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CONCRETE TECHNOLOGY AS AFFECTED 
BY WAR CONDITIONS 

B'v MILES ·N. CLAIR, MEMBER* 

(Presented at a joint meeting of the Boston Society of Civil Engineers and the Designers 
Section B. S. C. E. held on December 16, 1942.) 

OuR effort toward victory in this total war has developed critical . 
shortages in materials, equipment, man power, fuel, power and trans
portation. In engineering and construction these shortages plus the 
necessity of great speed have led to many changes in design, use of 
materials and construction methods. The War Production Board 
through priorities and regulations relative to materials, design and 
production has assumed control of the design and use of critical 
materials and, to a considerable extent, of the use of equipment. Con
crete is one of the major materials entering into the war construction 
program and as cement shortages developed in certain areas there have 
been issued regulations in· regard to the design of reinforced concrete 
and the manufacture of portland cement. It_ is desirable to construc
tively consider these regulations and the changes which have taken 
place in the use of concrete for the benefit of our victory effort and 
the lessons that may be of value after the war. Concrete as a material 
and the design of plain concrete structures only will be' considered in 
this discussion. 

There is no shortage of portland cement in the middle Atlantic -
and North Atlantic area, but there have been shortages elsewhere due 

*Vice President a·nd Treasurer, The Thompson & J..ichtner Co., Inc.; 620 Newbury St., 
Boston, l\fass. 
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partly to lack of marine transportation from the large cement-producing 
areas of the east. Fig. 1 shows plai~ly th~ si_tuation in regard to cement 
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FIG. 1. 

Cement Production 
E. N. R. Index 

production up until 1942. Data 'for 1942 is not available because of" 
its classification as information of value to the enemy. It may be 
statea, however, that there has been a great increase in construction· 
during 1942 and a corresponding increase in tl'!e use of cement. The 
cement mills during the past five years have generally moderni;Zed their 
equipmept and it' can be expected that the gross production will keep 
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up with consumption without greatly depleting the mill stocks. One 
new mill has been put into operation during the past month. 

Fig. 1 is of interest insofar as the Engineering News Index is 
concerned not only in recalling the prosperity of the twenties and the 
distress of the thirties, but because of the picture it gives of our war 
effort in a total war relative to that of the first world war and as a 
warning as to the future after the war unless we plan properly. 

In view of the fact that the peak of the construction program is 
apparently passed, the need for restricting the use of cement, in this 
area at least, is not due to the limits of the productive capacity but 
to the necessity for conserving manpower, fuel, equipment and trans
portation. Concrete consists of cement, water and aggregates. \Vater 
and aggregates usually come from the site or nearby. Cement normally 
comes from an appreciable distance. Any economy in the use of cement 
is reflected in savings of transportation, fuel, power, equipment and 
cxpl03ivc3. The more effective u cement is in producing the qualities 
desired of workability, strength and durability, the more will be the 
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savings resulting from its use of these critical elements. The quality 

of cements as measured by their strength and effect on workability 

vary greatly. Fig .. 2 indicates the difference in strength quality of two 

cements meeting the same standard specifications. The better cement 

will probably allow the use of 20% less cement per cubic yard. There 

may be some extra fuel consumption and extra grinding which use up 

critical materials but this depends on the particular mill. Where 

marine transportation is involved, however, these would, in any case, 

be greatly outweighed by the saving in transportation. High early 

strength cement is the only type of cement that should be sent to 

advanced bases. 
The better the aggregate quality the less cement there will be 

necessary-possibly as much as 2 5 % less. It is difficult to find a 

quantitative basis for choosing between better aggregates and more 

cement because to obtain better aggregates than are locally obtainable 

there will be necessary additional processing equipment, increased 

transportation and increased manpower consumption. There can be 

no question, however, but that if local gravel of reasonable quality is 

available it is preferable to local crushed stone because of saving in · 

equipment, power and explosives. Gravel will normally give better 

work ability and· require about 5 % less cement per cubic yard than 

crushed stone. In many cases local materials must be used irrespective 

of their quality and here as thorough a study as time will permit should 

be made of the available materials. If volcanic ash, coral rock, schists, 

~l1ales or other inferior rocks are the only materials available the uo_ly 

solution is to select the best in each case and use more cement. Com

binations can often be made which are economical of cement using 

very unorthodox gradings and proportions. 
Cement can be conserved in all cases by careful proportioning, not 

only for strength but also placeability, based on the quality of the 

materials available and by thorough control of the whole operation of 

making the concrete. The better the control the less the variation from 

the average and, therefore, the greater the economy in cement which 

may amount to as much as a sack of cement per cubic yard of concrete. 

Arbitrary proportioning which is wasteful of cement has been 

abandoned on all important work in favor of proportions based on tests 

of the materials to be used. 
The use of reasonable consistency concrete also results in savings 
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of cement and manpower. There was previous to the war some over
emphasis on dry concrete without proper evaluation of the problem of 
placement in different structures. The desire for speed with reduced 
manpower has recently led to the use of higher slumps than are 
necessary. 

The pounds per square inch of compressive strength produced per 
pound of cement used is somewhat greater for richer mixtures than for 
leaner mixtures; however, in members subjected to flexure the higher 
_strength concrete requires more cement per foot of the flexural member 
than for the member designed for the lower strength concrete. A pound 
of cement produces 4.6#/sq. in. in a 2000#/sq. in. mixture, 5.1#/sq. in. 
in a 2500#/sq. in. mixture, and 5.4#/sq. in. in a 3500#/sq. in. mixture. 

A beam on a 20-foot span carryi]lg a maximum positive movement 
of 1,000,000 inch pounds on balanced design will require 0.421 bags 
of cement per foot of beam for 2500#/sq. in. concrete and 0.465 bags 
of cement for 3500#/sq. in. concrete. Compression members require 
less cement per foot of member for the higher strength than for the 
lower strength concrete. The requirements of workability, impervious
ness and durability limit the decrease that can be made in cement 
content for most uses. A cement content of less than 4 bags per cubic 
yard in heavy sections is not advisable where there is any exposure, 
and durability is required, although such a cement content may produce 
a compressive strength under some circumstances of 4000#/sq. in. 
Light reinforced sections for structures should contain at least S bags 
of cement so as to obtain proper placeability and density for protection 
of steel. 

Materials or processes which result in the reduction of grinding 
time on cement clinker are valuable from the standpoint of increasing 
capacity of mills or reducing power and equipment consumption. One 
method is to use a grinding medium which is added to the clinker 
during the grinding operation and which acts to reduce the tendency of 
the cement to cake or mat on the surface of the mill or grinding balls. 
Such a material is T.D.A. ( composed of triethanolamine and highly 
purified soluble calcium salts of modified lignin sulfuric acids) which 
is effective in amounts as low as 0.04% of the weight of cement in 
increasing the grinding efficiency as much as 20%. The effect varies 
with different cements. 

Other admixtures are ground in with the cement or added to 
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concrete to improve its qualities and these fall into two groups: 

accelerators, which are almost all calcium chloride; and workability 

agents which are either inert fillers or organic compounds with or with

out calcium chloride. The use of calcium chloride to accelerate the 

early strength of concrete is well known. Its effect varies with different 

cements but normally between one and two per cent of the weight of 

cement will give a strength at three days equivalent to the seven-day 

strength of concrete without it. The effect of calcium chloride on the 

later strength, volume change and durability of concrete varies and 

its value for structures which must be durable is doubtful. On truly 

emergency construction there should result savings in cement or in 

form material and cold weather protection by its use. Warm weather 

use of calcium chloride due to its effect on the time of set and possibility 

of flash setting is always dangerous. 
Organic compounds like T.D.A. and Vinsol Resin do increase the 

fluidity and the "butteryness" respectively of the concrete. These 

characteristics allow the use of less cement and aid in reducing water 

separation and segregation. There are, however, adverse effects. The 

effect varies with different cements but normally the concrete has: 

( 1) a lower weight per cubic foot due to the formation of very small 

air voids by the inclusion of air by "soap action"; ( 2) lower strength 

in the one- to seven-day period; ( 3) increased volume change. It has 

been claimed that concrete made with such admixtures or additions 

increase the resistance to freezing and thawing ( weathering) and the 

action of alkalis. The evidence to support these claims is not conclu

sive. Since the one- to three-day strengths may be as much as 30% 

lower than without the admixture with resultant increase in time that 

forms must be kept in place and the time that thermal curing must be 

maintained and as this affects fuel, materials, manpower, and trans

portation, it is probable that there is no final advantage obtained by 

the use of such compounds. 
The inert powdered fillers or admixtures provide a means of 

improving the workability of the concrete to correct for deficiencies in 

the quality of the aggregate. Under normal circumstances this can 

better be taken care of by the use of additional cement. A local supply 

of suitable fine material to correct the lack of fines in the available 

sand is a logical use of inert powdered fillers. The addition of such 
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inert fillers where the materials are of reasonable quality results in 

decreased strength and increased volume change. 

Admixtures seldom have a value except under unusual conditions. 

What value they have is clouded by all inclusive claims of extra

ordinary good effects on every property of concrete. They are the 

patent medicine or monkey glands of the concrete field. The very great 

increase in their use for war construction shows a widespread lack of 

appreciation of their true value. 
The amount of cement that must be used to obtain a desired 

quality concrete is not only affected by the quality of cement, quality 

of aggregates, consistency of cement and additions subsequent to 

calcination but also by the methods of placement and curing. New 

placement methods have not appeared but the emphasis on the methods 

has changed. The readymixed concrete operation, with proportioning 

or mixing plants set at central locations to serve a number of projects, 

results in savings of transportation and equipment. Pumping has 

increased in use for distribution and this method has the advantage 

of decreasing manpower at the site. Placement by the old method of 

chutes has increased to the detriment of quality but with resultant 

saving in manpower and equipment. Particularly notable is the increase 

in the use of tremie concrete in place of drop bottom bucket placement 

for underwater work. 
The great effect of curing on the strength (as much as SO%) and 

other qualities of concrete needs no restatement but under war condi

tions in many localities water curing is impractical if not impossible. 

The alternate curing procedures, of the use of damp earth or hay, are 

applicable only after the critical initial hardening period. Burlap and 

reinforced paper used for the initial curing period have become critical 

materials and are normally not available. Cotton mats are effective 

but not economical to handle. Curing films of many types have been 

employed and where they do not affect the concrete by reaction with 

the cement they do a reasonable moisture curing job with great saving 

in manpower and critical materials. Such types are much to be pre

ferred to no curing. Colorless asphaltic oils and petroleum oils have 

been used for this purpose for many years but as there is some reaction 

with cement their use has resulted in a slight powdering of the surface 

and they have not been efficient as a curing medium. Black asphalt 

has been applied as a curing film recently and to this there is the same 
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objection as to the colorless oils with the additional fact that in hot 
weather the dark color increases the surface temperature. The opposite 
would be true in winter but no curing film should be relied upon for 
thermal curing. Some of the curing films based on lacquer types of 
sprays which are inert relative to concrete appear to have merit and 
represent a real advancement in concrete construction procedure. 

Curing by the application of various admixtures to the concrete is 
inefficient and not recommended. The curing by surface application 
of various salts such as sodium silicate, which do react favorably with 
the concrete, is effective but normally more costly than the film method. 
The use of calcium chloride on the surface as a curing medium is 
definitely of doubtful value. 

Form construction has gone to plywood or other boards almost 
entirely where its application is possible so as to avoid the use of steel 
and more critical lumber. Considerable use has been made of absorp
tive form liners to give improved surfaces. No value from the stand
point of the saving of critical war elements of our economy can be 
found for these absorptive form liners. The same results can be 
obtained more economically by better concrete and pla,:ement . 

. Finishing of concrete surfaces is being done almost entirely by 
mechanical floats or by such floats with a final hand trowelling. There 
results a great saving in manpower and a more uniform floor surface 
from the mechanical floats than from the hand trowelling. The Vacuum 
Concrete process has been applied for some time to hasten the finishing 
operation and aid in placement. The concrete is placed wet and then 
the water withdrawn by the use of vacuum pads. The process is 
objectionable because segregaliuu may result from Lhe very wel cuu
crete that is employed, and for a thickness of concrete in excess of a 
few inches the action is not uniform throughout the mass. It should 
have value for certain types of precast units but not as it has been 
applied on general construction. · · 

The critical shortage of steel bars has led to the use of unrein
forced concrete wherever possible. The normal use of such concrete 
has been for roads and runways, floors on earth, footings and pedestals 
of small structures, small arched structures, gravity retaining walls, 
concrete sewer pipe and precast concrete units for wall construction. 
The war conditions have led to the application of unreinforced concrete 
to larger arched structures and the footings for larger buildings and 
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even to reservoir and tank construction. Particularly important has 

been the increased use of wall bearing concrete block construction. 

Insufficient attention appears to have been given to the stability of 

such walls under wind loads as evidenced by failures in use. The 

principal development in the design of unreinforced concrete has been 

the frank use of concrete in tension. The "Standards of Design for 

Concrete" Bureau of Yards and Docks as long ago as 1924 carried a 

value for extreme fibre stress in tension for plain concrete only of 0.05 

}'0 to be used only for massive sections such as monolithic arches, re

taining walls, etc. not exposed to large temperature variations. The 

American Concrete Institute, Committee 3 2 2, has just proposed stresses 

for unreinforced concrete. The extreme fibre stress in tension· proposed 

is 0.05 Jc' for beams, etc., and 0.08 J; for arches and domes. They also 

propose, for. what might be called under-reinforced concrete, an in

crease of 2 5 % in the 0.05 f c' value. The steel in the under

reinforced concrete is to be placed at not over 4" ce~ters, not more 

than 1" for the tension surface and weight not less than 0.3Vsq. ft. 

of surface area. They recommend that joints be placed not greater 

than 16 feet cent_ers for members exposed to the weather and 32 feet 

for members protected from considerable changes in temperature and 

moisture content. The stresses are considered to apply only to con

trolled concrete. It is suggested that the flexural strength test be used 

as a basis rather than the compressive strength in which case the values 

of extreme fibre stress/,, are to be taken as 0.33 f'x and 0.50 f'x respec

tively. 
The ratio between the extreme fibre stress in tension ( modulus 

of rupture) and the compressive strength is shown on Fig. 3. It is not 

a constant relation and the relative value of the modulus of rupture 

decreases with increase of compressive strength. Flexure tests show 

more variation between specimens than do compression tests. 

The uncertainty of the formation of cracks across which, in un

reinforced sections, tension cannot be transferred makes a high factor 

of safety necessary and a limitation of the use of such unreinforced 

sections to structures such as arches, gravity retaining walls, slabs on 

the ground and footings. The wisdom of limiting the use to elements 

of structures not subject to large temperature or moisture fluctuations 

is obvious. The use of a value for tension in bending in excess of 0.04 

r C should not be permitted. 
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The War Production Board has issued two orders which directly 
affect the use of cement and concrete. The General Portland Cement 
Limitation Order L-179 as amended and effective September 24, 1942 
relates to the manufacture, storage, testing and quality of portland 
cement. The Directive ~9 effective December 5, 1942 relates to the 
design of reinforced concrete. The W.P.B. order L-179 states "The 
fulfillment of requirements for the defense of the Gnited States has 
made imminent a shortage in the supply of portland cement for defense, 
for private account and for export; and the following order is deemed 
necessary and appropriate to protect the public interest and to pro
mote the national war effort." With the exception of certain designated 
projects of the Army, Bureau of Reclamation and Tennessee Valley 
Authority, and oil well cement or specific authorization by the Director 
General for Operations, only cement meeting the requirements of 
Federal Specifications E-SS-Cl 91b, E-SS-C201a, E-SS-C206a, A.S. 
T.M. EA-C150, Type I, II and III, may be manufactured. Since the 
Emergency Federal Specifications and Emergency A.S.T.M. Specifica-
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tions are identical, the order states in effect only three types of cement 
can be manufactured. The emergency specifications, however, allow 
the use of Vinsol Resin and TDA and, therefore, if a cement manu
facturer is to be ready to take orders for any possible cement, he must 

have eight types of cement available. The simplification could have 
gone much further by eliminating combinations with Vinsol Resin and 

TDA. 
The order further requires that no bins be set aside for exclusive 

use by any purchaser,* the purpose being to facilitate shipments where 
tested cernenl is re1111irerl and thus to 1m1ke l-1.vailahle a nrn;ximu111 of bin 

space. The tests of cement are to be made in accordance with the 
Emergency Federal Specifications or the A.S.T.M. Specification C77-
40. Tables I and II give in detail the requirements of the several 

specifications referred to and for comparison the older counterparts 
of the same. It will be noted that the 28-day strength test is eliminated, 
that the autoclave expansion requirement is made more liberal, that 
the early strength requirement on Type I is reduced, and the com
pression or mortar cube test is eliminated. The elimination of the 
28-tlay slreugth lesl as a required test is not uLjecLionable except that 

by the Order such tests cannot be made which opens the door to a type 
of cement which shows retrogression. The limits on the surface area 
or Hueness du uul give the true picture of the i11Le11L of Lhe Order which 

is to reduce the surface area to the minimum value and thus reduce 
grinding. 

The comparison of the number of barrels to represent a test in 
Table I shows to what extreme the specifications have gone to elim
inate testing and conserve manpower and chemicals and chemical 
equipment. The number of tests are equivalent to those made by mills 
in thP.ir r.nntrol of product.ion ;:i,ncl ;:i.re entirely in::irlP.fJ.lrnte to detect the 

orcasional r::i.r whir.h fails to meet the specifications and causr.s trouhle 

on the job. Segregation occurs in filling bins and there is available 

proof that this is not averaged out in filling cars; therefore, combina
tion of averaging of samples for test is not adequate protection. A 
complete test on each car, or 400 barrels if bin tested, is the minimum 
testing to provide proper protection. It is extremely doubtful whether 

*ThcJt. J<.ction.1 hnvc been eliminnted by n m,jdifico.tiun of the order in Feb. 1?13 .,u Ll,al 
now the use of cement meeting the Emergency Specifications is the only remaining require
ment. 1\'1odifications of thcGc Gpccificationa to incrcazc ctrength and curfacc areas arc under 
consideration. 
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SPECIFICATIONS FOR PORTLAND CEMENT 

TYPE I TYPE II TYPE III 
ASTM ASTM ASTM SS-C E-SS-C ASTi\1 SS-C E-SS-C ASTM SS-C E-SS-C C-9-30 C-74-39 Cl50-41 191-b 191b 150-41 206a 206a 150-41 201a 201a 

CHEMICAL (Max.)-
to Magnesium Oxide 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
0 Sulfur Trioxide 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.5 2.5 2.5 {fl Loss on Ignition 4.0 4.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 >-l Insoluble Residue 0.85 0.85 0.75 0.75 0.75 0.75 

, 
0.75 0.75 0.75 0.75 0.75 0 

Alumina - - - 7.5 - 6.00 6.00 6.00 - 7.5 - z 
Iron Oxide - - - 6.0 - 6.00 6.00 6.00 - 6.00 - {fl 
Tricalcium Aluminate - - - 15.0 - 8.00 8.00 8.00 15.0 15.0 15.0 0 

n Ratio Alumina to Iron -Oxide - - 0.7-2.0 0.7-2.0 0.7-2.0 - - - tT1 - - -
>-l SiEca (Min.) - - - - - 21.0 21.0 21.0 - - - >< 

PHYSICAL- 0 
Fineness, Specific Surface 'Tj 

n Average, Min. - - 1600 - - 1700 - - - - - -One sample, Min. - - 1500 1600 1500 to 1600 1800 1500 to - 1900 - < -2000 r' Soundness Autoclave 
tT1 Expans:on % Max. *' *' 0.5 0.5 1.0 0.5 0.5 1.0 0.5 0.5 1.0 z Tensile Strength C"l -1 Day Min. - - - - - - - - 275 275 275 z 3 Days - - 150 175 150 125 125 125 375 375 375 tT1 7 Days 275 275 275 275 275 250 250 250 - 425 - tT1 
:,;, 28 Days 350 350 350 350 - 325 325 - - - - {fl Additions Not 

Allowed Allowed Allowed* Allowed *2 * Allowed *2 * Allowed *' 
* 1Steam test for soundness of standard pat. 
* Provided they have been shown to be acceptable in the amounts indicated by tests carried out or reviewed by Committee C-1 and bags are to be marked with the amotrnt and kind of interground addition. 
+.q'OA may be added as a grinding aid in amounts less than 0.0450/o of the weight of cement and Vinsol Resin in amounts not less than 0.025% nor more than 0.045% of the weight of cement. 
••TOA may be a<lded as a grinding aid in amotrnls less than 0.08% by weight of cement. 
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TABLE II 
SPECIFICATIONS FOR PORTLAND CEMENT 

Requirements for Sampling and Testing 

ASTM 
C-9-30 

ASTM 
C-74-39 

ASTM 
C-150-41 

SS-C 
191b 

181 

E-SS-C 
191b 

Number of Barrels of Cement Represented by Each Test 

200 300 400 400 500 

200 300 400 400 500 

200 300 800 800 1000 

2000 2000 3000 

200 300 4000 2000 3000 

200 300 800 2000 3000 

the war effort as a whole will be advanced by such a specification 
when the delay and damage due to defective cement is properly con
sidered. 

The Order further provides, "Such tests shall be made only by a 
laboratory selected by the manufacturer of such cement, which labora
tory, however, shall be either the National Bureau of Standards or a 
laboratory designated by the National Bureau of Standards."* This is 
in direct violation of a fundamental principal of inspection, namely, 
that inspection agency shall be under obligation to the party subject 
to inspection. It also takes away from the purchaser or engineer all 
rights to the selection of the testing agency for whose work they pay. 
In practice the application of this requirement has been that there 
have been assigned to each mill three testing agencies. First, the mill 
testing or control laboratory; second, an agency, either the U. S. Army 
Engineers or the Bureau of Standards, to take care of all government 
testing; and third, a commercial testing agency to take care of all 
private work calling for test. The first two may be taken care of by 
one ag-ency. No other testing agency is allowed to sample, seal cars 
or test cement for or from the given mill. Many adjustments will be 
necessary before this procedure will operate smoothly but it should 
be effective in reducing storage and testing. 

The War Production Board Specifications insofar as they relate 
to plain concrete are a copy of the Building Regulations for Reinforced 

*These sections have been eliminated by a modification of the order in Feb. 1943 so that 
now the use of cement meeting the Emergency Specifications is the only remaining require
me·nt. J.[ncl.ifications of these specificaticns to increase strength and surface areas are under 
consideration. 
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Concrete, A.C.I. 318-41 except that a preference is indicated for an 
extreme fibre stress in compression of 0.35 fa' rather than the 0.45 j' 

0 

of the A.C.I. specification and the concrete strength is limited to 
3430Vsq. in. maximum with a preference indicated for 2570#/sq. in. 
There is introduced a value for extreme fibre stress in tension of 0.04 
j' 

0 
without any indication elsewhere in the specification of how or 

where it should be used. The maximum steel ratio Pg for reinforced 
concrete walls is reduced from the A.C.I. value of 0.04 to 0.02. The 
value of concrete in tension for plain concrete pedestals and footings 
is increased from the A.C.I. 0.03 j' 

0 
to 0.04 j' 0 • 

The purpose of the preference for the lower-strength concrete is 
to save steel and cement as can be seen from the previous discussion, 
but the reason for increasing the factor of safety for all but special 
members is not apparent. Possibly the purpose was to counteract an 
expected lowering of the general quality of concrete construction. The 
specification by introducing the use of tensile stress without some indi
cation of its application and limitations opens up new dangers in 
design. The A.C.I. proposed specifications is much to be preferred in 
this respect although its allowable stress in tension is excessive. 

The W.P.B. Orders must be obeyed until they are modified and as 
they were written to conserve materials, manpower, equipment, fuel 
and power, they should be constructively examined with that view
point in mind and constructive suggestions brought to the attention 
of the Board. It would appear that their aim would be obtained by 
providing more information and less orders as relates to design. Free
dom in structural design is as desirable as freedom in government. In 
the field of cement quality they could well reduce the cement specifi
cations to two types, normal of Type II and high early of Type III, 
allow sufficient amount of testing to really check the quality of cement 
and leave it in the hands of the commercial laboratories restricting the 
number at any one mill and not build up further the government test
ing agencies. 

The war effort will be advanced not by using the emergency as 
an excuse to let down on quality but by ingenuity in the use of facil
ities and materials at hand. There is no general case--each particular 
situation must be considered in the light of the best technical knowledge 
available with the sole purpose of aiding in our fight for Victory. 
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REINFORCED CONCRETE 

BY DEAN PEABODY, JR. MEMBER* 

(Presented at a joint meeting of the Boston Society of Civil Engineers and the Designers 
Section B.S.C.E. held on December 16, 1942.) 

Reinforced concrete construction will be one in major use for 
wartime construction. This is in part due to the fact that it gives some 
60 per cent saving in steel over structural steel frames, and wartime 
restrictions mean saving steel. It is in part due to the fact that the 
other necessary materials, cement, sand and gravel, are still abundant. 

Before dealing directly with the wartime restrictions and their 
effect on building codes it is advantageous to review rapidly the trend 
of design changes in the last 15 years in order to show how abruptly 
the natural trend is reversed to meet the new conditions. Some engi
neers have the fear that these hastily adopted code changes labelled 
as temporary, may endure permanently. But the history of our design 
codes is that they are ever changing and any new requirement that 
does not work will surely be revised. 

In the last 15 years there has been a continued rise of the allow
able stresses in flexure. The concrete fiber stress has increased from 
3 2 .5 to 45 per cent of the compressive strength, while at the same 
time steel stresses have gone from 16,000 to 20,000 lb. per sq. in. 
These increases have been so balanced that we continue to use about 
1 per cent of steel for slabs and beams. These increases have been 
due, in part, to the mutual rivalry of steel and concrete codes, where 
a change in one induces an increase in the other; and, in part; to 
the belief that materials are now manufactured of higher grade and 
greater uniformity. This is . true, no doubt, for present reinforcing 
steel and for the concrete manufactured by the better contractors 
with adequate inspection but the class of concrete turned out by the 
carpenter-contractor seems little improved, unless he buys "ready 
mix". 

Shear and diagonal tension stresses have not changed markedly 
except for the steel stress in diagonal tension reinforcement, which is 

*Associate Professor of Structural Design, Department of Building Engineering and Con• 
struction, )Iassachusetts Institute of Technology, Cambridge, Mass. 
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now on a par with bending moment steel. Bond stresses· have not 
changed but have been curbed by imposing a ceiling for the richer 
mixes. Recent tests of richer mixes show a lower ratio of bond stress 
to compression strength than did the earlier tests on leaner concretes. 

Quite aside from revision of allowable stresses, there has been a 
contemporary movement to review critically methods of design. Fif
teen years ago we had a logical system of analysis of beams and col
umns based on determination of stresses due to working loads, assum
ing the concrete stresses to vary in a straight line. To be sure statically 
indeterminate cases, such as 2-way slabs, flat slabs, and simple foot
ings, were solved by approximate methods; but, after moments and 
shears were obtained, the straight-line theory was used to determine 

· stresses in steel and concrete. 
Had research laboratories stopped functioning and designers 

· ceased to cogitate, this coherent theory would still be unmarred. 
However, tests showed that wherever compression steel was used the 
computed area of steel was too great. So we have the present patched
up requirement that the compression steel in beams be ·computed 
assuming a stress twice that given by the theory. 

Compression steel is also used in columns. The former theory for 
columns gave correctly the elastic stresses due to the application of 
an axial load, but the effect of shrinkage and plastic flow is so great 
that final steel stresses at the end of two years, or so, may be two 
or three times the computed elastic stress. In the past a deliberately 
low allowable elastic stress gave safe column design but now we have 
abandoned our former analytic theory and use empirical formulae 
based on tests, formulae guaranteed to include the effects of shrink
age, load, and plastic flow. Columns in bending, due to lack of tests, 
are still designed by the straight-line theory. 

The design of footings has been similarly overhauled, so that at 
a given section the concrete stresses are computed for 100 per cent 
of the bending moment and steel stresses for 85 per cent. The design 
of simple footings has always been by empirical methods but, hereto
fore, we have been careful to preserve the straight-line theory and the 
balance of tensile and compressive forces at a section. 

The former fair frame of the straight-line theory is now defaced 
by special rules and arbitrary assumptions dictated by tests and gen
eral experience. 
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Appalled by the accumulation of exceptions to the straight-line 
theory, certain designers have proposed that we adopt a plastic theory 
dealing with conditions at the failure of the member. The constants 
of this theory are determined by tests to failure and should include 
the effect of shrinkage, loads, and some of the flow. This plastic 
theory calls for much more steel in beams for balanced design, as 
much as 2 to 3 per cent. The theory is simple and ties in with many 
of the changes already made. 

When the war broke we had the situation of increasing stresses 
with thinner sections, and more steel in slabs at least. We had a long 
accepted theory which was gradually being discredited; while the 
new plastic theory was not yet generally adopted but advocated in
creases in steel areas, often as much as a double increase. 

As soon as the wartime restrictions were felt, especially the lack 
of steel, these trends were abruptly reversed. Economy and design, as 
previously understood was no longer a factor but the saving of steel 
became the prime objective. In the emergency the War Production 
Board wisely decided to adopt an existing code, making the necessary 
changes to achieve its objective. The one chosen is the 1941 Ameri
can Concrete Institute Code. 

Steel flexure stresses are increased to 24,000 lb. per sq. in., while 
concrete stresses are dropped to 35 per cent of the compressive stress. 
This is obviously an attempt to reduce steel areas by the higher 
stress and by the use of deeper beam sections. The deeper section is 
also encouraged by recommending that ordinary anchorage be used, 
which puts a lower ceiling on the shear stress and eliminates hooks 
and extra lengths. A deeper section is favored by the recommenda
tion that no compression steel be used at supports. It is also suggested 
that no high-strength concrete be employed. The decrease in steel 

• area is helped by a 10 per cent increase in bond stresses, though the 
former ceiling is retained for high-strength concretes. 

At sections where tensile steel is not necessary the maximum ten
sion in the conqete can be 4 per cent of the compressive strength. 
Rather curiously, however, the diagonal tension in concrete for web 
reinforcement is still held at 2 per cent for ordinary anchorage. 

It is desirable to use larger column sections and less compression 
steel. To bring this about it is recommended that no spiral steel be 
used and it is require~ that the percentage of steel be kept between 
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.½ to 2 per cent, instead of the former 1 to 4 for tied columns, or 
1 to 8 per cent for spiral steel columns. 

In addition to the changes actually embodied in this W.P.B. 
directive, engineers have proposed various procedures to save material, 
particularly steel. There have been suggestions of reductions of live 
or dead loads. It is strongly recommended that plain concrete be 
used wherever possible. 

A suggestion has been made to use wires with high yield point 
values as reinforcement. Yield points varying between 180,000 and 
300,000 lb. per sq. in. can be obtained and someone claims that wires 
with the higher stress have been successful in tests and used in 
Europe with good bond, due to initial stressing. Any increase in steel 
stresses inevitably brings in question the possibility of cracks in the 
concrete due to the large strains in the steel. 

One method of avoiding such cracks is by the use of prestressed 
steel. By proper prestressing it is possible to have the concrete in 
a section completely in compression, or with negligible tension. With 
such a result a smaller section can be used, as the whole area of the 
section can be counted in computations, while there is no need of 
diagonal tension steel. However, prestressed beams are still manu
factured as pre-cast single span members with loss of continuity, while 
the impossibility of getting the necessary prestressing equipment 
makes the development of this interesting type of construction an 
after-the-war project. 

The choice of type of construction and the arrangement of the 
floor plan are very important parts of steel saving. The quantity of 
steel used varies with the design loads and with the spans of the beams. 
The quantity is reduced by using greater depth or higher stresses. 
It is impossible to state for all conditions of load, span, or occupancy 
what is the most steel-economical type of construction. In general 
for usual loads and for equal spans the flat slab has given very good 
results. With the new stresses the one-way slab does surprisingly 
well, while in certain conditions the metal pan types of joist floor 
construction are desirable. The joist floors with tile fillers and the 
2-way slab do not give as good steel weights comparatively. 

In closing, the wartime restrictions for reinforced concrete can 
be summed up in two words: Save Steel. 
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CONSERVATION OF WOOD 

BY ALBERT G. H. DIETZ, MEMBER* 

(Presented at a joint meeting of the Boston Society of Civil Engineers and the Designers 
Sectio-n B. S. C. E. held on December 16, 1942.) 

WOOD has become a strategic material in the war effort, both in 
its own right and as a replacement for other materials needed elsewhere. 
The demand is so great that it must be used judiciously in order to 
make the available supplies go as far as possible. Two approaches 
to conservation can be followed; first, to increase the allowable fiber 
stresses, and second, to employ the newer techniques in the use of wood 
which have evolved during the past fifteen to twenty years and which 
generally reduce the amount required for structural purposes. 

I. ALLOWABLE FIBER STRESSES 

A. Basic Considerations 

In order to obtain the maximum usefulness from structural 
materials, particularly in buildings of a temporary nature, the trend 
is toward an increase in the allowable fiber stresses or a decrease in 
the live load requirements, or both. Such changes, particularly in
creases in allowable stresses, require a re-examination of the bases 
upon which working stresses are established. In the case of wood, this 
calls for consideration of the effect of time-rate of loading and dura
tion of load-upon the strength of wooden beams. 

In Fig. 1, the Forest Products Laboratory's load-time curves are 
reproduced. The curves show the variations in stress at proportional 
limit and in modulus of rupture as a percentage of the values obtained 
under standard loading conditions, which generally take approximately 
five minutes from first application of load to failure. If the standard 
test values are taken as 100, an increase in the loading rate increases 
the strength, which approaches 150 per cent for impact, whereas lower 
loading rates decrease the strength to as low as 60 to 65 per cent for 
loads applied over unlimited periods. The proportional limit of wood 
is approximately 60 per cent of the modulus of rupture, depending 

*Assistant Professor of Structural Design, Department of Building Engineering and Con'. 
struction, l\Iassachusetts Institute of Technology, Cambridge, Massachusetts. 
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upon the species and the type of load. To be conservative, the figure is 
often taken as nine-sixteenths, and this is also considered to be the 
breaking strength if the load is applied uninterruptedly for very long 
periods such as 40 or 50 years. 

Working stresses are derived for any particular species by con
sidering the natural variability in the strength of wood and the effect 
of time, and by applying a factor of safety. The usual procedure is 
first to obtain an average modulus of rupture figure for small, clear, 
perfect specimens. This is reduced 2 5 per cent for variability, is 
multiplied by 9 /16 to take care of long-continued loads, and is divided 
by 1 ¼ as a factor of safety. For structural timbers, a further reduction 
of 10 per cent is made to allow for the effect of depth since a beam 
twelve inches deep has a modulus of rupture approximately 10 per cent 
less than a standard test specimen two inches deep. The final figure, 
called a "basic stress", represents the working stress for perfect timber. 
Actual commercial timbers are assigned working stresses less t_han the 
basic stresses, depending upon the nature and extent of characteristics 
such as knots, diagonal grain and shakes or checks·. Although dry 
timber is considerably stronger than is green, both green and dry 
timber are assigned the same allowable stresses because large timbers 
usually season in place, and may develop seasoning defects which 
offset the increase in strength· brought about by drying. 

It is to be noted that "basic stresses" for shear, compression, and 
tension, all parallel to the grain, and for compression perpendicular 
to the grain, are based upon the same line of reasoning. It is problem
atical whether time has the same effect upon these stresses as upon 
bending stresses and the inclusion of the 9 /16 factor would appear 
to be well on the safe side. On the other hand, commercial grading 
procedure is largely based upon beams, and coarser defects are some
times permitted at the ends of pieces than at the center. This has an 
adverse effect upon members acting in direct tension and compression, 
and the inclusion of the 9 /16 factor consequently is a safeguard for 
such pieces. 

For temporary structures having a life of a few years at most, 
and for structures in which· full loads are applied only intermittently, 
working stresses can be increased without reducing the overall factor 
of safety, inasmuch as the working stresses usually assigned are based 
upon the assumption that loads are applied continuously for an indefi-

...l 
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nite period. It appears probable that an increase of 2 5 per cent does 
not decrease the safety factor for short-lived structures or for any 
structures in which full loads are applied for only several days at a 
time. An increase of 33 per cent decreases the overall safety factor 
only slightly for such structures. 

B. Mixed Species and Grades 

Engineers accustomed to working with materials possessing uni
form strength properties are prone to overlook the conservation possi
bilities in using different species and different stress grades for various 
parts of their structures. In many structures relatively few members 
are stressed to their full capacity; convenience often dictates the use 
of uniform sizes, and end connections sometimes require oversized 
members. Such under-stressed members can often advantageously be 
lower-strength species, or lower stress-grades of the same species 
employed for the highly-stressed members. For example, if certain 
members of a structure call for 1600f yellow pine or Douglas fir, 
whereas ll00f or 1200f would do perfectly well for the others, the 
lower-stressed members could well be lower-grade yellow pine or 
Douglas fir, or some other, lower-stress, structural species such as 
spruce or hemlock. Although mixing grades and species might call for 
rigid field control, instances frequently arise in which the differently
stressed members are different in size, and the possibility of using the 
wrong pieces is almost automatically eliminated. 

II. MODERN TIMBER CONSTRUCTION TECHNIQUES 

The past fifteen to twenty years have witnessed the advent and 
rapid development of a number of new techniques which have con
siderably simplified and reduced the cost of wood construction, and 
which more nearly utilize the full strength of wooden members than 
did the older methods. These techniques are extremely important 
today inasmuch as, properly employed, they reduce the amount of 
wood required for many structures, and increase the speed of con
struction at the same time. 

A. Timber Connectors 

By all odds, as far as the war effort is concerned, the most impor
tant single contribution to timber structures is the timber connector, 
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first developed in Germany and Sweden during and immediately fol

lowing the last World War, and introduced into the United States 

during the early nineteen-thirties. Although timber connectors ?f 

various types are in use, such as the toothed ring, spike grid, shear 

plate and split ring, the most commonly employed is the split ring, 

illustrated in Fig. 2. This is a circular band of steel, provided with a 

split, which is embedded in pre-cut grooves, half its width in one mem-

FIG. 2 .-SPLIT-RING TIMBER CONNECTOR. LOAD Is TRANS

MITTED FROM MEMBER TO MEMBER BY THE STEEL 

RING EMBEDDED IN PRE-CUT GROOVES. SPLIT PER

MITS BEARING INSIDE AND O UTSIDE OF GROOVE. 

ber and half in the adjacent one . The split permits the ring to open 

slightly under load, so that both the inside and outside bear against 

the wood. The ring spreads the load transmitted from one member to 

another over a much larger area than would a bolt; consequently it 

reduces the tendency to crush the wood and therefore increases 

markedly the strength of the joint. 
The prime advantage of the timber connector is that a much 

larger percentage of the full strength of framing members can be 

developed than by traditional methods of construction, and the amount 
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of material required can therefore be reduced . A second advantage of 
the connector is that relatively small, thin pieces can be employed, 
and large members can be built up by overlapping and splicing. Since 
high-grade material is more readily available in smaller sizes, a con
servation advantage results. Furthermore, a larger percentage of the 
log can be made to yield high-grade stock if pieces are small , because 
local defects can be cut out during manufacture. 

A third advantage is the simplicity of framing. As shown in Figs. 
3 and 4, framing members such as chords and web members of trusses 
need only be cut to length, usually with a simple square cut, bolt holes 
bored, ring grooves cut, and the structure assembled. Power tools 
speed up the operations and much of the work can be performed by 
semi-skilled labor. Frequently all parts are pre-fabricated to template 
in a shop and are shipped to the site. It is interesting to note in Fig. 4 
that the top chord members have been band-sawn to the shape of a 
bow-string, a shape inherently economical of material , particularly 
for large spans. Upper chords of bowstring trusses are frequently 
laminated. 

Timber-connectored structures are increasing in size and com
plexity. Arch-trusses spanning 250 feet have been built and larger ones 
are in prospect. 

B. Glued Laminated Construction 
Although glued, laminated members, both straight and curved, 

have been used in Europe since about the turn of the century, their 
adoption in the United States has become fairly widespread only 
within the past few years. They possess inherent advantages, however, 
particularly in the economical use of materials, which are especially 
important from the standpoint of conservation. These advantages are 
two fold; first , the shape of the members can be made to conform to 
the most economical shape for the structure , and second , high-strength 
and low-strength material can be employed to best advantage. 

For large spans, the most economical form is frequently an arch. 
Since deep members can be built up of many thin ones bent to shape 
and glued together , almost any curvature can be obtained by simply 
making the lan1inae thin enough, and any size of member can be 
fabricated by using enough pieces. Once glued up, the member retains 
its shape and is relatively unaffected by changes in moisture content. 
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FIG. 3.-1OO-FOOT FLAT TOP PRATT TRUSSES FRAMED WITH SPLIT-RING 'TIMBER CONNECTORS. 

COLUMNS ARE DESIGNED AND FABRICATED As INTEGRAL PARTS OF TRUSSES. 

FIG. 4.-TIMBER-CONNECTED BOWSTRING TRUSSES. TOP CHORDS ARE LAPPED, BAND-SAWN SEGMENTS. 

ALL p ARTS CONNECTED BY SPLIT RINGS. 
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Inasmuch as many structural members such as beams are stressed 
to their maxima in localized areas only and are much more lightly 
stressed elsewhere, laminated construction permits relatively small 
amounts of high-strength, high-grade material to be used where it is 
required, and lower quality stock where great strength is not necessary. 
Much better utilization of wood results , and conservation is aided. 
Furthermore, easily dried thin material, and short lengths ( usually 
hard to utilize) , can readily be employed. Finally, the fairly massive 
members which res~lt are excellent from the standpoint of fire
resistance. 

Glue most commonly employed today is water-resistant casein. 
Although the cold-setting synthetic resins are generally more water
resistant, their present working life after spreading is fairly short, too 
short for large laminated parts. However, their use is increasing, 
particularly where high water-resistance is required, as in ships' keels. 

Laminated beams 60 to 70 feet long and arches spanning more 
than 160 feet have been fabricated. Eighty-foot arches for an aircraft 
hangar are illustrated in Fig. 5. The individual sections consist of 
26 laminae of l" X 6" boards. 

C. Plywood 

Plywood is relatively new in the heavy structural field , but has 
long been employed in the aircraft industry for webs in strong, light
weight spars, and for gusset plates. 

Recently, a number of heavy structural girders and arches em
ploying plywood webs have demonstrated marked economies both in 
fabricating costs and in the use of materials, and deserve careful 
consideration from the standpoint of conservation. A noteworthy 
example is the plate girders shown in Figure 6. These have laminated 
wooden flanges and solid wooden stiffeners covered with plywood webs, 
the whole assembly forming a box girder. No glue is used ; the flange 
sections are held together by toothed-ring timber connectors, and the 
plywood webs are nailed to the flanges and stiffeners with cement
coated nails. Girders are carried on posts by timber connectors. By 
careful dimensioning, standard plywood sheets were cut so as to leave 
no waste. 

Economical floor an~ roof panels are being constructed by nail
gluing plywood sheets top and bottom to joists or rafters. Strength is 
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FIG. 5.- LAMINATED, GLUED ARCHES. EACH SECTION FABRICATED OF 26 LAMINAE OF l" BY 6" BOARDS. 
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increased at the same time that material required is reduced . Heavy 
plywood has also been employed for gusset plates in timber-connectored 
trusses, a use which may be expected to increase. 

III. SUMMARY 

Wood has become a strategic material in the war effort, the de
mands are heavy, and it must be employed judiciously. For temporary 
structures and structures loaded only intermittently, increases in 
working stresses up to. 2 5 per cent are permissible without markedly 
altering the margin of safety. Increases up to 33 per cent probably 
do not reduce the factor of safety appreciably. Increased working 
stresses, wisely employed, conserve materials. Conservation can also 
be aided by employing the newer construction techniques developed 
during the past fifteen to twenty years. Of these, the timber connector 
is outstanding. Laminating, plywood, and glued construction in general 
are also able to effect marked economies. 
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STRUCTURAL STEEL 

Bv WALTER C. Voss, Member* 

(Presented at a joint meeting of the Boston Society of Civil 1Engineers and the Designers 

Section, B.S.C.E., held on December 16, 1942.) 

THE elements which have contributed most to the waste of ma-

terials and labor are: 
(a) over-emphasis on strength by building codes, 

(b) over-specialization of design by architects and engineers, 

( c) lack of adoption of simplified details, and 

( d) necessity for. over-emphasis on fire because of poor planning 

and housekeeping. 
The major alternates in the problem during war time are: 

(a) the building of purely temporary, expendable structures, 

(b) consideration of demountability in whole or in part so that 

structures may be reused and redesigned or moved later, 

( c) partial fulfillment of final details so as to reduce the quan

tities of strategic materials and labor used now, 

( d) standardization of spans, loads, story heights and details, 

and 
( e) the use of higher unit stresses in the structural steel and 

lower unit stresses in concrete so that the building may be 

used later with a lower live load to produce more normal 

stress conditions. 
With the advent of greater responsibility upon competent, licensed 

engineers it is entirely proper to raise our allowable stresses in struc

tural and reinforcing steel with safety. A competent engineer will 

analyze his problems from the standpoint of probable location and 

duration of excessive loads and will likewise make his design more 

rational. When this procedure is coupled with official posting of 

live loads and responsibility is fixed on the occupant for adherence 

to such placards, it will be unnecessary to make allowances for the 

incompetents in our profession and the careless among our occupants 

so that safety must be based upon the poorest design and use. 

*Head ·of Department of Building Engineering and Construction, Massachusetts 'Institute of 

Technology. 
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In a structure which is framed in structural steel and in which 
reinforced concrete floor arches are used, it has been obvious for 
many years that the design of slabs based upon high "K" values has 
been wasteful of steel and not conducive to integrality and· rigidity 
because of excessively thin slabs. In this emergency thicker slabs 
ctnd more rigid structures are a great advantage. Even in ordinary 
times such a combination has distinct advantages. It eliminates the 
effects of the usual varations in concrete strengths. Where the work
ing stresses in concrete is 40 per cent of the ultimate strength of con
crete, and in which the specified ultimate strength is so near the usual, 
easily accomplished maximum, our design falls far short, in most 
instances, of an assured degree of safety. 

The lack of coordination or acceptance of uniform logical lay
cuts for many of our buildings has resulted in the excessive use of 
materials and labor because of "tailor-made" buildings. This is en
tirely unnecessary unless the architect or engineer is merely trying 
to produce something different. Progress and new approaches are to 
be commended in times when materials and labor are not scarce, but 
to build every plant for the manufacture of a given product with 
special layouts and dimensions, simply because one engineer likes one 
span or story height better than another is pure folly. In these times 
engineers should recommend standards in these matters which will 
make the parts of one plant interchangeable with another of like 
purpose so that relocation, as occasion may demand, will be economi
cal and commercially expedient in the post-war period. 

This brings up the factor of demountability either as a whole, 
or in part. Suppose shell loading plants, for example, were all de
signed as a series of standard bays and units and were studied with 
the view to using them for post-war manufacture of given types. Let 
us suppose also that we were wise enough to construct them at this 
time so that they might be partially or entirely dismantled and moved. 
Add to this the use of temporary wood floor structures now with the 
plan to remove the wood and allow the casting of concrete floor arches 
with lower live loads later. Such a scheme would allow us to con
serve man hours, strategic materials, and would avoid the specter of 
empty factories all over the country in places which were dictated by 
military necessity, but wholly uneconomic for our normal peace-time 
industrial set up. 
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Where certain plants are purely military structures, or perhaps 
necessary now, but in excess later, expendable, temporary structures 
should always be used. This applies particularly to shipyards, storage 
facilities, and cantonment construction. 

The question of fire is an important one. Wherever compatible 
with our material and labor supply, every precaution against fire 
should be taken. Much of our peace-time care, however, is due to 
the lack of inspection, poor machine location planning, poor lighting 
and careless housekeeping. Most of our fires occur because of care
lessness, fatigue of workers or incompetence of watchmen and other 
personnel. If, training could remove some of these shortcomings, we 
could easily eliminate much of material now used as a factor of 
safety against carelessness. We are building many structures of 
wood, our greatest fire hazard from a structural point of view, simply 
because we must, but even these, with a little care and a more alert 
personnel can be safer than they now are. 

So much for the more general aspects. May we now explore 
the more specific advantages which accrue from purely structural con
siderations. To do this in a more concrete way a typical bay of an 
industrial building has been used as a sample. This plan is shown 
in Fig. 1. 

_l_l_l_J 

FIG. 1. 

The structure of this building has been analyzed in the following 
general ways: -

(a) A 7-story, fully framed building with a structural steel 
frame in which the frame carries the exterior walls. (Fig. 2) 

(b) A 7-story, fully-framed building, in which the exterior walls 
carry themselves, and are in turn carried by the foundation 
grade beams or walls. (Fig. 3) 

J 
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( c) A 4-story, interior-framed building with exterior bearing 
walls. (Fig. 4) 

Each of these in turn has been analyzed for: 
. f, = 18000 and 24000 
Jc= 1200 and 800 for 3000# and 2500# concrete with n = 10 and 

12 respectively 
Riveted and welded frames. 
The live load used was 200 pounds per square foot. 
Table 1 gives the weights of structural steel and reinforcing steel 

TABLE I 
WEIGHTS OF STRUCTURAL AND REINFORCING STEEL PER SQUARE. FOOT OF FLOOR 

RIVETEI: 7-STY-FULL 7-STY-FULL 4-STY-INTERIOR 
R FRAME-FRAME FRAME-WALLS FRAME-BEARING 

fs fc CARRIES WALLS CARRY SELVES WALLS 
WELDED· 

w ss RS ss RS ss RS 

9.43 5.90 9.15 5.90 6.51 5.90 
18000 1200 R ' 

15.33 15.05 12.41 

8.06 5.90 7-.11 5.90 5.32 5.90 
" " w 

13.96 13.01 11.22 

9.71 4.31 9.40 4.31 6.76 4.31 
" 800 R 

14.02 13.71 11.07 

8.31 4.31 7.29 4.31 5.19 4.31 
" n w ' 12.62 11.60 9.50 

8.53 5.90 8.23 5.90 5.97 5.90 
24000 1200 R 

14.4:5 14.13 11.87 

7.14 5.90 6.96 5.90 4.60 5.90 
II II Vl 

13.04 12.86 10.50 

8.55 4.31 8.26 4.31 5.66 4.31 ,, 800 R 
12.86 12.57 9.97 

7.25 4.31 7.05 4.31 4.70 4.31 
If " w 

11.56 11.36 9.01 
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for each of these conditions. 
eluded in the structural steel. 

The average column weights are in
Table 2 gives the percentage relations 

fs fc 

18000 1200 

II II 

II 800 

" n 

24000 U:00 

II n 

n 800 

II II' 

18000 1200 

" n 

" 800 

II II 

24000 1200 

II II 

n 800 

n. n 

10000 1200 

" n 

II 800 

II " 
24000 1200 

" n 

II 800 

" " 

TABLE II 
PERCENTAGE RELATIONS 

hlVETED 7-STY-FOLL 7-STY-FULL 
R FRAME-FRAME FRAME-WALLS 

CARRIES WALLS CARRY SELVE& 
WELDED 

w ss R& ss RS 

R 61.5 38.5 59.7 38.5 

\'/ 52.6 38.5 46.3 38.5 

R 63.3 ::08.1 61.3 28.l 

w 53.2 :28.1 47.6 28.1 

R 55.7 38.5 53.7 38.5 

w 46.6 38.5 45.4 38.5 

R 55.7 28.l 53.8 28.l 

VI 47.3 28.1 46.0 28.l 

R 61.5 38.5 60.8 39.2 

V/ 57.7 42.3 54.7 45.3 

R 69.1 30.9 68.5 31..5 

w. 55.8 44.2 €£.9 37.1 

R 59.1 40.9 58.2 41.8 

w 54.7 45.3 54.2 45.8 

R 66.5 ;;~.5 65.7 34.3 

w 62.8 37.2 62.1 07.9 

R 100.0 100.0 97.0 100.0 

w 85.4 100.0 75.4 100.0 

R 102.9 7L9 99.6 7:?.9 

w 88.1 72.9 77.3 72.9 

R 90.5 100.0 87.3 100.0 

w 75.8 100.0 73.8 100.0 

R 90.6 72.9 87.5 72.9 

w 76.9 72.9 74.3 72.9 

4-STY-
INTERIOR FRAME 
BEARING WALLS 

ss RS 

42.4 38.5 

34.7 38.5 

44.1 28.l 

33.9 28.l 

38.9 38.5 

30.0 38.5 

36.9 28.1 

30.6 rn.1 

.52.3 47.7 

47.4 5L6 

61.1 38.9 

~4.7 45.3 

50.3 49.7 

43.8 56.::: 

56.7 43.3 

52.2 47.8 

69.0 100.0 

56.4 100.0 

71.G 72.9 

55.1 72.9 

63.3 -100.0 

48.8 100.0 

60.0 72.9 

49.8 72.9 
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which exist in several categories of comparison. The upper third of 
the table shows the percentage of steel based upon the total indicated 
for an/. of 18000, and Jc of 1200, riveted connections, and the 7-story, 
fully-framed building in which the frame carries the exterior walls. 
The middle third of the table expresses the percentages using the 
total steel for each combination of stress and con~truction as 100 •per 
cent. The lower third gives the percentage relations based upon the 
individual weights of structural steel and reinforcing steel used for 
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an is of 18000, an Jc of 800, riveted connections and the 7-story, fully

framed building in which the frame carries the exterior walls. Chart 

1 gives all of the values ·of Table 1 as a plot, the lqwer areas in each 

column· being structural steel and the upper areas in each column 

being reinforcing steel. 
A few additional data will probably be of interest. The amount 

of cement used in the usual standard design is 14# per square foot of 

floor. When concrete with an /c of 800 was used the cement in

creases to 18.6# per square foot. Thus for a building 10 bays long 

with a floor area of approximately 16,400 square feet, the materials 

are: 
77.2T structural steel 
48.3T reinforcing steel 
61.1 bbls. cement. 

For the welded frame with an Js = 24000 and a concrete slab with an 

Jc of 800 when the walls carry themselves, the floor area is 16,600 

square feet and the materials are: 

58.4 T structural steel 
35.8T reinforcing steel 
82 .1 bbls. cement. 

It would thus seem desirable to design our buildings with a full 

structural steel frame, using welded connections, an/, of 24000 and an 

_fc = 800 and to allow the walls to carry only themselves. This, of 

course, would be only for such plants as can be used to advantage 

in the post-war period and which may thus be permanently "frozen" 

into place. Where temporary, or plants ·which must be moved, are 

the proper expedient, the building should either be a riveted or bolted 

structural frame with plank or timber floor structures which can later 

be removed, re-erected, and fireproofed with concrete of higher stress 

and for an occupancy of only 12 S live load. It is also evident that 

it is economical of steel to build lower and more extensive plants be

cause of the relative savings effected by the wall-bearing structure 



USE OF ALIGNMENT CHARTS 205 

USE OF ALIGNMENT CHARTS 

A Series* 

Bv WILLIAM F. CovrLt 

Alignment charts are becoming more and more recognized as 
a very useful and practical tool in the hands of the designing engi
neer, as evidenced by the appearance of increasing numbers of them 
in the engineering publications. Nevertheless, there appears some 
reluctance on the part of engineers to take advantage of them and 
I have been at a loss to know why this was so. The only conclusion 
I could reach was that engineers, being as a rule skeptical about 
using something not fully understood, did not understand them, and 
therefore did not trust them completely; this lack of understanding 
leading to the fear that the result obtained might be in error or 
inaccurate. 

Inasmuch as I arp preparing a series of such charts for publica
tion in the Journal beginning with this issue, it would seem that the 
logical prelude should be the setting down of a few fundamentals 
about alignment charts which must be realized for their proper appre
ciation and use. 

1st, Alignment Charts if constructed correctly and used properly, 
never give a wrong answer. 

2nd, If one solution, picked at random on the chart, gives the 
correct answer, the alignment chart is constructed correctly, 
and complete confidence may be placed in it. 

3rd, It is a simple matter to test one solution for correctness by 
substituting trial values in the equation given, obtaining one 
answer and trying those values out on the chart for the same 
answer. 

4th, The improper use of the chart will usually produce an ab
surd answer which is easily recognized as such. 

*Series of Charts to be continued in subsequent Journals, B.S.C.E. 
Extra copies of alignment charts may be obtained @ !Oc each at ilS Tremont Temple, 

Boston, l\Iass. 
tSenior Civil Engineer, )Ictropolitan District \:Yater Supply Commission, 20 Somerset 

Street, Boston, 1Iass. 
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5th, A good alignment chart is constructed with a reasonable 

balance between range of values and accuracy of result, and 

reasonable care in its use will obtain reasonably accurate 
results. 

A careful perusal of the above should convince the most skeptical 

that it is easily within his own province to accept or reject any indi

vidual alignment chart by a simple test without prejudice to all 
alignment charts. · 

What, then, are some of the principal advantages to be gained by 

the use of alignment charts? 
1. Serious mistakes due to misplaced decimal points are elimi

nated. 
2. The process of using the chart is largely mechanical and 

there is less chance of error than with a slide rule. 
3. Checking of computations may be done rapidly and accu

rately. 
4. Pertinent values may be marked directly on the chart and 

become immediately apparent for future use. 
5. They are particularly valuable for formulae used infrequently, 

since complete confidence may be placed in the result,. al
though the answer is obtained almost immediately. 

6. The scales usually used in making an alignment chart are 

logarithmic, and, therefore, equal accuracy is obtained over 

a full range of values. 
There are various types of alignment charts constructed, but 

they are all based on the general principle that the answer is obtained 

by connecting points on the chart with a straight line, usually by 

using a triangle or other transparent straight-edge in the proper 

sequence, which is illustrated by means of a simple key diagram. 
Where the equation has three variables, the answer is obtained 

by connecting the two known values with a straight line and reading 

off the third value directly. Where the equation has four or more 

variables, a turning scale is utilized for each variable over three; 

thus an equation with five variables would require two turning scales. 

To use an alignment chart with turning scales, connect the first 

two known values with a transparent straight-edge starting with the 

known value illustrated in the key diagram and holding a pencil point 

on the proper turning scale. This point held on the turning scale is 
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then used as a pivot to line up the next known with a straight line, 

again using the transparent straight-edge or triangle. One such opera- . 

tion gives the answer for equations with four variables; two opera

tions are required for equations with five variables and so on. 

If the greatest accuracy possible is desired, the triangle should 

be carefully placed connecting the known values before putting the 

pencil point on the turning scale. The sharper the pencil used, the 

greater the accuracy; however, sufficient accuracy can be optained in 

the usual case with a reasonably pointed pencil, provided the pencil 

is placed on the turning scale after the first two knowns are con

nected as noted above. A few trials will illustrate the difference and 

the user may then judge how careful he need be according to the 

accuracy he wishes to obtain up to the maximum accuracy obtainable. 

from the chart. 
A safe criterion to work on in operating the cqart is to "follow 

the Key Diagram." 

Chart No. I 

ALIGNMENT CHART FOR THE SOLUTION OF THE MANNING FORMULA 

FOR FLOW IN OPEN CHANNELS AND IN CONDUITS FLOWING 

FULL OR PARTIALLY° FULL 

The Manning formula is now generally accepted and used by 

engineers in preference to many other formulae for the flow of water. 

It has a distinct advantage, in that it is applicable to flow in open 

channels of whatever cross section and also to flow in circular and 

other conduits, flowing full or partially full. 

The Manning equation is usually expressed: 

V = l.4S6 Ri S½ 
n 

where V is the Mean Velocity, in feet per second; n is the coefficient 

of roughness to which is assigned the same values as in the Kutter 

formula; R is the Hydraulic Radius, in feet, water cross section di

vided by the wetted perimeter for channels or for conduits flowing 

partially full and ~ for circular conduits flowing full, where D is 

the diameter of the conduit; S is the slope of the Hydraulic Gradient, 

in feet per foot. 



r· 

208 BOSTON SOCIETY OF CIVIL ENGINEERS 

This formula lends itself admirably to solution with the aid of, 
Alignment Chart No. 1, in the design of which is incorporated the 
ordinarily troublesome fractional powers of R and S. 

The values of D, V, n and Shave purposely been given wide range 
in the chart, and the user is cautioned against the promiscuous use 
of the same values of n over the wide range of diameters and veloci
ties. The coefficient of roughness n, as the title implies, was intended 
to vary simply with the type of material passed over or through, but 
a dimensional examination of the Manning equation will show that 
in common with many other empirical hydraulic formulae for flow, 
it is not dimensionally homogeneous, unless the roughness factor varies 
with other elements, 

feet 
seconds 

which reduces to: 
feet 

seconds 

constant 
n 

feet 

n 

feet2 

feet 

or 

feet 
feet 

L L 
T n 

Thus, it can be seen that n is not dimensionless and must vary 
somewhat with the time element in the Velocity, and also with the 
Diameter since Velocity is a function of diameter, and in fact it is 
well-known, ascertained from experiments, that there actually is a 
tendency for n to increase with the diameter and with smoother pipes 
to decrease as the velocity increases. 

Chart No. 1 has been drawn with considerable precision and on 
account of the above the chart itself is more precise than the ordinary 
use of the formula warrants over the wide range unless a careful 
study of Jhe variations of the coefficient n is undertaken and made 
use of. · 

Results obtained from the Manning formula itself, when properly 
used, are as accurate as can be obtained from any other equation of 
flow, and excellent results may be obtained with this equation from 
the chart when proper recognition of the variation of n is taken into 
account. King in his "Handbook of Hydraulics" and in his "Manning 
Formula Table" has made worthwhile study of this matter and refer
ence is made to his works. In the "Handbook of Hydraulics" he gives 
the following values of n for pipes covering the range of conditions 
ordinarily encountered. 
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TABLE OF n 

Kind of pipe 

Clean uncoated cast-iron pipe 
Clean coated cast-iron pipe 
Dirty or tuberculated cast-iron pipe 

Riveted steel pipe 
Lock-bar and welded pipe 
Galvanized-iron pipe 
Brass and glass pipe 
Wood-stave pipe 
Wood-stave pipe, small diameter 
Wood-stave pipe, large diameter 
Concrete pipe 

.Concrete pipe with rough joints 
Concrete pipe, "dry mix", rough forms 

Concrete pipe, "wet mix", steel forms 

Concrete pipe, very smooth 
Vitrified sewer pipe 
Common-clay drainage tile 

Variation 
From 

O.Qll 
0.010 
0.015 
0.013 
0.010 
0.012 
0.009 
0.010 

0.010 

0.010 
0.011 

To 

O.Q15 
0.014 
0.035 
0.017 
0.013 
0.017 
0.013 
0.014 

0.017 

0.017 
0.017 

Use in 
Designing 

From To 

0.013 O.Q15 
0.012 0.014 

0.015 0.017 
0.012 0.013 
0.015 0.017 

0.011 0.012 
0.012 0.013 

0.016 0.017 
0.015 0.016 
0.012 0.014 
0.011 0.012 
0.013 0.015 
0.012 0.014 

R., E. Horton1 gives the following average of values of n: 

AVERAGE VALUES OF n FOR USE IN THE KUTTER AND MANNING FORMULAS 

Surface 

Coated cast-iron pipe 
Galvanized wrought-iron pipe, fair condition 

Smooth brass and glass pipe 
Riveted steel pipe 
Vitrified sewer pipe 
Concrete pipe 
Plank flumes: 

Planed 
Unplaned 
With battens 

Concrete-lined channels 
Cement-rubble surface 
Semicircular metal flumes, smooth 

Semicircular metal flumes, corrugated 

Canals and ditches: 
Earth, straight and uniform 
Rock cuts, smooth and uniform . 
Winding sluggish channels 
Dredged earth channels 

Natural stream channels: 
Clean, straight bank, full stage 

Winding, some pools and shoals 
Same, but with stony sections 
Sluggish reaches, very deep pools, very weedy 

n 

0.012 to 0.013 
O.Q15 
0.011 
0.015 to 0.017 
0.013 to O.Q15 
O.o15 

0.012 
0.013 
O.Q15 
0.014 to 0.016 
0.025 
0.013 
0.02°75 

0.0225 
0.033 
0.025 
0.0275 

0.030 
0.040 
0.055 
0.070 to 0.125 

lfforton R. E., "Some Better Kutter's Formula Coefficients", Engineering News, Feb. 24. 

and May 4, 1916. 
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Chart No. 2 

ALIGNMENT CHART FOR THE SOLUTION OF THE EQUATION OF 

FwwQ = AV 

This chart is intended to be used in conjunction with Chart No. 
1 to assist in the rapid solution of flow problems by converting Quan
tity into Velocity. 

It will be noted that it would have been a simple matter to in
corporate · this chart in to Chart No. 1 between the scale for V and 
D. There are two reasons for not doing this. The scale modulus for 
Q would have been too small for accurate results and there would be , 
the possibility of confusion, since V might also be assumed to apply 
to the Hydraulic Radius where in reality it would have no connection 
with it whatever. 

A scale of areas is given in Chart No. 2, alongside the scale of 
diameters, for use in open channel problems. 

To illustrate the use of this chart in conjunction with Chart No. 1, 
let us take the common problem of a certain Quantity to be delivered 
to a given point with a known head loss. What would be the diameter 
of pipe required? Assume design data as follows: 

Q = 50 c.f.s. 
S = .01 
n= .013 

On Chart No. 2, for a flow of 50 c.f.s. and a velocity which we 
may assume for a guess might not exceed 4 feet per second, a 48" pipe 
would be required. On Chart No. 1, for the assumed velocity of 4 feet 
per second and with n and S equal to .013 and .01, respectively, the 
diameter of pipe would be only 10" and it is apparent that we have 
guessed the velocity much too low for the large slope and we would 
not get the desired quantity. Let us assume a 30" pipe which is 
about half way in diameter between the 48" and the 10", and still 
staying on Chart No. 1, we find that V would be about 8.2' per second. 
This velocity on Chart No. 2 for Q = 50 c.f.s. gives something over 
a 30" pipe and less than a 36" pipe. If we assume a 36" pipe, the 
velocity from Chart No. 1 would be about 9.2 feet per second and Q 
from Chart No. 2 would be about 65 c.f.s., gving us a little more water 
than planned, which with the age factor taken into account, should be 
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about right. A 30" pipe with a velocity of 8.2 feet per second would 

give us only 40 c.f .s., which would be too small. It will be found that 

all these operations required only a few minutes' time once the pro

cedure is learned. 



S. STANLEY KENT 

1887 - 1943 

S. Stanley Kent, Senior Vice-Presi
dent of the Society, was born in 
Meriden , Connecticut, October 23 , 
1887, and spent most of his boyhood 
in Cazenovia, N . Y. He graduated 
from Harvard College in 1910 and a 
year later from the Harvard Engineer
ing School with the degree of M.C.E. 
For two years he was in the Hydraulic 
Division of the Stone & Webster Engi
neering Corporation of Boston. After 
two more years spent at home he 
worked with the Massachusetts Com
mission on Waterways and Public Lands 

7' as special assistant in charge of an in
ventory of the water resources of the 

State. The Commission 's report , "Water 
Resources of Massachusetts", published 
in 1918, was largely his work. 

Mr. Kent joined the Navy as a 
Machinist's Mate in 1917, just before 
War was declared and after some 
months at the Cadet School at the 
Massachusetts Institute of T echnology 
was commissioned an Ensign on Sep
tember 18, 1917. and assigned to the 
command of the U. S. Submarine Chaser 
No. 260. From May, 1918, unti l after 
the armistice this boat was patrolling the 
English Channel. He returned to this 
co untry in June, 1919. He was awarded 
the Navy Cross for "distinguished ser-



vice in the line of his profession as 
commanding officer of the U.S.S.C. 
260." 

After the war he went to Lowell as 
Assistant Engineer of the Proprietors 
of the Locks and Canals on Merrimack 
River. His work there was mostly in 
connection with the operation of the 
water power. Of late years he was also 
active in the Lowell Industrial Develop
ment Corporation which took over the 
management of one of the mill build
ings for rental purposes. On Mr. Ar
thur T. Safford's retirement as Engineer 
on December 31, 1941, Mr. Kent was 
appointed to that position. He died 
suddenly at his home in Lowell on 
May 17 , 1943. 

He married Madeleine Claire Brydon 
of Lancaster, Mass. , by whom he is 
survived. The elder of his two sons, 
Robert B. Kent, is in the army at Camp 
Hood, the other, John Chapman Kent, 
is still in school. 

Mr. Kent was active in various com
munity affairs in Lowell. He was Trus
tee of the Lowell Five Cent Savings 
Bank, and a director in the Interna
tional Institute and took an active part 
in Boy Scouts, the Community Chest, 
and civilian defense work. He was a 
member of the Yorick, Harvard and 
Lowell Literary Clubs. 

Mr. Kent was elected a merriber of 
the Boston Society, Dec. 17, 1920, and 
Senior Vice-President in March, 1943. 
For many years he served on the Runoff 
Committee. 

After the 1927 Flood, a Committee 
on Floods was appointed of which Mr. 
Kent was secretary. This committee's 
report was published in 1930. Mr. Kent 
was Chairman of the Sub-Committee on 
Flood Formulae for New England and 
his work on this subject, after approval 
by the whole committee, was included 
in its report. In the development of a 
formula for flood flows , called the 
"B.S.C.E. formula" , the fact was 
brought out that the bases of the hydro

· graphs for all floods at a given point are 
substantially of constant length regard-

less of the size of the flood, so that the 
peak flow of any flood is proportional 
to the total flood runoff. From this 
relation a flood "characteristic curve" 
for a given station was developed for 
unit runoff on a unit drainage area 
basis. This fundamental conception of 
use of a flood hydrograph for a given 
station in determining other floods was 
a very important contribution, and laid 
the foundation for the present methods 
of flood analysis. U. S. Geological 
Survey Water Supply Paper No. 771, 
"Floods in the United States", in a 
history and discussion of flood formulae 
contains the following regarding this 
rep?rt: 

"The idea of a fairly constant base 
for hydrographs of storm run-off at 
a given station, with the peak dis
charge varying with the magnitude 
of that portion of the rainfall ap
pearing as direct surface run-off dur
ing a prescribed period, expressed or 
implied in connection with the pre
sentation of this formula, is one of 
the fundamentals underlying some of 
the most valuable recent contribu
tions to the science of hydrology. 
These have to do with the unit hy
drograph and distribution graphs." 

The credit for this discovery is very 
largely Stanley Kent 's but until recent
ly it has remained with Committee. 

Those who have had the pleasure of 
working with him will remember the 
thorough competence of his work, the 
logical soundness of his judgment and 
the integrity of his standards. He was 
always interested in broad, general 
questions of social philosophy, to the 
extent of giving a great deal of inquir
ing thought to them. He had a certain 
sureness of purpose which gave the im
pression that he had acquired also a 
personal philosophy that made him 
seem unusually secure in the satisfac
tion he derived from what life had to 
offer. His death, on May 16, 1943, at 
the height of his powers is a great loss 
to the Society, to his community and 
to the engineering profession. 

-, 



JOSEP H RUGGLES WORCE STE R 
1860-1943 

For six decades Joseph R . Worcester 
had developed and maintained a profes
sional career of outstanding interest in 
the fie1d of structural design and engin
eering. He was one of the foremost en
gineers of the country specializing in the 
design of structural steel and reinforced 
concrete structures and in foundations. 

Joseph Ruggles Worcester was born in 
Waltham , Massachusetts, on May 9, 
1860, being one of eleven children of 
B·enjamin and Mary Clapp (Ruggles ) 
Worcester. He died on May 9, 1943 , in 
Waltham. 

For practically all of his life Mr. 
Worcester has resided in Waltham . He 
prepared for college at the New Church 
School in Waltham, and was graduated 

from Harvard College with the Class of 
1882. The report of his Class published 
in 1908 says of him, "Worcester is in
deed the Pontifex Maximus of the Class, 
though he is far too modest to admit it." 

Shortly before graduation, he was em
ployed by the Boston Bridge Works as a 
draftsman, becoming "Engineer of the 
Concern" in September 1884. He re
mained with the Boston Bridge Works 
until October 1894, when he started in 
business for himself as a consulting 
civil engineer. In March 1907 he formed 
a partnership under the firm name of 
J. R. Worcester & Company, which has 
continued to date. In 1924 he retired 
from active practice in the firm , al
though continuing to the present time in 
the capacity of consultant. 
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For many years he had charge of the 
design of the steelwork of the Boston 
Subway and acted as consulting engineer 
to the Boston Transit Commission on 
many other engineering problems. Early 
in his career he was engaged to design 
the steelwork for supporting the dome 

· of the Bullfinch State House in Boston. 
He also designed the steel work for sev
eral large office buildings, the train shed 
(recently removed) of the South Union 
Station of The B'oston Terminal Com
pany, and most of the elevated struc 
tures of the Boston Elevated Railway. 
The steel arch bridge over the Connec
ticut River at Bellows Falls, Vermont, 
one of the first bridges of this type, is a 
conspicuous example of his work. The 
Boston Elevated viaduct across the · 
Charles River Dam is another sample of 
his work. Another prominent structure 
was the Harvard Stadium. 

Mr. Worcester had been a consulting 
engineer on many projects and was a 
member of the commission charged with 
the building of the Memorial Bridge, at 
Springfield, Hampden County, Mass. As 
an expert witness, he had testified in 
numerous cases, one ot which was the 
famous "Molasses Tank Case" of 
Boston. 

A considerable amount of time had 
been devoted by ,him to the work of 
special committees of the American So
ciety of Civil Engineers, of which he 
was a member since 1895. His most 
notable contribution in this connection 
was membership on the Special Commit 
tee of the American Society of Civil 
Engineers on Concrete and Reinforced 
Concrete, which later became the "Joint 
Committee" of the American Society of 
Civil Engineers, the American Society 
for Testing Materials, the American 
Railway Engineers Association and the 
American Concrete Institute. Mr. Wor
cester served on this committee from 
1904 until 1917 and was elected its 
Chairman in 1911. Pioneer work was 
done by this Committee in establishing 
a code of design of reinforced concrete 
structures. In 1909 he was appointed 
a member of another special committee 
of the American Society of Civil En
gineers on Steel Columns and Struts, 

and in 1920 a member of the special 
committee of the American Society of 
Civil Engineers on Bridge Specifications. 
For several years he served on a com
mittee of the American Railway En
gineers Association on Steel Bridges. 

In 1921 he was appointed by Presi
dent Hoover, then Secretary -of Com
merce, to a committee to formulate 
building codes and material standards, 
which appointment he retained until re· 
cently when the work of this committee 
was taken over by the American Stand 
ards Association. 

Mr. Worcester was also a member of 
the American Institute of Consulting 
Engineers, American Railway Engineers 
Association, American Society for Test
ing Materials, American Concrete Insti
tute, Bostonian Society, Harvard En
gineering Society ( of which he had been 
a President) and the Rockport Coun
try Club. He was also a Fellow of the 
American Academy of Arts and Sci
ences. 

Mr. Worcester's membership in the 
B'oston Society of Civil Engineers dates 
from 1886. In March 1908 he was 
elected !'resident of the Society. ln 
1914.he was awarded the Desmond Fitz
Gerald Medal for his paper on "Boston 
Foundations". In 1934 he was elected 
an Honorary Member of the Society. 

Mr. Worcester's interests were not 
confined to engineering. He :was a 
Trustee of the Waltham Savings Bank 
and the Waltham Hospital, and was 
Secretary for the New Church Institute 
of Education. 

His fondness for the sea attracted him 
to Rockport, Mass., where he spent the 
summers for the last sixty years. Of 
particular interest is an entry in his 
diary-"bought first dory at age of 
fifteen". 

On January 2, 1889, he was married 
to Alice Jeannette Wheeler of Lincoln, 
Massachusetts. There were five children, 
four of whom are now living: Alice 
Martha (Mrs. Clarence D. Howe), Bar
bara (Mrs. Charles T. Porter), Thomas, 
associated with his father in the firm of 
J. R. Worcester & Company, and Ruth 
Hunt. There are also eight grandchil
dren. 

~ 
j 
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PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETINGS 
Boston Society of Civil Engineers 

MAY 19, 1943.-A regular meeting of 
the Boston Society of Civil Engineers 
was held this evening at the Engineers 
Club. 

This was a Joint Meeting with the 
Sanitary and Hydraulics Sections, 
BSCE. Fifty-two members and guests 
attended the meeting and forty,six per
sons attended the supper. 

President Howard M. Turner an
nounced the death of the following 
members:-

Joseph R. Worcester, who was elected 
a member Xovember 17, 1886, and who 
died May 9, 1943. (President of BSCE 
March 18, 1908 to March 17, 1909, 
elected Honorary Member February 21, 
1934.) 

Vice-President S. Stanley Kent, 
elected a member December 17, 1920 
and who died May 16, 1943. 

The President gave brief biographical 
outlines of the lives of these two mem
bers. 

The President announced that the 
Program Committee recommends no 
meeting of the Society nor any excur
sion to be held in June. 

Voted to adopt this recommendation. 
The President called upon Mr. 

Edwin B. Cobb, Vice-Chairman of the 
Sanitary Section for any business mat
ters for that Section and also called 
upon Mr. William F. Covil, Chairman 
of Hydraulics Section for any business 
matters of the Hydraulics Section. 

President Turner then introduced the 
speakers of the evening, Prof. Thomas 

R. Camp, Professor of Sanitary Engi
neering, Massachusetts Institute of 
Technology, who gave a very interesting 
talk on "Velocity Gradients and In
ternal Work in Fluid Motion." Mr. P. 
Charles Stein,. Instructor in Santary 
Engineering, Massachusetts Institute of 
Technology, was co-author of this 
paper. The talk was illustrated by mo
tion pictures and lantern slides. 

The meeting adjourned at 9 :00 P.M. 
EVERETT N. HuTCHIXS, Secretary 

SANITARY SECTION 
MAY 19, 1943.-The Sanitary Section 

meeting on this date was held jointly 
with the main Society and the Hy
draulics Section of the Society follow
ing a supper at the Engineers' Club. 
Due to the interruption of the joint 
meeting which would have been caused, 
no section business was transacted. 

A paper on the theory of fluid shear 
was read by Professor Thomas R. Camp. 
Prof. Camp also presented some inter
esting moving pictures of fluid flow past 
various types of obstacles. 

There was an attendance of 52 at the 
meeting. 

KEXXETH F. KxowLTON, Clerk 

DESIGNERS SECTION 
MAY 12, 1943.-A regular monthly 

meeting of the Designers Section was 
held in the Society Rooms this evening 
at 6:50 P.M., with Chairman, Herman 
G. Protze, presiding. The minutes of 
the previous meeting were approved as 
read. 

Mr. A. B. Edwards, representing the 
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Meetings Committee of the Society 
urged members to give thought to the 
possibility of increasing the attractive
ness of Society meetings and to com
municate suggestions to our Chairman. 

The speaker for the evening was Mr. 
Burtis S. Brown, Consulting Engineer, 
who outlined the history and contents 
of the proposed Boston B'uilding Code. 

Forty members and guests were 
present. 

The meeting adjourned at 8:30 P.M. 
EUGENE MIRABELLI, Clerk 

HIGHWAY SECTION 

MAY 13, 1943.-A special meeting of 
the Highway Section was held in con
junction with the spring meeting of the 
Massachusetts Highway Association at 
a luncheon meeting in the Solarium of 
the Hotel Vendome, on May 13, 1943 
at 1 :00 P.M. The Section Chairman, 
Mr. Edgar , F. Copell, presided and 
introduced the speaker of the occasion, 
Major William J. Bingham, Acting Di
rector Internal Security First Service 
Command, who spoke on the subject of 
"Dimouts." After expressing his ap
preciation of the way in which the 
civilian population has been co-operat
ing with the army, Major Bingham out
lined the dilemma encountered in the 
preparation of dimout regulations. 
While it is necessary to provide maxi
mum security to the ships carrying 
vital munitions to our distant armies, it 
is equally important to maintain the 
operations in the factories that produce 
these munitions, many of which operate 
at night and in the summer season will 
find it necessary to keep their v1indows 
open. He described the manner in which 
the problem was approached and 
brought nearer to a solution. 

The- meeting adjourned at about 3 
o'clock. The attendance was 126. 

THOMAS C. COLEMAN, Acting Clerk 

NORTHEASTERN 
UNIVERSITY SECTION 

APRIL 30, 1943.-An evening meeting 
of the Northeastern University Civir 
Engineering Society was held in Room 
228N. . 

The meeting was called to order by 
Joseph C. Lawler, President, at 7: 15 
P.M. The Society's new officers were 
presented by the President and it was 
announced that Charles Pistorino, 1945, 
had been appointed acting secretary to 
replace secretary Richard Newcomb, 
who had been called to active service 
by the Army Air Corps Service. 

Lt. (s.g.) Jewett of the Civil Engi
neering Corps of the U. S. Navy was 
then introduced by President Lawler. 
The speaker's subject was "The Navy 
Civil Engineering Corps and Construc
tion Battalions." 
· Lt. Jewett dealt mainly with the Con

struction Battalions, or "C.B.'s" of the 
Navy. He gave a very comprehensive 
picture of the history and background 
of the C.B.'s and their development and 
expansion to their present size. He 
told how the battalions were formed 
and discussed in detail their size and 
personnel. He mentioned the training 
centers where officers and men are put 
through the rigorous training that is 
necessary for the highly specialized 
type of work done by these construction 
groups. The speaker also dealt with 
the qualifications and physical require
ments demanded by the C.B.'s of their 
officer candidates. 

The most interesting part of the talk 
was the speaker's description of the 
type of work accomplished by the 
C.B'.'s under actual combat conditions. 
He pacced out a large number of photo
graphs showing docks, aircraft hangers, 
landing strips, roads, etc., that were 
constructed under difficult conditions. 
A "progress report" was read which 
listed the various projects which were 
completed by one Construction Battalion 
in thirty days under extremely adverse 
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conditions. The work took place on an 
island designated by the speaker as 
"Island X." The number and size of 
these projects, requiring only thirty 
days to construct, was a source of 
great amazement to the audience and 
some of the listeners were heard to re
mark that the average American con
tractor would not even hope to attain 
such an accomplishment. 

The speaker closed by giving advice 
to those students in the Naval Reserve 
as to what would be required of them 
were they able to qualify for the C.B.'s 
and how they should go about applying 
for service in this particular branch of 
the Navy. Following the address, a 
lengthy question period took place. 

The meeting was attended by ten 
guests, four faculty members and forty 
members of N.U.C.E.S., a total of 
fifty-four. 

The meeting was adjourned at 9: 30 
P.M. 

CHARLES PISTORINO, Acting Clerk 

APPLICATIONS FOR 
MEMBERSHIP 

[July 20, 1943] 

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 B'oard in its con
sideration. Communications relating to 
applicants are considered by the B'oard 
as strictly confidential. 

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

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

ADDITIONS 
Members 

ALEXANDER W. CAIRD, 147 Park Street, 
Braintree, Mass. 

WILLIAM S. CROCKER, 46 Cornhill, Bos
ton, Mass. 

ARTHUR K. HAUSER, 92 Vernal Street, 
Everett, Mass. 

MARIANO J. LORENTE, 2 5 Tavern Road, 
Boston, Mass. 

ROBERT E. MARTIN, 10 Agassiz Street, 
Cambridge, Mass. 

CHARLES A. McMANUS, 61 Trevore 
Street, North Quincy, Mass. 

WILBUR C. NYLANDER, 20 King Street, 
Belmont, Mass. 

STUDENTS 
PHILIP A. FRIZZELL, R.F.D. No. 2, 

Woodstock, Vermont. 
WILLIAM R. RECKTENWALD, Floyd & 

North Main Street, East Hampton, 
N. Y. 

DEATHS 
JOSEPH R. WORCESTER, May 8, 1943. 
S. STANLEY KENT, May 16, 1943. 
MAURICE F. BROWN, May 21, 1943. 
EVERETT E. STONE, May 26, 1943. 
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CHAS. T. MAIN, Inc. 
Engineers 

201 DEVONSHIRE ST., BOSTON, MASS. 

INDUSTRIAL BUILDING DESIGN 
STEAM AND HYDRO-ELECTRIC PLANTS 

ELECTRICAL ENGINEERING 
INVESTIGATIONS-APPRAISALS 

FOUNDATIONS 

WILLIAMS. CROCKER 
(Formerly Aspinwall & Lincoln) 

Registered Professional Engineer 
Registered Land Surveyor 

Louis A. Chase Associate 
Amos L. Perkins Associate 

SAMUEL M. ELLSWORTH 
Consulting Engineer 

Water Supply and Sewerage 
Investigations, Reports and Design■ 

Supervision of Construction and 
Operation 

6 BEACON STREET, BOSTON 

HOWARD M. TURNER 
Consulting Engineer 

Investie-ations, Valuations, Plans, 
Supervision of Construction, Water 
Power, Water Supply, Public 
Utility and Industrial Properties. 

46 Cornhill Boston, Mass. 6 Beacon Street Boston 

Fay, Spofford & Thorndike 
Engineera 

Frederic H. Fay Charles M. Spofford 
John Ayer Bion A. Bowman 
Carroll A. Farwell Ralph W. Horne 
Port Developments Fire Prevention 
Brldees Buildings Foundations 

Water and Sewerage Systems 

11 Beacon Street Boston 

FRANK A. BARBOUR 
Consulting Engineer 

Water Supply, Water Purification 
Sewera·ge and Sewage Disposal 

Tremont Building, Boston, Mass. 

H.K. BARROWS 
Consulting Hydraulic Engineer 

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

WESTON & SAMPSON 
Robert Spurr Weston Geor&'e A. Sampson 

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

14 BEACON STREET, BOSTON 

WHITMAN & HOW ARD 
Harry W. Clark, Associate 

Engineers 
(Est. 1869. Inc. 1924) 

Investigations, Designs, Estimates, Report■ 
and Supervl~lon, Valuations, etc., In all Water 
Works, Sewerage, Drainage, Waterfront Im· 
provement& and all Municipal or Industrial 
Development Problems. 
89 Broad Street Boston, Mn1111. 

J. R. WORCESTER & CO. 
Engineers 

Buildings Bridges Foundation■ 
Steel and Reinforced Concrete 

Designs Investigations 
Expert Testimony 

Cement and Sand Testing 

6 BEACON ST. BOSTON, MASS. 89 Milk Street Boston, MaH. 

METCALF & EDDY 
Engineers 

Water, Sewage, Drainage, Garbage 
ancl I nclustrial Wastes Problems 

Airfielcls 
Valuations 

JACKSON & MORELAND 
Engineers 

Public Utilities - Industrials 
Railroad Electrl11catlon 

Design and Supervision - Valuations 
Economic and Operating Reports Laboratories 

BOSTON, MASS. Statler Building BOSTON NEW YORK 
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