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DETAILS OF DESIGN WITH TIMBER CONNECTORS 
Bv ALBERT G. H. DrETZ* 

(Presented at a meeting of the Designers Section of the Boston Society of Civil Engineers 
held. on October 13. 1943.) 

Recent investigations into the behavior of splitting timber con
nectors in various combinations arid in various types of timber joints, 
coupled with the recently issued Directive 29 of the War Production 
Board, have introduced new procedures into the design of joints 
employing timber connectors. It is the purpose of this paper to illus
trate the new approach by a few examples of detailed design. 

As illustrated in Fig. 1, split-ring timber connectors consist of 
steel rings, split at one point in their periphery, which are fitted into 
pre-cut, matched grooves in adjacent timbers. Since one-half of the 
ring is embedde·d in each member, it is possible to transmit stress 
from one timber to the other and, as shown in Fig. 2, loads may be 
parallel, perpendicular, or inclined to the direction of grain. If P 
represents the allowable load on a ring loaded parallel to the grain 
and Q the allowable load perpendicular, the permissible load at any 
angle O formed by the direction of load and the direction of grain is 
fotmd by the Hankinson formula 

PQ 
Po=----------

p sin2 0 + Q cos2 0 
(1) 

Allowable loads on rings depend not only upon the angle of load 
to grain, but upon wood species, duration of load, the moisture con
tent of the wood at the time of fabrication, the expected moisture 

~Assist~rnt Professor of Structural Design and i\faterials, Department of Building Engi• 
~eering and Construction, i\1assachusetts Institute of Technology, Cambridge, l\fass. 
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FIG. L 
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(c) 
FIG. 2. 
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content during use, the thickness of timber, and whether rings are in 
only one or in both faces of a timber. Except for the latter two, no 
attempt will be made in this paper to evaluate these variables; they 
govern the load which may be placed upon a ring but do not otherwise 
affect the design procedure. 

EDGE ANO END DISTANCES 

If a connector is to sustain its full rated load, there must be 
enough wood in its vicinity to absorb and distribute the stresses. In 
Fig. 2 ( a) the edge distances a, and end distances 'b must be adequate. 
Distance a is the same whether P is tension or compression, but b 
must be greater if P is tension than if compression, since tension 
tends to pull the ring out through the end of the member. In Fig. 
2 (b) the load Q (governed by the side timber, loaded perpendicular 
to the grain) tends to push the ring through the lower edge of the 
horizontal member. The compression edge distance a' must therefore 
be greater than the edge distance a which is the same as in Fig. 2(a). 
Compression end distance b in Fig. 2 (b) can be less than in 2 (a) be
cause Q is less than P. If the direction of Q is reversed, the positions 
of a and a' are also reversed and the end distance b becomes that 
required for a tensile load of magnitude Q instead of a comprehensive 
load. The same general reasoning holds for Fig. 2 ( c), except that as 
0 becomes smaller than 45°, required compression edge distance a' 
also diminishes until it becomes equal to a when 0 is 0°. End distance 
b is intermediate between Figs. 2 ( a) and 2 (b) because Po is less than 
P but greater than Q. 

If horizontal members are cut off as· shown in Figs. 2 (b) and 
2 ( c), the end distance c must be kept large enough to prevent splitting. 

When rings are not fully loaded, as usually occurs, end and edge 
distances may be reduced. 

The foregoing observations may be illustrated, using a 4-in. split 
ring as an example, by reference to Figs. 4 and 5. Fig. 4 is a solu
tion of Equation ( 1) for allowable loads on 4-in. split rings employed 
under the conditions noted. Fig. 5 gives the required spacmgs and 
end distances of 4-in. split rings. 

1. Edge Distance. (Fig. 4) 
In Fig. 4 are given two sets of curves for allowable loads on '4-in. 
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split rings, one for full edge distance and one for minimum edge dis

tance. Interpolated between the maximum and minimum curves are 

curves for edge distances varying by ¼-in. intervals. Minimum is 

2 ¾ in. This is also standard for O equal to 0°. If O is 45° to 90°, 

a' must be 3¾ in., for full load P11, but a' may be reduced to 2¾ in., 

if Q in equation ( 1) is reduced to 83 per cent. For edge distances 

between 2 ¾ in. and 3 ¾ in., allowable load varies linearly between 

the two curves. For O varying from 0° to 45°, the required edge dis

tance a', for full load Po, varies linearly from 2¾ in, to 3¾ in., but 

if the edge distance actually is less than a', the allowable load is 

reduced accordingly. 
In Fig. 2, for example, a is 2 ¾ in. in all instances. In 2 (a), a' 

is 3¾ in. if Q is full load, but only 2¾ in. if Q is reduced to 83 per 

cent. If Q is 90 per cent, a' must be 

2¾-:J- (
9
0-

33
) X 1=2¾+0.41=33/16 in. 

(100-83) 
In 2(c), if O is 30°, for example, a' need only be 3.42 or 3 7 16 in., 

but if P11 is only 90 per cent of full allowable, a' can be 2 ¾ in. If 

Po is 95 per cent of full allowable, a' must be 
2¾ + 5/10 (3 7/16- 2}~) 

or 3,½ in. 
2. End distance. (Fig. 5) 
(a) Tension. For any angle of load to grain, if a ring is loaded 

in such a manner that some component of the load tends to push the 

ring out through the end of the piece, it is considered to be in tension, 

and the required end distance for full load P, Q or Po is 7 in. If the 

end distance is reduced to an absolute minimum of 3¼ in., the allow

able load must be reduced to 62 .5 per cent or less. For intermediate 

end distances, the allowable loads vary linearly. In 2(a), for example, 

if b is 7 in., P can be 100 per cent, if b is 3 ¼ in., P is reduced to 

62.5 per cent or less, if b is 5 in., P is reduced to 78.5 per cent. In 

Fig. 2 ( c), if Po is full allowable at angle 0, c must be 7 in., if Po is 

reduced to 62 .5 per cent or less, c may be only 3 ½ in., or if Pn is 
reduced to 78.5 per cent, c may be S in. Similarly, in 2 (b), c may be 

7, 3,½ or Sin., for Q equal to 100, 62.5, and 78.5 per cent respectively. 
(b) Compression. If a ring is so loaded that it does not tend 

to push out through the end of a piece in which it is embedded, it is 

considered to be in compression. Three conditions arise, 0 equal to 0°, 

0 equal to 90°, and O lying between 0° and 90°. 
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1. 0 equal to 0°. Fig. 2 (a). For full compression load P, b 
must be 5½ in. but can be reduced to 3¼ in., if Pis reduced to 62.5 
per cent or less. For intermediate values o_f P, b varies accordingly. 

2. 0 equal to 90°. Fig. 2 (b). This is the same as tension at 
0 = 90°, and the distance c must therefore be 7 or 3 ,½ in., depending 
upon ·whether Q is 100 or 62.5 per cent. For intermediate va.lues of 
Q, c varies accordingly. • 

3. 0 lying between 0° and 90°. Required end distances c vary 
linearly with 0 between the conditions required for 0 equal to 0° and 
() equal to 90°. 

CENTER-TO-CENTER SPACING 

If pairs of rings (Fig. 3) are employed, the observations just 

(.b) (cl 

(d) 

FIG. 3. 



FIG. 4.-CHARTS OF ALLOWABLE LOADS ON 4-rnCH SPLIT RrnG TIMBER CONNECTORS 
11' GROUP B SPECIES, AIR-DRY IN OUTER THREE-QUARTERS INCH OF THICKNESS AT TIME 

OF FABRICATION, IN STRUCTURES CONTINUOUSLY LOADED FOR MORE THAN THREE MONTHS, 
IN -LOCATIONS PERMITTL'IG TIMBERS TO REMArn IN AN AVERAGE AIR-DRY CONDITION. 

CHARTS ARE SOLUTIONS OF EQUATION (I), FOR FULL,. MINIMUM, AND INTERMEDIATE 
EDGE DISTANCES, AND FOR TIMBERS OF DIFFERENT THICKNESSES WITH RINGS IN ONE OR 

BOTH FACES. 
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made with respect to edge and end distances still apply, but., in addi
tion, the center-to-center distances, or spacings, of adjacent rings 
must be great enough to develop the rated load-carrying capacity of 
the rings. Spacings depend upon the angle of load to grain a~d upon 
the angle formed by the ring axis, or line joining the centers of ring
pairs, with the direction of grain. 

1. Load Parallel to Grain. Figs. 3 (a), (b), ( c). 
Figs. 3 (a), (b), ( c) illustrate the three cases of ring-pairs loaded 

parallel to the grain. The spacing d, ring-axis parallel to grain, is 
greater than spacing e, ring-axis perpendicular to grain because in the 
first instance the rings tend to shear out along the same line. If the 
ring-axis forms an angle qi which is neither 0° nor 90°, as shown in 
Fig. 3 ( c), the spacing / is found from the equation of an ellipse 

de 
j = -;:::=========:=======-v d 2 sin2 qi + e2 cos2 qi 

( 2) 

For a 4-in. split-ring, the ellipse for loading parallel to the grain is 
curve A, Fig. 5. Spacing dis 9 in., spacing e is 5 in., and for 9 equal 
to 30°, for example, j is 7 ¼ in. 

2. Load Perpendicular to Grain. Figs. 3(d), (e), (f). 
In Fig. 3(d), the vertical member is loaded parallel to grain, 

qi is 90°, and spacing is, therefore, e. The horizontal member is loaded 
perpendicular to the grain, qi is 0°, and spacing is therefore d. In the 
horizontal member the angle of load to grain is 90°, and d can be less 
than for 0° loading. For a 4-in. split ring (Fig. 5), spacing e, curve A 
is required for the vertical member. Spacing d, curve E, angle of load 
to grain 90°, is required for the horizontal member. Both spacings 
are 5 inches. 

In Fig. 3 ( e), the horizontal member is loaded perpendicular to the 
grain (0 = 90°) and the ring axis qi is also 90°. Curve E, spacing e, is 
therefore required and is found to be 6 in. Vertical member is loaded 
parallel to grain (0 = 0°) and the ring axis qi is also 0°. Curve A, 
spacing d is therefore wanted, but must be modified because the load 
Q is less than the full allowable P parallel to grain. Inasmuch as Q 
is 69.5 per cent of P (Fig. 4) and therefore less than 75 per cent of 
P, curve F comes into the picture and the spacing can be 5 in. in the 
vertical member. Final spacing, therefore, is the 6 in. required in the 
horizontal member. 
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In Fig. 3 ( f), the ring axis forms an angle 4> 1 with the grain of the 

horizontal member and 4>~ with that of the vertical. If 4> 1 is 30°, for 

instance, the spacing / in the horizontal member is found, from curve 

E, angle 30°, to be 5 3/16 in. Since 5 in. is sufficient for the vertical 

member, the final spacing / is 5 3/16 inches. 
3. Load Inclined to Grain. Figs. 3(g), (h), (i). 
In 3 (g), rings in inclined member are loaded parallel to the grain, 

0 is 0°, but the ring axis forms an angle 4> with the grain of the in

clined member. Spacing / is governed by the allowable load per ring 

and by angle 4>. For example. if 0 is 30°, the allowable load per ring, 

P11, from equation ( 1) or Fig. 4, is 0.9P. In the inclined member the 

distance / ( Fig. 5, 30° line, curve A) is 7 ¼ in. for full allowable load 

P. Inasmuch as the actual load P11 is 0. 9 P, the corrected spacing / is 

found by direct interpolation along the 30° line between curve A 

( lOOo/c P) and curve F ( 7 5 7o P). Corrected spacing / is found to be 

6.35 in. or 6¾ in. Rings in the horizontal member are loaded to 

capacity (Po= 0.9P) at 0 equal to 30° and 4> equal to 0°. Intersection 

of t)Je 0° line and curve C gives the spacing d as 7 in. Final spacing, 

therefore, is 7 in. controlled by the horizontal member. 
In 3(h), if 0 is 30°, P11 is 0.9P. In the inclined member 0 and¢ 

are both 0°. Curve A and 0° line show spacing for full load to be 9 in., 

but P11 actually is 0.9P. Interpolation along line 0° between curves A 

and F indicate that the required spacing in the inclined member is 

7.4, or 7 7/16 in. In the horizontal member 0 and 4> are both 30°. 

Intersection of the 30° line and curve C yields 6 ,½ in. required 

spacing / in the horizontal member. Finai spacing, therefore, is 

7 7 /16 in., controlled by the inclined member. 
In 3 (j), suppose 0 is 30°, 4> 1 is 20°, and <i>~ is 10°. In the inclined 

member, f for full allowable ,load P is 8¾ in. (intersection of 10° line 

and curve A). Interpolating between this point and curve F, spacing 

/ for P11 = 0.9P is found to be 7 ¼ in. In the horizontal member full 

allowable load is 0.9P. Spacing /, therefore, is the intersection of the 

20° line and curve C, or 6¾ in. Final spacing, therefore, is 7 ¼ in., 

controlled by the inclined member. 
End and edge distances for all the cases illustrated in Fig. 3 

are found as previously described. In Figs. 3(g), (h), (j), for exam

ple, a is 2¾ in., a' is 3 7/16 in., and c is 7 in. because the direction of 

Po is such as to tend to push the end ring out through the encl of the 



10 BOSTON SOCIETY OF CIVIL ENGINEERS 

side member. If Po were reversed in direction, c would be 6 m., as 
found by linear interpolation between 5 .½ and 7 in., 

· 30 
C = 5_½ +-- (7-5_½) = 6 in. 

90 
in Fig. 5. Since Po is only 0.9P, end distance bis 3¼ + 0.9(5,½-3¾) 
= 5 ¼ in. When the end of a compression ot tension member is cut 
(?n a bias, as in Figs. 3 (g), and 3 (j), the end distance b is measured 
from the midpoint of the radius of 'the ring normal to the center line 
of the member. 

ILLUSTRATIVE EXAMPLE 

The foregoing observations may be iliustrated by designing the 
heel and peak joints in the Belgian truss shown in Fig. 6. Without 
going 1nto an extended analysis of possible combinations of members; 
it will be decided to use two-member· chords, single-member compres
sion web diagonals placed between chord members, and two-member 
tension web diagonals placed outside the cho·rds. Material selected 
will be Group 2 softwood, 

E = 1,600,000 # /p.s.i. 
f = 1,700 #/p.s.i. 

c1 i = 1,325 #/p.s.i. 
CJ.= 455 #/p.s.i. 

s = 145 #/p.s.i. 
as specified by W.P.B. Directive 29. 

LOADS IN POUNDS 
0 
0 
0 
Q 

FIG. 6. 



DESIGN WITH TI:MBER CONNECTORS 11 

Allowable loads on connectors for Group 2 species will be those 
given in Fig. 4. · 

The top chord is a spaced column 
length between purlin points is 11.2 ft. 

whose laterally unrestrained 
For 4 in. nominal thickness, 

11.2x12 
Lid is ----= 36.8. 

3.63 
Allowable compressive stress for this 

spaced Euler column is 820 p.s.i.* The heaviest chord stress is 56,000 
lb., and 68.5 sq. in. of cross-section are required. Two 4"X 10" 
(nominal) are sufficient. The second compression diagonal is a simple 
column having the sam'e Lid. It is found that a nominal 4"X 12" ,vill 
carry the load. Consequently, all compressiqn diagonals will be 3 ¾ in. 
thick, as will all internal splices. Top chord sizes usualJ:y are deter
mined ·by their maximum compressive stresses, sizes of other mem
bers often depend upon the details at the joints. 

- 1. Heel (Fig. 7) 

FIG. 7. 

Since web members are to lap over the chords, upper and lower 
chords must lie in the same plane. At the heel, therefore, lower chord 
members are cut off underneath upper chords, and connection is made 
by one internal and two external splice plates. Top chords are 

*See \V.P.13. Directive 29 or "\Voocl•Co1umns. Safe Loads," Supplement No. 4 to \Vood 
Structural Design Data, National Lumber i\lanufacturers Association, \Vashington, D. C. 
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allowed to project below the splice plates and to rest directly on bear
ing plates, so that the total vertical load is carried 'directly into the 
reaction. Rings transmit only the horizontal component, or lower 
chord stress. 

Computations are made to determine number of rings, edge dis
tances, end distances and spacing. In all of these computations, re
quirements for chords and splice plates must be considered separately. 
The final spacing of rings in chords and splices is the largest required 
by either. · 

After the joint has been detailed, it is checked for net section 
of timber remaining at the critical points after grooves and bolt holes 
are subtracted. In the lower chord this occurs at the right-hand ring 
in the lower-chord-splice joint, where total tension is transmitted. 
The net area of timber remaining, multiplied by the constants in 
Table 2, gives the _allowable tensile stress in the timber. In the upper 
chord the critical section occurs at the right-hand ring in the upper
chord-splice joint, where total compression is transmitted. Net sec
tion is muitiplied by the allowable compressive stress intensity to find 
the total allowable compressive load. Although the net section check 
in compression members is usually omitted, conservative practice in
cludes it. 

TABLE 1.-SIZES AND CROSS-SECTIONS OF TIMBERS, ILLUSTRATIVE EXAMPLE 

Dimensions Cross-Section 
Size m. sq. in. 

2X6 l¾X5¾ 9.14 
2X8 l¾X7¼ 12.19 
4X6 3¾X5¾ 20.39 
4Xl0 3Ys-X9¼ 34.44 
4X 12 3¾X 11½ 41.69 

Projected Area of Connectors and Bolts, ·square Inches 

Rings 

One Face 
Two Faces 

4-in. Split Ring 
¾-in. Bolt 

Thickness of Timber 
1%" 2%" 3¾" 

3.09 
4.97 

3.84 
5.72 

4.59 
6.47 
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TABLE 2.-CONSTANTS FOR DETERMINING NET CROSS-SECTIONAL AREA REQUIRED 

IN TENSION 

Type of Thickness 
Loading of Wood 

Permanent 4" or less 
over 4" 

Snow 4" or less 
over 4" 

Wind or 4" or· less 
Earthquake over 4" 

Computations are as follows: 

Allowable load per ring (Fig. 4) 
o =0°, P = 5735# 
0 = 26°, Po= 5250# 

Number of rings required, 
50,000#/5250# = 9.5. Use 12 rings 

at 79% capacity in upper chord ((i = 26°) 

Group B 
Species 

. 0.0004i 
0.00059 

0.00041 
0.00051 

0.00031 
0.00039 

at 73% capacity in splice and lower 0 chord (0 = 0°) 

Upper Chord Design 
Edge distances ( Fig. 4) 

a·= 2¾" 
a'= 2 13/16" (Compression, O · 26°) 

End distance (Fig. 5) 
bo. 4¼" (Compression, 0·= 26°) 

( measured from point 1" out on radius of ring)° 
Spacing, 0 = 4l = 26° (Fig. 5) 

lOO°lo capacity, / 100.= 6¾" 
75% capacity, fn = 5" 

79% capacity,/ 
1 

5 + - 4
- (6¼-5)- = 5 5/16" 

· 25 . 
Splice Plate Design 

Connection to upper or lower chord. 
Edge distance,, a = 2 ¾" ( Fig. 4) 
End distance, tension, 73%, b = 4,½" (Fig. 5) 

(measured from point 1" out on radius on ring) 
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Spacing, 0 = 4> = 0° (Fig. 5) 
73% load, d = 5" 

Final Ring Spacing 
f = 5 5/16", upper chord to splice plate. 
d = 5", lower chord to splice plate. 

Net Sections 
Top Chord . 

At critical point, 2 ring grooves and bolt hole are cut out. 
Projected area (Table 1) is 6.4 7 sq. in. per chord member 
Net cross sectional area of top chord •is 55.94 sq. in. 
Allowable compressive stress "_intensity is 132 5 p.s.i. 

56000 . 
Actual conipressive stress intensity is --- = 1000 p.s.1. 

55.94 
Section is adequate 

Bottom· Chord 
At critical point, 

Net cross-section area remaining in bottom chord is 2 7 .84 
sq. in. 

Net cross-sectional area remaining in 2-2X6 and 1-4X6 
splice is 26.02 sq. in. 

Required cross-sectional area (Table 2) is .0004 7 X 50,000 = 
23.5 sq. in. · 

Sections are adequate. 

Bearing Plate . , 
Width= 10¾" if centered on 30,000# reaction under intersection 

of 30,000#, 56,000#, and 50,000#. 
Allowable bearing on ends of upper chords, 0 -:-- 64 ° 

1325 X 455 
Co=---------= 525-it/p.s.i. [equation (l)] 

1325(0.8 + 455(0.2) 
30,000 ...:_ 9 #/ . Actual bearing =.------- - 3 0 p.s.1. 

2X3.63Xl0.63 ·. 
Plate could be made only 8" wide, but must be large enough to 

spread load on supp·ort. 
2. Peak (Fig. 8) 
The arrangement calls for diagonals outside of the chords, and 

a splice plate inside. Diagonals transmit 12,800 pounds at 45° to the 



DESIGN \VITH TEvIBER CONNECTORS 15 

grain of the chord, splice plate transmits 30,000 pounds at 26 ,. to the 
grain of the chord. Loads in diagonals and splice are necessarily 
parallel to the grain. 

Center lines n and m of diagonal and chord are first drawn (Fig. 
8), and edges of chord are drawn. Gage line a/ and a'.!.' are drawn. · 
(See computations below.) Rings 1 and 2 must lie within these lines. 
Spacing fa cannot be maintained if rings 1 and 2 are on center line n. 
The rings are therefore placed ¾ in. off center as shown, and distance 
b1 is thereby also satisfied. The small angle 4> 1 makes no essential 
difference in spacing 1-2. Diagonals must consequently be 2"X8". 
minimum. Final location of 1 and 2 is therefore as shown, if ring 1 
is on gage line a1 '. End distance c~ fixes the end of the chord. Spacing 
fr, and distance b'.!. locate ring 3 and the end of the splice plate. Splice 
plate must be 4"X 12" to satisfy edge distances for rings 1 and 2. 

Computations are as follows: 

Allowable load per ring (Fig. 4) 
o = 0° P = 5735# 
0 = 26° Po= 5250 
0=45° Pn=4720 
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Diagonal to Chord 
. Stress = 12,800#, O = 45° 
Number of rings= 12,800#/4720# = 2.7 

Use 4, at 68% capacity in chord (0 = 45°) 
at 56% capacity in diagonal (0 = 0°) 

Edge distances (Fig. 4) 
Diagonal, a= 2 ¾" . 
Chord, a/= 2¾" (Compression, 0 = 45°, Load= 68%) 

End distances (Fig. 5) 
Diagonal, .b1 = 3¼" (Tension, Load= 56%) 

(measured from point 1'' out on radius of ring) 
Chord, c1 = 3 Ji'' ( Compression, Load = 68 % ) 

(measured from point 1" out on radius of ring) 
Spacings, Rings 1-2, Load less than 7 5 % capacity 

Diagonal and chord, d 1 = / 1 = 5" 

Splice P?ate to Chord 
Stress= 30,000#, O = 26° 
Number of rings= 30,000/5250 = 5.7 

Use 6, at 95% capacity in chord (0 = 26°) 
at 87% capacity i_n splice plate (0 = 0°) 

Edge distances (Fig. 4) 
Splice plate, a = 2 ¾" 
Chord, a,:= 3¼" (Compression, 0 = 26°, Load= 95%) 

End distan~es ( Fig. 5) ' 
Splice plate, b~ = 5¾" (Compression, 0 = 0°, Load 87%) 

(measured from point 1" out on radius· of ring) 
Chord, c~ = 5¾" (Compression, 0 = 26°, Load 95%) 

Controls 
Spacing (Fig. 5) 

Rings 1-2 
Splice plate, 0 = ·0°, qi = 71 ° 

71° line and Curve A, f (100%) = 5 5/16" 
. J~ (87%) = 5¼" 

· Chord, 0 = 26°, qi= 45° 
45°. line and curve 26° (interpolated) 

f (100%) = 6¼" 
!~(95%)=6" Controls 
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Rings 1-3, Trial and error, positions shown on sketch are found: 
Chord, 0 = 26°, cp = 29° 

29° line and 26° curve, f (100%) = 6¾" 
/4 (95%) = 6¼" 

Splice plate, O = 0°, cp = 3 ° 

3 ° line and 0° curve, f ( 100'.fo) = 9" 
. j 3 (87%) = 7" Controls 

Ring 3 is placed to conform with requirements J~ = 7" and 
b -S¾·,, ~ - 4. 

Spacing 2-3, by measurement, = ll" and is easily satisfactory. 
Edge distances ax in splice plate, checked by measurement, 

are more than 2¾", and are satisfactory, if splice plate is 
4"Xl2". 

1Vet Sections 

Chord. Same net section as at heel, load less, therefore satis
factory. 

Diagonal. Each diagonal has one ring and bolt removed at criti
cal section (Ring 1). Net area is 18.20 sq. in. (Table 1) · 
Required cross-sectional area (Table 2) is .0004 7 X 12,800 = 
6.05 sq. in. 
Two 2 x 8 are satisfactory. 

Splice Plate. 
Critical section is at rings 2. Two ring grooves and one bolt 
removed. 
Net section is 35.22 sq. in .. 

30,000 
Required cross-sectional area=----= 22.6 sq. in. 

1325 
Splice plate is adequate. 

\Vorking drawings would require all bolt holes to be located· by 
measurements from ends and edges of individual

0
pieces. These sup

plementary dimensions have been omitted to avoid confusion. 
The same general procedures are followed at all other joints and 

. splices. It is entirely probable that the second lower chord joint will 
· require the 12,800 diagonals to be enlarged to 2" X 12'' in order to 
find space for enough rings. Such an increase would not affect the 
peak joint. Other joints might call for other changes in sizes, but 
would not necessarily affect the joints already designed. 
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A PRACTICAL FORMULA FOR THE FLOW OF 
-WATER IN PIPES 

Bv WILLIAM F. COVIL, Member* 
I 

Prese·nted at a meeting of the Hydraulics Section of the Boston Society of Civil Engineers 
held on November 1, 1944.) 

Many of the complicated exponential formulae for calculating 
the lost head for the flow of water in pipe lines can be reduced to 
some constant, times the quantity flowing raised to some power· 

h1 = constant Q-" 
In a previous papert 1 presented to- this society, the writer has 

reduced all of the well-known exponential formulae and solved them 
for• the exponent x. These values are repeated in Table 1, for con
venience of ready reference. 

. With the above general relationship in mind, the writer set out 
to derive a formula which would contain the least number ~f terms 
to satisfy the fundamental requirements of: water to be delivered, 
pipe to· carry it, _and energy to get it there. · 

It was desired to make the formula as practical as possible from· 
the standpoint of use and of ease in applying test results, and without 
resorting to complicated theqry and mathematical derivation. 

The following new formula is proposed for the flow of water in 
the turb.ulent range as given by Equation 1 and its corollary Equ_a
tion 8, based on the fundamental equation as given above, in terms 
as previously defined. 

where 
(1) 

h1 is the pead loss in feet per thousand feet of pipe, kv is 
the friction characteristic for reasonably ~traight pipe and 
is the head loss in feet per thousand for a flow of 1 c. f.s. 
Q is the quantity actually flowing in the pipe line in cubic 
feet per second. 

*Senior Hydraulic Engineer, ~ietropolitan District \Vater Supply Commission, 20 Somerset 
Street, Boston, l\lassachusetts. 

tNumbered references listed at the end of the paper. 
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TABLE 1.-VALYES OF X IN EQUATION !tr = kQ' 

" "' "' "ii= 4J g OJ 0 

" _g -"" > g, 
C ~ = -0 ..:: <ll.9, ,,_ "' 
C ~ ~ C. 

~"'O -0 " " en 2 -0 

,::: ..= .,::; <] . Q.);:: ~ 
::: 

Originator of " <! ~< s::< ~ 
~~ .,; ,.- " 8-: Formula or "' -::, "' ;;:: , " "'O ~ -==~ 5 " "" - " "o, -o > i:: Experimenter u zu OU < zu Ou i:::: ;; u -- " < 

Chezy 2.00 
Lampe 1.80 
Fanning 2.00 
Reynolds 2.00 1.85 
Unwin 1.95 2.00 1.85 1.87 

Manning 2.00 
Flamant 1.75 
Tutton 1.96 1-,96 1.96 1.81 · 1.96 1.96 1.96 
Saph-Schoder 1.74 
Williams-Hazen 1.85 

Williams 1.87 
Lea 1.93 2.00 1.78 2.00 2.00 1.80 
Moritz 1.80 
Biegeleisen 1.90 1.80 
Barnes 1.95 1.89 1.73* 
,vegmann-Aeryns 1.86 
Scobey 1.90 2.00 1.80 

Average 1.90 1.96 1.95 1.81 1.85 1.96 1.89 2.00 1.82 1.87 

-11- A ,·erage value. 

The term Q best represents the water, the terms k.1, and x repre0 

sent the pipe to carry it and h1 represents the energy necessary to 
deliver it. · 

The following relationships have been established: 
1. The term kP varies with the diameter of pipe, but is con

stant for a given diameter and unaffected by quantity. 
2. The exponent x varies with the type of pipe and is, there

fore, affected somewhat by the condition of the interior 
surface and by jointing in a pipe line but for the :5ame type 
of new pipe is unaffected by diameter over a practical range 
of quantities. 

In the derivation of the new formula and in order to substantiate 
these relationships use is made of the Darcy equation, which is be
lieved to be· fundamental, for a starting point. 
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In 185 7, Darcy~ expressed the Chezy formula for the flow of 
water in pipe lines. 

jL 
hr=--

D 

v2 

This formula has appeared in nearly all textbooks on hydraulics 

from that time on and has generally been accepted as fundamental 

for the flow of water in pipe lines. To the writer's way of thinking, 
it is based on simple, common sense as so ably expressed by :Mans
field Merrimana in 1889, in recommending the Darcy formula, where 

he states that the five fund<1n_1ental laws of flow are as follows: 

1. The loss of head in friction is directly proportional to the 
length of the pipe. 

2. It is inversely proportional to the diameter of the pipe. 
3. It increases nearly as the square of the velocity. 
4. It is independent of the pressure of the water. 
5. It increases with the roughness of the interior surface. 

To this we can now add: 
6. It increases with viscosity, and therefore inversely with 

temperature. . 
This formula fell into general disuse in the practical field of 

hydraulics because it was found that the friction factor / not only 
varied with the type of pipe and the diameter but also with the velocity 

and consequently with Q. 
This had the effect of discrediting to some extent Darcy's original 

determination of the friction factor /. The net result was th:1.t differ
ent hydraulicians as for example Hazen-,villiams, Kutter and others 
were encouraged to experiment with exponential formulae. 

With the advent of dimensional analyses and Reynolds' Number, 

in recent years the Darcy equation was again held to be valid but 
the "bugaboo" of Reynolds' Number arose to haunt practical hydrau

licians. With one assumption as far as theory is concerned, namely, 
that the temperature of the water remains constant at 55° and a dis

regard of temperature in test results, Reynolds' Number can be elimi

nated. This is not an unusual procedure since no other wholly prac
tical formula eve·r attempted to include the effect of temperature, as 

far as water for domestic. use is concerned. 
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The Darcy formula may be reduced by the substitution of k for 
the constants to the expression 

h1 = kjQ2 (2) 
It will be noted that k is used in this instance instead of C for 

the coefficient as in the writer's previous paper before this socie'ty, so 
as to. avoid any possible confusion with the C in the Hazen-W{lliams 
formula. · 

Dimensional analysis has shown that j in the Darcy Equation 
is a function of the Reynolds' Number which is dimensionless in any 
consistent set of units. · 

4Q 
RC=-'----

rtDV 

Since the term Q appears in Reynolds' Number and therefore 
affects the friction factor f, it is apparent that we cannot separate 
f from Q in Equation 2 without acknowledging that we have some
what changed the exponent of Q. In fact without some assumption 
it is impossible to legitimately separate f and Q at all. 

If we consider that the temperature of the water, and therefore 
kinematic vis!=osity, remains constant then j is the function of some 
constant k1 and Q to some power. It does not follow that this is the 
first po)Ver of Q as in the Reynolds' Number since / is merely a func
tion of the Reynolds' Number. Since j decreases with increases _in 
Reynolds' Number, the exponent of Q would have a minus sign. 

f =1=· kl Q-" 

f=I=~ 
·. Q" 

or 

The friction factor f. piotted against Q 
plots as a ·straight line verifying the above 
clearly demonstratec;l by Fig. 1. 

(3) 

(,3A) 

oh logarithmic paper 
relationship. This is 

In the Darcy Equation f is a dimensionless number. In Equa
tion 3A, it appears that f is given dimension by the fa.ct that Q 
ostensibly has dimension. In order to make the left and right _side 

1 
of Equation 3A equal to each other, I am assuming that -~- m 

Q" 
Equation 3A is merely a numerical friction equivalent of the 
effect of turbulence due to the quantity. flowing, and Q is not 
in the dimensional te~ms of the Q in the ,Darcy formula. Therefore, 
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in order to modify the Q in the Darcy formula by this value of Q" · 
in a legitimate manner, it must be shown that Q" is constant for any 
given Q and therefore dimensionless, for a given type of new pipe 
irrespective of diameter. From an analysis of actual experimental 
tests the writer has verified the fact that Q" for a given Q is approxi
mately constant for any diameter of a given type of new pipe as 
will be shown later. · 

. 'It will be noted that the Reynolds' Number, and therefore f, is 
also a function of diameter and since the exponent "a" does not vary 
with diameter the coefficient k1 assumes the function of diameter 
in Equation 3A. This is important because it indicates that k1 theo
retically is a real measure of the skin friction due to the pipe walls. 

k1 is a dimensionless coefficient varying approximately con
stantly with diameter and ihcreasing with the rougher types of pipe. 
This is shown on Figs. 2 and 3. It is obviously not a measure of the 
total friction in a pipe line but since the influence of quantity and 
therefore turbulence has been removed in the main by separating out 

-
1

- in Equation 3A, the writer contends that it is a better measure 
Q" 

FIG. 3. 
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of the friction contributed by the pipe walls than the friction factor f. 
The writer believes that this analysis accomplishes the separating 
out of the factors which originally threw the Darcy formula into 
disuse as previously mentioned. 

Substituting Equation 3A in Equation 2 

k.kl .Q~ 
hf= Q" 

Combining exponents 
hf= k.kl Q2

-" (4) 
Let the exponent 2-a = x 
Then hf= kk1 Q' (5) 
which is in the general form to which all hydraulic formulae for flow 
of water in pipes may be reduced, as noted previously. Expressing 
Equation 3A in the logarithmic form 

log j = log k 1-a log Q 
this will be recognized as the equation of the straight line 

y = mx + b where a log Q = mx 
Taking the friction factor f, as plotted by O'Brien and Hickox4 

against Reynolds' Number for various types of pipe and by figuring 
the Q which goes with the Reynolds' Number, with temperatures of 
water held constant at 55°, f has been plotted against Q on log-log 
paper as shown on Fig. 1. 

The slope of the lines as shown on this figure give the value of 
the exponent "a" in Equation 3A. · 

This slope may be easily determined by measuring the rise and 
run of the line in inches with an ordinary scale,. 

rise in inches 
a=--------

run in inches 
Where the lines slope downward from left to right, as they all 

do on this chart, the sign of the slope is minus and the sign of the 
exponent "a" is min~s as given in Equation 3. 

The point where these curves projected, intercept the value of 
Q = 1, is the y intercept and gives· the value of the con_stant k1 . 

Values of a and k1 are given in Table 2 along with the values 
of the exponent x in Equation 5, as determined from x = 2-a. These 
values of k1 are plotted on Fig. 2. The values for average cast-iron 

· pipe fall on a very flat curve. Subsequent investigation indicates that 
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this line has the exponent of x equal to 1.88 which is the value of 
the exponents for all but the 96" pipe which has the exponent 1.8 7. 

TABLE 2 

Curve Exponents of Q Values of 
Designation Type and Size of Pipe a X k1 

D l" clean wrought iron 0.12 1.88 0.01S9 
D 2" clean galv. iron 0.12 1.88 0.0205 
D 4" ave. cast iron 0.12_ 1.88 0.0221 
E 2" clean wrought iron 0.12 1.88 0.01 79 
E 4" clean galv. iron 0.12 1.88 0.0195 
E 12" ave. cast iron 0.12 1.88 0.0221 

F 4" clean wrought iron 0.11 1.89 0.0183 
F 6" clean galv. iron 0.11 1.89 0.0192 
F 30" ave. cast iron 0.12 1.88 0.0235 
G 24" clean wrought iron 0.13 1.87 0.0207 
G 30" clean galv. iron 0.13 1.87 0.0215 
G 96" ave. cast iron 0.13 1.87 0.0249 

H 12" concrete 0.15 1.85 0.0401 
I 24" concrete 0.13 1.87 0.0293 
J 24" wood stave 0.11 1.89 0.0245 
K 48" wood stave 0.07 1.93 0.0190 
K 100" concrete 0.07 1.93 0.0202 

Since by finding the exponent for Q in Equation 3A the water has 
figur:atively· been removed from the pipe, the constant· k, might rea
sonably be expected to be a function of constant factors; diameter 
and type of pipe. The type of pipe when new ·defines the· average 
roughness of the interi.or surface in contact with the outermost layer 
of water.· The area of this surface for unit length is rcD. It would be 
common sense then to suppose that k 1 from tests as well as from 
theory is approximately a function of the diameter to the first power, 
and the figure indicates· that this is so for all practical purposes and 
the line may be considered to be straight over limited ranges of 
diameter- above 6". 

In •order to see if this rela.tionship holds true for any of the 
more generally accepted exponential formulae, value for k 1 were fig
ured· from the Hazen-Williams formula for values of C from 110 to 
140 for quantities of 2 and 100 m.g.d. respectively and plotted on 
Fig. 2. Above 30" diameter the plot is substantially a straight line . 
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and the values of k 1 are approximately constant for the wide varia
tion in quantity. The curves in general seem to conform to the 
proper shape. In the writer's opinion the values of k 1 are too high 
but this is compensated by a lower value for the exponent x. The 
curves tend to dip more sharply than they should near the X axis as 
shown by points not plotted and this is probably why the Hazen
Williams ·formula has not proven practical for small diamete~s. The 
values of k1 for clean, wrought iron and galvanized pipe of small 
diameter as obtained previously from the Darcy Equation indicate 
that the flat curve also holds good below the 30" diameter down to 
say 4" or 6". It is reasonable to suppose that this type of curve also 
holds true for older and more corroded pipe. From plottin~ test re
sults, tbe writer finds that corrosion of the pipe increases the skin 
friction and turbulence and therefore increases the coefficient k 1 and 
the exponent x, as would be supposed if the writei:'s general theory is 
correct. 

At the bottom of Fig. 2 are plotted the values of k 1 obtained 
from Scobey's formula for concrete pipe of the smoothest type., using 
his coefficient C, = .370 and with the exponent x = 2. The result is 
a flat curve in the opposite direction approaching a straight line as 
the diameter increases above 30". This curve is the same regardless 
of quantity. A curve based on the Manning formula is also shown on 
Fig. 2 for n = .012 and Q = 2 m.g.d_. This is the same general type 
of curve as for the Scobey forn1ula. 

The writer does not wish to cast any aspersions on the Hazen
Williams, th~ Scobey or the Manning formula since from his experi
ence all of these formulas will give excellent results with use based 
on a knowledge of their limitations. The curves on Fig. 2 do show 
however that the only formula which approximates what the writer 
considers to be the fum:Jamental relationship between friction and 
diameter is the Hazen-Williams formula. 

Below say 4" or 6" diameter the points obtained from considera
tion of the Darcy formula have a tendency to rise above the curve. 
This is also true from the results obtained from· experimental tests on 
small diameter commercial pipe. In the writer's opinion, the reason 
for this is that below say 6" diameter it is nor possible to obtain 
the same comparative smoothness of internal pipe surf.ace, and these 
points represent another curve for a rougher pipe. 
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• Going back to the Darcy Equation, we can solve for the value 
of the constant k in Equation 2, 4 an<_:l 5. 

k = .0252 L 
D5 

and since L' = 1000' in Equation 1 
25.2 

k=----

TABLE 3 

Size of Pipe Size of Pipe 
Inches log k Inches log k 

1 6.796839 30 9.411232-10 
11/2 5.916382 36 9.015325-10 
2 5.291688 42 $.680592-10 
2 ¼ 4.807142 48 8.390632-10 
3 4.411232 54 8.134869-10 
3¼ 4.076495 60 7 .906082-10 
4 3.786540 i2 7.510175-10 
6 2 .906082 78 7..336365-10 
8 2.281390 96 6.885482-10 

10 1.796839 102 6.753837-10 
12 1.400932 108 6.629719-10 
14 1.066210 120 6.400932-10 
16 .776243 138 6.097443-10 
18 .520475 144 6.005026-10 
20 .291697 174 5.594092-10 
24 9.895i82-10 

The logarithmic values of k are shown in Table 3 for various diam
eters of pipe for ready reference in making computations. This co
efficient has the function of providing for the constant factors, length 
and gravity; and o( dividing out. the facto~ D in the coefficient k1 

~nd the factor of area squared or -
1

- in Q~; thus keeping the equa-
D4 

tion dimensionally correct. Let the two constants k1 and k in Equa
tion 5 equal k,, and Equation 5 becomes Equation 1, the new equation 

k,, = k k 1 

and 

(6) 
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EFFECT OF MINOR LOSSES 

If there are no appreciable minor losses in a pipe line due to 
sharp bends, valves, transitions, intakes and outlets, etc., Equation 1 
times the length L in thousands of feet gives the head loss for the line 
as a whole. 

_H1 = k,, LQ' (7) 
where H 1 is the total head loss. 

It will be noted_ that kvL is k1 or the friction characteristic of 
the line . as a whole as defined iw the previous paper before this 
society. It is the total head loss for ;:1, flow of 1 c.f .s. 

k1 = k 1,L 
where L is the length of line in thousands of feet. 
and H 1 =k1Q" (8) 

If there are important niinor losses k1 is equal to the sum of all 
losses. 

k1 = kvL+k +k + etc. valves bends · 

The most satisfactory way of estimating minor losses is on the 
basis of some coefficient times the velocity head, or differences in 
velocity head, and data on these coefficients may be obtained from all 
hydraulic textbooks. 

When these losses are obtained they must be reduced to the 
head loss for Q = 1 c.f .s. and -then added together a:s shown in the 
previous equation. These losses are usually a small enough part of 
the total loss so that the error in reducing them to a loss of Q = 1 c.f.s. · 
on the basis of the quantities squared is negligible and this may be 
easily accomplished on the slide rule. Figure the head loss for the 
average Q 

then 
k 

valve, etc. = Head loss . 

Q~ 
\Vhere the conditions of the test are not known first hand the 

writer is reluctant to accept old tests on other than experimental pipe 
lines. Values for k,, and for the exponent x are valuable only when 
they represent results for reasonably straight pipe. This is a very 
important point to my mind and should not be casually brushed aside 
because there are no two pipe lines that are ever identical, and· to 
intimate, for example, that the Hazen-Williams tables will give the 
h

0

ead loss for a line which has a rather high percentage of minor losses 
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would be shear folly. The most you can say when the actual losses 
prove to be larger is that the coefficient was not selected properly and 
should have been lower. Tests are usually conducted for reasonably 
straight lengths but if this is not possible, the losses through valves, 
venturi meters, bends, transitions, intakes and outlets, etc., should be 
deducted from the total loss so far as practicable. The designer of a 
new pipe line is thus able to add any combination of the above minor 
loss factors into the head loss obtained from Equation 1 to obtain 
the loss for the line as a whole as given by Equation 8. 

Hmv TO OBTAIN THE EXPONENT x AND THE CoNSTANT k, FROM TESTS 

Assume that tests have been carefully conducted on a pipe of 
a given diameter and head losses in feet per thousand have been ob
tained for several different quantities in cubic feet per second flowing. 
A careful estimate should be made if possible of any minor losses 
which will have increased these head losses beyond the loss for rea
sonably straight pipe and these losses subtracted from the total loss 
for each quantity. 

Plot the head loss H 1 against the quantity Q on log-log paper. 
A straight line should result if the values are without error. A well 
conducted test by Arthur T. Safford in 1905 on 12" Tar Coated Cast
Iron Pipe is illustrated on Fig. 7. The slope of this straight line is 
obtained by dividing the rise of the line measured in inches by the 
run measured in inches, and this slope is the value of the exponent x. 

rise in inches 
x=--------

run in inches 
It is the writer's opinion that if the exponent x comes out greater 

than 2, the minor losses have not been subtracted or there is an error 
in the head losses or quantities. 

The value of the head loss H 1 where this straight line, projected 
in the proper direction touches Q = 1 is the value of kr It is not 
always possible to conveniently find k1 in this manner and perhaps 
the better way is to select a plotted point which definitely comes ex
actly on the straight line. Using the actual values of H 1 and its cor
responding Q, solve for k1 using the value of x just obtained 

H k -- __ !__ 
1- Q·' 



A PRACTICAL FOR:\H-!LA 29 

The value of kv is obtained by dividing k1 by" the length of the line in 
thousands of feet 

The value of k 1 is then obtained from Equation 6 and becomes an
other point to be plotted against diameter. 

A refinement of the above method is to obtain the percentage 
deviation of the calculated head losses from the observed head losses, 
using the value of k" and x just obtained. Adjust the value of x slight
ly to "straighten out" the positive and negative deviations. Finally 
adjust the value of k1 slightly to move all the deviations one way or 
the other so that the maximum positive and negative deviations are 
about the same. 

VARIATION OF kl WITH DIAMETER FOR SMALL COMMERCIAL SIZE PIPE 

Test results from experiments by Freeman and Hiram l\'[ills0 on 
tar coated cast-iron pipe below 6" diameter seem to verify what was 
indicated by plotting k1 for small galvanized and wrought iron pipe 
on Fig. 2; namely that the value of k1 increases from the flat curve 
for pipe sizes below 6" or 4" diameter. Mills noted, however, that 
the surface of some of the smaller pipes were not comparable in 
smoothness with that of the larger pipes. Darcy made tests on new 
4" cast-iron pipe of "extreme smoothness" but unfortunately doubt 
is cast on his manometer measurements; the writer therefore turned 
to tests on small brass pipe to substantiate his theories. 

VARIATION OF kl WITH DIAMETER FOR SMALL BRASS PIPES 

The values of k 1 and x were carefully figured from tests bv Hiram 
Mills/ Saph and Schoder and John R. Freeman on small hr;ss pipe. 
The· results of the computations for k 1 are shown on Fig. 3 and for 
x on Fig. 4. Practically all of the tests plot as straight lines on loga
rithmic paper showing that they were carefully conducted. 

The method employed to figure the exponent x was to calculate 
the slope of the logarithmic line taking the extreme pair of values 
within the turbulent range and then the next pair. The pairs were 
then interchanged taking the top and next to the bottom and then 
the bottom and next to the top and .so on. Ordinarily three of the 
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FIG. 4. 

first four results would give almost identical values for x showing that 
three of the points were on the same straight line. The value of k1 

was obtained using one of the good poin'ts and the slope just obtained. 
The results obtained from the tests by John R. Freeman were 

the most consistent and the writer therefore gave them special atten
tion for further study. These experiments were conducted over un
usual ranges in velocity. 

It will be noted that the Freeman experiments indicate rougher 
pipes, and Hiram Mills0 states that the difference in frictional resist
ance between Freeman's experiments and the S_aph and Schoder 
experiments is undoubtedly due to the difference in character of the 
surfaces of• the larger pipes used by Freeman. 

,The v.alue of x for the 4.00" pipe came slightly greater than for 
the 2'' and 3" pipes. To test whether this was more apparent _than 
real a value of x = 1.81 was assumed for all three sizes of pipe and 
the head losses computed from Equation 1 over practically the entire 
range of velocities by cut-and-try using different values of ku until. 
the percent departure of these computed losses from the observed 
losses was approximately balanced with reference to the maximum 
plus and minus departure. The results are shown in Table 4 . 

• 
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TABLE 4 

Percent 
Computed Departure 

Velocity Quantity· Observed Head Loss from 
Ft./Sec. c.f.s. Head Loss from Eq. 1 Observed 

Departure· of head losses from actual losses using x = 1.81 and k1 = .01275 
(log kp = 3.283017) for Freeman's Experiments on 2.108" ~rass pipe . 

2.782 . 067425 14.88 14.56 -2.20 
3.7695 .091358 25.51 25.23 -1.ll 
5.9264 .143632 56.80 57.23 -0.76 
8.2439 .19980 i02.68 104.01 +1.19 

10.3063 .24978 153.4 7 155.81 +1.52 
12.5766 .304806 219.33 223.40 +1.86 
14.6647 .35541 288.61 295.01 +2.21 
15.0190 .36400 301.50 308.04 +2.17 
17.8913 .43361 415.46 . 422.83 +1.77 
20. 7 570 .503067 544.78 553.30 ,-t'l.56 
23.5645 .57111 687.46 696.ll +1.26 
24.0894 .58383 713.50 724.43 +l.53 
26.593 · .64451 861.37 867.84 +o.75 

Departure of head losses from actual losses using x = _1.81 imd k1 = .01369 
(log kv = 2.499955) for Freeman's Experiments on 3.067" brass pipe. 

4.4 7 3 7 0.22952 22.06 22.03 - .14 
6.0017 0.307914 37.27 37.50 + .62 
7.4029 0.379801 54.54 54.82 + .51 
9.1029 0.4"6702 79.09 79."69 + .76 

10.0673 0.51650 
0

94.86 95.63 + .81 
12.3309 0.63263 13 7 .14 138.05 + .66 
14.1207 0.72445 174.88. 176.43 + .89 
17.1880 0.88182 249.36 2 51.82 + .98 
18.4642 0.94729 288.25 286.67 - .55 
20.5784 1.05576 348.87 348.85 - .006 
22.0712 1.13235 396.82 395.94 ~ .22 
23.7325 1.21758 450.21 451.24 + .23 
26.3539 1.35207 545.70 545.86 + .03 
27.979 1.43545 613.42 608.24 - .85 
29.4534 1.511089 672.61 667.54 - .75 
30.8502 1.5827 5 729.20 725.88 - .45 

·D.eparture of head losses from actual losses using x = 1.81 and k1 = .01437 
(log kv = 1.944019) for Freeman's Experiments on 4.00" brass pipe. 

3.5731 .3ll806 10.63 · 10.66 +0.30 
5.8364 .509312 25.61 25.92 +1.21 
7.565 .660159 41.29 41:46 +0.41 
7.5695 .660552 41.04 41.50 +1.12 
9.0007 .78544°5 56.13 56.77 +i.14 
9.5759 .835640 62.81 63.51 +1.11 
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Velocitv 
Ft./Sec. 

11.7276 
11.83 74 
13.7759 
15.201 
16.9851 
18.3543 
19.6892 
22.1662 
22.8205 
24.6249 
25.5533 
26. 7065 
28.0598 . 
28. 7 39 
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TABLE 4 ( Continued) 

Computed. 
Quantity Observed Head Loss 

c.f.s. Head Loss from Eq. 1 

1.023408 89.48 91.66 
1.032990 92.16 93.23 
1.202153 121.11 122.68 
1.32651 144.69 146.59 · 
1.48226 175.57 179.22 
1.60169 204.35 206.21 
1.718176 233.14 · 234.15 
1.93433 289.48 290.15 
1.99143 304.85 305. 78 
2.14889 351.10 351.02 
2.22816 382.53 3 74.81 
2.33054 408.44 406.54 
2.44864 446.07 444.59 
2.50791 473.94 464.27 

Percent 
Departure 

from 
Observed 

+2.44 
+1.16 
+us 
+1.31 
+2.0s 
+ .91 
+ .43 
+ .23 
+ .30 
- .23 
-2.02 
-0.46 
-0.3.3 
-2.09 

Other values of x were tried, slightly greater and slightly less 
than 1.81, and 'as long as the exponent was kept about constant for 
all three pipes the results were quite consistent. 

The maximum deviation was plus and minus 2 .2 % except for 
one v·alue where the test head loss or quantity i~ .open to question. 
The values .of k1 obtained are as follows: 

Inside 
Diameter 

2.108" 
3.067" 
4.00" 

k1 

.0127 5 

.01369 

.01437 

These points plot on semi-logarithmic paper against diameter as 
a precise straight line as shown on Fig. 5 indicating that k1 varies as a 
simple exponential curve which becomes asymptotic ,to the X axis as 
the diameter increases and to the Y axis as the diameter becomes 
very small. 

This exponential curve is extended to the left on Fig. 3 and to 
the right on Fig. 2 as a dashed line. It is not shown on Fig. 2 to 
indicate precise results but to illustrate the trend of the curve for 
the larger pipe sizes. It will be noted that th_e shape conforms very 
well to the Hazen~Williams curves but is somewhat higher at the outer 
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FIG. 5. 

end than data obtained from tests of large diameter concrete pipe 
would indicate should be the case. I.t will require more good test runs 
on large diameter pipe to definitely fix the exact position of the outer 
end of this curve. 

A semi-logarithmic plot of the values of k 1 from the Saph and 
Schoder experiments is shown on Fig. 6. The results of- experiments 
on pipe above .54" diameter indicate a straight line approximately 
paralleling the line extended from the Freeman experiments. Below 
.this diameter, the results are inconsistent indicating a varying charac
ter of internal pipe surface. 

EXPONENT X CONSTANT WITH DIAMETER 

As shown previously the test results for small brass pipe indicate 
a constant value of x against diameter for pipes of the same internal 
surface and jointing. Experimental tests on tar coated cast-iron pipe 
confirms this within the limits of accuracy to which these determina
tions may be made. The results of three tests on different diameter 
pipe by three different experimenters are given below. These tests 
were selected because they plotted as perfect straight lines on log-log 
paper, and because considerable confidence could be placed in the 
experimenters. 
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Size of Pipe 

s" 
12" 
48" 
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FIG. 6. 

Experimenter 

John R. Freeman 
Hiram Mills · 
Frederick P. Stearns 

' I I "I 
II 111 ' 
I I 1111111" l 

Exponent x 

1.909· 
1.906 
1.900 

Coefficient k 1 

.01 iS 

.01 i6 

.0192 

It will be noted here that the exponent x seems to decrease · 
slightly with increase in diameter while for small brass pipe the oppo
site was indicated. In my opinion this is more apparent than real. It 
would be interesting to conduct an experiment on small and large 
diameter pipe of identical internal smoothness and jointing for the 
purpose of establishing this relationship definitely. 

TEST RESULTS FOR LARGE AQUEDUCTS 

Estimates of the value of k1 and x were made for numerous larger 
aqueducts, of which many tests were discarded for various reasons. 
Reliable reference data is definitely lacking in the field of large sizes. 
Tests •in which it is felt some degree of confidence can be placed are 
given in Table 5 · and are shown on Fig. 2. They form the basis for 
the lines drawn on Fig. 2 for concrete pipe. It will be found that 
the results obtained from the use of either line are not too widely 
separated. 
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Name of 
Aqueduct 

Designa-
tion on D 
Fig. 2 Inches 

Victoria <• ·. · :;, .:: .. 

Aqueduct, 

TABLE 5 

X Comments 

B. C., Canada 6 42 1.88 .0208 Jointed concrete pipe reinforced. 

Perlmoos 
Cement Works, 

Test results obtained from Refer
ence 4. Points plotted fairly well. 

Austria 4 86.~ 1.91 · .0218 Gentle. curves m alignment on 

Pressure 
Aqueduct, 
Boston, Mass. 

Walkhill Tunnel 
Catskill Aqueduct, 

5 100 1.93 

2 various _2 .03 
(weighted 

ave. 144.5") 

New York 3 174 1.96 

Dijon, France 31.5 1.96 

continuous down grade. Test re
sults obtained from Reference 4. 
Points plotted on perfect straight 
line, with exception of point 
which was obviously in error . 

. 0202 Obtained from Table 2. 

.0155 Test results obtained from Refer
ence 1, with an. additional value 
for test of June 2, 1942, Q = 123 
m.g.d. for H, = _4.28'. Points 
plotted on perfect straight line, 

.0155 Monolithic lining with steel 
forms. Points plotted only fairly 
well . 

. 0143 Short experimental conduit per
fect joints, exceedingly smooth, 
poi1:1ts plotted perfectly. 

EFFECT OF AGE ON PIPE 

A~ attempt was made to estimate th~ effect of age on pipe with 
but indifferent success; due primarily to the dearth of dependable 
data. As previously mentioned it can be demonstrated that both k1 

and x increase with age as was to be expected from all other indi
cations. 

From experiments on tar coated. pipe it was determined that the 
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upper value of k 1 was .0430 by holding the exponent x constant at 
1.905 as though it were new pipe. This value was reached in 14 years 
by one 12" pipe and in 3 7 years by a different 12" pipe. A 48" pipe 
reached a maximum value of .0322 in 16.7 years. 

EFFECT OF TEMPERATURE NEGLIGIBLE FOR DOMESTIC WATER SUPPLY 

As previously noted the writer has assumed that the teniperature 
of water was 55° F. when solving for k1 froµ1 the friction factor j"of 
the Darcy formula, and has disregarded temperature entirely when 
obtaining k1 from tests. 

That this is justified is aptly illustrated by tests made by Desmond 
Fitzgerald in 1894 and 1895 on the 48" Tar Coated Cast-Iron ,Sud
bury Aqueduct. The results of these experiments are plotted on Fig. 7. 
The five lower points were obtained from tests in Sept. and Oct. 1894 
at temperatures ranging from a minimum of 61.8° F. to a maximum 
of 70.3 ° F. The three upper points were obtained from tests made i'i-i 
Jan. 1895 at temperatures ranging from a minimum of 34.9° F. to 
a maximum of 35.5° F. It would be possible lo pass a straight line 
through the lower five points, the top of which would pass to the 
left of the upper three points. This_ would indicate decreasing head 
loss for lower temperature of the upper three points which is contrary 
to known hydraulic law regarding temperature. The writer concluded, 
therefore, that the straight line should pass through the upper three 
points giving a value of x = 2 .00 and k1 = .0214, which is consistent 
with the 16. 7 years use of the line without cleaning. This serves to 
illustrate that the effect of temperature variations as regards water 
for domestic use may be disregarded. 

PRACTICAL APPLICATION OF FORMULA 

The coefficient kv ~s· the product of two coefficients, k and k 1 

kp = kkl 
Since the coefficient k varies as n-s and the coefficient k1 varies 

nearly as D 1 the combination varies very nearly as n-. A plot of kv 
against diameter results in a straight line on log-log paper as closely 
as can be plotted with reasonable scales both ways. 

This is taken advantage of by an alignment chart presented· here
with, for determining the proper size pipe to carry a given quantity of 
water· for the available head loss. 
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The left hand side gives the solution of Equation 1 for kP and 
the right hand side is a plot of kv against diameter. It is therefore 
never necessary to actually figure a value for kP when using this dia
gram and for all purposes other than academic it drops out of con
sideration. It w~l'l also be noted that practical considerations such as 
the next stock size of• pipe often governs the proper selection of 
diameter,' a·nd head losses merely act as an intelligent guide. 

An average of the Hazen-Williams lines for C = 110 from Fig. 2 
has been borrowed and shown to indicate the effect of age for those 
who are most familiar with that formula. The average Hazen-Williams 
line for C = 140 merges so closely with the line for average cast-iron 
that it has been left out. 

The farther the lines are to the right the rougher the condition 
of the interior surface of the pipe. Allowance for age may be made 
at the users discretion by noting the amount of shift to the right from 
Hazen-Williams C = 140 to C = 110, and estimating a corresponding 
shift for the desired age and type of pipe. It should be noted that 
the Hazen-Williams age factor varies with diameter, and that the 
carrying capacity of a large size concrete aqueduct does not decrease 
with age at the same rate or to the same extent as cast-iron pipe in 
certain localities. 

The example shown makes the use of the diagram self-explana
tory but it should always be kept in mind that the exponent x for the 
particular type of pipe used should always be employed in the left 
hand side of the chart for determining kw 

SOLVING FOR LOST HEAD h, 

For any pipe size the alignment chart will give an approximate 
vafoe for the lost head h1 directly for ordinary purposes. If a .closer 
determination is desired, it should be done mathematically. This is 
best accomplished by logarithms using a table of log kv against 
diameter, such as Table 6. The value of log k was obtained from 
Table 3 above 6" diameter and of k1 from Fig. 2 and Fig. 3. 

log kp = Jog k + log k1 

Converting Equation 1 into its logarithmic equivalent 
log h1 = log kv + x log Q 

With log kP given the solution of this equation becomes very 



Diameter New Drawn Brass Clean Clean 
Inches Perfect Jointing Wrought Iron Galvanized Iron 

1 4.838232 5.039877 5.069840 
1¼ _, 3.991929 CIJ 4.164355 CIJ 4.192844 
2 ~ 3.381593 ~ 3.542108 ~ 3.572721 
2½ tt 2.927716 tt 3.062415 tt 3.090443 
3 H 2.544771 2.671303 2.696789 
3½ 2.222623 H 2.337758 "H 2.364297 
4 1.943997 2.048991 2.076575 

New Tar-Coated Average 
Cast-Iron Cast-Iron 

6 1.141610 1.177924 1.200548 1.238521 
8 0.524428 0.560144 0.578055 0.619847 > 

10 0.044812 CIJ 0.082396 0.100035 0.139262 '"Cl 
12 ,,, 9.651352-10 ~ 9.693188-10 ~ 9.708428-10 CIJ 9. 74 7285-10 ::,:J 

> 14 ~ 9.321482-10 tt 9.362875-10 ....; 9.377964-10 ~ 9.416458-10 (") 

16 . _, 9.033922-10 H 9.077273-10 II 9.090110-10 tt 9.1-30351-10 >-:l 
II H 8.838538-lQ 

..... 
18 8. 780546-10 8.827971-10 8.876501-10 (") 

20 H 8.554148-10 8.601327-iO 8.611843-10 H 8.651533-lQ > r 
24 8.162954-10 8.2117 52-10 8.222118-10 8.261270-10 

ci 30 7 .685390-10 7. 743671-10 7.784144-10 
36 7 .294079-10 7.391902-10 ::,:J 

"" Best Jointed and 8 
Monolithic Good Jointed -r 
Concrete Concrete > 

42 6.963893-10 6.841960-10 6.981622-10 7.062609-10 
48 ,,, 6.680667-10 6.557949-10 6.695983-10 CIJ 6.774447-10 
54 g 6.427125-10 6.308055-10 6.446623-10 ~ 6.522259-10 
60 ....; 6.200548-10 6.082173-10 6.222052-10 tt 6.295248-10 
72 II 5.809028-10 '° 5.693445-10 0 

5.830321-10 H 5.902872-10 
78 H 5.637395-10 ~ 5.521056-10 ~ 5.658584-10 5.730817-10 
96 5.192978-10 

.-< 
5.073003-10 

.-< 5.215896:10 5.283422-10 
102 II 4.944169-10 II 5.086276-10 
108 H 4.820051-10 H 4.964173-10 
120 4.591264-10 4. 7 39388-10 w 
138 4.28777,5-10 4.437887-10 '° 
144 4.195358-10 4.34 7449-10 
174 3. 784424-10 3.940445-10 
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simple. For example, to find 
c.f.s .. in a 42" cast-iron pipe: 

log kv for 42" 

the actual head loss for a flow of 30 

log Q = log 30 
times exponent x 

l.477121 
Xl.88 

---> 7 .062 609-10 

2.776987 --> 2.776987 

h1 = 0.69' /1000' <-- 9.839596:10 

ADDITIONAL DATA 

(from_ Table 6 
for ave. cast
iron) 

The writer would welcome- additional data on good tests which 
could be used to fix the position of the outer end of the lines on Fig. 2, 
that is, for large diameters and it should be realized that these curves 
do not necessarily represent the final word as,yet. · 

CONCLUSION 

The writer believes that the basic -idea presented here represents 
a real advancement in the practjcal appreciation of the factors in
volved in the flow of water in pipes, and results in a simple formula 
which can become a practical tool in the hands o.f the hydraulic 
engineer. 
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OF GENERAL INTEREST 

PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETING 
Boston Society of Civil Engineers 

OCTOBER 18, 1944.-A regular meet
ing of the B'oston Society of Civil En
gineers was held this evening in Lec
ture Hall, Room 228, New Building, 
Northeastern • University, and was 
called to order by President Harry P. 
Burden. Fifty members and guests at
tended the meeting and dinner. 

President Burden announced that the 
November meeting is to be a Joint 
Meeting with the Designers Section, and 
will be held at the 20th Century Asso
ciation, 3 Joy Street, Boston. The 
speaker will be Mr. J. Stuart Crandall, 
President and Chief Engineer, Crandall 
Dry Dock Engineers, Cambridge, Mass., 
who will give a talk on "Recent Timber 
Floating Dry Docks''. 

President Burden introduced the 
speaker of the evening, Mr. J. S. Mac
donald, General Manager of the Walsh
Kaiser Shipyard, Providence, R. I., who 
gave a very interesting paper on "The 
Construction of the Walsh-Kaiser Ship
yard at Providence and the Building of 
Ships". The talk was followed by a 
question and answer period and many 
excellent photographs of the construc
tion of the plant and ships being built 
were circulated. , 
. The speaker was given a rising vote 

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

NOVEMBER 15, 1944.-A regular 
meeting of the Boston Society of Civil 
Engineers was held this evening at the 
20th Century Association, 3 Joy Street,, 
Boston, Mass., and was called to order 
by President Harry P. B'urden at 7 :00 
P.M. This was a Joint Meeting with 
the Designers Section B.S.C.E. Sixty
five members and guests attended the 
meeting, and fifty members and guests 
attended the dinner. 

President Burden announced the 
death of the following member: 

James L. Crandall, who was elected 
a member November 19. 1924 and 
who died October 18, 1944. A' brief 
outline of Mr. Crandall's career as 
a member of the firm, Crandall Dry 
Dock Engineers and his consulting 
practice was given by th·e President. 

President Burden announced that the 
December meeting would be held at the 
Twentieth Century Association, speaker 
to be announced when obtained. the 
expected speaker having found it im
possible to be at the December meeting. 

President Burden then turned the 
meeting over to Mr. Lawrence M. 
Gentleman, Chairman, Designers Sec
tion, to conducl any business matters 
for that Section. , 

The President then. introduced the 
speaker of the evening, :Mr. J. Stuart 
Crandall, President and Chief Engineer, 
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Crandall Dry Dock Engineers, Cam
bridge, Mass., who gave a very inter
esting paper on "Recent Timber Float

·ing Dry Do.cks". The talk ~vas illus
trated with lantern slides. A question 
period followed the talk. 

The meeting adjourned at 8: 20 P.M. 
EVERETT N. HUTCHINS, Secretary 

DECEMBER 20, 1944.-A regular meet
ing of the Boston Society of Civil En
gineers was held this evening at the 
29th Century Association, 3 Joy Street, 
Boston, Mass., and was called to order 
by President Harry P. Burden, at 7 :00 
P.M. This was a joint meeting with 
the Highway Section BSCE. Thirty
eight members and guests attended the 
rneeting and thirty-four members and 
guests attended the dinner preceding the 
meeting. 

President Burdent asked members to 
rise and announced the death of -the 
following members:-

Alexander L. Kidd, who was elected 
a member January 1, 1885 and who 
died August 21, 1944. , 
Herbert B. Allen, who was elected 
a member September 15, 1920 and 
who died November 30, 1944. 
Herbert L. Ripley, who was elected 
a member May 19, 1897 and who 

, died December 12, 1944., 
. The Secretary announced that the 

following had been elected to mem
bership at the November 15, 1944, 
meeting. · 

Grade of Member:-Russell C. Chase, 
Charles W. Bowen, *Walter A. Ford. 

Grade of fttnior:-tLawrence I. Piper. 
The President announced that the 

January meeting would be heid at the 
20th Century Association. The speaker 
to be Lt. Commander J. E. Larsen, 
USNR .. who will give a talk on "Ccin
structio·n with the Seabees in Iceland.'' 

President Burden called upon Prof. 

•Transfer from Gracle of Junior. 
tTrnnsfer from Grade of Student. 

Charles 0. B'aird, Chairman of the 
Highway Section to carry on any-nec
essary business for that Section. 

President Burden then introduced the 
speaker of the evening, Capt. J. D. 
Boylan, U. S. War Dept., Corps. of 
Engineers, who gave a talk on "High
way Construction in Persia." The talk 
was illustrated by lantern slides shown . 
by Capt. J. H. Aiken who accompan,ied 
the speaker. 

The speaker was given a rising vote 
of' thanks. 

Adjourned at 8 :40 p. m. 
EVERETT N. HUTCHINS, Secretary 

SANITARY SECTION 
JUNE 7, 1944.-A meeting of the Sani

tary Section was held this evening at 
the Society Rooms at 7 p. m., following 
an informal dinner gathering at Patten's 
Restaurant. Twenty-three persons at
tended the meeting with seventeen at 
the dinner. 

Chairman Gibbs introduced the speak
er of the evening, M. E. Sherman Chase, 
member of the firm of Metcalf & Eddy, 
who gave an interesting talk on "The 
Proposed Method .of Sewage Treatment 
for Los Angeles,•'Cal." Mr. Chase des
cribed the conditions which led to an 
'investigation of the sewage treatment 
problem of Los Angeles--:namely, the 

· pollution of ocea_n bathing beaches in 
and near Los Angeles by sewage from 
th·at city and neighboring municipalities. 
In order to remedy these conditions, it 
is proposed to treat the sewage by 
screening, grit removal, preliminary sed
imentation, short-period aeration, final 
sedimentation and post-chlorination, 
with dispersion of the effiuent into the 
ocean through multiple outlets, a mile 
off shore. It is proposed to treat the 
sludge by separate digestion, elutriation, 
mechanical dewatering and drying, the 
dried sludge to be either used as a 
fertilizer or incinerated. 

· After a considerable discussion, the 
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speaker was given a rising vote of thanks 
and the meeting adjourned about 8 :40 
p. m. 

GEORGE C. HOUSER, Clerk 

DESIGNERS' SECTION 
OCTOBER 11, 1944.-A meeting of the 

Designers Section was held in the soci
ety rooms on October 11, 1944, fol
lowing an informal dinner at the 
Ambassador Restaurant. The meeting 
started at 6 :45 P.M. with Chairman 
Lawrence M. Gentleman presiding. The 
report of the previous meeting was ap
proved as read. 

The speakers of the evening were Pro
fessors Walter C. Voss and Dean 
Peabody, Jr., of the Massachusetts 
Institute of Technology, who spoke on 
the subject, "Concentrated Loads on 
Thin Shelled Spherical Domes." Pro
fessor Voss described the construction 
and testing of a plaster of Paris model 
about 8 feet in diameter with a ¾-inch 
shell thickness. The tests described in
cluded loadings concentrated on a small 
area and uniform loadings over one
eighth and one-quarter segments of the 
dome. Professor Peabody described the 
mathematical analyses made and the 
application of the test data to design. 
Both papers were illustrated by slides. 
Because of further development antici
pated by the speakers they requested 
that no steps be taken to publish the 
papers at this time. 

The papers were followed by infor
mal discussion by members and guests. 
There was an attendance of 37 mem
bers and guests and the meeting ad
journed at 8:30 P.M. 

FRANK L. LINCOLN, Clerk 

NOVEMBER 15, 1944.-A joint meet
ing of the Boston Society of Civil En
gineers and the Designers Section was 
held at the Twentieth Century Associa
tion, 3 Joy Street, Boston. The meet-

ing started at 7 :00 P.M. following a 
dinner with President Harry P. B'urden 
presiding, assisted by Lawrence M. 
Gentleman, Chairman of the Designers 
Section. 

The speaker for the evening was lVIr. 
J. Stuart Crandall, President and Chief 
Engineer of the Crandall Dry Dock 
Engineers, who spoke on the subject, 
"Recent Timber Floating Dry Docks." 
Mr. Crandall discussed the design and 
construction of timber dry docks in 
considerable detail and his talk was 
illustrated by slides showing design de
tails and construction photographs. 
There was an attendance of sixty-five 
members and guests. 

The meeting adjourned at 8: 15 P.M. 
FRANK L. LIN COL~, Clerk 

DECEMBER 13, 1944-A meeting of 
the Designers' Section of the Boston 
Society of Civil Engineers was held at 
the Society Rooms, 715 Tremont Tem
ple, Boston, at 6: 45 p. m., following 
an informal luncheon at the Ambassa
dor Restaurant. Chairman Lawrence M. 
Gentleman presided. 

The report of the previous meeting 
was approved as read. 

The speaker for the evening was Pro
fessor George G. Marvin of the :Massa
chusetts Institute of Technology, who 
spoke on the subject, "Methods for 
the Prevention of Corrosion." Profes
sor Marvin reviewed the causes and the 
methods of prevention of corrosion in 
general and discussed more particularly 
the methods of retarding corrosion of 
ferrous metals. A number of specimens 
showing advanced corrosion from vari
ous causes were displayed. The formal 
paper was followed by an enthusiastic 
discussion by members and guests. There 
was an attendance of 28 members and 
guests. 

The meeting adjourned at 8 :•45 p. m. 
FRAXK L. Lrxcou.,, Clerk 
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HIGHWAY SECTION 

APRIL 26, 1944.-The Highway Sec
tion of the Boston Society of Civil En
gineers held a regular meeting at North
eastern University on this date. An 
Executive Meeting was scheduled at 5 :00 
p. m. Three members were present at 
this meeting and an informal discussion 
was held on the tentative program for 
the coming year. 

At 7: 15 p. m. the Chairman, Pro
fessor Charles 0. Baird, Jr. introduced 
:\fr. Votaw of the Portland Cement As
sociation who gave a very interesting 
illustrated talk on "Soils Cement." Mr. 
Votaw related the eleven steps which 
n~ ust be followed rigidly in order to ob
ta in a stable surface. He also told of 
the tremendous increase in the use of 
Soils Cement, particularly during this 
war emergency. 

On motion of Professor Baird. a ris
ing ,·ote of thanks was given ·to the 
speaker for his courtesy in presenting 
this helpful lecture. 

l\Iembers and guests present 46. 
Adjourned at 9: 30 p. m. 

GEORGE W. HA:sK1:ssox, Clerk 

SEPTDIBER 27. 1944.-A joint meet
ing of the American Society of Civil 
Engineers, the Boston Society of Civil 
En<?ineers and the Highway Section was 
held September 27, 1944 at Northeast
ern Uni\·ersity. A caterer served dinner 
in the University Commo·ns preceding 
the meeting of the eventng. 

The meeting was held in room 300 
Richards Hall. Dean Burden of Tufts 
College as President of B. S. C. E .. pre
siding. The speaker, Professor Charles 
B. B'reed. Professor of Civil Engineer
ing. Massachusetts Institute of Tech
nologv gave an illustrated talk on 
"Land and Air Transport after the 
War.'' The future outcome of the three 
chief transportation facifities. airlines, 
railroads and motor vehicles. was the 
chief_ topic: A short period at the end 

of the talk was allowed in which the 
members and guests asked questions of 
the speaker. 

The meeting was well attended by 
members and guests from both socie
ties. 

GEORGE W. HANKINSON, Clerk. 

HYDRAULICS SECTION 
NovE:'.IBER 1, 1944.-A meeting of 

the Hydraulics Section was held in the 
society rooms. During a brief business 
meeting the chairman, Allen J. Bur
doin, was authorized to appoint a nomi
nating, committee for the purpose of 
nominating officers for the coming year. 
The chairman appointed William F. 
Covil, Stanley · M. Dore, and Scott 
Keith to be members of the nominat
ing committee. 

A paper entitled "A Practical Formu
la for the Flow of Water in Pipes" was 
presented by Mr. William F. Covil, 
Senior Hydraulic Engineer, Metropoli
tan District Water Supply Commission. 

'The speaker's treatment of the prob-
lem was based upon his extensive ex
perience with the design and testing of 
large conduits for the Metropolitan 
District Water Supply Commission. 
The general interest in the method pre
sented was evidenced in the discussion 
following the presentation of the paper. 

Thirty-five members and guests at
tended the meeting .. 

HAROLD A. THOMAS, Clerk 

NORTHEASTERN UNIVER
SITY SECTION 

MAY 10, 1944.-An evening meeting 
of the Northeastern University Section 
of the Boston Society of Civil Engi
neers was held in room 228 N., North-. 
eastern University. Boston, Mass. 

Dinner was held at the Cafe De 
Paris at 6 :00 p. m. Seventeen persons 
were present including guests and fac
ulty. 
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The business meeting was opened at 
7 :30 p. m. by Vice-President Peter Moul
dore who introduced the speaker for 
the eYening, Mr. Herman Dresser. Mr. 
Dresser gave a very enlightening talk 
on the subject "Sanitary Engineering 
Problems." 

Mr. Dresser described some· of the 
problems with which he had been con
fronted in the past. He pointed out 
unforeseen problems that developed in 
the construction of sewers and drains. 
including rock tunnels. Court and eval~ 
uation cases were described. and the 
peculiarities that arise in these cases. 
The three different types of wells; the 
shallow well, the developed well, and 
the gravel packed well were discussed 
in detail. 

Slides were shown of wells and sew
age treatment plants. 

The meeting adjourned at 8: 30 p. m. 
~HILIP A. FRIZZELL, Secretary 

Ju1sE 20, 1944.-A business meeting 
of the Northeastern Universitv Section 
of the Boston Society of Civil Engi
neers was held in room 106 South Build
ing, Northeastern University. The meet
ing was opened at 10 :00 a. m. by the 
Vice-President Joseph J. Bulba. Busi
ness for the day was the election of 
officers to replace those leaving for the 
$erYice. The election was held under 
the supervision of Professor C. 0. Baird, 
Chapter Adviser. The results of the 
election were: 

Joseph J. Bulba, President 
George W. Laakso, Vice-President 
Robert J. Markell, Treasurer 
The meeting was adjourned at 10:30. 

TIYeh·e members were in attendance. 
ARTHUR HEBERT, Secretary 

At:GUST 2. 1944.-An evening meet
ing_ of the Northeastern University Sec
tion of the Boston Society of Civil En
e-ineers was held in room 300 Richards 
Hall. Northeastern University. 

Dinner was served at the Cafe De 
Paris at 6 :CO p. m. Twenty-six persons 
were present including members and 
guests. 

The meeting was opened at 8: 00 p. m. 
by President Joseph J. Bulba, who in
troduced the speaker for the evening, • 
Maj9r Zavin Malkasian, of the Boston 
Office of the United States Engineering 
Department. Major Malkasian gave an 
illustrated lecture on "Sonic Sounding 
Devices." 

The Major outlined various methods 
employed. in the past and their faults, 
then gave the historical development of 
the present device. Plaques and draw
ings were passed through the audience 
portraying the various requirements, er
rors, flaws and their cure. Movies were 
presented which showed the operation 
of such devices and the auxiliary equip
ment required for smooth and efficient 
work. A movie of scenic beauty but 
with adverse conditions for the opera
tion of the sonic sounding devices was 
shown; this comprised a trip by boat 
up the Kennebec River to Bath, Maine. 
The meeting was informal. 

The meeting was adjourned at 9:00 
p. m. Thirty-four persons were in at
tendance. 

ARTHUR HEBERT, Secretary 

AUGUST 9; 1944.-A noon .meeting of 
the Northeastern Section of the Boston 
Society of Civil Ene-ineers was held in 
Room 202 South Building, Northeastern 
University. The meeting was called to 
order by Joseph J. Bulba. President. at 
1:00p.m. · 

The main feature for the day was 
the presentation of the movie "The In
side of Arc Welding." The pictures were 
presented by tJ-ie General· Electric Weld
ing Laboratories. Questions were for
warded to Professor Lawrence Cleveland 
of the Electrical Engineering Depart
ment whose attendance was in an ad
visory manner. 
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The meeting was adjourned at 2 :00 
p. m. Sixteen members and guests were 
present. 

ARTHUR HEBERT, Secretary 

SEPTEMBER 2 7. 1944.-Annual Stu-
• dent Night spon,sored by the Boston 

Society of Civil Engineers and . the 
Northeastern Section, American Society 
of Civil Engineers and Highway Sec
tion B.S.C.E. was held at Northeastern 
University, Huntington Avenue, Boston, 

Dinner was served in the University 
Commons at 6 :00 p. m. Members of 
both Societies, guests and students to
taling 1 SO attended the dinner. 

The meeting was opened at 7: 20 p.m. 
by Professor Harry P. Burden, Presi
dent of the Boston Society of Civil En
gineers. A period of silent tribute was 
observed by the gathering for those 
members who have departed from the 
Society in the past year. 

Presentation of Student Guests in or
der of Colleges then followed. Students 
from Massachusetts Institute of Tech
nology, Harvard, Tufts, Rhode Island 
State, Worcester Polytechnic Institute, 
University of Maine, and Northeastern 
were present. 

Mr. Kingsbury, President of the 
American Society of Civil Engineers, 

· joined Prof. Burden in extending a wel
come to the students and other invited 
guests. 

President Burden then introduced the 
speaker for the evening, Professor 
Charles B. Breed, of M.I.T., who spoke 
on the subject "Land and Air Trans
portation in the Post-War Period." Pro
fessor Breed opened his lecture with 
the historical background and develop
ment of transportation and transporta
tion engineering. 

He then presented with the aid of 
lnntern slides the statistical side of rail. 
highway, and air transport and the re
cent development in equipment offered 
by each. 

After comparing the various modes 
of transportation, he then presented his 
prophecy of post-war conditions. Parti
cular emphasis was placed on air trans
port as regards to both freight and pas
senger service. 

Professor B're<:d then explained the 
function of C.A.A. and .C.A.B. and their 
effects upon future developments in air 
transport. 

A short question period followed in 
which various points were discussed 
and clarified. 

The meeting was adjourned at 9: 30 
p. m. Two hundred members and guests 
were in attendance. 

Respectfully submitted, 
ARTHUR HEBERT, Secretary 

OCTOBER 9, 1944.-Inspection trip to 
the General Edward Lawrence Logan 
Airport, East Boston by the North
eastern University Section of the Bos
ton Society of Civil Engineers, The 
members of the Section assembled at 
2: 30 p. m,, at the Administration Build
ing at the Airport. Under the guid
ance of Mr. Everett N. Hutchins. Dis
trict Waterways Engineer of the Massa
chusetts Department of Public Works, 
in charge of the project, and :Major 
Addison Crafts, Airport Manager, pro
ceeded on the tour of the airport project. 

The party proceeded to the roof of 
the Administration B'uilding where a 
general view of existing and proposed 
conditions were explained by Mr. Hut
chins. Here also were viewed the plane 
loadings. weather bureau equipment and 
the general handling of traffic of the 
port. as explained by the Major. Pro
ceeding on the tour, the students in
spected the various equipment used in 
Suction Dredging and the placing of 
Hydraulic Fill which is forming the 
foundation for the proposed runways. 

An historical note was given the tour 
bv a visit to Governors Island. Here the 
t)•p_e of fortification produced by engin-
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eers in the period from 1840 to lSiO 
was inspected. The durability and com
pleteness of this now out-moded type 
of construction was especially interest
ing. 

Here also was a view of the airport 
project. Mr. Hutchins outlined the gen
eral plan of expansion of the airport 
and factors such as Glide an·d Minimum 
Take-Off Angles, and Clearance to 
Neighboring Structures and Topography. 

Seventeen students, and also Profes
sors. C. 0. Baird. and E. L. Spencer 
and· Mr. G. W. Hankinson were in at
tendance. The tour was completed at 
4:30 p. m. 

ARTHUR HEBERT. Secretary 

OCTOBER 2 5, 1944.-A morning meet
ing of the Northeastern Section, Boston 
Society of Civil Engineers was held in 
room 104 South Building, Northeastern 
University. The meeting was opened 
hy President Joseph J. Bulba, at 10:05 
a. m. 

The main feature for the day was 
the showing of films on Pile Driving 
and Equipment Used. Particular em
phasis was placed on Poured-in Place 
Piles. The use of a driving shell to ac
commodate lengths longer than the 
leads of the driver was explained. An 
item of special note was the way in 
which the equipment was designed and 
used for the continuous operation of the 
driver and men tending the operation. 

The meeting was adjourned at 10: 50 
a. m. Eleven members were in attend
ance. 

ARTHUR HEBERT, Secretary 

X OVEMBER 2. 1944.-A meeting of 
the Northeastern University Section of 
the Boston Society of Civil Engineers 
was held in room 104 South Building, 
Northeastern University. President Jos
J. Bulba opened the meeting at 1: 15 
p. m. President Joseph J. Bulba intro-

duced the speaker, Mr. Oliver G. Jul
ian of the Design Department, Jackson 
and Moreland Inc. Mr. Julian·s sub
ject for the day was "\Vhat I Expect 
of a Graduate." 

The speaker opened his talk by giv
ing a definition of the profession as, 
"the utilization qf the forces of nature." 
He then proceeded to outline the Yari
ous qualifications of an engineer. Of 
these qualifications there are two gen
eral types, the division line being Pro
fessional against Technical. 

On the Professional side there are 
these basic requirements. 
1. Ability to associate with any ac

quaintance, business or other. 
2. Executive ability to handle anything 

within reason and direct to the best 
of one's ability. 

3. Be able to consider all points and 
purposes involved in the situation 
and derive a complete conclusion. 

4. The rate of pay cannot be evaluated 
on any hourly basis. This is due to 
the fact that a man may spend his 
lifetime evaluating something that 
can be expressed in five minutes. 
These qualifications are about 70 
per cent of the successful engineer. 

On the Technical side the following 
are present. 
1. Ability to express one's self verbally, 

literally. and by the use of drawings. 
2. The use of logic in making any de

cision. 
3. The knowledge in the basic problems 

of the engineer and not specializa
tion in the early stages of practice. 

The speaker then compared the prin
ciples of the profession to the basic 
laws of science and nature. 

A brief question period followed the 
talk and both s·tudents and faculty for
warded questions. 

The meeting was adjourned at 2 :30 
p. m. Seventeen students and guests 
were m attendance. 

ARTHUR HEBERT, Secretary 
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?\ovoIBER 9, 1944.-A meeting of 
the X ortheastern University Section of 
the Boston Society of Civil Engineers 
was held in room 104 South Building 
and opened by the President Joseph J. 
Bulba at 1: 15 p. m. President Bulba 
then introduced the speaker for the 
day. ~fr. E. C. Houdlette of the Massa
chusetts Geodetic Survey. 

Mr. Houdlette's subject was "Geo
detic Control and Its Use in the State." 
·with the aid of lantern slides, Mr. 
Houdlette showed the set-up and falla
cy of the old system of control and the 
variation in observed data. He then 
proceeded to explain the general type 
of system now ~ed along with the dif
ficulty encountered in setting up the 
system. He then showed equipment used 
in triangulation and precise leveling 
which gives accurate horizontal and ver
tical control. He then discussed the 
various systems used in other states and 
the ties to our state system. 

A period followed where questions 
were forwarded to the speaker and the 
use of the system in aerial mapping 
was explained. 

The meeting was adjourned at 3 :00 
p. m. Twenty students and faculty were 
in attendance. 

ARTHUR HEBERT. Secretary 

XO\"E)IBER 1 i, 1944.-A meeting of 
the Xortheastern University Section of 
the Boston Society of Ci,;il Engineers 
was held in room 104 South Building. 
Northeastern Universitv. · The meeting 
·was opened at 3 :00 p. m., by the Presi
•dent. Joseph J. Bulba. 

The immediate business presented by 
the Xominating Committee of the sec
tion was the election of officers for the 
coming semester. The nominations were 
appro,·ed by those present and the elec
tion held. The results of the election 
were: 

President-Arthur Hebert 
F-Presideut-Roy Wooldridge 

Secretary-Gordon Searles 
Treasurer-John Sikora 
These officers will start their term 

as of December 11, 1944. 
The main feature of the meeting then 

followed. This consisted of films pre
sented through the aid of the American 
Society of Civil Engineers. Film and 
lantern slides on the failure of the 
Tacoma Narrows B'ridge and a lecture 
given by one of the student body was 
the subject. The actual failure of the 
bridge along with films on the labora
tory studies of the effect of wind forces 
on such a structure were presented. 

ARTHUR HEBERT, Secretary 

APPLICATIONS FOR 
MEMBERSHIP 
[January 20, 1945] 

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

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

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

The B'oard of Government will not 
consider applications until the expira
tion of fifteen ( 15) days from the date 
given. 
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For Admission 
Leonard B. Cornish, Winthrop, Mass. 

(b. November 14, 1902, Springfield, 
Mass.) 1st Lt., Capt. and Major, Corps 
of. Engineers from September 16, 1940 
to date. Post Engineer Harbor De
fenses of Boston, · Fort Banks, Mass. 
Construction Officer (S-4) A.A.A. School, 
Camp Davis, N. C. Operations Officer 
(S-3) 211th Engineer Port Construction 
and Repair Group, Camp Gordon. Johns
ton, Florida. Employed. in Civilian life 
by Boston Edison Company from 1927 
to date.· At present on Military leave 
since September 1940 from that organ
ization. Am a member of the Society 
of American Military Engineers. · 

Albert E. Cummings, New York, N. Y. 
(b. March 29, 1894, St. Louis, Missouri). 
Attended Washington University in St. 
Louis. Missouri in 1911-1912. Attended 
the University of Wisconsin at Madison 
from 1912-1915. Received B.S. degree 
in Civil Engineering and also the pro
fessional degree of Civil Engineer, both 
from the University of Wisconsin. Ex
perience, August, 1915 to March, 1916, 
with the New York. New Haven and 
Hartford Ra'ilroad. as rodman on valua
tion survey; March 1916. with the Ray-· 
mon Concrete Pile Company, first as 
a timekeeper and then as Superintend
ent of Construction. was transferred to 
the Chicl).gO Office in the Spring of 
1920 and was District :Manager there 
until January 1. 1943. when I was trans
ferred to the Companv's home office in 
New York as Research Engineer. Refers 
to A. Casagrande. J. S. Crandall. F. A. 
Marston, H. A. Mohr, K. Terzaghi. 

FRANK A. CuNDARI, South Boston, 
Mass. (b. July 17: 1899. Messina, 
Italy). Graduated from Northeastern 
University in 1921, receiving a degree 
of C. E. Experience. special graduate 
work on both concrete and steel design 
and the design of concrete mixtures. 

Am a member of the American Concrete 
Institute. Since 1922, have operated 
my own engineering and cqnstruction 
business under the name of Cundari 
Construction Company which was later 
superseded by the Old Colony Construc
tion Corporation of which I had com
plete control, and since January 1, 1944, 
it has been superseded by the Old Col
ony Construction Company. · During 
this entire period I did the engineering 
design work on many of the projects 
which were built by us. Have also done 
structural design work for some archi
tects in Boston, as well as the estimat
ing for my own business and general 
supervision of the construction work 
done by us. At present Engineer, esti
mator and treasurer of the "Old Colony 
Construction Company." Refers to E. F. 
Allbright, 1vl. N. Clair, C. S. Ell, C. J. 
Ginder, A. E. Harding, T. F. Sullivan. 

James F. Cunniff, Holyoke, Mass. (b. 
July 26, 1896, Holyoke, Mass.) Grad
uate ( 192 5) Massachusetts Institute of 
Technology, S.B·. in Civil Engineering. 
Experience, nineteen years with Casper 
Ranger Construction Company, Holy
oke, Mass.: General Contractors, rising 
to Chief Engineer, which post I filled 
for ten years. Seven years with J. F. 
Cunnigg Company, Engineers and Con
tractors. Two years officer in charge 
U. S. Naval Construction Battalion 
overseas. Ten years exper,ience teaching 
Mechanical Drawing, Holyoke Public 
Evening High School. At present Offi
cer in Charge 78th U. S. Naval Con
struction Battalion. Refers to J. B. Bab
cock, C. B. Breed, J. D. Mitsc!t, G. E. 
Russell, C. M. Spofford. 

Byron 0. McCov, Wellesley. Mass. 
(b. March 27, 1912, New London, 
Conn.) June, 1933, Dartmouth College, 
A.B.: May. 1934. Thaver School of 
Civil Engineering. C. E. Experience, 
June, 1934-January. 1935, Computer, 
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New• Hampshire Highway Department; 
January, 1935-January, 1937, Truck 
trailer locator, U. S. Forest Service, 
Whire. ·and Green Mountain National 
Forests; February, 1937~August, 1942, 
Hydraulic; Engineer, William P. Creager, 
Buffalo, New York, assistant on design 
of large earth and concrete dams and 
auxiliary structures, including flood 
control,· water,"supply, hydraulic design, 
suitability of materials, stability, etc., 
hydraulic design of pumping stations, 
estimates of cost of several hydro
electric developments, and research on 
dah1 design details and general hy
draulic problems; August, 1942- Feb
ruary, 1943, Hydraulic Engineer, Chas. 
T. Main, Inc., Boston, Mass., design of 
250,000 g.p.m. pumping station, water 
hammer studies, and stream flow stud
ies; March, 1943- September, 1943, Hy
draulic Engineer, Malcolm Pirnie, New 
York. On .leave of absence from Chas. 
T. Main to assist in design of two dams, 
one concrete. the other earth. for the 
water supply. system of the city of San 

.Juan, Puerlo Rico. October, 1943 to 
date, Hydraulic Engineer, Chas. T. 
Main, Inc., Boston, Mass., Hydro-elec
tric developments, design studies and 
cost estimates. Refers to W. F. Covil, 
TV. C .. Custer, L. G. Ropes, H. A. 
Thomas, Jr., W. F. U!tl. 

Charles F. Peoples. Medford, :Mass. 
(b. October 1 L 1911, Somerville, Mass.) 
Gra·duated from Northeastern. Univer
sity in 1935, B.S. degree in Civil Engi
neering. Attended Northeastern Univer
,ity School of Law for five semesters 
in evening in study of law. Experience, 
1931-1936. ii, office of City Engineer, 
Citv of Medford. from rodman to as
sist;nt city engi~eer. U.S.E.D. 1936-
193 7-Flood Control preliminary sur
vey in State of Maine. Chief of party; 
1937-1937. in office of City Engineer, 
City of Medford. as chief inspector on 
contract construction; 1939- six months, 

Metcalf & Eddy, chief of party on pre
liminary survey of layout for main 
trunk line sewer; 1940-1941, 10 months, 
Stone & Webster, design of concrete, 
etc.; March 1941- July 1941, Pvt. 101st 
Eng. (C) _Reg't; Aug. 1941- May 1942, 
instructor, Engineering School Ft. Bel
voir, Va.; May- August 1942, 0. Can
didate; October 1942- April 1943, C. 0. 
Hq. Co. 861 Eng. (Aun) B"n.; April 
1943- September 1943, Bn. Motor Off.; 
September 1943- December 1943. Pit. 
Ldr. Co. A. 82 5 Eng. (Aun) Bn.; De
cember 1943- July 1944, Assistant En
gineer 9th Engineer Command-charge 
of construction and water supply; at 
present Capt. Corps of Engineers. Re
fers to C. 0. Baird, C. S. Ell, A. E. 
Everett, E. A. Gramstorff. 

HAROLD S. ScmA:so, Roslindale. Mass. 
(b. February 1. 1896, Roslindale, Mass.) 
Attended Mechanics Art High School. 
Berkeley. Prep. School and Lawrence 
Scientific School. Experience. 12 months 
in 1924. Boston Transit Commission. 
rodman. · transitman. East Boston Tun
nel ( co.nstruction) · (Maverick Square) 
and Dorchester Rapid Transit (prelim. 
survey); 1925-1927, Commonwealth of 
Masachusetts Highway Division. senior 
engineering aide, finals department; 
192 7-1945 Citv of Boston sewer divi-. 
sion, civil engineer grade IV on con
struction; 1914-1915, B. F. Sturtevant 
Company. draftsman; 1915-1916, Amer
ican St. Gauge Valge Mfg. Company, 
draftsman: 1916-1917. American Sugar 
Refining Company, draftsfman; 1917-
1919. U.S. Army_A.E.F. At present 
employee of City of Boston sewer divi
sion. civil engineer. Refers to C. F. 
Haskell, G. G. Hyland, W. T. Morrisey, 
S. Tomasello. 

HARRISON E. SHOCK. Boston. :Mass. (b. · 
June 10, 1893. Boston·, ·Mass.)· Graduate 
of Cooper. Union in architectural con
struction, 1911-1915; attended Colum-
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bia University, courses in structural .de
sign 1916-191i. Experience. while at
tending schpol worked part time for 
D. E. Waid. architect for Metropolitan 
Life Insurance Co., New York, as junior 
draftsman; 19li-1925. with·Wa:lte1;rLes:,· 
lie Walker and Charles W. Leavitt, ar
chitects and engineers. New· York. as 
draftsman and designer on industrial 
developments for Midvale Steel Co., 
Coatesville, Pa.. Cambria Steel Co., 
Johnstown. Pa., Rockaway Rolling Mills 
in ~ew Jersey and New York; 1925-
1928. with Dennison & Hirons, archi
tects and engineers, :1\ ew .York. as squad 
boss in the design of construction of 
bank and o:fice buildings. Principal 
structures in charge of, were Erie Trust 
Co .. Erie Pa .. and Honie Savings Bank. 
Albany. N. Y.; 1928-1931. with the as
sociated constructors (Starrett Bros. & 
Eken. H. C. Severance) for Bank of 
:\Ianhattan Co .. Building, New York. 
third tallest structure in New York Ci
ty. as specification writer. coordinator 
and expeditor; 1931-1939. in charge of 
rehabilitating foreclosed properties for 
se\·eral trusteeships ~1nd two savings 
banks in New York City. This work 
im·olved practically all phases of engi
neering. principally structural and sani
tan· in the alleviation of slum condi
tio~s. sanitation of and clearances of 
structures and alleys, fire prevention 
,rnrk and mechanical equipment; 1941-
1944. with Shreve. Lamb & Harmon, 
Fay. Spofford & Thorndike, associated 
architects and engineers. Boston. as de
siimer and assistant en!!ineer in fire pre
,·ention. miscellaneous piping and plumb
ing. 1944 to date with Kilham, Hop
kins & Greeley. Boston. in charge of 
building construction and em;ineering 
design. Refers to J. F. Brittain. F. M. 
Cali;ly. G. W. Coffin, L. M. Gentleman, 
JI. H. Mellish. 

Edward N. Tashian. \Vatertown, 
Mass. (b. January 1, 1892, Harpoof, 
Armenia). Graduated from Massachu
setts Institute of Technology in 1921, 
receiving B. S. degree as Mechanical 
Engineel'~ After·, graduatiRg' .-r.nd-- up )to 
July 1942. followed the c.:instruction 
line. designing, estimating and super
vising buildings in and around Boston. 
From July. 1942, to March. 1943, 
worked for the Morton C. Tuttle Com
pany and Lockwood Green, Engineers, 
at the Lowell Ordnance Plant. in the 
engineering department as an estimator. 
At present. and since March, 1943. with 
U. S. Army Engineers, at Park Square 
Building. B"oston. on engineering esti
mates and transfer drawings. Refers to 
C. 0. Baird, E. F. Childs, A. E. Hard
ing, E. L. Spencer. 

Transfer from Grade of Student 
Francis Sattin. Malden, Mass. (b. 

May 14. 1919. Malden. Mass.) Grad
uate of Northeastern · University in 
1943. B.S. degree in Civil Engineering. 
Employed by U. S. Engineers. October, 
1941 to July, 1942. Now serving with 
the Army as a communications officer 
in the Air Corps. Refers·to C. 0. Baird, 
A. E. Everett, E. A. Gramstorff, C. S. 
Ell. 

ADDITIONS 
ALBERT E. ABRUZZESE, 153 Cedar Street, 

Wellesley Hills, Mass. 
CHARLES W. BowNE, 652 Prairie Ave

nue. Providence, R. I. 
GEORGE S. BRUSH. 5i Main Street, Es

sex Jct. Vermont. 
RUSSELL C. CHASE, 4 West Street, 

Stoneham, Mass. 
ALBERT L. COYNE, IOI Fresh Pond Park

way. Cambridge, Mass. 
GEORGE \V. HANKINSON. 360 Hunting

ton Avenue. Boston, Mass. 
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CHARLES ff. NORRIS, 1-239 :Mass. In
stitute of Technology, Cambridge, 
Mass. 

ERNEST L. SPfNCER, Northeastern Uni
versity, Boston, :Mass. 

\VILmA111 E. STANLEY, 44 Hastings Road, 
Belmont, :Mass. · 

DEATHS 
HERBERT B. ALLEN, November 30, 1944. 
MAYO T. CooK, April 11, 1>944. 
CHARLES G. CRAIB, April 29, 1944. 
ALEXA:\'DER L. Krno, August 21, 1944. 
HERBERT L, RIPLEY, December 1, 1944. 
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CHAS. T. MAIN, Inc. 
Engineers 

201 CEVONSHIRE ST •• BOSTON, MASS. 

INDUSTRIAL BUILDING DESIGN 
STEAM AND HVDAO•ELECTRIC PLANTS 

ELECTRICAL ENGINEERING 
INVESTIGATIONS-APPRAISALS 

P'OUNDATIONS 

WILLIAM S. CROCKER 
(Formerly Aspinwall & Lincoln) 

Registerecl Professional Engineer 
Registered Land Surveyor 

Louis A. Chase 
Amos L. Perkins 

Associate 
Associate 

46 Cornhill Boston, Mass, I 

Fay, Spo:ff ord & Thorndike 
Engi_neers 

Port De\'elopments Airports Fire Prevention 

Bridges Buildings Foundations 

\Vater Supply Sewerage Drainage 

BOSTON NEW YORK 

FRANK A. BARBOUR 
Consulting Engineer 

Water Supply, Water Purification 
Sewerage and Sewage Disposal 

Tremont Building, Boston, MaH. 

H. K. BARROWS 
Cona11lting Hydraulic Engineer 

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

6 BEACON ST, BOSTON, MASS. 

METCALF & EDDY 
Engineers 

Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 

Airfields Valuations 
Laboratory 

STATLER BUILDING, BOSTON 16 

HOWARD 1\1. TURNER 
Consulting Engineer 

lnvestieations, Valuations, Plans. 
Supervision of Construction, Water 
Power, \\1ater Supply, Public 
Utility and Industrial Properties. 

6 Beacon Street Ilo~IOt1 

THOMAS R. CAMP 
Consulting Engineer 

6 BEACON STREET BOSTON S. ~I°ASS. 
Telephone CApitol 0422 

Water Works and ,vatcr Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial \\1astes 

Investigations & Reports Design & Supervision 
Uesearch and Development Flood Control 

--------------------
WESTON & SAMPSON 
Laboratory for the Analy1is of Water. 

Sewage, Filtering Materials, etc., Deai1n, 
I nopection and Supervioion of Water Puri
fication and Sewage Disposal Plante. 

14 BEACON STREET, BOSTON 

WHITMAN & HOW ARD 
Engineers 

(Eot. 1869. Inc. 1924) 
Investigations, Deslcns, Estimates, Reportl 
and Supervision, Valuations, etc., In all Water 
Works, Sewerace, Dralnace, · Waterfront lm• 
provements and . all Municipal or lnduatrtal 
Development Problems. 

89 Broad Street Boston, J\lae1. 

J. R. WORCESTER & CO • 
. Engineers 

Buildings Brldces Foundation• 
Steel and Reinforced Concrete 

Designs Investlcatlons 
Ezpert Testimony · 

Cement and Sand Testlnc 

89 l\lilk Street Boston, J\11111. 

JACKSON & MORELAND 
Engineers 

Public Utilities - Industrlllla 
Railroad Elecltl11catlon 

Design and Supervision - Valuatlona 
Economic and Operatlnc Reportl 

BOSTON NEW YORK 
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MAURICE A. REIDY 
Conaulling Engineer 

Structural Designs Foundations 

101 Tremont Street 

BOSTON,· l\'lASS. 

GARDNER S. GOULD 
Conaulting Engineer 

Port Developments, Wharves, Pier■ an4. 
B11lkhead1, Oil Stor■ce, Coal Ban4llnc, ' 

Warehou■ea and Foundations 

89 Broad St. Room 412, Boston, Mass. 

New England 

Power Service 

Company 

· Ganteaume & McMullen 
Engineers 1 

99 Channey Streei 

BOSTON 

THE THOMPSON & LIGHTNER_ CO., INC. 
Engineers. 

Designs and· Engineering Supervision 
Investigations, Testing and 

Inspection of Structural Materials 
Concrete Quality. Control 

Marketing and Production Service 

Olllces and Laboratory, 620 NEWBURY ST., BOSTON, MASS. 

Stone & Webster Engineering Corporation 
Engineering and Construction 

Reports Examinations Appraisal• 

Consulting Engineering 

49 FEDERAL ST., BOSTON, MASS. 

E. WORTHINGTON 
Civil and Consulting Engineer 

Water Supply and Sewerage 
J\funicipal Work 
·Established 1890 

Worthington Building 
26 NORFOLK ST., DEDHAM, MASS. 

Telephone 0120 

MARK LINENTHAL 
Engineer 

16 LINCOLN STREET 

BOSTON 

D I V E R S-Skilled, CapablE 
Mechanics /or Under111ater Examina
tion and Repairs. 

Crandall Dry Dock Engineers 
238 !\lain St., Cambridge, Mass. 

HOW ARD E. BAILEY 
Cons_ulting Sanitary Engineer 

Water Works Water Purification 
Sewerage Sewage Treatme1it 

Industrial Wastes Disposal 

177 State St., Boston, Mass. 

FOUNDATIONS 
Engineers and Contractor• 

THE GOW COMPANY, 
Inc. 

957 Park Square Building 
Boston 

GOW CAISSONS 
RAYMOND CONCRETE PILES 

SOIL TEST BORINGS 

90 W e11t St., New York City 

.Ill W. Monroe St., Chicaso 
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Dredging Pile Driving 
Sea Wall and . Bridge Building 

Submerged Pipe and Foundalion• 

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

New England Concrete Pipe Corp. 
NEWTON UPPER FALLS, MASS. 

l\lanufacturers of 

Plain and Reinforced Concrete 
Sewer and Culvert Pipe 

PLANTS 
Newton, Springfield, Mansfield, Massachusetts 

Providence, Rhode Island 

NORTHERN STEEL CO. 
44 SCHOOL STREET, BOSTON 

Concrete Reinforcing Ban 

Works at 
Glenwood Station, Medford, Ma11. 

EDSON CORP. 
Diaphragm Pump Specialriea 

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

EDSON 
Special Suction Hose, Red Seal Dlaphracms 

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

49 D Street, South Boston, Mass. 

THE CHAPMAN VALVE 
MFG. COMPANY 

165 Congress St., BOSTON, MASS. 
VALVES 

For All Services 
SLUICE GATES - SHEAR GATES 

FLAP VALVES 

S. Morgan Smith Company 
Manufacturers of 

Hydraulic Turbines 
and Accessories 

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

EDWARD F. HUGHES 
Test Borings 

Artesian, Gravel and Driven Wells 

Water Supplies 

53 State Street Boston, · Mass. 

T. Stuart & Son Company 

General Contractor• 

70 PHILLIPS STREET 

WATERTOWN, MASSACHUSETTS 

THOMAS O'CONNOR & CO., 
Inc. 

Structural Engineers & Builcler~ 

238 i\IAIN STREET 
CAi\tBRIDGE, MASS. 

K.-111fall Square 

Pipe Founders Sales Corp.• 
Successors to 

I 
FRED A. HOUDLETTE & SON, Inc. 

Cast Iron Pipe and Special Castings 
· for 

Water, Steam, Gas and Chemical U■e 
Water Measuring Equipment 

6 BEACON STREET, BOSTON, MASS. 

••••• e•••• 
• ~ FLOW 
e ~ AND e 

WATER,AND SEWAGE WORKS 

~,Hdit" LEVEL • • 
• 

. METERS and CONTROLLERS • 
• Bulletins on request. Address Build-
• ers • Providence, Inc., (division of. 

Builders Iron Foundry), 9 Codding 

• St., Providence 1, R. I. • 
BUILDERS-PROVIDENCE 
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STAINLESS STEEL THOMAS MULCARE CORP. 
and 

Steel of E\'ery Description 

Hawkridge Brothers Co. 
303 Congress Strec-1 

BOSTON, l\lASS. 

SCIENTIFIC BOOKS 
AND PERIODICALS 

The Old Corner Book Store 
50 BROMFIELD STREET 

BOSTON, MASS. 

Algonquin Engraving Co. Inc. 
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BOSTON, MASS. 

Tel. Han 4855-6 

U. HQLZER, Inc. 

BOOI(BINDERS 
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Or 24 Province Street 
i\lAIN SHOP AT HYDE PARK 

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

Concrete Structure Repairing 

Resurfacing Floors 

66 Western Ave. BOSTON 
STAdium 2244 

BUFF PRECISION 
is continuously in the 

l fo~t~::~!s Repaired 
at Reasonable Cost 

BUFF & BUFF 
INSTRUMENT CO. 

Jamaica Plain, !\lass. 
~-'-~ Arnold 1770 
~ Messenger will call 

• PHOTOSTAT 

• PHOTO-LITHOGRAPHY 

• BLUE PRINTING 

• DRAWING SUPPLIES 

New England's 
Outstanding Authority 

SINCE I 1886 

SPAULDING-MOSS COMPANY 
BOSTON 

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 

PRO/If PT SHIP/IIENTS FRO/II STOCK 
1940 Catalog on Request 

SALES OFFICES FOUNDRIES 
Everett, MHs. 7S Federal St., Boston 

11 Broadway, New York Phillipsburg, N. Y. 
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DREDGING 
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CONTRACTING ENGINEERS 

for 
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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 in
crease in the· volume of business over the previous 
year should prove that we have kept pace with the 

times. 

The Heffernan Press 
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NOMINATING COMMITTEE 

Past Presidents (Members of the Committee) 

IC.Am. R. KENNISON GoaooN M. FAm ABTBUll L. SBJ.'1 

GEORCB N. BAJL&Y 

WALTER N. Fin 
FRA?UC. L. LINCOLN 

RAYMOND w. COBURN 

LA WRRNCB M. GENTLnU.l'f 

DONALD w. TAYLOR 

(Term expires March, 194SY (Term expires March, 1946) 

EDWARD ,H. ·CAMEBOl'f 

WILLIAM F. COVIL 

GEORCB H. DE.LANO 

J. STUART CRANDALL • 

BURTIS s. BROWN 

THOMAS C. COLEMAN 
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FREDERICK s. GIBBS 
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Library 
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Hospitality Committee 

JORN H. H'ARDINc, Chairman 

Relations of Sections to Main Society 

FREDERICK S. Grnns. Chairman 

TRUMAN H. S.uroBD 

RALPH M. Souu 
DONALD w. TAYLOR 

JoeN B. BABCOCK: 

J. DONALD MITSCH 

RALPH M. SOULE 

FBEDKIIIC N. W&&VEB 
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_ Welfare 

RALPH W. HORNE, Chairman 

John R. Freeman Fund Committee 

HOWARD M. TURNER, Chairman 

Desmond Fitzgerald Award 
HAROLD K. BARROWS, Chairman 

Sanitary and Hydraulics Section Aword 

HAROLD K. BARROWS, Chairman 

Designers Section Award 
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JAMES E. LAWRENCE, Chairman 
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