DAMS, KENNEBEC RIVER. 

TABLE 3.-KENNEBEC RIVER BASIN 

Kennebec River-18 years record 
Drainage area at Madison 
Storage above Madison 

Moosehead Lake (1834 and 1947) 
Brassua Lake (1925) 
1st and 2nd Roach, Moxie, Dead River Ponds 

and Spencer Lake 

Total 
Added in 194 7 

Total Storage 

Water surface area 
Average flow 7 months, August through February 
Regulated monthly flow at Madison 94% of time 
Minimum monthly flow , January 1948 
Average per cent of total volume drawn from 

storage each year 

321 

3,230 sq. mi. 

20,630 m.c.f. 
8,560 m.c.f. 

2,658 m.c.f. 

31,848 m.c.f. 
3,100 m.c .f. 

34,948 m.c.f. 

135 sq. mi . 
3,060 c.f .s. 
2,400 c.f .s. 
1,700 c.f.s. 

104% 
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TABLE 3- continued 

Developed water power below storage 

Main river 

NI essalonskee R iver 
Drainage area at Oakland 
Storage above Oakland 

Belgrade Lakes 
Messalonskee Lake 

T otal 

D eveloped water power below storage 

MessaJonskee River 
Main river 

H ead, ft. 
338 

H ead,ft. 
67 
22 

H orsepower 
183,700 

Horsepower 
10,150 
7,339 

89 17,489 
Sebasticook R iver 

Drainage area at mouth 
Storage on river 

Sebasticook and Great Moose Jakes 
Other Jakes 

Total 

D eveloped water power below storage 
Head, ft. 

Sebasticook River 49 
Kennebec River 22 
Also several small powers on branches 

of the Sebasticook 

Horsepowe, 
3,42 5 
7,339 

71 10,764 

Cobbosseecontee Stream 
Drainage area 
Storage on stream 

Cobbosseecontee Lake 
Other lakes 

Developed water power below storage 

Cobbosseecontee Stream 
Head, ft. 

96 
H orsepower 

2,440 

205 sq. mi. 

2,8 76 m.c.f. 
895 m.c.f. 

3,77 1 m. c.f. 

975 sq.mi. 

1,955 m.c.f. 
998 111.c.f. 

2,953 m.c.f. 

220 sq. mi. 

948 m.c.f. 
469 m.c.f. 

1,417 m.c.f. 

Grand Total Storage 43,084 rn .c.f. 



~t;'. 
3: :::i 
Ou 
...J ... 

\I\T ATER POWER STORAGE IN :MAINE 323 

6000 

4000 

2000 

40000 

4000 

2000 

I 
I 
I L: 
·I· 

I 
I 
I I 

.r• : ~1 I 
-i 1 11' l-

~.J ____ l~ l I . 
0 Jr 1,111 MJ J A SONOJ f MA ~JJ4 SONOJ r MIi MJ J A SONO 

9 4 0 4 4 2 

-----ACTUAL FLOW 

Jr M,AMJ J II SONOJ F M.11.MJ J UON DJ r ,._. MJ JA SONO 

34 35 36 

··: i 

;;,;;!;: 
·•1:11·IH·!· 

··::! ·i1· 
,, 

J f l,IA MJ JAS0N0Jr ,.AMJJA SON OJ f"1AMJJA50N0 

9 4 6 4 7 4 8 

------------ FLOW CORRECTED F'"OR STORAGE 

KENNEBEC RIVER AT MADISON. ME 
FIG. 5. 



324 BOSTON SOCIETY OF CIVIL ENGINEERS 

and 1947-48. See Fig. 5. In 1941-42 the difficulty was not due to 
low summer flow but to low spring run-off which failed to fill the 
reservoirs. The recent drought of 194 7-48 produced the worst condi
tions on this river in 19 years of record. A comparison shows that 
this particular low water period was worse on the Kennebec River 
than the dry period of 1909-11 which was the worst on record before 
this. The result of the storage operation has been the maintenance 
of 2,400 c.f.s., 0.74 c.f.s. per sq. mi., on all but 14 months in 19 
years of record or 94% of the time. The lowest monthly flow of 
records is 1,747 c.f.s. in 1947. 

The storage volume used each year has averaged 33,000 m.c.f. 
or 104% of the total storage volume, some refilling during the year 
giving the high percentage. The constrttction of the large Wyman 
plant of the Central Maine Power Company at Bingham in 1931 is 
of advantage in operating the storage on the Kennebec River. This 
plant is located between the storage and Madison, the regulating 
point. The drainage area is 2,610 sq. mi. It has a large pond that 

• contains 2,500 m.c.f. storage in the upper 20 ft. which can be used 
if required. 

The storage is above water power plants on the main river with 
a total developed head of 338 ft., 182 ft. of which is above Madison 
and 156 ft. below. The power is used by mills, mostly pulp and 
paper, and public utility plants, many of the former depending on 
the water power without other relay power. 

At Long Falls on the Dead River which enters the Kennebec 
between Moosehead Lake and Bingham there is a site for the ulti
mate development of 14,000 m.c.f. additional storage. Construction 
of this is to start soon. Depending on how it is operated this might 
serve to increase the low water flow at Madison by 400 c.f.s. and to 
add 40% to the volume of stored water· usable for power. 

Thirty-two miles downstream from Madis,on the Messalonskee 
River flows into the Kennebec from the west. The area at the outlet 
of Messalonskee Lake near the upper power on the river is 205 sq. mi. 
and on this area there is a storage system including the Belgrade 
Lakes with a total capacity ·of 3,771 m.c.f. of storage which is used 
over five water power plants on the river. 

Farther south the Sebasticook River enters from the east. This 
has a drainage area of about 975 sq. mi. at its mouth and storage 
reservoir amounting to over 2,953 m.c.f. mostly utilized by loc3.J 
plants but of benefit also to the main river below. , 
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A few miles below the lowest water power on the river at Augusta 
the Cobbosseecontee stream enters the K ennebec from the west. The 
drainage area at the head of the fall is 2 20 sq. mi. This has a sepa
rate storage system of its own containing 1,417 m.c.f. used over 96 ft. 
of head by various small water power developments on the stream. 
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This makes a total of 43 ,084 m.c.f. of storage on the Kennebec 
River basin without counting several small reservoirs used on other 
tributaries. 

ANDROSCOGGIN RIVER 

The Androscoggin River is a very highly developed water power 
river. See Figure 6. The storage on the main river consists of the 
Rangeley Lake system. 18,500 m.c.f. of storage was obtained by the 
constructioI?: of three dams raising level of natural lakes. These dams 
were built between 1860 and 1882 and were originally used mostly 
for log driving. This was increased in 1910 by the construction of 
the Aziscohos Dam with a capacity of 9,600 m.c.f. See Figure 6A. 
Kennebago Lake above Rangeley makes up the total of 28,800 .m.c.f. 

Middle Dam, Richardson Lakes, 1879 

Aziscohos Dam, Sawyer Lake, 1910 
FIG. 6A.-STORAGE DAMS, ANDROSCOGGIN RIVER. 
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Except for the .latter this storage is operated by the Union Water 
Power Company at Lewiston. Other important water powers are co
owners of the Aziscohos reservoir and contribute to the cost of opera
tion of the others. While there is some log driving, it is not sufficient 
to interfere in any way with the use of the storage for power purposes. 
See Table 4. 

The regulating· point for the Androscoggin River is at Berlin, 
New Hampshire, with a drainage area of 1,360 sq. mi., the first power 
development below the reservoir outlet at Errol. This was by agree
ment among the contributing companies at the time the Aziscohos 

TABLE 4.-ANDROSCOCCIN RIVER BASIN 

Androscoggin River-34 years record 
Drainage area at. Berlin,· N. H. 
Storage above B'erlin 

Rangeley system (1869-1882) 
Aziscohos ( 1910) 
Kennebago Lake (1910) 

Total storage 

Area of water surface (5.7%) 

1,360 sq. mi. 

18,481 m.d. 
9,593 m.c.f. 

721 m.c.f. 

28,795 m.c.f. 

Average monthly flow 7 months, August through February 
Regulated monthly flow at Berlin, 95.7% of time 
Minimum monthly flow, 1922 

78 sq. mi. 
1,915 c.f.s. 
1,550 c.f.s. 
1,300 c.f .s. 

Average percent of total storage volume used each year 85% 

Developed water power below storage 

Main River 

Little Androscoggin River 
Drainage area at Mechanic Falls 
Storage _above Mechanic Falls 

Developed water power below storage 

Little Androscoggin River 
Main River 

Other Storage on Lower River 
Sabbattus, Parker and Crotched Ponds 

Grand Total Storage 

Head, ft. 
771 

Head, ft. 
117 
88 

205 

Horsepower 
219,350 

Horsepower 
2,929 

22,469 

25,398 

251 sq. mi. 
1,303 m:c.f. 

1,591 m.c.f. 

31,688 m.c.f. 
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Dam was built. · Also, it was agreed that a flow of 1,5 SO c.f.s. is to 
be maintained at that point when the river with its storage will permit 
it. This regulating point is considerably above the power center of 
the river. 

The water powers on the main river below the storage system 
drive pulp, paper and textile mills and public utility plants. Many 
of the former depend on the water power entirely with no source of 
relay power. The upstream power is at Berlin, New Hampshire, the 
lowest at Brunswick, Maine, where the drainage area is 3,470 sq. mi. 
In this stretch of river 7 71 feet of head out of total fall of 1,090 feet 
is developed. Between Berlin and the storage reservoirs there is a 
total fall of 139 feet not yet developed for power. 

An analysis of the results obtained by this storage shows that 
during the 7 months, August through February when water is nor
mally being drawn from storage the average flow at Berlin for 33 years 
was 191 S c.f .s. or 1.40 c.f.s. per square mile of drainage area. 

An analysis of the results obtained by this storage based on 34 
years of record* shows that this 1,550 c.f .s. has been maintained 
successfully on all but 2 2 months or 95 % of the time. These were 
in a few periods of extreme drought. These periods are shown on 
the curves covering these low periods of which there have been four 
in the period 1921-1922, 1929-1930, 1941-1942 and 1947-1948. See 
Figure 7. The minimum monthly flow is 1,300 c.f.s., February 1922 
which is 84% of the stated 1,550. A low monthly flow of 1,374 c.f.s. 
was reached last December. 

It is interesting to compare these different periods of low flow 
shown in this record. The one in 1941-1942 like that on other rivers 
in the Northeast, was_ caused not by low water in the summer and 
fall but by low runoff in the spring. The record does not go back 
to the drought of 1909-1911 which was of the same order as that 
just recently experienced. 

The storage volume used each year has averaged 24 m.c.f. or 
84% of the total storage volume. In operating the reservoirs an 
upper limit of draft from stor~ge is maintained as far as possible. 
A flow over 3,000 c.f.s. causes a waste of water at Berlin being in 
excess of the water wheel capacity of some of the mill plants there 
so that the normal regulation of the river with water from storage 
is between the 1,550 c.f.s. minimum and 3,000 c.f.s. maximum. 

$Union Water Power Company records. 
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ANDROSCOGGIN RIVER AT BERLIN. N.H. 
FIG. 7. 

On this river the regulating point is up so far north that the 
benefit of warmer weather and higher runoff in the early spring which 
obtains on the river further south, cannot be taken advantage of in 
regulation and the flow from storage often has to be maintained up 
to the melting season in the north which is often not until late in 
April. 

The construction of a new higher dam at the outlet of the lowest 
storage reservoir, Umbagog Lake at Errol, New Hampshire, will give 
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an additional 14,000 m.c.f. of storage. Depending on the method 
of operation this might add 200 c.f .s. to the minimum flow, and 50% 
to the storage volume available each year. 

In addition· to the storage on the main river the Little Androscog- . 
gin which has a total drainage area of 350 sq. mi. has four reservoirs 
with. a total capacity of 1,303 m.c.f. used for that river only but of 
benefit also to pow:ers on the main river below its mouth a total of 
88 feet of head. 

Other storage on the watershed of 1,591 m.c.f. brings the total 
up to 31,688 m.c.f. . 

PRESUMPSCOT RIVER 

The Presumpscot River has a drainage area at the Eel Weir 
plant a.t the outlet of Sebago Lake of 436 sq. mi. and at the lowest 
water power of 635 sq. mi. See Figure 8. It is the most completely 
stored and highly developed river in· Maine, the storage of 12,015 m.c.f. 
of which about 10,000 m.c.f. is in Sebago Lake. The river flows a dis-· 
tance of 2 2 miles from the lake to the sea. The total head developed is 
250 ft. out of a total fall from the lake to tide water of 265 ft. The 
power is used mostly by paper mills with two public utility plants. 

The storage is operated by the S. D. Warren Company, paper 
manufacturers, the owner of many of the plants on the river, in 
general to build up the flow of the river at their Cumberland Mills, 
where the drainage area is 570 sq. mi. 

TABLE 5.-PRESUMPSC0T RIVER BASIN 

Presuinpscot River (60 year record) 
Drainage area at Eel Weir 
Storage above Eel Weir 

Sebago Lake 
Long Lake an,d other ponds 

Total 

· Water surface area (14%) 
Average monthly usable flow (12 months) 

. 'Minimum monthly flow-August 1911 

Developed water power below storage 

436 sq. mi. 

10,2 SO m.c.f. 
1, 76_5 m.c.f. 

12,015 m.c.f. 

61 sq. ;:ni. 
600 c.f.s. 
159 c.f.s . 

Head, ft. Horsepower 
250 22,072 
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.PRESUMPSCOT 
RIVER BASIN 

0 10 ZOmi. 

FIG. 8. 

The records for 45 years at Eel Weir show an average usable flow 
of 600 c.f.s. or 1.42 c.f .s. per sq. mi. to which should be added the 
use of the water from Sebago Lake by the city of Portland, which 
now amounts to about 30 c.f .s. The upp~r limit of draft is main
tained at 833 c.f .s. and the capacity of the water wheels is at Eel 
Weir. In only 29 months of the 45 years of record,. 5.4% of the 
time, has this upper limit been exceeded. No figure has been put 
on the low flow as the r_eservoir is operatei at times for the plant 
downstream and no record is kept of the flow at that poirit. The 
minimum flow recorded is 159 c.f.s. in August, 1911. If . the wet 
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months from March through .June are excluded, the flow of less than 
436 c.f .s. or 1 c.f.s. per sq. mi. has only been reached 11 months or 
2 % of the time. When the large area of water surface, 14 % , is 
considered these results compare favorably with the other· rivers. 

The results of the operation of three of these rivers for which 
data are satisfactory have been plotted on a curve shown in Fig. 9, 
showing on a square mile basis the flow maintained in c.f.s. vs. the 
storage in c.f. 
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On the chart is also plotted the New England Water Works 
Association composite yield curve for New England with 0.0% water 
· s1,1rface and also a corresponding curve with 10% water surface. 
These curves of course do not strictly apply here except to indicate 
the trend of the relation between storage and yield and the effect of 
water surface area. These in no sense are intended to be a comparison 
of operating efficien.cy. The different conditions of location and 
character of the reservoirs and their sources, the operation, log driv
ing, emphasis on minimum flow or use of storage and needs of the 
water powers on the river, all enter into the results obtained. 

This storage is of very great value. The water let out annually 
from the storage reservoirs described above will produce at the power 
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plants on the river below them an average of over 1,000,000,000 kw. 
hrs. a year. Taking this at a low value of .5 cent per kw. hr. the 
annual value of this stored water is more than $5,000,000. In addi
tion to this there is the large value of the power capacity gained 
due to the increasing of the low water flow of the river_. On the 
the four large systems the low water flow is raised ( except iri the 
very driest years), so as to produce 170,000 kw. additional 24-hour 
prime capacity over what would be produced by the rivers in their 
natural ·sta.te. Taking this figure at present construction levels it 
would cost about $34,000,000 to provide firm capacity in its place. 
This is 24-hou·r power, 30% of the head developed is used on shorter 
hours for public utility power which will increase this figure. 

The writer expresses his thanks to the following for their assist
ance in the preparation of this paper: Mr. F. C. Bowler, Engineer, · 
Great Northern Paper Company; Mr. Paul Kruse, Chief Engineer, 
Bangor Hydro Electric. Company; Mr. Bryant L. Hopkins, Operator 
of the Kennebec River Storage; Ford W. Harris, Agent and Engineer, 
Union Water Power Company; and Mr. K. E. Terry, Chief Engineer 
of the S. D. Warren Company, all of whom operate the various storage 
systems described above; and Mr. M. R. Stackpole, District Engineer, 
U. S. Geological Survey, Augusta, Maine. 
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RECENT DEVELOPMENTS CONCERNING 
TIMBER TRUSSES 
BY JAMES H. CARR, JR.* 

(Presented at a meeting of tlie Structural Section, B.S.C.E., held on January 12, 1949.) 

THE WAR PERIOD 

DURING World \Var II, the shortages existing in other materials 
threw the large majority of war construction to timber. Its use was 
required in structures of unprecedented size and in a volume for 
structural purposes far above its peacetime use. To emphasize the 
magnitude of the task, shouldered by the timber industry in the period, 
it is estimated that the volume of timber truss construction during 
the year 1942, was approximately twenty-five times that of a normal 
pre-war year. 

In an expansion as rapid as this, there are bound to be a certain 
shar.e of outstanding successes as well as a share of troubles due to 
varying degrees of misuse and ignorance. The successes can be 
looked upon with considerable satisfaction by those involved in the 
building program. The troubles are a source of reg,ret. However, 
regret in itself was not sufficient as it provided no answers. If the 
industry had left the problems unanswered, severe criticism would 
be justified. However, profiting by the errors through research, many 
answers have been found which considerably reduce the probabilities 
of recurrence of many of these difficulties. • 

THE OUTSTANDING SUCCESSES 

It is not necessary to dwell long on the outstanding successes 
as they publicize themselves. It is worth mentioning, however, some 
of the more unusual of the structures. They are unusual primarily 
because of their size. 

The largest single factory building ever built of wood, at least 
in the United States and possibly in the world, was the Chicago 
Aircraft Assembly Plant built just north of Chicago. Featuring 
trusses .all the way from so· to 160' in span, the overall dimensions 
of this plant were approximately 800 feet by 3000 feet. 

•President, James H. Carr, Inc., Washington, D. C. 
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The longest dear span wood trusses known to have been built 
were the bowstring trusses at Wold-Chamberlain airfield at Minneapo
lis - St. Paul, with a span of 260 feet. 

The buildings with the largest clear interior space were the blimp 
hangars built for the Navy at a number of locations which had a 
clear span of 2 3 7 feet, a clear height at the center line of the building 
of 153 feet, and an overall length of 1000 feet. This clear area is 
approximately the size of six football gridirons. 

These were the glamorous structures, but the real accomplish
ment was the provision of thousands of buildings, such as barracks, 
mess halls, theatres, chapels, war plants, warehouses and the like, 
which were provided when needed and where needed and did their 
part in expediting the prosecution of the war. 

THE MAJOR TROUBLES 

The major troubles centered around three factors. Later in this 
paper, the developments which have helped to alleviate these factors 
will be discussed. 

The three factors were: shrinkage and its resultant checking and 
splitting, eccentric joints, and excessive defections. The cause and 
effect of these factors will be discussed subsequently. It ma:y be said_ 
that in an examination of a large number of structures, which showed 
distress to one degree or another, that there were practically no 

· failures discovered which could not be explained by some discrepancy 
in design, fabrication, erection and/or material. 

AVOIDABLE ERRORS 

By far, the majority of the difficulties could be charged to avoid
able errors. By that is .meant, errors which with the information 
available, occurred largely through ignorance or force of circum
stances. A statement of some of the factors involved in this type of 
error and typical examples thereof, follow. 

One of the most common faults lay in inadequate design. -Many 
would-be engineers and many engineers with little knowledge or 
experience in wood prepared designs in timber during the war period. 
The result was that .many designs were inadequate to a major degree. 

The second factor, which was fairly common, was poor fabrica
tion. As evidence of this item, a number of connector grooving tools 
purchased from war surplus in recent months showed that the cutting 



336 BOSTON SOCIETY OF CIVIL ENGINEERS 

blades had been shimmed to provide oversize grooves, and thus easier 
assembly. The shims were still in the tools when received by the 
purchaser from war surplus. 

A third, but less common error, occurred in erection. In a few 
cases, it was found that trusses had been installed upside-down com
pletely reversing all stresses with obvious results. 

Improper grades of material contributed their share to the un
happy results. A large part of this was due to difficulty in secui:ing 
sufficient quantities of structural material under the extreme demand, 
but an equally large amount was occasioned by laxity on the part 
of purchasers. 

Poor maintenance was almost universally evident. Since the 
occupants of the buildings were frequently only tenants at will, even 
basic care such as tightening bolts after shrinkage had occurred, was 
neglected. Such maintenance is imperative if the integrity of the 
structure is to be maintained. 

A large number of the buildings were built on the basis of a 
calculated risk. Under this program, unless some failure occurred, 
the evidence was that the structures had been over designed. To 
demonstrate the extent of this risk, one government agency reduced 
their live loads from 30 pounds per square foot to 15 pounds per 
square foot. They then increased allowable stresses by about 50 
per cent. A further development occurred in the purchase of common 
instead of structural grades of lumber. The net result of which was 
that the lumber was called upon to carry five to six times its normal 
design capacity. 

The most horrible example of a job combining many of the factors 
mentioned above occurred in a failure examined about three years 
ago. First, the design was inadequate. Second, a monorail load was 
assumed to distribute over three trusses, whereas it could not possibly 
have been distributed in this mann!:!r. The Warren type truss was 
installed upside-down reversing stresses and also resulting in the 
monorail coming at the midpoint of a panel instead of at a joint. Is 
it any wonder that failure occurred? 

NEW KNOWLEDGE NEEDED 

Four items on which sufficient information was not available 
· caused some unexpected distress and indicated the need for further 
study. 
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On the first called "plastic flow", it was found that movement 
continued in trusses built of green material even though stresses were 
well within the proportional limit range. Although plastic flow is 
not well understood, it is the writer's belief that it is due to a plasticity 
existing in the material cementing together the fibers in a timber 
under high moisture conditions. 

A recommendation for handling this factor and its resulting de
flections in the trusses has been developed. This calls for a reduction 
of the modulus of elasticity by one-half or the increase of the load 
by doubling the design load when computing theoretical deformations 
or deflections. 

The second subject on which information was lacking was that 
of eccentric joints. It had been· recommended and generally a regular 
practice that the effect of the induced moments due to eccentricity be 
properly evaluated. However, a further factor of horizontal shear 
(some in the field feel this to be tension perpendicular to grain, 
the recommendations however are independent of the theory) was 
generally neglected. This caused some cases of distress, but an answer 
has been provided and will be explained later. 

Two other factors were inelastic slip in joints and the effects 
of loading over extended periods of time. 

THE RESEARCH AND FINDINGS 

The problems mentioned previously have resulted in appreciable 
research frpm which a number of answers have resulted. This por
tion of the paper deals briefly with this research by the Timber 
Engineering Company and the findings. 

The standard joint tests on timber connectors have been carried 
on by the U. S. Forest Products Laboratory at Madison, Wisconsin, 
several colleges and universities and private companies for many 
years. The experiences related in this paper indicated that such tests 
of joints alone, did not give complete answers. · 

As a result, the research program on connectors was expanded 
to cover full scale trusses. In order not to waste the extensive joint 
data, an intermediate program on trussed frame tests was also carried 
on simultaneously. 

The trussed frames were set up as shown in Figure 1. Each 
frame had four identical joints. Other joints in the frame had slotted 
holes so that beam action was eliminated in the top and bottom 
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chords. The result of the use of this frame arrangement is that the 
four joints are loaded axially through the members and members are 
in both compression and tension as in trusses. 

The various types of joints tested are illustrated in Figure 2. 
Several factors were under test in these frames. Among these were 
the effect of edge distance, the comparison of fabricated green-used 
green with fabricated green-used dry and with fabricated dry
used dry conditions, the effect of member thickness and the applica
bility of the current design recommendation for reduction in loads 
for multiple connectors acting at an angle to grain. 

Although these factors overlap in certain tests, it is probably 
well to consider them individually. 

· Before considering the results in regard to edge distance, it 
should first be said that the recommendations for edge distance had 
been developed as the result of tests run as in Figure 3. Subsequent 
tests have shown that this method of test is poor as it is largely a 
te~t of the center member as a notched beam rather than the strength 
of the joint. (See pg. 69, E.N.R., May 29, 1947.) · 

Tests were _run at 45 degrees to grain. In several tests, the 
minimum recommended edge distance was used and in others the 
full recommended distance. According _to present recommendations 
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FIG. 3. 

-TYPEZ 
SPECIMEN 



340 BOSTON SOCIETY OF CIVIL ENGINEERS 

there should have been a reduction in load capacity of 17 <fa. Tests 
results, however, in some cases showed better results on the smaller 
edge distance. This may be due to another heretofore unconsidered 
factor which is now under further study, which is the ratio of width 
to thickness of members loaded in different directions on opposite 
sides. 

These tests in themselves are not sufficient to draw conclusions 
on the matter of edge distance. The indication is, however, that edge 
distance, as such, need not be considered as a design factor provided 
the minimum amount is used. 

Questions have been raised from time to ti.me as to whether 
two connectors have twice the load capacity of one, three-three 
times the capacity, etc. To all intents and purposes, this investiga
tion indicates that a direct multiplication by the number of con
nectors, all other factors being constant, is correct. 

The study of material fabricated green and tested dry indicates 
that the 20% reduction factor now recommended for construction 
under these conditions is satisfactory and conservative. This proved 
to be the case even when members were separated as much as 3/16''. 
to ¾" at the joints. Surprisingly, the material which was fabricated 
green and tested green showed better results than material fabricated 
green and tested dry. This was likely due to checks which occurred 
in seasoning. The tests showed, however, that the reduction for 
green material of 33% may be too conservative and a value of 20% 
is sufficient. This is important as it shows that there is little likelihood 
of unfavorable results should design load be placed on a structure 
while still in a green condition although it may have been designed 
for a green-dry condition. 

Although these tests were not specifically designed to measure 
the effect of thickness, indications are evident from some of the 
tests that thickness, as such, does not have as much effect as the 
ratio of width to thickness which has been mentioned before. It is 
felt that thickness may be an important factor in parallel to grain 
loading but that is only part of the consideration in loading at an 
angle to grain. This will be discussed somewhat more in detail later 
in this paper. 

Based on the same type of beam test previously mentioned in 
connection with the edge distance factor, certain reductions for multi
ple connectors used at an angle to grain were included in the recom-
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mendations. Cert;ain of the tests in this investigation touch on this 
factor and results indicate that these reductions are not necessary. 
It is felt that they are a result of the method of test in small speci
mens and are not actually a factor when truss conditions are 
approached. 

It has been mentioned twice in this paper that the ratio of width 
of member to its thickness when the member is loaded in opposite 
directions on opposite sides of the piece may be a factor. This inves
tigation was far too limited to draw any conclusions along this line 
but it certainly indicates the need for further study. 

The indication is that the tendency of a member to rotate about 
its longitudinal axis is better counteracted by a wide piece than a 
narrow piece. And, similarly, a thick piece presents more tendency 
to rotate than a thin piece. Assuming other conditions to be equal, 
it thus appears that there may be some merit in using wide, thin 
pieces under these conditions. 

Summarizing the tests on trussed frames which were intended 
as an intermediate condition between the small joints and the full 
scale trusses, the following indications may be drawn, but it is not 
recommended that they be accepted as conclusions: 

1. Edge distance reductions may be unnecessary. 
2. Multiple connectors appear to be in direct ratio to single connectors. 
3. The 20% reduction for fabricated green-used dry is satisfactory. 
4. The 33% reduction for fabricated green-used green is over conservative. 

20% reduction seems sufficient. · 
5. The reduction for thickness at an angle to grain is subject to question. 
6. The reductions recommended for multiple connector joints at an angle 

to grain are unnecessary. 
7. The ratio of width to thickness in members loaded at an angle to grain 

should be studied further. 

The next step in the program was the testing of fifty foot full 
scale trusses. This, of course, is a longer process and requires con
siderable time to complete. To date, four trusses have been placed 
under tests. The first truss tested was the standard Flat Pratt Truss 
commonly used. The second truss tested was the Lank-Teco type 
using lapped splices and combining the connector system with rods. 
(Figure 4 ). The third and fourth tests on the Lank patented truss 
of the pitched type using lapped splices. The third test loading pro
cedure was similar to tests 1 and 2, which will be further described, 
but test 4, now underway, is being subjected to a series of loadings 
and unloadings. 
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· FIG. 4.-LANK-TECO TRUSS. 

Trusses were tested in a rig in which a sand box is suspended 
from the top chord panel points as indicated in Figure 5. 

Test truss 1, when designed, assumed the use of dry material in 
fabrication and in use and a maximum load of three months duration. 
Actual conditions of the test were "fabricated green", exposed to 
weather during test and loaded to full design load for nine months. 
Thus, the truss was exposed to the worst conditions but similar to 
those existent in many war structures. Old type single bevel rings 
in rectangular grooves were used. 

Although the original design load was 40 lbs. per sq. ft., correc
tions for actual conditions of test bring this allowable load down to 
29.7 lbs. 

The dead weight of the truss and sandbox ( about 12 lbs. per 
sq. ft.) were applied for about one month until deflection was constant. 
Then 28 lbs. per sq. ft. of sand were added to make a total of 40 lbs., 
the original design load, but actually 3 5 % over the corrected design 
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load. This load was left on for nine months and then sand was applied 
in small equal increments until failure .occurred at 74 lbs. per sq. ft. 

Deflection remained fairly constant at t' for about 3 months 
after the 40 lb. load was applied. After that time an additional ¼'' 
increase in deflection occurred which brought the total to 2 pf' which 
continued for the remainder of the period. This second jump occurred 
during a period of dry weather and is believed to be due to the 
drying out and shrinkage of the truss members. Deflection at failure 
was 5 ¾" (Figure 6). 

Failure occurred at· the first bottom chord joint in from the 
support. Though the diagonal which failed had checks or splits in 
the end, actual failure was not wholly along these checks or splits. 
Failure took the form of a wedged shaped piece shearing out of the· 
diagonal. The ratio of load at failure to the corrected design load 
of the critical joint was 2 .49 which is a satisfactory result for a test 
of this type. 

The design of test truss 2, was based on dry material throughout 
and three months live load duration. Connectors used were standard 
Teco double bevelled split rings in conforming grooves. A similar 
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adjustment of theoretical design load as in Truss 1, gave an actual 
allowable load of 38.S lbs. per sq. ft. 

The previously mentioned dead load of 12 lbs. was applied for 
two weeks. The total load of 40 lbs. ( 4 % overstress) was applied for 
seven months. The load at failure was 92 lbs. 

The deflection after time for adjustment was l" throughout the 
period. This better deflection results from the improved design of 
the connectors, the use of lap splices and the general improved design 
of the truss. Deflection at failure was about 3 inches ( Figure 7). 

Failure occurred in the lap splice joint in the bottom chord by 
shearing out at the ends of the outside piece. The ratio of load at 
failure to the corrected design load was 2 .39. 

A comparison of various data for the two trusses is as follows: 

No.1 No.2 
Flat Pratt Lank-Teco 

1. Span 48' - 0" 43· - o" 
2. Spacing 16' - 0" 16' - 0" 
3. F.B.M. 1036 561 
4. Split Rings 156 68 
5. Bolts 58 28 
6. Test load applied 40 40 
7. Calculated allowable permanent 

load ( as tested) 29. 7 38.5 
8. Load at failure 74 92 
9. 8+-7 2.49 2.39 

10. Proportional limit load 1.8-1. 9 1.7 5-1.85 
11. Deflection at 40# load 2¼" 1" 
12. Deflection at failure 5¼" 2¾" 

The first five items indicate the marked economy of the better 
designed, more-balanced Lank-Teco Truss. 

The last seven items are a measure of the truss performance. • 
It is to be noted that the Lank-Teco truss performed generally much 
better than the Flat Pratt despite the fact that only about one-half 
the material is used. Items nine and ten show that the factors result
ing in the tests are satisfactory and confirm the design recommenda
tions used. 

The conclusions may be summarized as follows: 
1. The recommendation of the 20% reduction for trussed fabricated green

used dry is confirmed as conservative. 
2. The recommendation of 15% increase in connector values for loads of 

3 months or less duration is confirmed as conservative. 
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3. The performance of the economical Lank-Teco truss illustrates the value 
of the design improvements. 

4. The value of the standard Teco double bevel ring in conforming groove 
to alleviate deflection is verified. 

The value of full-scale tests has been demonstrated and the pro
gram is continuing. The small laboratory specimens have their place 
in establishing data on connectors, but there is little doubt that the 
value of such tests can be considerably enhanced by verification 
through trussed frame and full-scale truss tests. 

Another test underway is a long-time loaded joint test. The 
test consists of a standard parallel to grain four inch split ring which 
is maintained under full design load at all times. The joint has been 
under test for about two years, and all deformation has practically 
stopped. After the initial deformation, due to application of load, 
the deformation continued at a small and steadily decreasing rate 
until something very close to equilibrium has been reached. 

A series of tests was carried out on eccentric joints and was 
fully reported on page 69 of Engineering New Record of May 29, 
194 7. The net result of the research is contained in the following 
recommendation which it is felt will correct the difficulties of the 
past in respect to eccentric joints. 

Eccentric connector and bolted joints and beams supported by 
connectors or bolts shall be designed so that H in the following 
formula does not exceed the allowable unit stresses in horizontal 
shear 

m which 

, he (with connectors) 

he ( with bolts only) 

V 
H=-

bhe 

the depth of the member less the distance from 
the unloaded edge of the member to the nearest 
edge of the nearest connector. 

the depth of the member less the distance from 
the unloaded edge of the member to the center 
of the nearest bolt. 

THE RECORD 

The job of housing and supplying the armed forces was accom
plished when needed and where needed. The accelerated program 
on a limited number of factors showed up the lack of knowledge .much 
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faster and more markedly than would have been the case under 
normal conditions. The industry recognized the deficiencies and took 
steps to find the answers. Some answers were found through research, 
others are under study. Taken all in all, the record is one of progres~. 

DISCUSSION 

Bv FREDERIC N. WEAVER, Member* 

There is a good deal of guess work in all structural design, more 
so in concrete design than in steel design, and more so in timber 
design than in either of the others. This is due to the qualities of 
the materials. Steel is rather a reliable material; well made concrete 
will perform about as expected; but, by and large, timber is an un
predictable material. 

Over a term of years I have tested 2 X 4 sticks, planed four 
sides, about five feet in span. Some of these have failed under a center 
load of 700 pounds, while others have tested to 4300 pounds. While 
the reasons of the various strengths or weaknesses may be founrl 
from the tests, still such a variation indicates that the material is not 
too dependable. 

On the other hand timber is a tough material which will take 
overload and impact much better than will steel or concrete; and 
even after failure has started, timber will often take quite an amount 
of load. I look upon timber as a willing material that will do all that 
it possibly can, even to holding on when there is no logical reason 
for its doing so; whereas cast iron is a lazy material, following union 
rules. When it has done what it has contracted to do, it quits; and 
it quits definitely and suddenly and most completely. 

The point of these rather rambling remarks is that while timber 
has earned its place in structural design, there is no use in working to 
too exact figures. Work to approximate values; allow a liberal factor 
of ;;afety; and, above all, call upon all the actual experience that is 
available; and one will not have to worry about the safety of his 
timber structure. 

*Professor of Civil Engineering, Tufts College, Medford, Mass. 
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DISCUSSION 

Bv ERNEST L. SPENCER, Member* 

I have taken the liberty of discussing Mr. Carr's excellent paper 
by considering three separate topics. The topics to be considered are: 

1) A few basic considerations of the physical properties of 
wood. 

2) Some interesting points in the design of a timber roof truss. 
3) Some wind tunnel observations of wind pressures on roof 

trusses. 

A FEW BASIC CONSID"ERATIONS OF THE PHYSICAL PROPERTIES 

OF Woon 

It is interesting to note that the substance of which wood is 
composed has a specific gravity of about 1.54 regardless of its species. 
Because of its cellular structure a given volume of natural wood will 
generally weigh less than water. We may readily see then that the 
specific gravity of a piece of oven-dried wood might be a fairly 
reliable indication of its strength. This is substantiated by tests 
conducted at the Forest Products Laboratory. 

Tests of some 163 species of woods (both hard and soft) indi
cate that some of the properties, such as Modulus of Elasticity, in
crease approximately in proportion to the increase in specific gravity 
where as other properties, such as Modulus of Rupture, it increases 
more rapidly. For example, the Modulus of Elasticity varies as 
2,910,000G for green wood and 3,380,000G for air-dry specimens, 
and the Modulus of Rupture varies as 17 ,600G1.25 for green wood and 
2 5, 700G1.25 for air-dry species. Small differences in specific gravity, 
therefore, may result in large differences in certain strength properties. 

A word of caution at this point is, I believe, necessary. While a 
general relationship exists between the specific gravity and strength 
characteristics among different species, it is much more consist.ent 
within a species. The previous values given are approximate relation
ships in as much as they involve several species. 

Trees grow in the presence of moisture, and whereas most uses 
of wood involve the dry condition or semi-dry condition, the problem 
of moisture becomes an important consideration. It must be kept in 
mind then, that the moist condition for wood is the normal one and 

•Assistant Professor of Civil Engineering, Northeastern University, Boston, Mass. 
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the dry condition is abnormal. Moisture content is defined as the 
percent loss in weight, based upon the dry weight, of a green piece 
of wood dried in an oven at 100°C until the weight becomes constant. 
This moisture content may be a little inaccurate, according to re
search workers at the Forest Products Laboratory, because the loss 
in weight includes that of any substances other than moisture that 
may evaporate at 100°C. These errors, they point out, are not usually 
of such magnitude to affect practical application. 

In passing, it is interesting to note that there have been developed 
a number of electrical instruments for the instantaneous determina
tion of moisture content. These work on the principle of electrical 
resistance or of capacity. Their use is growing, and they do away 
with the one or more day delay necessary in oven drying. 

Moisture in wood is divided into two categories. Part of the 
water is absorbed by the cell walls, and the remainder held within 
the cell cavities. When drying, the cell walls do not give up moisture 
until the adjacent cavities are empty. The condition in which thl:! 
cell walls are saturated and the cell cavities are empty, is known as 
the "fiber saturation point." It is usually from 2 5-3 5 % moisture 
content. 

When drying wood, there is little or no increase in strength, until 
the "fiber-saturation point" is reached. After drying reaches this 
point, the strength of wood increases very sharply. For example, for 
each raising or lowering of the moisture content 1 % (below "fiber 
saturation point") will cause a change in Modulus of Rupture of 4 % , 
Fiber stress at the Proportional Limit of 5 % , maximum Compressive 
Strength parallel to the grain of 6%, and Tension perpendicular to 
the grain of 1.5%. This increase in strength is due probably to 
two causes: (a) strengthening and stiffening of the cell walls as they 
dry out and (b) increase in compaction or density because of the 
shrinkage that accompanies drying below the fiber-saturation point. 

This increase in strength with seasoning is much greater in small, 
clear specimens of wood than in large timbers containing defects. 
In these latter, the increase in strength is to a large extent offset by 
the influence of defects that develop in seasoning. 

Any piece of wood will give off or take on moisture from the 
surrounding air until a balance is reached. The ultimate moisture 
content that a given piece of wood will obtain, for example, at 70°F 
and 60% relative humidity is approximately 11 %-



350 BOSTON SOCIETY OF CIVIL ENGINEERS 

Shrinkage across the grain results when wood loses some of the 
absorbed moisture. Conversely/swelling occurs when dry or partially 
dry wood is soaked or when it takes moisture from the air. Shrinkage 
and swelling in the direction of the grain is only a small fraction of 
1 % and is too small to be of practical importance in most uses of 
wood. 

The a.mount of shrinkage in drying is proportional to the mois
ture lost below the fiber saturation point. About ¼ the total shrinkage 
possible has occurred when the moisture is reduced to 12-15 % . Kiln 
drying to 7 % will cause about ¾ of the total shrinkage possible. 
Thus it can be seen that for the most satisfactory performance of 
wood, especially with regard to constancy of its dimensions, it is 
imperative that properly seasoned and manufactured stock be installed 
at a moisture content in accord with its service conditions. 

This shrinkage factor is important because it may be the cause 
of so.me maintenance on new trusses by having the connector bolts 
tightened at regular intervals while the wood is adjusting itself to 
the moisture content of its surrounding air mass. In general, the 
heavier species of wood shrink more across the grain than light ones. 

It might be pointed out that some engineers claim kiln-dried 
wood is stronger than air-dried. This is only accomplished by the 
fact that kiln drying will make for a lower moisture content. This 
lower .moisture content is from 2-6% lower than air dried stock. 
This accounts for the increase in strength, but this increase is not 
permanent, since in use, a piece of wood will come to practically the 
same moisture condition whether it is kiln dried or air dried. 

SOME INTERESTING ITEMS IN THE DESIGN OF A TIMBER 

ROOF TRUSS 

Just prior to the war the author was fortunate enough to have 
had the problem of computing a 120 foot bowstring timber truss for 
an airplane hangar. This truss had a parabolic curved top chord 
member which was to be fabricated by using glued laminated con
struction. All web members were connected to the chords by use 
of the Split Ring type timber connector. 

The center-line height was 18'0". The web system was of the 
Warren type. The laminated upper chord consisted of 2 sections, 
each made up of 7 - 2"X6" timbers. These sections were spaced 6" 
apart. The bottom chord consisted of 2 - 6" X 12" timbers also spaced 
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6" apart. The web members were 6"X6" or 4"X6" members. These 
web member sizes were determined by the ring size necessary to trans
mit their load .within a limited spacing. In a parabolic truss of this 
type the load on the diagonals is due only to wind pressures or partial 
loading. 

For the most part the design of the connections was routine 
except for L-3 connection as is shown in Figure 1. The end distance 

JOINT L-3 
FIG. 1. 

I" -z 4 bolt ihrOUCJh each . 
m(m/:Ju of Lower Chord. 
4,4--i• p/Qirz wa51Hzrrtr1.<Znd 

required for the S. R. connectors for the right hand diagonal would 
cause a projection of 3" below the bottom of the bottom chord. It 
was felt that if this condition was allowed to exist, it was possible 
that this projection might be sawed off during erection or after 
erection. This seemed a reasonable fear in as much as this was the 
only joint with a protruding end in the entire truss. In order to 
eliminate this, it was decided to reinforce this connection with a ·¾" cp 
bolt as shown. In this way the percentage of the stan-dard design 
load for each ring would be reduced thus shortening the spacing and. 
also the end distance. In cases of this type where the projections 
cannot be eliminated or reduced to a point where it is· felt that they 
will not be accidentally sawed off some kind of metal protection 
should be indicated by the engineer. 

The 2 .½" cp stitch bolts with the 4" square washers were provided 
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in order to eliminate any horizontal checking due to moisture change 
in the wood or cracking because of eccentricities introduced into the 
joint by partial loadings. This addition was used in all joints. The 
author is indebted to Mr. Albyn MacIntosh, an engineer from the 
west coast, for this item and it is based upon his experiences with 
timber trusses in that area. 

Figure 2 shows the end connection detail. This final design was 
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selected after due consideration had been given to several alternate 
schemes. 

One of these alternate schemes consisted of using a heavy ship 
[ (12"-50#[) as an end thrust plate with 6 - 1¼" cp bolts (3 on each 
side) extended along the bottom chord to attach to 5"X5"X¼" 
reinforced angles which were in turn welded to a splice plate bolted 
through the bottom chord. The principal advantage of this type over 
the type illustrated is that it can be incorporated into the structure 
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by relatively easy assembly procedures. The cost appeared to be 
high and - the appearance seemed quite massive in comparison with 
the rest of the structure. 

In both designs, the bottom chord was cut off short of the sup
port to allow the upper chord to bear directly upon the support. In 
this way the connection between the top and bottom chords could 
be designed for the horizontal force only. Due consideration was 
given to the compression area, i.e., angle of load to grain, by use 
of the Hankinson formula. The thrust plate area, i.e., the end plate 
across the back of the upper chord was also proportioned by use 
of this same formula . 

This shoe type of connection could easily be made up in a steel 
fabricating shop and the truss fitted to it in the field. 

The horizontal saw cut was made at the suggestion of Mr. 
MacIntosh . Connections of this type show a tendency to develop 
this crack and the crack keeps extending along the bottom chord. 
This saw cut is effective in eliminating this difficulty in most cases . 

FIG. 3 .-GENERAL VIEW OF W IND TUNNEL AND M ODEL. 

i 

__________ _J 



354 BOSTON SOCIETY OF CIVIL ENGINEERS 

~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ·~ 

fR~IOt,lf\L Pt1rtT - CuiTe'II. f\N~I.£ 



CONCERNING TIMBER TRUSSES 

SOME WIND TUNNEL OBSERVATIONS OF WIND PRESSURES ON 

ROOF TRUSSES 
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The large anchor bolts were selected because wind tunnel analysis 
·showed a large negative pressure over the entire roof area. The 
model study (see Fig. 3) showed this negative pressure to be about 
equal to the velocity pressure as shown· in Figure 4. The wind direc
tion was parallel to the length of the roof. The sloped roof models 
(work done by other investigators) are shown here as they are the 
nearest to the shape of the N.U. (Northeastern University) model 
that was available. When the direction of the wind was varied by 
rotating the model, little difference was noted in the pressure dis
tribution curve. However, when the wind was perpendicuiar to the 
length of the truss the negative pressure was 1.2 5 times the velocity 
pressure. This maximum negative pressure, combined with an internal 
pressure of 0. 7 7 times the velocity pressure as recommended by the 
Associated Factory Mutual Insurance Company computed for a 
velocity of 110 m.p.h., the usual design value used for airplane 
hangars in exposed areas, amounted to about 60 lbs. per sq. ft. 

In as much as timber roof trusses are relatively light weight 
items, it is imperative that proper anchorage be designed. 

FIG. 5. 
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Some further work was done under the supervision of the author 
on a sloped roof. This work was done by two students as part of 
the requirements of a thesis. Figure 5 shows the results of their work. 
A comparison is also shown between the usual design formulae and 
the Am. Soc. C. E. Committee on Wind Stresses. This further indi
catl':S the great necessity of careful consideration of the negative 
pressures in roof truss design. 
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CLOSING DISCUSSION 

B"v JAMES H. CARR, JR. 

The discussions by Professor Weaver and Professor Spencer are 
very much to the point. 

Professor Weaver presents a problem which has been bothering 
the lumber industry for some time. Because of the limitations in
volved in visual grading of structural timbers, the industry has been 
forced to base its stresses on the poorer pieces. The result is that 
by far the large majority of the pieces in a grade are capable of 
carrying loads considerably above the normal expectancy as evi
denced by the stress assigned to the grade. This is a problem which 
is receiving considerable attention and it is hoped that a more accu
rate method of grading may be found which will still be practical. 

In connection with Professor Spencer's paper, there is only one 
point at which I disagree and that is in connection with the use of 
cross bolts or stitch bolts to eliminate horizontal checking or splitting. 
It has been determined that such applications are of doubtful value 
since sufficient tension cannot be maintained in the stitch bolt par
ticularly when shrinkage takes place. 

I am particularly interested in Professor Spencer's wind studies 
which I believe contribute extensively to economic design. I am 
also very much in favor of his idea of putting saw cuts in members 
to pre-determine the line of checking. 

In summation, timber is again an important structural material 
when given the engineering attention which is its due. 
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(Presented at the Fall Meeting of the American Society of Civil Engineers, held in Boston.) 

THE seriously polluted condition of the Androscoggin River, 
particularly during the summers of 1940, 1941 and 1942 was a matter 
of common knowledge throughout the State of Maine. The publicity 
in local newspapers relating to the obnoxious odors arising from the 
river at Lewiston, Auburn and other places along its course gave the 
river an unenviable reputation. Even Ripley, in "Believe It or Not" 
referred to the Androscoggin as a river whose fumes changed the 
color of painted buildings along its banks. 

Due to public demand for the correction of these intolerable 
conditions the author's firm was engaged by the Maine Sanitary 
Water Board to make a comprehensive investigation of the pollution 
of the river and to recommend remedial measures. Such an investi
gation was carried out in the late summer and fall of 1941 and a 
detailed report submitted. A previous investigation had been made 
by the author for the Central Maine Power Company during the 
summer of 1940. 

Since 1942, studies of the river have been continued by the pulp 
and paper mills on the river under the direction of Dr. W. H. Law
rance of Bates College and by the author on behalf of the Attorney 
General of the State. The following paper constitutes a summary 
of the conditions found, and of the remedial measures adopted. 

ANDROSCOGGIN RIVER-GENERAL DESCRIPTION 

The Androscoggin River rises at the junction of the states of 
Maine and New Hampshire and the province of Quebec in wild and 
hilly country at an elevation of nearly 3,000 ft. above sea level. From 
Lake Umbagog at the boundary between Maine and New Hampshire, 
the stream flows in a generally southerly direction in New Hampshire 
to Gorham at which town it turns easterly into Maine, flowing east-

•Partner, Metcalf & Eddy, Engineers, Boston, Massachusetts. 



358 BOSTON SOCIETY OF CIVIL ENGINEERS 

erly and southerly until it reaches tidewater at Brunswick. The river 
from its head waters to the sea is about 200 mi. in length. During 
its course, there are several fairly large streams tributary to it. The 
total drainage area is 3,470 sq. mi. of which 2,090 sq. mi. are above 
Rumford. Fig. 1 shows an outline of the drainage area with the m1in 
river and its tributaries. 

In general, the watershed is sparsely settled, particularly the 
upper portion. Due to water power, there are numerous manufactur
ing industries along the stream, the principal ones being concerned 
with the manufacture of cotton goods and with pulp and paper 
making. The largest municipality on the drainage area is Lewiston, 
with a population of about 40,000. 

The average slope of the stream is somewhat steep from tide
water to a point about 61 mi. upstream, being approximately 6 ft. 
per mile. The total rise between the sea and to a point just above 
Berlin, N. H., is about 1,100 ft. The annual rainfall averages about 
40 in. Long-time records of flow are available at Errol, N. H., and 
at Rumford, Maine. Short-time records are available at other stations. 

The discharge by months at Rumford, averaged for the years 
1928 to 1941, inclusive, are shown in the following tabulation: 

FLOWS-C.F.S. 

Jan. 2,826 July 3,510 
Feb. 2,558 Aug. 2,212 
Mar. 3,998 Sept. 2,482 
Apr. 8.112 Oct. 2,644 
May 8,552 Nov. 3.184 
June 3,886 Dec. 2,938 

These flows represent natural runoff as affected by regulation 
of the substantial storages on the headwater of the river which tend 
to reduce flood flows and to increase dry-weather flows. Above 
Ru,mford the storage amounts to about 225,000,000,000 gal. Below 
Rumford and above Brunswick there is an additional storage of about 
28,000,000,000 gal. 

River Conditions Resulting from Pollution. Gross pollution of 
the Androscoggin River is a matter of long standing. Conditions 
found at the time of the investigations in 1940 and 1941 may be taken 
as typical of the obnoxious results of pollution although these results 
varied in different summers according to stream flows, temperatures 
and other factors. 
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FIG. 1.-ANDROSCOGGIN RIVER DRAINAGE AREA. 
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In the summer of 1940, tests of the river water showed the river 
to be devoid of oxygen at the Gulf Island Dam just above Lewiston 
in August, September and October, and to be far from the saturation 
point at other sampling stations above and below this dam. With 
the advent of cold weather, the dissolved oxygen reached satisfactory 
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figures. Inquiry of those concerned with the river conditions indi
cated that objectionable odors first began to be noticeable at Gulf 
Island about the first of June and continued until the advent of cool 
weather in late September or early October, 1940. It appears that 
conditions in 1940 had been the most objectionable of any experienced 
until the summer of 1941. 

The year 1941 was one of low rainfall, low stream flow, and 
intense industrial activity in the Androscoggin River basin. This 
combination resulted in such a concentration of pollution from all 
sources as to render the river objectionable from Berlin to Brunswick. 
Hydrogen sulfide and other odors were particularly obnoxious and 
far-reaching at Lewiston and Auburn and at Lisbon Falls. Objec
tionable odors occurred to a lesser degree at Brunswick and at 
Rumford. Analyses showed complete absence of dissolved oxygen at 
several sampling points during the summer and low oxygen at other 
points between Berlin and Brunswick. Masses of floating sludge 
occurred below Berlin to Lewiston. Banks of sludge or masses of 
floating sludge gave off most objectionable odors at various locations. 
Few streams in the United States of comparable size have shown 
evidences of such extreme pollution. 

Sewage Pollution. Untreated sewage is discharged into the river 
from those municipalities provided with sewer systems, the locations 
of which are shown on Fig. 1. The estimated populations in each 
municipality contributing sewage to the river are given in Table 1. 

Above the dam at Brunswick, the sewage from approximately 
103,200 people is discharged directly or nearly directly into the main 
river. In addition, the sewage from about 5,500 people is discharged 
into the Little Androscoggin River. The greatest single concentration 
of sewage pollution occurs at Auburn and Lewiston where it is esti
mated that about 54,000 persons contribute untreated sewage. The 
next most important source of sewage pollution is at Berlin, N. H., 
where approximately 18,000 persons contribute sewage. 

Industrial Wastes Pollution. By far the largest contribution of 
polluting matter comes from the various industrial establishments 
of which the pulp and paper mills are the most important. A sum
mary of the population equivalents of the discharges of indu;,trial 
wastes at various points along the main river above Brunswick as 
found in 1941 is given in Table 2. 

Analyses show the substantial increases in biochemical oxygen 
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TABLE !.-ESTIMATED POPULATION WITHIN SEWERAGE DISTRICTS DISCHARGING 
SEWAGE TO THE ANDROSCOGGIN RIVER OR ITS TRIBUTARIES 

Population in 
sewerage districts, 

Municipality 1941 

In New Hampshire 
Berlin 18,000 
Gorham 1,700 

Total m New Hampshire 19,700 

In Maine 
Auburn 18,000 
Bethel 1,000 
Brunswick 7,000 
Dixfield 1,500 
Jay 1,400 
Lewiston 36,000 
Lisbon 3,500 
Livermore Falls 2,600 
Mechanic Falls 1,500 Little Androscoggin 
Mexico 4,000 
Norway 2,800 Little Androscoggin 
Paris 1,200 Little Androscoggin 
Rumford 8,500 

Total in Maine 89,000 

Total · 108,700 

TABLE 2.-SUMMARY OF ESTIMATES OF POPULATION EQUIVALENTS OF INDUSTRIAL 
WASTES DISCHARGED TO THE ANDROSCOGGIN RIVER ABOVE BRUNSWICK, 1941 

(Based on oxygen demand) 

Location 

Berlin and Gorham, N. H. 
Rumford, Maine 
Livermore Falls, Maine 
Auburn, Maine 
Lewiston, Maine 
Lisbon, Maine 

Type of waste 

Pulp and paper 
Pulp and paper 
Pulp and° paper 
Slaughter house 
Textile 
Textile and paper board 

Total 

Population 
equivalent 

1,575,700 
658,700 

96,700 
1,800 

26,200 
52,400 

2,411,500 
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demand and in suspended solids below the points of pollution. Such 
increases are objectionable. The oxygen demand tends to deplete 
the oxygen present in the stream and to bring about objectionable 
odors due to decomposition in the absence of oxygen. The suspended 
solids tend to settle back of dam5 and in quiet water and form objec
tionable sludge. 

Standard of Cleanliness. In the author's opinion, it would be 
futile to attempt the restoration of the river to the pristine purity of 
the distant past. To do so would involve an expenditure for treatment 
works so large as to preclude continued industrial activity of the 
type now predominating, and would place unnecessary burdens upon 
municipalities. The river has been used for many years to remove 
sewage and the waste products of industry. Consequently, the econ
omy of mills and municipalities is predicated in considerable degree 
upon this use of the river. 

On the other hand, it is equally obvious that conditions of public 
nuisance, such as have prevailed in recent years should not be 
tolerated. The production of hydrogen sulfide in such quantities as 
to discolor paint many feet distant from the river must tend to have 
a harmful effect upon the health of those living or working in the 
vicinity of the river, particularly at Lewiston, Auburn and Lisbon 
Falls. Although specific evidence of ill-health in this area from 
hydrogen sulfide is lacking, the known toxic quality of the gas is pre
sumptive evidence of the possible detrimental effect of river gases 
upon the public health of the communities ref erred to above under 
conditions such as have prevailed. 

Taking into consideration the value of the stream for disposal 
of wastes and sewage on the one hand, and the hazard to public 
comfort and health on the other, it may be concluded that the river 
should not be so polluted as to constitute a public nuisance, but that 
it would be impracticable at present to reduce the pollution to the 
extent necessary to make the river below Berlin a stream fit for 
fishing or other recreational purposes. It seems reasonable that the 
criterion for control of pollution might be the maintenance, at all 
times at all points, of dissolved oxygen in the river water. 

So long as any dissolved oxygen remains in the river the hazard 
of obnoxious odors is practically eliminated even though the amount 
present might be insufficient to support fish life. 

Oxygen Resources. There are two main sources of oxygen in 
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the river waters; first, that normally present in the stream as it 
comes to Berlin and in the tributaries below Berlin; and second, that 
absorbed from the air by reaeration as the stream flows over riffles 
and waterfalls or where it is otherwise agitated. 

Table 3 gives estimates of the daily amounts of dissolved oxygen 
which would be normally present in the unpolluted river, with flows 
equal to the average at Rumford, 1928-1941, inclusive. 

TABLE 3.-ESTIMATED AMOUNTS OF DISSOLVED OXYGEN IN ANDROSCOGGIN RIVER 
IF UNPOLLUTED 

(90% Saturation) 

Temperature Dissolved oxygen, 
Month Flow, cfs. OF. pounds daily 

January 2,826 33 205,000 
February 2,558 33 180,000 
March 3,998 33 277,000 
April 8,112 41 503,000 
May 8,552 59 419,000 
June 3,886 67 175,000 
July 2,510 75 104,000 
August 2,212 68 98,000 
September 2,482 65 114,000 
October 2,644 52 142,000 
November 3,184 39 206,000 
December 2,938 33 203,000 

These amounts of oxygen expressed in pounds per day vary 
from year to year with rate of flow and with temperature. The above 
figures fairly represent average conditions. 

As regards reaeration it is extremely difficult to establish precise 
data therefor. Conditions affecting reaeratiqn are complicated and 
inconstant. On the basis of studies of dissolved oxygen analyses of the 
river at Rumford, as made by the Oxford Paper Company and of 
the pollution load above Rumford, it was concluded to adopt a figure 
of 1,000 lb. per day per linear mile of river for the amount of reaera
tion. Data are not sufficiently extensive to permit estimating monthly 
variations in rate of reaeration, but it may be assumed that errors · 
will be largely compensating. The figure of 1,000 lb. daily is a net 
figure and includes both the depleting effect of sludge deposits and 
the benefits of tributary streams. On the basis of the above net figure 
for oxygen obtained by reaeration an average of 135,000 lb. of oxygen 
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may be absorbed from the atmosphere daily between Berlin and 
Brunswick to replace oxygen loss resulting from the depletion 
brought about by the pollution. This provides a substantial amount 
of oxygen over the figures given in Table 3. It must be recognized 
that this figure is a very rough estimate only but data to permit more 
accurate estimates would have required many more analyses than 
were available. 

Oxygen Requirements. The oxygen demand (biochemical oxygen 
demand-B.O.D.) is a measure of the pollution. It is expressed as 
the amount of dissolved oxygen used up in the processes of oxidation. 
The amount of oxygen used up depends largely upon time and tem
perature, the longer the time and the higher the temperature, the 
more oxygen will be required. Pollution discharged into the river at 
Berlin where it takes many days to reach tidewater, will use up more 
oxygen than pollution discharged at Lewiston where it takes relatively 
few days. Pollution discharged in July when the river temperature 
is about 75°F. will use up more oxygen in the same length of time 
than when discharged in February with the river temperature just 
barely above freezing. 

In order to take these factors into consideration in studying 
the demand made by pollution in 1941 upon the oxygen resources 
of the river, computations which indicate approximately the average 
monthly demands have been summarized in Table 4. 

TABLE 4.-ESTIMATED AVERAGE DEMANDS UPON OXYGEN RESOURCES OF ANDROS

COGGIN RIVER IN 1941 TAKING INTO CONSIDERATION PROBABLE 

TIMES OF FLOW AND RIVER TEMPERATURES 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Oxygen demand, 
lb. daily 

208,900 
214,000 
182,100 
150,400 
233,800 
469,200 
617,800 
561,800 
526,800 
377,300 
250,900 
206,700 
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Oxygen Deficits and Surpluses. In order. to show whether or 
not there are oxygen deficits or oxygen surpluses in each month, 
under 1941 conditions, as regards pollution and average stream flows, 
and with an allowance for a minimum of approximately 2 ppm. (parts 
per million) of dissolved oxygen present in the stream, Table 5 was 
computed. These data are shown also in Fig. 2. 

TABLE 5.-ESTIMATED OXYGEN DEFICITS AND SURPLUSES IN ANDROSCOGGIN RIVER 

( 1941 Conditions) 

Dissolved 
oxygen 

(including Oxygen Oxygen. Oxygen 
Month reaeration) demand surplus deficit 

Pounds per day 

January 309,500 208,900 100,600 
February 286,300 214,000 72,300 
March 368,800 182,100 186,700 
April 550,500 150,400 400,100 
May 462,000 233,800 228,200 
June 268,000 469,200 201,200 
July 211,900 617,800 405,900 
August 209,100 561,800 352,700 
September 222,200 526,800 304,600 
October 248,400 377,700 128,900 
November 306,600 250,900 55,700 
December 306,300 206,700 99,600 
Average 313,000 333,000 

From this table it will be seen that under conditions prevailing 
in 1941 oxygen deficits would be likely to occur in the months of 
June to October, inclusive, and that during the whole year the avail- . 
able oxygen would be about equal to the demand. This table is sub
stantiated by experience which shows that it is about the first of July 
when conditions in the river began to be objectionable and about 
the last of September when they were no longer objectionable. 

It must be emphasized that Tables 3, 4 and 5 were based upon 
limited data and are used as illustrative approximations of the facts. 

REMEDIAL MEASURES 

It may be accepted that so long as there is an oxygen surplus. 
at and above Brunswick there will be no general nuisance in the 
river. This criterion has not been met in the summer months and. 
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the objectionable conditions previously descrioed have resulted. Four 
general measures which might relieve conditions were considered, 
namely: 

Sewage Treatment 
Industrial Wastes Treatment 
Storage of Industrial Wastes 
Storage of Dilution Water 
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Sewage Treatment. Although the municipal sewage constitutes 
a small proportion of the total pollution discharged to the river, it 
must not be overlooked that the sewage is an important factor in 
seeding the industrial wastes with bacteria and other micro-organisms 
which accelerate the decomposition of these wastes. The probable 
effect of the sewage, therefore, is greater than would be indicated 
by its oxygen demand alone. Therefore each community discharging 
sewage into the river or its tributaries was studied and preliminary 
plans for interception and treatment of the sewage prepared and 
cost estimates made. Estimates of construction and operation based 
upon treatment by sedimentation and chlorination only indicated a 
capital expenditure of $2,700,000 ( 1942 cost basis) and total annual 
charges of about $250,000. These expenditures, however, seemed 
out of proportion to the benefits likely to be secured when the over
shadowing effect of the industrial wastes were taken into consideration. 

Industrial Wastes Treatment. In 1941 the pulp and paper mills 
contributed approximately 97 per cent of the industrial wastes pollu
tion, based upon population equivalents figured on oxygen demand, 
and about 89 per cent of the total industrial pollution is derived from 
the sulfite wastes. If the sulfite wastes from the pulp and paper 
industry could be largely eliminated or effectively treated the stream 
could receive the remaining contributions without the creation of 
generally objectionable conditions. 

Over many years, extensive research has been carried on with 
respect to the treatment of sulfite wastes and particularly as regards 
the possibility of recovering byproducts of commercial value, but to 
date no fully feasible treatment method has been developed. The 
proprietory Howard Process has met with some degree of success, 
but this process is related to the recovery of byproducts and its 
economical use is not fully established. 

In the case of the soda process, such as is used for part of the 
pulp produced by the Oxford Company, successful recovery of soda 
ash is obtained from digester liquors by evaporation and incineration. 
Furthermore, the recovery of fiber, otherwise lost in the washing of 
digested pulp, can be effected by the use of save-alls. This saving 
of fiber is an important factor as regards stream pollution in as much 
as fiber discharged into rivers forms the nucleus for the formation 
of sludge deposits. 

Storage of Sulfite Wastes. A study of the estimates of oxygen 
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resources and demands led to a consideration of the possibility of 
storing the sulfite wastes in lagoons during the warm months of low 
stream flow and letting down these stored wastes during the colder 
months of high stream flow. The total volumes of wastes are so great, 
however, that it would not be feasible to store them all. However, 
consideration of the sulfite mill wastes indicated the feasibility of 
storing the concentrated wastes from the digester blowdowns. It 
was estimated that about ¾ of the oxygen demand of the sulfite mill 
wastes were represented by the digester-blown liquors as is shown 
by Table 6. 

From the data previously presented with respect to oxygen 
demands and resources month by month and from the experience in 
the past regarding the duration of objectionable conditions the 
opinion was reached that lagoons having storage capacity for the 
sulfite digester liquors for a period of 100 days could be so operated 
as .to prevent generally objectionable conditions and such lagoons 
were recommended. 

TABLE 6.-POPULATION EQUIVALENTS OF CONCENTRATED SULFITE DIGESTER 
LIQUORS ( 1941) 

1941 Population 
Capacity equivalent 
of sulfite of sulfite 

paper pulp, digester 
Mill tons/day liquors 

International Paper Co., Livermore Falls 67 71,000 
Oxford Company, Rumford (Island) 85 242,000 
Oxford Company, Rumford (Oxford) 100 224,000 
Brown Company, Berlin (Burgess) 400 805,000 
Brown Company, Gorham (Cascade) 200 448,000 

Total 852 1,790,000 
Percent of total polluton load 71 
Percent of total industrial load 74 

The estimated lagoon capacity required at each of the pulp and 
paper companies under 1941 conditions is as shown in the following 
tabulation: 

International Paper Company 
Oxford Company 
Brown Company 

Total 

20.0 mg. 
55.5 

180.0 

255.5 mg. 
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The estimated cost ( 1942) of these lagoons, pumping equipment and 
pipelines was $555,000. 

Operation of Sulfite Wastes Lagoons. It was appreciated that 
operation of the storage lagoons would depend upon several factors, 
such as, quantity of digester liquors produced, river flows, river 
temperatures and dissolved oxygen content of river from above Berlin 
to Brunswick. Under average conditions, storage of part of the 
digester liquors might be expected to start about the first of July or 
the last of June. Increasing proportions of the liquors produced 
would be stored as the summer advanced and decreasing proportions 
would be stored as midsumer passed. Storage would cease sometime 
in October and letdowns from storage would begin in November. By 
spring all of the stored wastes would have been discharged. Advan
tage would be taken of the increased river flows, higher natural dis
solved oxygen content and slower rate of decomposition prevailing 
in the fall, winter and spring months. Table 7 illustrates the approxi
mate proportions of digester liquors, under 1941 conditions, which 
might be stored and let down from storage over an average year. 

It should be pointed out that there would continue to be dis-

TABLE 7.-PROPORTIONS OF DIGESTER LIQUORS STORED AND LETDOWN FROM 
STORAGE BY MONTHS 

(Average year) 

• Percent of liquor 
produced in 100 days 

Stored in Letdown from 
Month lagoons storage 

January 16 
February 11 
March 35 
April 0 3 
May 0 0 
June 14 
July 22 
August 21 
September 19 
October 12 
November 7 
December 16 

88 88 
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charged substantial quantities of suspended solids which would tend 
to form sludge deposits in the river. The effect of these deposits 
after the lagoons had been put into use would be to some extent, 
unpredictable. It seemed probable therefore that operation of the 
lagoons would be determined in part by the behavior of sludge de
posits, particularly in the late spring and early summer. Eventually 
it might become necessary, prior to their discharge to the river, to 
settle those wastes most heavily laden with suspended solids. 

In actual practice there would be marked variation from the per
centages of stored liquors shown depending upon the several factors 
referred to above. In years drier than the average more liquors 
would be stored and in wet years, less. 

It should be noted that experience elsewhere indicates that 
stored digester liquors lose a substantial proportion of their oxygen 
demand when retained in lagoons for several weeks. This loss of 
oxygen demand would serve as a factor of safety and might well 
modify the method of operating the lagoons. 

Dilution Water Storage. Another remedial measure considered 
was the construction of additional water storage facilities. The river 
is now well regulated for power purposes by controlled storage in 
natural lakes and man-made reservoirs. This control results in sus
tained flows during dry periods, an important factor in stream sani
tation. Although the development .of storage on the river has been 
carried out to a high degree, there remain certain opportunities for 
further development. 

Studies have been made in the past relative to the provision of 
additional storage for power purposes and for flood control, but in 
these studies little if any attention has been paid to the sanitation 
aspects of regulated stream flows which would result in substantial 
increase in flow during the critical summer season. Reservoirs oper
ated to control floods would be of little value as regards maintenance 
of summer flows for sanitation. The normal operation of flood reser
voirs requires that they be empty except as they hold back water at 
times of flood. On the other hand, the operation of power reservoirs 
can be made reasonably compatible with the need for sustained flows 
for purposes of sanitation during the critical season of normal low 
runoff and high temperatures. A large part of the water stored in 
power reservoirs is kept in reserve in order to meet demands at times 
of low natural runoff and the need for dilution water for sanitation 
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is approximately concurrent with the need for reservoir drawdown 
for power production. 

As regards the economic phases, this is a matter which depends 
upon the value of the power which can be generated and utilized 
with the reservoirs operated for sanitation in conjunction with power 
production. This was outside the scope of the study, but the fact 
that serious consideration had already been given to the possible 
increase in storage indicated that the power possibilities of such a 
development might be substantial. 

Offsetting the possible value of new reservoirs for purposes of 
sanitation the holding back of the flood runoffs would decrease the 
capacity of the river to receive sulfite digester liquors let down from 
storage lagoons at times of high water and would also reduce the 
scour of sludge deposits. Furthermore, the water letdown in the 
summer from storage reservoirs would contain considerably less 
oxygen than cold weather runoff. Another point to be considered is 
the fact that a given quantity of wastes let down from storage lagoons 
in cold weather would require materially less diluting water to avoid 
exhaustion of the oxygen content of the water than the same amount 
of wastes discharged in warm weather when decomposition takes place 
much more rapidly. 

The construction of storage reservoirs for providing diluting 
water for sanitation purposes was not advocated. The utilization of 
a large proportion of the high cold weather flows for dilution of 
concentrated wastes let down from storage lagoons appeared to offer 
the most economical solution of the problem at the time. If condi
tions should change basically and further remedial measures were 
required for any reason, it would then be time to consider the ex
penditures necessary for the construction of reservoirs for diluting 
water. It seemed to be the part of wisdom to take one step at a 
time when expenditures of the magnitude presented were involved. 

ACTION BY ATTORNEY GENERAL 

In view of the failure of the pulp and paper mills to begin the 
remedial measures recommended, the Attorney General of the State 
of Maine, the late Frank I. Cowan, in May 1942, filed an information 
with the Supreme Judicial Court in Equity for Androscoggin County 
relative to the discharge of wastes by these mills and the alleged 
effects thereof and requested the Court to grant relief. Following 
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the filing of answers by the mills there were numerous conferences 
between representatives of the State and of the mills seeking to work 
out a method of procedure on the part of the mills looking towards 
an abatement of the conditions complained of. 

Stipulation of 1942. In view of war conditions, it was necessary 
to take a realistic view of the situation and late in 1942 a stipulation 
between the two interests was entered into in which the mills agreed 
to undertake certain remedial measures in return for postponement 
of legal action for a period ending October 31, 1943. 

This stipulation, dated December 17, 1942, provided that the 
paper companies carry out the following program: 

1. Construct and operate an experimental lagoon at the Oxford 
Company, Rumford, for the storage of waste sulfite liquors. 

2. Maintain a weekly schedule of sampling and analyses of the 
river water during the months of May to September, 1943, inclusive. 

3. Restrict during 1943 the discharge of waste sulfite liquors 
from the weekly production of sulfite pulp according to the following 
schedule: 

Company 

Brown 
Oxford 
International Paper 

Period 

Jan. - Oct., incl. 
June 15 - Sept. 15, incl. 
June 15 - Sept. 15, incl. 

Total 

Sulfite pulp 
(tons) 

3,500 
1,330 

399 

5.229 

4. Furnish the Attorney General or his representatives with the 
data obtained under the provisions of the stipulation. 

The experimental lagoon at Oxford, was constructed and operated 
for a period during the summer of 1943 but did not prove too success
ful due to the difficulty of preventing seepage. However, its operation 
did demonstrate the fact that storage of sulfite liquors in open lagoons 
would not result in a local nuisance as had been feared by the paper 
companies. 

Decree of 1944. The provisions of the stipulation were carried 
out, but as these provisions failed to provide adequate relief, Judge 
Harry Manser, of the Supreme Court of Androscoggin County, on 
January 1 7, 1944, issued a Decree containing the following essential 
provisions: 
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1. The maintenance by the paper companies of weekly sampling 
and analyses of the river water during the months of May, June, 
July, August and September, the data thus obtained being made 
available to the Attorney General. 

2. The restriction until further order of the discharge of waste 
sulfite liquors from the weekly production of sulfite pulp according 
to the following schedule: 

Company 

Brown 
Oxford 
Infernational Paper 

Period 

Entire year 
June IS - Sept. 15, incl. 
June IS - Sept. IS, incl. 

Total 

Sulfite pulp 
(tons) 

3,000 
1,330 

399 

4,729 

The summer of 1944 following the issuance of the Decree in 
January was one in which objectionable odors in the Lewiston-Auburn 
area were unduly prevalent even though the paper companies com
plied with the terms of the Decree. However, the country was in the 
midst of war that year and river pollution was of minor significance. 

Decree of 1947. In 1945 odor conditions were distinctly better 
although not satisfactory and the same was true in 1946. However, 
in 194 7 conditions again became decidedly objectionable and the 
successor to Mr. Cowan, Attorney General Ralph W. Farris, sought 
a modification of the Decree of 1944. After another hearing before 
Judge Manser, a new modified Decree was issued on December 5, 194 7, 
and the following are the significant provisions thereof: 

1. Continued maintenance of the sampling schedule. 
2. The restriction of sulfite wastes discharge according to the 

following schedule: 

Company 

Brown 

Oxford 

International Paper 

Period 

June IS - Sept. 15, incl. 

June IS-Sept. 15, incl. 

June 15 - Sept. 15, incl. 

Sulfite pulp 
(tons/week) 

1,540 average 
I, 7 SO maximum 
1,330 average 
1,500 maximum 

100 average 

3. Installation of a 22-mil. gal. lagoon at the International Paper 
Company for storage of sulfite liquors produced by that company. 
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4. Designation of Dr. Lawrence to supervise the sampling 
schedule. 

5. Allocation of authority to Dr. Lawrence to regulate operation 
of lagoon so as to maintain 4 ppm. (parts per million) of dissolved 
oxygen in the river water at North Turner bridge at the head of the 
Gulf Island reservoir. 

Decree of 1948. Conditions in 1948 were fairly satisfactory 
until about mid-summer when objectionable odors again occurred in 
the Lewiston-Auburn area although to a materially less degree than 
in previous years. It was apparent that, although observance of the 
provisions of the Decree of 194 7 had been of substantial benefit, these 
provisions were not sufficiently rigorous. As a consequence, Judge 
Manser, issued a modified Decree as of December, 1948. This modi
fied Decree contained the following essential provisions: 

l. Appointment of Dr. Lawrence as Administrator of the Decree. 
2. Weekly sampling and analyses of the river from May 1 to 

October 15 each year. 
3. During the period of each year between June 15 and Sep

tember 15, which period may be extended by direction of the Adminis
trator to October 1, when in his judgment necessary ( such period 
being hereinafter sometimes referred to as the "Critical Period"), 
the following requirements shall be effective and shall be complied 
with by the Defendants: 

(a) Subject to the provisions of subdivision (e) below, International 
Paper Company shall operate its waste liquor and lagoon system so that 
it shall not discharge into the river more than the equivalent of the sulfite 
waste liquor resulting from the manufacture of 100 tons of finished sulfite 
pulp per week, unless the Administrator permits more to be so discharged. 

(b) The Brown Company and Oxford Paper Company shall effectively 
provide that the combined weekly discharge into said river by said two 
Defendants of sulfite waste liquor resulting from the manufacture of finished 
sulfite pulp shall not exceed that resulting from the manufacture of 3,2 jQ 

tons of finished sulfite pulp, unless the Administrator permits more to be so 
discharged, and such discharge may be maintained at this rate only while 
the river flow at Gulf Island Dam, Lewiston, Maine, is 3,200 cubic feer. 
or more of water per second and the water temperature at said dam is 
20.5 or less degrees Centigrade. 

· (c) If the river flow at Gulf Island Dam is less than 3,200 cubic feet 
of water per second or the water temperature at said dam is above 20.j 
degrees Centigrade, the Brown Company and Oxford Paper Company shall 
effectively provide that the combined weekly discharge into said river by said 
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two Defendants of sulfite waste liquor resulting from the manufacture of 
finished sulfite pulp shall not exceed that resulting from the manufacture 
of 2,870 tons of finished sulfite pulp. 

(d) If the river flow at Gulf Island Dam is less than 2,900 cubic feet 
of water per second and if in the judgment of the Administrator the dissolved 
oxygen content of the river at North Turner Bridge is in danger of falling 
below four parts of dissolved oxygen to a million parts of water, he shall 
have the right and power, if and when in his judgment advisable, to require 
(i) the Defendants to deposit in said river soluble nitrate in such quantities, 
not exceeding one thousand tons in any one Critical Period, at such times 
and places and in such manner as he may designate (and the Defendants 
shall, unless prevented by causes beyond their control, have available for 
such deposit at least 1,000 tons of said soluble nitrate during each Critical 
Period) and/or (ii) Brown Company and Oxford Paper Company to make 
such reduction of the discharge into the river of sulfite waste liquors result
ing from the manufacture of finished sulfite pulp by them so that the com
bined total of such discharges by said two Defendants reaching the river 
shall be reduced to the extent directed by the Administrator but not below 
the following specified limits: 

Average river flow 
cfs. preceding week 

2,900 to 2,801 
2,800 to 2,701 
2,700 to 2,601 
2,600 to 2,501 
2,500 to 2,401 
2,400 to 2,301 
2,300 to 2,201 
2,200 to 2,101 
2,100 to 2,001 
2,000 to 1,901 
1,900, or less 

Finished sulfite pulp 
to be manufactured 

current week 

2,870 
2,870 
2,810 
2,720 
2,620 
2,500 
2,400 
2,300 
2,100 
2,000 
1,900 

(e) If (i) the amount of any leakage into the river of sulfite waste 
liquor from the lagoon system, when combined with the discharge of such 
liquor into the river direct from International Paper Company's mill, shall 
exceed the equivalent of the sulfite waste liquor resulting from the manu
facture of 100 tons of finished sulfite pulp per week or any greater amount 
of such effluent which the Administrator may permit (excepting such leakage 
as in the judgment of the Administrator can be speedily remedied), or (ii)i 
the lagoon system shall fail completely to operate, or (iii) the Critica 
Period shall be extended beyond September 15 of any year and the capacity. 
of the lagoon is insufficient to bold further deposits of sulfite waste liquor 
after any date within the period September 16 to October 1 of such year, 
then, so long as any such condition continues, the restrictions contained in 
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subdivision (a) above shall not apply, but to the extent that the combined 

discharge by International Paper Company direct into the river and leak

age into the river, if any, from its lagoon system shall exceed the equivalent 

of the sulfite waste liquor resulting from the manufacture of 100 tons of 

finished sulfite pulp per week or any greater amount which the Administrator 

may permit, the same shall, if so directed by the Administrator be com

pensated for (i) by an appropriate cut in the discharge of sulfite waste 

liquor into the river by all three Defendants, notwithstanding that the dis

charges into the river by Brown Company and Oxford Paper Company have 

already been reduced under the operation of subdivision (d) above, or 

(ii) by any alternative measures upon which the three Defendants and the 

Administrator shall have agreed. 

(f) The Administrator shall have full power to permit or require the 

release from the lagoon into the river of sulfite waste liquor thereto.fore 

impounded therein and to permit reasonable relaxation of the extreme limita

tions or requirements of this Decree when, in his judgment, due to water 

temperature, weather, river flow or other conditions, no recurrence of said 

nuisance is likely to result. 

4. Allocation by the paper mills among themselves of the pro

duction of sulfite pulp. 

Other provisions related to the powers of the Administrator, 

appointment of a successor, division of expenses, appeal from orders 

of the Administrator and for modification of the Decree. 
Relation of Permitted Sulfite Pollution to Stream Flow (Pollu

tion Factor). During the 1942 conferences, the technical representa

tives of the mills proposed a permissible ratio of sulfite liquors to 

stream flow at Gulf Island which would be equivalent to the combined 

dis~harge of waste sulfite liquors from the manufacture of 3 tons of 

finished pulp to each million cubic feet of stream flow. Inasmuch as 

the sulfite liquors constituted by far the greatest source of demand 

upon the oxygen resources of the river this ratio appeared to provide 

a rough but reasonably satisfactory way of expressing a "pollution 

factor." However, computations made by the author indicated that 

the proposed "pollution factor" of 3 was at least twice too great, for 

summer conditions, and that a pollution factor of 1.5 should be the 

limit. 
Average flows in August at Gulf Island approximate 1,600 mil. 

cubic feet per week. Using 3 as the pollution factor a weekly pro

duction of 4,800 tons of sulfite pulp would be permitted. However, 

the stipulation of 1942, permitted an even greater production (5,229 

tons) and it is obvious why conditions were not alleviated in the 
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summer of 1943 and why the Decree of 1944 became necessary. How
ever, experience demonstrated that the provisions of the Decree 
(4,729 tons) were not sufficiently rigid. This led to the 194 7 modi
fication of the Decree with the discharge of sulfite liquors limited on 
the average to those resulting from the production of 2,970 tons of 
pulp, with liquors from the manufacture of 400 tons at the Inter
national Paper Company subject to storage in the lagoon. This 
limitation was equivalent to a pollution factor of 1.8 with an average 
flow at Gulf Island of 1,600 mil. cubic feet per week. It should be 
noted that this figure, although close to the 1.5 limit of the author, 
is based on average flows. As a matter of fact the average weekly 
flow during August 1948 was but 1,210 mil. cubic feet which with 
the pulp production permitted by the decree would result in a pollu
tion factor of 2 .5. However, the use of the storage lagoon and with 
sulfite pulp production somewhat less than that permitted by the 
decree, the actual pollution factor was slightly under 2.0. Although 
not as bad as in other recent years, odor conditions in the Lewiston
Auburn area were again somewhat objectionable in the summer of 
1948. This led to the further modification of the Decree as outlined 
above. 

RELATION OF POLLUTION BY SULFITE LIQUORS AND ODOR 
CONDITIONS IN LEWISTON-AUBURN AREA 

The main objective of pollution control measures is the elimi
nation of odors in the Lewiston-Auburn area. In order to determine 
whether this objective is accomplished, Dr. Lawrance has carried t!>n 
during the summer daily odor observations at eight stations in the 
area and, in general, near the river. These observations began in 
1943 and have been continued every year since. At the same time 
weekly sampling and analyses of the river waters have been carried 
out from above Berlin to Lisbon Falls. Records of sulfite pulp 
production are also available. 

To make comparisons of the aerial odor prevalence on a quanti
tative basis, an "odor-factor" has been used. This odor-factor equals 
the weekly number of stations in the Lewiston-Auburn area at which 
Dr. Lawrance observed "pigpen" or hydrogen-sul{ide odors of "dis
tinct" or greater intensity. Table 8 gives a summary of the records 
for the past six summers with respect to the prevalence of odors 
during the four consecutive weeks of maximum. odors. In this table 
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are given the corresponding pollution-factors and average river 

temperatures. 

TABLE 8.-CoMPARATIVE OooR CoNDITIONs-1943-1948 

Average Average 

Four-week Average pollution- river 

period ending odor-factor factor temperature °C. 

August 7, 1943 9 2 .17 24.4 

August 26, 1944 23 2.92 25.0 

August 25, 1945 11 2.22 24.1 

August 3, 1496 14 2.59 24.3 

September 6, 1947 20 2.65 25. 7 

August 14, 1948 2 1.92 24.6 

This table shows a clear relation between the concentration of 

the pollution of the river by sulfite wastes and the prevalence of 

aerial odors. Fig. 3 illustrates graphically the relation. 

It must be recognized that in addition to the pollution from the 

sulfite liquors there is also pollution from other industrial wastes 

and from sewage which constitute a more or less constant pollution 

load. Furthermore, in addition to current pollution, there is an 

accumulated pollutional load due to sludge deposits behind dams and 

in the bed of the river. In view of these other sources of pollution 

it is interesting that there has appeared to be a definite correlation 

between pollution by sulfite liquor? and · the atmospheric odors at 

Lewiston-Auburn during the summer. 
Another interesting point is the apparently greater proportionate 

benefit brought about by the 1948 summer's reduction in sulfite 

liquors discharged from the International Paper Company, which is 

much nearer Lewiston than are the other two mills. 
In considering conditions prevailing during the summer of 1948, 

there are certain facts which must be borne in mind. 
First, stream flows were low and temperatures high. 

Second, substantial amounts of seepage of sulfite liquors occurred 

from the storage lagoon although observations of liquid levels in test 

wells between the lagoon and the river indicated that the bulk of 

the seepage simply accumulated in the ground and did not reach 

the river, at least up to the end of August. 
Third, when objectionable odors started to occur early in July 

an informal conference was held before Judge Manser, at which the 
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Attorney General and representatives of the mills agreed to determine 
the effect of adding sodium nitrate to the river as suggested by Dr. 
Lawrance and concurred in by the author. As the result of this 
agreement the addition of sodium nitrate in the amount of 20 tons 
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per day was begun at North Turner bridge on August 10 and con
tinued on the 11th with 10 tons. On the 10th, 11th and 12th, 10 tons 
were added near Livermore Falls about 12 mi. upstream. There 
then occurred a lapse of about four days when no nitrate was added 
due to failure to receive deliveries. From August 16 up to Septem
ber 23 nitrate was added at North Turner bridge at the rate of 
10 tons daily, in all some 480 tons were used. 

Fourth, to so.me extent the beneficial effect of sulfite storage 
in the open lagooq and in the ground was offset temporarily by the 
discharge of about three-quarters of a million gallons of sulfite liquors 
during the week ending August 30 as the result of a failure of the 
piping at the lagoon. 

It may be concluded that the measures taken during the summer 
of 1948 to remedy the odor conditions in the Lewiston-Auburn area 
met with a substantial but not complete degree of success. These 
.measures may be summarized briefly as involving: 

1. The reduction of the sulfite liquors discharged by the Brown 
Company at Berlin to about one-third those formerly discharged when 
odor conditions were worst. 

2. The storage in the open lagoon and in the adjacent ground 
of most of the sulfite liquors produced by the International Paper 
Company at Livermore Falls. 

3. The addition of sodium nitrate near the beginning of the 
pool formed by the Gulf Island Dam. 

SIGNIFICANT ASPECTS OF THE ANDROSCOGGIN RIVER POLLUTION 

PROBLEM 

The pollution of the Androscoggin River and the measures taken 
to remedy it present several significant and interesting aspects, 
namely: 

1. The tremendous pollutional effect of the sulfite waste liquors 
as compared with all other sources of pollution; 

2. The rather remarkable correlation of odor conditions during 
the summer in the Lewiston-Auburn area with the concentration of 
sulfite liquor in the river; 

3. The apparent benefit in odor control by the addition of 
sodium nitrate to the river; 

4. The recognition by the legal authorities of the importance 
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of the industries in the Androscoggin valley to the economy of the 
valley and the State; 

5. The natural reluctance of the industries to undertake reme
_dial measures without some assurance that the measures would be 
effective and at the same time involve the minimum of expenditure; 

6. The slow but steady progress made in alleviating the objec
tionable conditions with the minimum of drastic action by the Attor
ney General and the Court. A progress, however, which compares 
favorably with the progress made in other states where similar con
ditions have prevailed; 

7. The unique assignment to a non-governmental individual, 
Dr. Lawrance, the task of supervising the condition of the river and 
the policing of his own clients. An assignment which shows the con
fidence and regard with which Dr. Lawrance is held by the Court 
and by both parties involved in the legal action taken by the Attorney 
General. 
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OF GENERAL INTEREST 

Report on Inspection of Logan 
Airport Conducted by Trans
portation Section Boston Society 

of Civil Engineers 

Bv W. L. HYLAND 

On Saturday, April 23 , 1949, the 
Transportation Section met at the Ad
ministration Building at Logan Airpor t 
at 9:45 a.m. where the group was 
greeted by General James F. McMa:1-
mon, Commissioner of the State Air
port Management Board. The group 
was conducted around the airport in 

buses and was addressed at strategic 
points on the field by Colonel Albert 
L. Edson , Manager of the airport, who 
described the salient features of the 
runway system. The group inspected 
the placing of concrete paving in the 
apron of the new terminal building 
where the latest equipment was being 
used by Coleman Brothers, contractors 
for the paving work. Miles Clair of the 
Thompson & Litchner Co. , Inc. , ad
dressed the group on the design and 
construction of the term inal faci lities. 
The inspection trip was completed by 
12 :30 p.m. The attendance was 65. 

P LACING CONCRETE P AVING-L OGAN AIRPORT 
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PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETING 
Boston Society of Civil Engineers 

APRIL 20, 1949.-A joint meeting of 
the B"oston Society of Civil Engineers 
with the Northeastern Section, Ameri
can Society of Civil Engineers, was held 
this evening at Northeastern Univer
sity. Seventy-five members and guests 
attended the dinner and eighty-one 
members and guests the meeting. 

President, Arthur L. Shaw, of the 
Northeastern Section, American Society 
of Civil Engineers, presiding at the 
Joint Meeting, called upon President, 
Harrison P. Eddy, Jr., of the Boston 
Society of Civil Engineers to conduct 
any B.S.C.E. matters of business neces
sary, but action was not required ::tl 
this meeting. 

President Shaw then introduced the 
speaker of the evening, Arthur D. 
Weston, Director, Sanitary Engineer, 
Department of Public Health, who 
gave a paper on "Atomic Energy-A 
Challenge to the Engineer". 

The meeting adjourned at 8:35 P.M. 
ROBERT W. Morn, Secretary 

MAY 18, 1949.-A regular meeting of 
the Boston Society of Civil Engineers 
was held this evening at the American 
Academy of Arts and Sciences, 28 New
bury Street, Boston, Mass., and was 
called to order by President, Harrison 
P. Eddy. This was a joint meeting 
with the Sanitary Section, B.S.C.E. 

President Eddy announced that the 
minutes of the February and March 
meeting would be published in the 
forthcoming issue of the Journal, after 
which there will be opportunity for 

their correction. The reading of the 
minutes to be waived unless objection 
is raised. 

President Eddy announced the death 
of the following members: 

Frank S. Badger, who was elected a 
member October 16, 1895 and who 
died March 17, 1949. 

Henry W. Estey, who was elected a 
member June 15, 1892 and who 
died April 9, 1949. 

William T. Barnes, who was elected 
a member April 18, 1894 and who 
died May 13, 1949. 

The Secretary announced that the 
following had been elected to member
ship: 

Elected March 16, 1949: 
Grade of Student. - Charles D. 

Adams, John J. Aherne, Jack S. Bar
ritt, Paul H. Bedrosian, Warren H. Bell, 
William A. Billings, Jr., Peter K. 
Beshara, Edwin G. Calcagni, Robert l<.:. 
Cameron, Allan L. Campbell, Daniel 
Collins, William J. Collins, Gordon E. 
Cossaboom, Bruce P. Eaton, Richard 
F. Ebens, Ralph W. Emerson, Stanley 
F. Gesek, Robert N. Glassman, Henry 
G. Grilli, David H. Hamilton, Frank 
C. Hancock, Robert B. Hicks, Gordon 
T. Hoffman, Robert H. Homer, Donald 
H. Horrigan, Robert P. Hunt, Milton 
I. Isenberg, Richard J. Joyce, John P. 
Kirwin, William Kerr, Robert T. Koop
man, Saul Klashman, Frank E. Kostkl, 
Aaron M. Kreem, Kay K. Krokorian, 
Arthur S. Lamprey, Jr., George E. 
Lybrand, James E. Linehan, Allan B. 
MacPherson, Robert A. MacEwen, 
William F. McKay, Jr., Robert E. 
McCauley, Leo McClung, Dana \V. 
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Mckechnie, Robert L. Meserve, John 
E. Meyer, George Millman, John E. 
Murphy, James P. Murray, Jr., David 
W. O'Neill, Charles A. Parthum, Don
ald R. Paulson, Hiram Pearlman, Gino 
Perrotta, Leo D. Picardi, Angelo J. 
Polvere, Raymond Quealy, Robert W. 
Richardson, William Ruble, Ario R. 
Savery, Robert I. Scoville, Jr., Francis 
R. Sholock, Charles D. Shaker, George 
K. Tozer, Robert E. VanDernoot, John 
F. Vance, Robert A. Watt, John J. 
Walsh, Walter A. Zell. 

Elected May 18, 1949: 
Grade of Member.-Carl H. Berg

man, tJoseph Capone, Jr., Donald L. 
Cummings, *Robert H. Brown, Wil
liam M. B'urns, Arnold C. Carey, 
Augustine L. Delaney, *John F. Hean
ey, Gordon B. Hanson, Thomas W. 
Lambe, Lawrence C. Neale, James C. 
Roberts, Thomas W. Sheehan, t Viano 
A. Tirri. 

Grade of Junior.-John C. Adams, 
Jr. 

President Eddy announced that the 
Board of Government voted to omit 
the June meeting and that the next 
meeting of the Society would be held 
on September 28, 1949, at which 
Colonel James H. Stratton, Division 
Engineer of the New England Division 
of the Corps of Engineers, U. S. Army, 
will speak on some phase of the pro
posed Panama Canal Development. 

President Eddy announced that this 
was a joint meeting with the Sanitary 
Section, B.S.C.E., and called upon 
Kenneth F. Knowlton, Chairman of 
that Section to conduct any business 
matters necessary for that Section. 

President Eddy then introduced the 
speakers of the evening: 

Subject-"The Design of the Pro
posed New Sewage Treatment 
Plant for the Boston Main Drain
age Works to Be Located Adjacent 
to the Calf Pasture Sewage Pump
ing Station." 

•Transfer from Grade of Junior. 
tTransfer from Grade of Student. 

Speakers: 
John F. Flaherty, Senior Civil En
gineer, Sewer Division, City of 
Boston, who reviewed briefly the 
existing works, their history and 
the need for the new works. 
Eric Reeves, Engineer, Chas. A. 
Maguire and Associates, Consult
ing Engineers, Boston, who dis
cussed the architectural and some 
unusual structural features of the 
design. 
Elson T. Killam, Consulting Hy
draulic and Sanitary Engineer, 
New York, who described the 
Sanitary, Hydraulic and Mecha,1i
cal features of the design. 

The talks were illustrated with lan
tern slides. 

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

Ninety-one members and guests at
tended the meeting. 

The meeting adjourned at 9:15 P.M. 
ROBERT W. MOIR, Secretary 

SANITARY SECTION 
MARCH 2. 1949.-Meeting called to 

order at 7 :30 P.M., by Chairman, 
Allen J. B'urdoin, at Society rooms in 
Tremont Temple. 

Election of Officers-The following 
report of the Nominating Committee 
was presented by Mr. Mellish in ab
sence of Mr. Gibbs, Chairman. 

After careful consideration, your 
Nominating Committee respectfu.lly 
submits the following nominations for 
the Executive Committee: 

Kenneth F. Knowlton, Chairman 
Frank L. Heaney, Vice-Chairman 
William E. Stanley, Clerk 
Allen J. Burdoin, Past Chairman 
Fozi M. Cahaly 
Abraham C. Bolde 

It is our recommendation that the 
Clerk be requested to keep an attend
ance record by names to assist future 
Nominating Committees. 

Walter E. Merrill 
Murray H. Mellish 
Frederick S. Gibbs, Chairman 
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Moved and seconded that the nomi
nees be elected-carried. 

Moved by Mr. Camp, seconded by 
Mr. Coburn, that the Secretary cast 
one ballot for the men nominated by 
the nominating committee-Done. 

A talk illustrated by slides and pic
tures was presented by Lincoln W. 
Ryder of Metcalf & Eddy on the sub
ject "Industrial Waste Treatment Plant 
at Blueridge Division of James Lees 
and Sons Company, Glasgow, Rock
bridge County, Virginia," which talk 
covered primarily the construction of 
the plant. 

Following Mr. Ryder's talk, Mr. 
Stuart Coburn discussed some of the 
chemical aspects of the treatment 
process. 

After a few general comments and 
questions, the meeting adjourned at 
9:15 P.M. 

Forty-nine members and guests at.
tended the dinner preceding the meet
ing at Patten's Restaurant. 

Seventy-six members and guests 1t
tended the meeting. 

WILLIAM E. STANLEY, Clerk 

MAY 18, 1949.-A joint meeting with 
the Main Society was held at the 
American Academy of Arts and Sci
ences, 28 Newbury Street, Boston, 
Mass. President, Harrison P. Eddy, Jr., 
called the meeting to order at 7 :00 P.M. 

Announcement with reference to 
membership was made by the Secretary. 

Announcement by Kenneth F. Knowl
ton, Chairman Sanitary Section-with 
reference to June Outing not to be a 
joint affair-called on Mr. Walter E. 
Merrill. 

Announcement by Walter Merrill, 
Secretary New England Sewage Works 
Assoc. of the Annual Meeting Federa
tion of Sewage Works Associations in 
Boston next October. Also the N.E. 
S.W.A. will meet October 18, 1949. 

Mr. Eddy introduced the speakers of 
the evening: 

Subject-"The Design of the Pro-

posed Xew Sewage Treatment 
Plant for the Boston Main Drain
age Works to Be Located Adjacent 
to the Calf Pasture Sewage Pump
ing Station." 

Speakers: 
Mr. John F. Flaherty, Senior Civil 
Engineer, Sewer Division, City of 
.Boston. Mr. Flaherty discussed the 
Boston Main Drainage System, 
the reports which have been made 
for the State Legislature and the 
City 1900, 1917, 1929, 1935, 1933 
and 1939, the studies made by lhe 
City Sewer Division, the employ
ment of consulting and designing 
engineers and the general outlines 
of the project. 
Mr. Eric Reeves, Engineer, Chas. 
A. Maguire Associates, Consulting 
Engineers, M.I.T. graduate 1939, 
in charge of Boston office. Mr. 
Reeves discussed the architectural, 
structural and foundation phases 
of the proposed new sewage treat
ment plant for the Boston Main 
Drainage works to be located near 
the Calf Pasture Sewage Pumping 
Station. His talk was illustrated 
with lantern slides. He pointed out 
the main features of the structures 
and the foundation conditions and 
stated that the estimate project 
cost was $8,000,000. 
Mr. Elson T. Killam, consulting 
Hydraulic and Sanitary Engineer, 
New York, N. Y. graduate of 
Tufts 1922, who has had charge 
of the process design. Mr. Killam 
described the sewage treatment 
plant, using lantern slides with 
particular reference to the func
tional and process design. 

After Mr. Killam's paper there was 
extensive questioning which indicaLed 
unusual interest in the subject. 

The meeting adjourned at 9: 15 P.M. 
Ninety-one members and guests were 

present. 
A collation was served in the lounge 

after the meeting. 
WILLIAM E. STAXLEY, Clerk 



386 BOSTON SOCIETY OF CIVIL ENGINEERS 

STRUCTURAL SECTION 
APRIL 13, 1949.-The meeting was 

opened at 7: 20 p.m. by Chairman 
Ernest L. Spencer, who introduced 
Mr. B. J. Fletcher, Chief Engineer, 
Development Division, Aluminum Co. 
of America. Mr. Fletcher gave un 
excellent illustrated paper on structural 
uses of aluminum alloys, with special 
reference to their uses in bridges. 

The principal topics covered, with 
parenthetical notes on the highlights, 
were as follows: Physical properties nf 
available alloys: (Retention of strength 
and ductility at low termperatures.) 
Comparative weights of al111ni11um ver
sus steel designs for bridges: (Alumi
num is 50 per cent lighter for SO-foot 
highway bridge, 58 per cent lighter for 
100-foot railroad span, 70 per cent 
lighter for 300-foot lift span; claimed 
to be up to 80 per cent lighter for 
extremely long spans.) Degree of cor
rosion resistance: (Structural grades 
should usually be painted in average 
exposures, but about half as often rrs 
steel structures. Avoid moisture-co!
lecting pockets; avoid contact with 
copper and certain other metals, er 
with wet wood. Be sure to use the 
right alloy for the service intended.) 
Shop and field fabrication: (Aluminum 
can readily be fabricated in a shop 
equipped for steel fabrication. Welding 
is generally impractical for bridges, 
since heat treatment affects physical 
properties. Aluminum rivets (hot or 
cold driven) are now available, and 
are preferable to steel rivets since 
resistance to corrosion is better. Rolled 
shapes are now available up to 15-inch 
dimension.) Competitive position, 
aluminum versus other materials: 
(High cost per pound will prevent U$C 
for most bridges, but as high labor 
costs cause fabrication cost to become 
a greater percentage of total cost, the 
high cost per pound of material be
comes less important. More careful 
design is warranted for aluminum due 
to material cost; a wealth of design 
information is available.) Accessory 

uses: (Bridge rails, floor gratings, new 
floor systems for existing overloaded 
bridges, lighting standards, toll booths, 
side-of-bridge trim, etc.) Examples of 
actual construction: (New floor system 
for old highway and street railway 
bridge in Pittsburgh, extending life an 
estimated 2 5 years; 100-foot girder 
span for railway in New York state; 
270-foot arch span under construction 
across Saguenay River in Quebec; 
double-leaf bascule bridge in England.) 
Military uses: (All-aluminum floating 
bridges; pin-connected truss bridge ex
pected to replace Bailey type pilot 
model is under test.) 

A discussion period followed, touch
ing on a number of applications of 
aluminum other than in bridges. The 
meeting adjourned at 8: 50 P.M. At
tendance, 33. 

EDWARD C. KEANE, Clerk 

TRANSPORTATION 
SECTION 

MAY 11, 1949.-Chairman W. L. 
Hyland of the Transportation Section, 
opened the meeting at 7 :30 P.M. Th:-ee 
speakers, all from the New England 
Division, Corps. of Engineers, described 
the design of Limestone Air Force 
Base, Limestone, Maine. 

Mr. John E. Allen, Chief, Engineer
ing Division, described the general out
line of the development and the run
way work. The ultimate layout pro
vided for two parallel runways which 
can be as long as 15,000 feet, and one 
12,000-foot runway in another direc
tion. The initial construction included 
one 10,000-foot runway and a portion 
of the parking apron. Since seasonal 
frost penetration approximates 70 
inches, the Corps of Engineers design 
criteria required that the runways have 
a total depth of base and pavement of 
70 inches, composed of materials not 
subject to frost action. A much thinner 
base could have been used except for 
frost conditions. The upper nine inches 
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of the base is crushed rock, and the 
pavement is bituminous concrete. The 
construction equipment was note
worthy; it included two pneumatic
tired rollers with total weights of 
125,000 pounds and 200,000 pounds, 
also ample earth-moving equipment. 
At peak operations, 130,000 cubic yards 
of material were moved in a single day. 

Mr. Elliot F. Childs, Hydraulic En
gineer, described sanitary features. The 
airfield drainage system includes a 
separate system for subdrainage, con
nected to the surface drainage system 
only at the main outlet pipes. Water 
supply is by means of five wells drilled 
through rock, 350 to 650 feet deeo, 
yielding a total of 600 g.p.m. Tht~ 
water is treated by activated carbon 
to remove taste and odor. A 1,000,000-
gallon reservoir and a 500,000-gallon 
elevated tank and conventional distri
bution system complete the water sys
tem design. The sewerage system in
cludes a conventionai collection system 
and will later include a complete treat
ment plant. The latter is required by 
Maine legislation to protect surface 
waters from pollution. 

Mr. John Leslie, Chief, Military 
Works Branch, described the struc
tural features of the base. The initial 
permanent buildings include: a 2 SO
man barrack, an operations building. 
a Diesel power plant, and a hangar 
which can accommodate two B

0

-36 air
planes. The hangar received the gre3.t
est amount of attention; it has a con
crete arch roof with heavy stiffening 
ribs on the exterior, and a smooth 
ceiling on the underside of the arch. 
The span is about 300 feet. A central 
heating system is planned for the ulti
mate development of the base and it 
will use high-temperature, high-pressure 
hot water as the heat transfer medium, 
rather than steam. 

A discussion period followed, and the 
meeting adjourned at 9 :30 P.M. The 
attendance was 92. 

W. L. HYLAND, Chairman 

HYDRAULICS SECTION 
MAY . 4, 1949.-A rrieeting of the 

Hydraulics Section was held at the So
ciety rooms on this date, following a 
dinner at Patten's Restaurant. 

The meeting was called to order at 
7 :45 p.m. by Chairman James F. Brit
tain who introduced the speaker, Leslie 
J. Hooper, Professor of Hydraulic En
gineering, Worcester Polytechnic Insti
tute. Professor Hooper had as his 
subject, "Calibration Tests of Bethle
hem Flow Tubes." He discussed the 
results of tests made at the Alden 
Hydraulic Laboratory of six different 
models of this tube which is a flow
metering device employing the differ
ential-head principle. 

A lively discussion period which fol
lowed the talk indicated the interest of 
those present. The meeting adjourned 
at 9: 20 p.m. with a rising vote uf 
thanks to the speaker. Forty members 
and guests attended the meeting. 

Adjournment was followed by a short 
meeting of the Executive Committee. 

GARDNER K. WooD, Clerk 

SURVEYING AND MAPPING 
SECTION 

APRIL 6, 1949.-The eighth meeting 
of the Surveying and Mapping Section 
was held at the Society rooms at 7: 30 
P.M. on Wednesday, April 6, 1949. 

Approximately 35 members and 
guests were present. 

Chairman Duffill called for the read
ing of the minutes of the last meeting 
which were read and voted accepted. 

Chairman Duffill introduced Mr. 
John J. Vertie, Senior Construction 
Engineer for the M.D.C. Construction 
Division who spoke on "Tunnel Sur
veys". 

Following the talk a discussion was 
held. 

The meeting adjourned at 8:20 P.M. 
JOHN H. LowE, Clerk 
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APPLICATIONS FOR 
MEMBERSHIP 

[July 1, 1948] 

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 up
on the members of the Society for the 
information which will enable it to ar
rive at a just conclusion. Every mem
ber is therefore urged to communicate 
promptly any facts in relation to the 
personal character 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 

MALCOLM G. MAclNNES, B"righton, 
Mass. (b. June 6, 1923, Helensbourgh, 
Scotland). Three years Civil and 
Structural Engineering at Lincoln Tech. 
Experience: 1942-1943, Stone & Web
ster, structural draftsman; 1943-1946 
U. S. Army Air Corps, attached to the 
Post Engineers Office. Estimating, 
drawing and inspecting construction; 
1946 to date, Chas. T. Main, Inc., 
structural drawing, design checking and 
stability analysis of hydraulic struc
tures; foundation analysis. Paper mill 
conveyor layout. Compilation of bor
ing records for B.S.C.E. Inspector on 
water front construction. Refers to 
F. M. Gunby, C. T. Main, 2nd, B. 0. 
McCoy, N. Thayer. 

' CLAIR N. SAWYER, Belmont, Mass. 
(b. September 15, 1906, Almond, Wis
consin). Graduate in Chemistry from 
the University of Wisconsin in 1930. 
Hold advanced degrees in Sanitary 
Chemistry from two schools. M.S. from 
the University of Colorado in 19.36 
and the Ph.D. from the University of 
Wisconsin in 1938. Experience: 1930-
1936, Instructor in Chemistry at Uni
versity of Wisconsin Extension Center, 
Milwaukee, Wisconsin; 1936-1937, Re
search Assistant in Sanitary Engineer
ing, University of Wisconsin; 1938-
1940, Post-doctorate Fellow in Sanitary 
Engineering, University of Wisconsin; 
1940-1942, Assistant Prof. of Sanitary 
Chemistry at New York University; 
1942-1944, Director of Lake Pollution 
Survey for the Governor's Comm. at 
Madison, Wisconsin; 1944-1945 Special 
Investigator for So. Dak. State Bd. of 
Health on Activated Sludge Problems 
at Sioux Falls, So. Dak. 1945 to date, 
Associate Prof. of Sanitary Chemistry, 
Dept. of Civil and Sanitary Engineer
ing, Massachusetts Institute of Tech
nology. Refers to A. J. Burdoin, S. E. 
Coburn, E. S. Chase, R. W. Moir, 
W. E. Stanley. 

ADDITIONS 

Members 
John T. Barnhill, 179 Milton Street, 

Wollaston, Mass. 
\Villiam M. Burns, 169 Boston Road, 

Chelmsford, Mass. 
Joseph Capone, Jr., 380 B'eech Street, 

Roslindale, Mass. 
Augustine L. Delaney, Holt Road, An

dover, Mass. 
Louis I. Dexter, 70 Lowden Street, 

Pawtucket, R. I. 
John G. Jarnis, 34 Bruce Road, Wal

tham. Mass. 
James ). Kenney, 17 Langley Circle, 

Quincy, Mass. 
T. William Lambe, 1-337 Mass. Insti

tute of Technology, Cambridge, 
Mass. 
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Lawrence C. Neale, 75 Main Street, 
Cochituate, Mass. 

George L. Newman, 95 Park Drive, 
Boston, 15, Mass. 

Otto 0. Pasenen, 38 Myrick Street, 
Ayer, Mass. . 

Thomas W. Sheehan, 479 Pleasant 
Street, Malden, Mass. 

Donald V,,T. Scully, 489 Broadway, 
So. Boston, Mass. 

Kentaro Tsutsumi, 48 Freeman Street, 
Auburndale, Mass. 

Vaino A. Tirri, 317 Louisiana Avenue, 
Bogalusa, La. 

Junior Member 
John C. Adams, 71 Bartlett Avenue, 

Arlington, Mass. 

DEATHS 
FRANK S. BADGER, March 17, 1949 
HENRY W. ESTEY, April 9, 1949 
WILLIAM T. BARNES, May 13, 1949 
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PROFESSIONAL SERVICES. iii 

HOW ARD E. BAILEY 
Consulting Sanitary Engineer 

Fay, Spofford & Thorndike 
Engineers 

Water Works Water Purification Port Developments Airports Fire Prevention 

Sewerage Sewage Treatment 
Industrial Wastes Disposal 

6 Beacon St., Boston, Mass. 

H. K. BARROWS 
Consulting Hydraulic Engineer 

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

6 BEACON ST. BOSTON, MASS. 

CAMP, DRESSER & McKEE 
Consulting Engineers 

6 BEACON STREET BOSTON 8, MASS. 
Telephone CApitol 0422 

Water Works and Water Treatment 
Seweraa-e and Sewa8'e Treatment 
Municipal and Industrial Wastes 

lnvestiirationa & Reports Desiirn & Supervision 
Research and Development Flood Control 

Coffin & Richardson, Inc. 

Consulting Engineers 

68 Devonshire Street 

Boston 9, Massachusetts 

WILLIAM S. CROCKER 
(Formerly Aspinwall & Lincoln) 

Louia A. Chaae Asaociate 
Amoa L. Perkin• AHociate 

Registered Professional Engineers 
Registered Land Surveyors 

46 Cornbill Boston, Mass. 

DRUMMEY - DUFFILL 
Incorporated 

Consulting Engineers 
BRIDGES BUILDINGS 

80 Boylston St., Boston 16, Mass. 
HA. 6-3158 

Bridires Buildinirs 

Water Supply Seweraire 

Foundation• 

Drainaire 

BOSTON NEW YORK 

Ganteaume & M.cMullen 
Engineers 

99 Chauncy Street 

BOSTON 

GARDNER S. GOULD 
Consulting Engineer 

Port Developments, Whane■, Pfen an4 
Balkhea41, OU Storace, Coal Ban4Uq, 

Warehouse, an4 Foan4atfou 

89 Broad St. Room 412, Boston, Mass. 

J. F. HENNESSY 

CIVIL ENGINEER 

4 Cypress St., Brookline, Mass. 
Tel. LO.· 6-3860 

• 
LeROY M. HERSOM 

Consulting Engineer 
Airports - Bridires - Buildinirs - Founda

tions - Hiirhways - Appraisals - Desiirns 

Investiirations - Reports - Surveys 

6 Beacon Street, Boston 8 

JACKSON & MORELAND 

Engineers and Consultants 
Desien and Supervision of Construction 
Reports - Examinations - Appraisal• 

Machine Desiirn - Technical Publication, 

Boston New York 

Please mention the J oumal when writing to Advertisers 



iv PROFESSIONAL SERVICES. 

MARK LINENTHAL 
Engineer 

16 LINCOLN STREET 

BOSTON 

CHAS. T. MAIN, Inc. 
Engineers 

BO FEDERAL ST., BOSTON, MASS. 

INDUSTRIAL BUILDING DESIGN 
STIEAM AND HYDRO-ELECTRIC PLANTS 

ELECTRICAL l!NGINl!l:RING 
INVESTIGATIONS-APPRAISALS 

FOUNDATIONS 

FRANK MARCUCELLA 
ENG;INEER 

Construction Manager 

87 Walsh Street, Medford, Mass. 

METCALF & EDDY 
Engineers 

Water, Seu,age, Drainage, Refuse 
and Industrial Wastes Problems 

Airfields Valuations 
Laboratory 

STATLER BUILDING, BOSTON 16 

The Pitom~ter Company 
ENGINEERS 

Water Waste Surveys 
Trunk Main Surveys 

Water Distribution Studies 
Penstock Gaugings 

SO Church St. New York 7, N. Y. 

MAURICE A. REIDY 
Consulting Engineer 

Structural Designs Foundations 

IOI Tremont Street 

BOSTON, MASS. 

THE THOMPSON & LIGHTNER CO., INC. 
Engineers 

Deslcns and Encfneerlng Supervision 
Investlcatlons, Testing and 

Inspection of Structural Materials 
Concrete Quality Control 

Jlarketlnc and Production Service 

Offices and Laboratory, 8 Alton Place, Brookline 46, Mass. 

HOWARD M. TURNER 
Consulting Engineer 

Investiarations, Valuationa, Plana, 
Supervision of Construction, Water 
Power, Water Supply. Flood 
Control. Public Utility and Indus
trial Properties. 

6 Beacon Street : : : : Boston 

WESTON & SAMPSON 
Consulting Engineers 

Water Supply, Water Purification, Seweraa-e 
Sewage and lndustrial Waste Treatment 

Supervision of Operation of Treatment Plants 
Laboratory 

14 BEACON STREET, BOSTON 

WHITMAN & HOW ARD 
Engineers 

(Est. 1869. Inc. 1924) 
[nvestigations, Designs, Estimates, Reports 
ind Supervision, Valuations, etc., in a1l Water 
Works, Sewerage, Drainaee, Waterfront Im
provements and all l\.1unicipal or Industrial 
Development Problems. 

89 Broad Street Boston, Man. 

THOMAS WORCESTER I N C 

ENGINEERING • ARCHITECTURE • CONSTRUCTION 

84 STATE STREET • BOSTON 9 • MASS. 

E. WORTHINGTON 
Civil and Consulting Engineer 

Water Supply and Sewerage 
Municipal Work 
Established 1890 

Worthington Building 
26 NORFOLK ST., DEDHAM, MASS 

Telephone 0120 
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Dredging - Pile Driving - Sea Wall and Bridge Building 
Submerged Pipe and Foundations 

W. H. ELLIS & SON CO1VIPANY 
EAST BOSTON, MASSACHUSETIS 

DIVERS - Skilled, Capable 
1
Mechanics for Under

water Examination and Repairs 

CRA.NDALL DRY· DOCI{ ENGINEERS 
238 Main Street, Cambridge, Massachusetts 

THOMAS O'CONNOR & CO., INC. 

Structural Engineers and Builders 

238 MAIN STREET, CAMBRIDGE, MASSACHUSETTS 

Kenmore Square 

Algonquin Engraving Company, Inc. 

Engravers and Electrotypers 

18 KINGSTON STREET, BOSTON, MASSACHUSETTS 

Tel. Han 4855-6 
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PIPE FOUNDERS SALES CORP. 

Cast Iron Pipe and Special Castings 
FOR 

Water, .Steam, Gas and Chemical Use 

6 BEACON STREET BOSTON, MASSACHUSETTS 

OF ALL THE THINGS YOU BUY .•. 

ONLY Electricity is cheaper! 
Electric rates for your home 

~~ are actually lower 

~~.,;zr~ than before the war. ~-•2 
NEW ENGLAND POWER SERVICE CO. ~~ 

PART OF NEW ENGLAND ELECTRIC SYSTEM , '" , , 

The Chapman Valve Mann£ acturing Co. 

165 CONGRESS ST., BOSTON, MASSACHUSETTS 

Valves for All Services · 

Sluice Gates - Shear Gates - Flap Valves 

Northern Steel Inc. 
44 SCHOOL STREET, BOSTON, MASSACHUSETTS 

Concrete Reinforced Bars 

Works at 

Glenwood Station, Medford~ Massachusetts 
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THOMAS MULCARE CORPORATION 

Contractors for Industrial Construction 

Telephone: STadium 2-2216 - 2-1163 

66_ WESTERN A VE., BOSTON 34, MASSACHUSETTS 

WARREN FOUNDRY & PIPE CORPORATION 
AND 

Warren Pipe. Company of Massachusetts, Inc. 
Cast Iron Pipe, Short Body Specials 

Bell and Spigot Pipe, B & S Standard Specials 
Flange Pipe and Specials 

Warren (WF) Spun Centrifugal Pipe 
Flexible Joint and Mechanical Joint Pipe 

PROMPT SHIPMENT FROM STOCK CATALOG ON REQUEST 

SALES OFFICES FOUNDRIES 

75 Federal St., Boston 
11 Broadway, New York 

Everett, Mass. 
Phillipsburg, N. Y. 

T. STUART & SON COl\fPANY 

General Contractors 

70 Phillips Street Watertown, Massachusetts 

STAIN~ESS STEEL 
and 

Steel of Every Description 

HA WIIBIDGE BROTHERS COMPANY 
r 

303 Congress Street, Boston, Massachusetts 
Telephone HA 6-5620 
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New England Concrete Pipe Corp. 
NEWTON UPPER FALLS, MASSACHUSETTS 

MANUFACTURERS OF 

Plain and Reinforced Concrete Sewer and 
Culvert Pipe 

PLANTS 
Newton, Springfield, Mansfield, Massachusetts : Providence, Rhode Island 

HUGH NA WNt\ INC. 
CONTRACTORS 

ESTABLISHED 1852 

77 Floydell Street, Boston 30, Massachusetts 
Telephone LOngwood 6-6150 

John Fairfield, Pres. H. G. Fairfield, Treas. A. L. Cassese, Asst. Treas. and Gen. Mirr. 

Old Colony Crushed Stone Company 
Crushed Stone and Bituminous Concrete 

Truck and Rail Shipments 
OFFICE AND WORKS 

VERNON and INTERV ALE STS., QUINCY, MASSACHUSETTS 
Telephone: Office: PR 3-0604 

RAYMOND CONCRETE PILE CO. 

BORINGS 

GOW DIVISION 

CONCRETE PILES 

PARK SQUARE BUILDING 
BOSTON 

CAISSONS 
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Edward F. Hughes Company, Inc. 

TEST BORINGS 

Artesian, Gravel and Driven W ells 

Water Supplies 

53 S tate S treet 

IRVING SUBWAY GRATING 
Open Steel Grid Floors and Treads 

A smooth, safe, comfortable surface for 
working, walking and wheeling. Permits 
lig ht a nd air passage. Light weight, 
strong, durable. 

Catalog on Request 

Boston, Massachusetts 

Hardinge R ectangular Clarifie1·s are u seful 
where space is limi ted . A traveling sludge 
scraper and skimmer deliver settled so lids 
and scu m at the tank e nds. Wri te for 
Bulletin 35-C-25. 

Boston Rep rese ntative 
ENGINEERING SALES CORPORATION 
Rooms 308-9, 43 Leo n St., Boston 15, Ma s~. 

Tel. GArrison 7- 210 & 7-5985 
FRED S. GIBBS, Mana1rer 

ix 

Irving Subway Grating Co. , Inc. 
5097 - 27 STREET W£mmm 

LONG ISLAND CITY I, NEW YORK YOR K. ,ENNSYLYANIA - 240 Arch St, Moh, Offiu a nd Worb 
NEW YOR K 17-121 E. 42nd St. • 205 W. Woehr Drl•e-CHICAGO 6 
SAN FU NCISCO 11-24 C::oli ton ie St. • 200 loy St-TORONTO 1 

" Ask t h e Man who Operates On e" 

Feed - Meter - Mix Chlorin e Gas Accura tely 

Everson Sterelntors Operate Manually or Semi-Automatically-also Automatically Pro
portion Gas Flow to Water Flow. 
Everson Sterelators are Depen dnble---Snfe---Easy to Operate. Guaranteed to Give 
Complete Satisfaction . 
Write for f ull description for any type o f chlori n e installation--or-con tact our Boston, 
Mass. representative: The Engineering Sales Corporation ~ 308 United Building, 43 Leon 
Street- GArrison 7-8210. 

EVERSON MANUFACTURING CORPO RATION 
214-6 W . Huron St. (Dept. C) Chicago 10, Illinois 

Please mention the Journal when writing to Advertise rs 
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BUILD YOUR SEWAGE PLANT 
EQUIPMENT AROUND P. F. T. 

P. F. T. 
EQUIPMENT 

Floating Cover 
Digesters 

Sludge Cas Safety 
E quipments 

Supe rnatant 
Selectors 

s ·upernatant Cage, 
S ig ht C lass and 
Sampler 

Pre-Aerators and 
Crease Rem overs 

Ro tary Distributors 
Twin Tank Contro ls 
Alterna ting S iphons 
Sewage S ip hons 
Digeste r Heaters and 

H eat Exch angers 
Sprinkling Filter 

Nozzles 
Vertical Aeration 

Plate Holders 
Cauge Boards 
Sludge Samplers 
Flush-T ank Siphons 

and Regulators 

The P. F. T. line includes all the basic 
equipment for efficient, low cost sewage 
trea tment in communities large and small. 
It will give your plant thorough, depend
able sewage disposal because it has been 
over 50 years in the making and has been 
proved satisfactory in thou ands of instal
lations, including a rapid ly growing num
ber in F lorida. 

Incl uded in the P. F. T. line are equip
ments which have long and impressive 
ervice records; such a P. F. T. Floating 

Covers, Rotary Distributors, Sprinkling 
Filters and Sludge Gas afety Equipment. 
There are also the equipment which 
P. F. T. has developed in recent years to 
improve sewage treatment operations, 
such as Supernatant Selectors, Air Dif
fusion Equipment, Aeration P la te Holders 
and Digester Heaters and Heat Exchangers. 

Informative bulletins on any P. F. T. 
equipment will be mailed upon request. 

P F T Pacific Flush Tank Co. 
• • • 4 2 4 1 RAVE swoon AVE UE, CHI CACO 13, ILLINOIS 

New York • Los Angeles • San Fran cisco - Charlotte, N. C. • Den ver • Toron to 
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Serving New England 

VOLPE CONSTRUCTION COMPA.NY 
BUILDERS 

54 Eastern A venue, Malden, Massachusetts 
JOHN A. VOLPE, President 

WEST END IRON WORl{S 
CAMBRIDGE, MASSACHUSETTS 

Structural Steel 
Fabricators and Erectors 

Reproduction processes • Blueprints 

· Drawing Materials • Photostat Copies 

ANDREW T. -JOHNSON 00. 
15 Tremont Place, Boston 8, Mass. Telephone 

CApitol 7-1618, 1619 Branch 103 Newbury Street 

Trade Mark 
Reg. U. S. Pat. Off. 

Gale Systems for conserving industrial water and oil 
and prevention of waste acid and oil pollution. Gale 
Engineers will welcome an opportunity to cooperate with 
consulting engineers and industrial engineers on these 
problems. 

GALE OIL SEPARATOR COMPANY, INC. 
52 VANDERBILT AVENUE, NEW YORK 17, NEW YORK 

Telephone: Murray Hill 4-1890 
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PITISBURGH PIPE CLEANING CO. 
OFFERS 

All the Answers to Your Pipe Maintenance Problems 
A ~OMPLETE REHABILITATION PROGRAM 

FOR YOUR WATER MAINS AND SEWERS 
INDUSTRIAL WASTE CONTROL SURVEYS 

133 Dahlem St., 
PITTSBURGH 6, PA. 

308-9 United Bldg., 
43 Leon Street 

BOSTON 15, MASS. 

~ 
~ 

BU IL DE RSa. PROVIDENCE 
~~ 

FOR FLOW MEASUREMENT AND CONTROL 
LIQUID .a. AIR .a. DRY MATERIALS 

For bulletins, address Builders-Providence, Inc., 
(Division of Builders Iron Foundry), 

Providence 1, R. I. 
PHONE Providence, GAspee 1-4302 

Boston, Liberty 2-7171 

B~ I LDERS" PROVIDENCE. 
~~ 

MAl{EPEACE ... the Name to Remember 
When You Need 

Engineering & Architectural Equipment & Supplies, Drawing 
& Art Materials, Surveying & Drafting Instruments 

Speedy, Dependable Service Mail and Phone Orders 
COpley 7-2700 

HALF A CENTURY OF PROGRESS 
It's over a half a century-fifty-four years to be exact-since the day the HEFFERNAN PRESS made its feeble start. That each year since then has shown an increase in the volume of business over the previous year should prove that we have kept pace with the times. 

THE HEFFERNAN PRESS 
150 FREMONT STREET, WORCESTER, MASSACHUSETTS 

Printers to 
Boston Society of Civil Engineers 
and OTHER good publications. 
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