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RECENT DEVELOPMENTS IN SOIL TESTING 
APPARATUS 

BY PHILIP C. RUTLEDGE * 

(To be pre~entcd at a meeting of the Designers' Section of the Boston Society of Civil Engineers, 
November 13, 1935) 

INTRODUCTION 

THE purpose of soil mechanics is to replace by scientific methods 
the empirical methods of design used in foundation engineering in the 
past. In order to do this successfully the physical characteristics of 
soils must be determined. It is to this e.11d that we study soil testing 
apparatus and technique. 1 

Soil mechanics shows us that problems involving soils may be sepa
rated into two fundamentally different groups. In the first group are 
problems which depend on the strength of the soil. This group includes 
all problems of the stability of natural and artificial slopes under static 
and hydrodynamic forces. Typical examples are the stability of cuts, 
embankments, dams and dikes, cofferdams, retaining walls, etc. In the 
se<;:ond group are problems depending on the deformation and change 
in volume of the soil under foundations and· pavements and in earth 
structures. In this group we must determine the magnitude, rate and 
uniformity of settlem~nt of buildings, bridge piers, dams, etc. Success
ful analysis of these two groups of problems is dependent on an accurate 
knowledge of the physical characteristics of the soils on which the 
structure is founded or of which it is constructed. The object of this 

* Instructor in Soil Mechanics, Graduate School of Engineering, Harvard University. 
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paper is to present a brief picture of the nature of these physical charac
teristics and of modern methods and apparatus for obtaining them. 

Technique and apparatus for the determination of the physical 
characteristics of soils have been developing very rapidly during the 
last decade. During the last three years in the Soil Mechanics Labora
tory of the Graduate School of Engineering at Harvard University 
extensive studies and research have been devoted to the design of im
proved apparatus. Although this apparatus was originally designed for 
research work, with the aim of attaining· the greatest possible accuracy, 
it has been found, upon its completion, to be less expensive and easier to 
operate than the apparatus developed during the earlier years of soil 
mechanics. For this reason it is believed that many of the improvements 
could very well be used in laboratories for instruction purposes and in 
field laboratories of a more or less permanent nature. 

Soil tests for engineering purposes may be divided in to three groups: 
first, routine tests for the classification of soils"; second, tests for the 
purpose of determining those physical characteristics of soils which have 
a direct bearing on problems in earth and foundation engineering; and 
third, a group of widely diversified tests for research purposes, par
ticularly to supplement theoretical studies of stress analysis in soils 
under various conditions of loading. 

The routine tests have been considered adequately in a number of 
publications.* The tests of the third group are highly specialized and 
are not adaptable to general use. We shall consider, in this paper, only 
the second group of tests. . 

Tests for the physical characteristics of soils have varied widely 
during the development of modern soil mechanics. In recent years 
four have become generally accepted as necessary for all soils investi
gation and research. These four are: the laterally confined compression 
or consolidation test, the permeability test, the unconfined or partially 
confined compression or compressive strength test, and the direct shearing 
test. These four tests are directly related to the two groups of problems, 
mentioned above, which confront the soils engineer. 

The most important single soil test, the consolidation test, with 
correlated determinations of the permeability, is indispensable in the 
solution of problems of the amount, rate and uniforg-iity of settlements, 
problems which are confined almost exclusively to the very fine grained, 
impervious soils, such as silts and clays. The compressive strength test 
and the direct shearing test measure directly the strength of the soil. 

* See various publications of the United Stales Bureau of Public Roads. 
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For this reason their results are essential in the solution of problems of 
stability of heavily loaded foundations on soft ground, of slopes, and of 
structures holding back earth. In addition we must include, in studies 
of these latter problems, the permeability test, so far as the flow of water 
through soil affects the stability of many structures, such as retaining 
walls, cofferdams, sheeting of trenches and excavations, etc. 

At this point it will be well to review a number of the general con
siderations which enter into the design of soil testing apparatus. First, 
when we consider types of soil tests, testing procedure, and the design 
of testing apparatus, we must bear in mind the behavior of the various 
soils during each type of test, and study all the factors having an influ
ence on the behavior, in order that we may obtain usable results. The 
complex nature of soil structure and the increasing number of factors 
which have been discovered to affect the behavior of soil under test 
explain sufficiently why soil testing methods and apparatus must be 
developed and modified as our knowledge increases. 

Second, it has become more and more apparent during the last few 
years that accuracy in the testing of soils is of fundamental importance 
for progress in the solution of the many problems in soil mechanics that 
are still today insufficiently understood. Many of the mistaken ideas 
and erroneous conclusions that have accompanied the growth of this 
new science can be attributed directly to inaccurate testing methods. 
In addition, results which will be of real value in increasing our knowledge 
can be obtained in field and laboratory investigations only by observ
ing closely, or, preferably, controlling all factors which may, at the 
time, appear to be of little importance. 

DESIGN BASED ON PROFESSOR TERZAGHI's ORIGINAL APPARATUS 

The principles of the consolidation test, of the application of the 
compressive strength test to soil testing, of the falling head perme
ameter, and of the use of gratings for the direct shearing test are dis
coveries of Prof. Karl von Terzaghi. The apparatus described here
after are all direct developments from those originally designed and 
used by Professor Terzaghi, modified in the light of recent investigations 
to take into account all factors that have come to our knowledge to this 
date, and to investigate factors that are suspected to have a marked in
fluence on the results of soil tests. In addition, those features of older 
designs which were found to cause appreciable errors were· eliminated, 
and improvements were added for further increase in accuracy. 

7 
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SUMMARY OF REQUIREMENTS 

In short, the following requirements were considered in the design. 
First, the apparatus should be compact. All four of the major tests 
outlined above should be performed on one testing bench and frame, 
with interchangeable loading equipment where possible. Second, the 
apparatus should be accessible; that is, the testing bench should be so 
constructed that all apparatus is available and visible from at least 
two and preferably three sides. Third, the testing should be as rapid 
as the characteristics of the soil permit, and should require a minimum 
amount of work and attention on the part of the operator to perform 

· the tests. \,\There necessary, the load application should be automatic 
and should be stopped automatically at failure. All adjustments should 
be as simple as possible. And, finally, the cost of the apparatus should 
be kept to a minimum. 

In the following discussion of the apparatus it will be desirabl:! to 
refer to the figures for all detail. They are believed to be, to a large ex
tent, self-explanatory. This discussion will attempt to point out only 
the salient features and new developments in each type of apparatus, 
and the reasons thereof. A detailed description of the construction is 
beyond the scope of this paper. 

THE CONSOLIDATION TEST 

The laterally confined compression or consolidation test is for the 
purpose of determining the magnitude and rate of volume change, or, 
as it is usually called, consolidation of soil. Fig. 1 shows the general 
scheme of this test and the resulting compression and time-compression 
diagrams. The consolidation apparatus itself consists essentially of a 
heavy brass ring within which the sample fits, and which confines it 
laterally; a base plate which holds this ring in position, and which pro
vides a fixed point for attaching a holder-for the extensometer which 
measures changes in thickness of the sample under load; porous stones 
and drainage channels, which drain the sample top and bottom; and 
finally, a seal which makes the unit consisting of base plate and sample 
ring water-tight except for such water as may pass through the sample 
itself. The last provision is· for the purpose of using the consolidation 
apparatus as a part of a permeability apparatus. Thus determinations 
of the permeability may be made during a consolidation test without 
interrupting that test. Fig. 2 shows the various parts of this device, 
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and in Fig. 3 two of the devices are seen assembled on a testing bench. 
The cylinder with the projecting thermometer, which is seen on the 
testing bench to the left of the consolidation devices, is a brass con
tainer in which clay is sealed for the purpose of obtaining the temper
ature of the samples during the progress of . the tests. 

The limitations on the design of the ring which holds the sample 
are those imposed by feasible processes of preparing the sample for test. 
The requirements are as follows: first , the sample must fit the ring 

FIG. 3. - Two C ONSOLIDATION DEVICES ASS EMBL E D o ' 

TESTING BEKC H 

exactly and be fully confined by it; and second, at the beginning of the 
test the sample must be of a known thickness and must have parallel 
faces. The way in which the sample ring fulfills these requirements 
can best be illustrated by a brief description of the method of preparing 
the sample for test. A section of the undisturbed sample of soil to be 
tested is placed on the ring, which is mounted on a rotary preparation 
device (see Fig. 4). As the sample and ring are rotated mechanically, 
a cutting tool trims the sample down to the exact inside diameter of the 
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ring with a minimum of disturbance to the material to be tested. As this 

process proceeds the sample slips down into and finally through the 

ring, being supported against undue distortions by a piston which is 

pressed upward by a spring. Now the ring and sample can be removed 

from the rotating table, and the projecting ends of the sample can be 

cut exactly flush with the machined faces of the ring. In this way we 

prepare a sample which fits the confining ring exactly, which has parallel 

faces, and the thickness of which is exactly the known thickness of the 

sample ring. 
Load is transmitted to the sample through a hardened steel ball, 

shown in the detail in Fig. 1. This ball has an an nular bearing in a flat 

FrG. 4. - S .utPLE PREPARATION DE

VICE WITH S .,ntPLE MOUNTED ON 

SAMPLE RING 

conical depression in a hardened steel plate which is part of the loading 

plate bearing on the upper porous stone. This insures centering of the 

load, and results in an approximately uniform distribution of stress 

even if the sample is not homogeneous. The upper portion of the steel 

ball is cut to a conical surface, which fits accurately into the crossbar 

which transmits the load on to the sample. The change in volume of 

the sample is measured by a single extensometer, bearing on the hori

zontal upper surface of the conical section of the ball, in place of the 

two extensometers required on earlier apparatus. This arrangement 

has been found to allow accurate measurement of the compression, re-
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duces the total cost of the apparatus, and eliminates the tedious 
averaging of dial readings, which constituted a large part of the labor 
involved in evaluating test data with earlier apparatus. 

This type of consolidation device, incorporating the advantages 
enumerated above, was originally designed by Professor Casagrande 
in 1932. Since then this design , or various modifications thereof, has 
been adopted in ma ny other soils laboratories in this country and 
abroad. 

Compression diagrams and time-compression diagrams are plotted 
directly from the test data as the test progresses. As in the case in a 
large percentage of all natural phenomena, it has been found that the 
volume change and rate of volume change of soils follow laws which 
can most closely be approximated by logarithmic functions. For this 
reason it has been found most illuminating to plot both diagrams on 
semi-logarithmic graph paper. The change in thickness on arithmetic 
scale is plotted against the logarithm of the pressure and against the 
logarithm of the time. Fig. 1 shows clearly the difference in appearance 
between the arithmetic and the semi-logarithmic plots of the compres
sion and time-compression curves. Note, for example, how clearly the 
break in the compression curve at the pre-consolidation load* shows up 
on the semi-logarithmic plot. In order to obtain approximately equal 
changes in thickness between load increments, these increments are 
increased as a geometric series, doubling the load for each increase. For 
similar reasons , time readings are taken according to a geometrically 
increasing series. It is important to note that a given compression dia
gram is for one definite sequence of load increments, one definite time 
interval between load increments, and one temperature. Research is 
now being pursued to determine the effect of these three factors, now 
very imperfectly understood, on the compression diagram. 

Fig. 1 also shows the information which is obtained from the dia
grams. The pre-consolidation load should be noted in particular, since 
large settlements may be caused only by increases in stress in the ma
terial above this load. The rate of change in total thickness of a stratum 
of clay is of the same type as that shown in the time-compression dia
grams obtained from tests, the time scale being increased according to 
the ratio of the squares of the thickness of the sample and of the stratum 
in question, account being taken of the possibilities of drainage in the 
natural deposit. At present little is known about the causes and effect 

* See "The Structure of Clay and Its Importance in Foundation Engineering," by Arthur Casa• 
grande, JouR,.,AL, Boston Society of Civil Engineers, Vol. X IX , No. 4, April, 1932. 
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of what we have termed "secondary time-effect," except that it may 

influence sufficiently the rate of settlement of structures founded on 

deep beds of certain soils to give to the settlement diagram an entirely 

different appearance from that of the time-compression diagram ob

tained from laboratory tests. This problem is one of the major research 

projects now being investigated at the Harvard Soil Mechanics Labo-· 

ratory in connection with the consolidation test. 

THE PERMEABILITY ATTACHMENT 

As a check on the theoretical computations in the evaluation of 

the time-compression diagram resulting from a consolidat_ion test, espe

cially for relatively pervious soils for which the consolidation of the 

sample proceeds so rapidly that the time-compression curve does not 

permit an accurate determination of the coefficient of permeability, it 

is desirable to make direct permeability tests on the same material under 

conditions identical with those prevailing during the former test. For 

this purpose the consolidation apparatus is transformed into a falling 

head permeameter by attaching a tube filled with water (see Fig. 1) 

to a standpipe connection in the base plate which leads directly to the 

porous stone at the bottom of the sample. The head in the tube pro

vides the pressure to cause flow through the soil, and the amount of 

water flowing through the sample in any given time is measured by the 

drop in head in the tube. From this data the coefficient of permeability 

of the soil, for the density or void ratio at the time of the test, can 

easily be computed.* 
While the discussion deals particularly with relatively impervious 

materials, the principle of the falling head permeameter is the same for 

all soils, the only variations being in the heads used and in the ratio of 

the area of the tube or standpipe to the area of the sample. In other 

words, the. more pervious the soil to be tested, the larger is the 

ratio of area of tube to area of sample and the smaller the heads used. 

Fig. 1 shows the quantities measured in this test and the method of 

evaluation. 
For very impervious soils large heads are. used to accelerate the 

test and to reduce the errors due to evaporation at the water surface, 

temperature changes, and changes in void ratio of the sample. In 
order to obtain wide variations in possible head and still keep the appa-

* See "Soil Mechanics Research," by Glennon Gilboy, Transactions, American Society of Civil 

Engineers, 1933. 
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ratus a convenient size, the permeability attachment seen in Fig. 5 was 
developed and found very satisfactory. This apparatus is mounted on 
a vertical board, which can be readily transported, attached, and used 
in conjunction with any of the ·consolidation tests that may be in prog
ress. The essential feature of this device is an air pressure reservoir,. 
which is connected to a mercury manometer and to the upper end of the 
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FIG. 5. - ELEVATION OF PER~IEABILITY 

ATTACHMENT 

water standpipe. \i\Tith this pressure booster reservoir heads up to 
thirty feet are obtainable. It should be noted that the volume of the 
air pressure reservoir is very large compared with the volume of water 
which will flow through a sample during ari.y given test. For this reason 
the head due to the air pressure is, for all practical purposes, constant 
during a test. \i\Tith this apparatus permeability tests, which previously 
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required twenty-four hours or longer, are now completed in two or three 

hours and with greater accuracy. This device combines the advantages 

of the falling head permeameter with those of the constant head type of 

apparatus. Since the drop in head is small compared with the total head, 

the coefficient of permeability can be computed directly from Darcy's 

law, using the average head acting during the test for the determination 

of the hydraulic gradient. 
The following precautions must be observed during permeability 

tests with this attachment: first, to prevent excessive expansion of the 

sample during the test due to the reduction in the stress between the 

soil grains resulting from the seepage pressure of the upward flowing 

water, the maximum head used must not be greater than 30 per cent of 

the total dow·nward pressure on the sample; second, the slight increase 

in volume of the sample, which cannot be prevented during the permea

bility test, must be observed on the extensometer, and the flow of water 

continued until no further e.xpansion takes place. After this condition 

is reached, standpipe readings may be used for the computation of the 

coefficient of permeability. 

THE COMPRESSIVE STRENGTH TEST 

The unconfined compression or compressive strength test is s1m1-

lar, in principle, to compression tests on concrete cylinders. The test 

consists of subjecting a cylindrical or prismatic specimen to a gradually 

increasing vertical pressure, making simultaneous measurements of the 

strain. 
The primary purpose is the determination of the stress-strain char

acteristics of an unconfined mass of soil. The test results consist of the 

stress-strain or deformation diagram, the modulus of elasticity and its 

relation to the stress conditions, the compressive strength (from which 

the shearing strength can be derived), and the type of failure (whether 

due to rupture or due to plastic flow). Fig. 6 shows the deformation 

diagram resulting from compressive strength tests and some of the 

information that can be obtained from it. 
The apparatus for this test, shown in Fig.- 6, is very simple, con

sisting merely of a rigid base plate to which is attached a vertical rod 

for mounting an extensometer, and a bearing plate through which load 

is applied to the top of the sample. The sample itself is given a thin 

coating of impervious material, to prevent the evaporation of water 

during the test. The outstanding feature of the apparatus is its extreme 

flexibility. Samples can be tested in sizes varying from one-half inch 
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in diameter and one inch in height to eight inches in diameter and six
teen inches in height. The loading arrangement, which will be described 
later, is accurate over a very wide range in loads, so that materials vary
ing from soft clays to very compact hardpan can be tested. The same 
loading apparatus may be used for loading consolidation tests and for 
the application of load in specialized tests for research projects. 
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Deformation diagrams 

THE DIRECT SHEARING TEST 

Perhaps ~he most obvious approach to the problem of the shearing 
resistance of soils is by means of the direct shearing test. In this test 
the shearing resistance of the soil is measured directly as a function of the 
normal pressure. Such a test is particularly adaptable to the testing of 
materials in which progressive failure will not take place. Materials of 
this type include all granular soils, silts and plastic clays. The materials 
for which this test is not applicable for the purpose of determining the 
shearing strength are cemented sands and undisturbed clays of a rigid, 
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brittle or elastic character; that ·is, clays in which the strengths m the 
undisturbed and remolded states are not identical. 

Fig. 7 shows the essential features of the shearing apparatus. It 
consists of a relatively shallow box divided horizontally into two sections. 
The lower section is held rigidly on a testing bench, and has provisions 
for the mounting of extensometers to measure the horizontal a~d vertical 

fl'OTe.. • 
!OR ~/i11NlllBR, mreR/111.S 
M~llll Cl¥1TIN:J RR,E l/JED. 
RJR FINE t;R8llfEO, Cl)H£$/V/! 
SOILS GJ?flTINGS llRe 
R.ePlflCEDB't'l:OU,H~ 

eyTeN:J:J/,fETOl RTTRCHeo 7V 81/SE 
MERSURes 'teR!iCeL /l'KJT.ON 
OF P!SlDN § tJPPE'R Fm-.:e 

f./:;'; ffjp~,!'lf,V:,'!:/::R • J ve1?T1c11L. I.ORO 

5ECTION THRO/IGH SHEIi.RiNG BO;( 

eFFt'CT OF Rnre OF RPPl/CffT/ON 
OF HORIZ.ONTRL LORD OH SHC!IR!Mi 
J?eSISTflNGE OF CLf1'f 

RRTE OF llPPl.!CRTION OF HOR/ZfJl'fflil LORO 

P.!.<"C£/ITOF SHtl?/?/,-,f; S[Rt"SS RT rfl!LUR~ 

VOLUMe CHIINGc C/JRVcS 

01sPi11ceNeNT cuf?VEs 

OtRECT 5HEl?RING TEST 
SOil Ml:CHflNICS LRl!:IJR.RlORY 

' ' ' 

t!i.l!BDI/RTC SCHXJI. OP C/'tt';IN.!eRIMi- Hl?l?l'RRO 1./N/J'e,f.SI'( 

FIG. 7. - SCHEMATIC DIAGRAM OF DIRECT SHEARING TEST 

Displacement curves, volume change curves, effect of rate of load 
application on shearing resistance of plastic soils 

motions of the upper section. The upper section consists of a frame and 
a movable piston. The normal ,load on the sample is applied through 
the piston, which initially is free· to move vertically in the upper frame. 
Just before the horizontal load is applied to the sample the upper frame 
is raised, by means of elevating screws mounted in its walls, a short dis
tance a_bove the lower section and then is locked to the piston. This 
separation of the upper and lower sections permits all the vertical load 
to be carried by the sample and prevents friction between the two 
sections. The horizontal force is applied through the upper frame in 

j 
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the plane of separation between the two sections. Gratings of various 
types are provided in the lower section and in the piston of the upper 
section to distribute the shearing stress as nearly uniformly as possible 
throughout the sample, and to force the plane of shear failure to be co
incident with the plane of separation between the two sections of the 
box, in which plane the horizontal force is applied. vVhere necessary, 
provisions are made for the drainage of the sample and for preventing 
evaporation in the sample during the test. 

The object of the direct shearing test is to obtain, for any material, 
the relation between normal pressure and shearing strength. The neces
sary range in normal pressure must include very small pressures, such as 
are found in the backfills of low retaining walls, and pressures of several 
tons per square foot, such as are quite possible in large earth dams and 
beneath large structures of all kinds. Inasmuch as no satisfactory or 
comprehensive investigation of the shearing resistance of soils has been 
made to this date, it seems necessary to make the following studies: 
first, an investigation of the shearing resistance of all types of granular 
materials, including studies of the effect of grain size, of grain shape, of 
rate of load application, and, particularly, of all these factors under very 
small normal pressures, which have been neglected entirely in former 
investigations; second, an investigation of the shearing resistance of all 
types of plastic soils, undisturbed and remolded clays, etc., with particu
lar attention to the effect of the rate of shearing load application. And 
finally, it has become apparent that a supplementary investigation will 
be required to determine the possible effect of the magnitude of the 
shearing area on the shearing resistance obtained from a laboratory test. 

The scope and requirements of the investigations outlined above 
formed the basis for the performance specifications of the shearing ap
paratus. In the first place, a high degree of accuracy was absolutely 
necessary to clarify the rather confusing impressions gained from previ
ous investigations of the shearing strength of soils, and this accuracy was 
necessary over a very wide range of shearing loads. Automatic applica
tion of shearing load over a wide range of rates was desirable to secure 
uniform results in the study of the effect of the rate of shearing load 
application. Shearing boxes of various designs and sizes and employing 
various types of gratings were felt necessary to investigate the problem 
in all its ramifications. And finally, since a large number of tests were 
contemplated, automatic controls were desired to reduce the labor and 
amount of attendance required by each test. The manner in which these , 
specifications were fulfilled will become apparent in the following sec
tions of this paper. 
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Perhaps at this time it may be well to point out that it is the belief 
of the author that, once a complete and comprehensive series of tests 
have been carried out. and the results tabulated for -all types of cohesion
less materials and for various types of load application, values taken 
from these tables will probably afford a closer approximation than field 
laboratory tests. However, for cohesive soils, it will always be advisable 
to supplement or confirm the tabulated value of the shearing resistance 
of the soil in question by unconfine? compression tests on undisturbed 
soil samples. 

In addition to the magnitudes of the shearing resistance of various 
materials it is of the greatest practical importance to the engineer to 

FrG. 8. - Two SHEARING BOXES ASSEMBLED FOR TEST 

know how the material behaves during the shearing process, and particu
larly how it behaves as failure is approached; that is, whether the ma
terial expands or compresses just before failure. This characteristic is 
observed with a vertical extensometer, which measures the vertical 
motion of the upper frame during the shearing· process. Fig. 7 shows 
typical displacement curves or curves of horizontal motion for various 
materials during shearing tests and the corresponding volume change 
curves. The necessary feature of all shearing apparatus is provision for 
free expansion or volume decrease of the sample under normal load 
during shear and for its measurement. This feature was first introduced 
by Dr. Casagrande in 1930. * 

* A. Casagrande and S. G. Albert, "Research on the Shearing Resistance of Soils," Report, Massa
chusetts Institute of Technology, September, 1932. 

___d. 
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Shearing boxes of various sizes are used, the shearing areas varying . 
from thirty-six square centimeters to two hundred and forty square 
centimeters. Fig. 8 shows boxes of these two extreme sizes assembled 
for test, and in Fig. 9 the large box is seen dismantled to show the 
features of its construction. Fig. 7 also shows the effect of the rate of 
load application on the shearing resistance of a clay. This latter figure 
shows the extreme importance of controlling and knowing the rate of 
load application when testing plast)c soils. 

FrG. 9. - LARGE SHEARING Box DISMANTLED 

GENERAL CONSIDERATIONS IN THE DESIGN OF SOIL LOADING EQUIPMENT 

Loading equipment for soil tests in the past has consisted almost 
exclusively of devices designed to apply load to one individual piece of 
testing apparatus. 'When the decision was made as to the general 
design of the major loading equipment to be incorporated in the new 
Soil Mechanics Laboratory at Harvard University two alternatives 
were possible. First, improved individual loading devices might be 
designed for each type of test, as, for example, a method developed by 
Professor Gilboy, consisting of the use of platform scales for measuring 
loads applied by mearis of a jack. Second, all the loading equipment 
might be mounted on one frame and incorporated into one testing ma
chine. The latter type was chosen, with the four major soil tests de
scribed in the preceding pages performed on one testing bench and frame. 
The reasons for this choice are as follows: to conserve space, to conserve 



DEVELOPMENTS IN SOIL TESTING APPARATUS 239 

the time of the operators by having all tests concentrated at one place, 
to reduce the cost of the loading equipment by utilizing one frame for 
all tests and by d~signing the equipment to be interchangeable between 
the various tests. For the purposes of research, in which equipment of 
maximum flexibility and accuracy is required, this type was found to 
provide a material saving in cost. 

As a basis for this design the general _outline of the frame of the 
shearing machine designed in 1930 by Professor Casagrande, and now in 

•• ,._ ., !• 
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F1G. 10. - FRONT Vrnw OF UNIVERSAL SOIL LOADING 
MACHINE WITH TESTS IN PROGRESS 

use in a number of soil mechanics laboratories in this country and abroad, 
was chosen. This frame was increased in size and modified so that con
solidation, permeability and compressive strength tests could be in-· 
eluded with the shearing test. Because of its wide adaptability the 
resulting system of loading devices will be referred to in the following 
discussion as the universa_l soil loading machine. 

The four basic types of soil tests' are all performed on a testing 
bench, which is an integral part of the machine. On this bench it is 
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possible to set up six consolidation devices, or six shearing boxes, or 
an intermediate number of each. The apparatus for the compressive 
strength test is fixed and will accommodate only one sample at a time. 
Fig. 10 shows the universal soil loading machine, with two consolidation 
devices, the permeability attachment, two shearing boxes, and one 
compressive strength test set up and tests in progress. 

An important requirement was that the loading equipment be free 
from all vibrations. Vibrations have been found to affect seriously soil 
structures, particularly the structures of loose, fine grained, cohesionless 
or weakly cohesive soils, such as fine sands and silts, during test. If the 
vibrations ar.e not eliminated very misleading results are obtained from 
all soil tests on such materials. Vibrations encountered in soil testing 
work have been found to come from two major sources: first, vibrations 
in the building housing the apparatus, due to near-by traffic conditions 
or to machinery; and second, vibrations in the floor of the laboratory, 
due to movements of the operators. Elimination of the first type is, of 
course, dependent on local conditions. Floor vibrations can be elimi
nated by having the floor upon which the operators stand and walk 
entirely separate from the equipment supports. This may be accom
plished, when installing field laboratories, by carrying the loading equip
ment frame on foundations independent of the floor. For laboratories 
housed in permanent buildings, the equipment can be suspended from 
beams carried by the walls or columns of the building, particularly if 
the building is constructed with relatively heavy walls or frame and 
relatively light floor systems. 

The experience of a number of investigators with various types of 
loading equipment has led to the conclusion that the type in which the 
load is applied by means of single, or combinations of, lever arms, using 
knife-edges to transmit all forces into and out of the lever arms, is the 
most satisfactory for soil tests. Such equipment is of the constant stress 
type; that is, the stress is the controlled factor, and the deformation or 
strain is measured as a function of the stress and of time. The constant 
strain type of loading equipment, in which the strain is the controlled 
factor and the stress the dependent variable (for example, the ordinary 
hydraulic testing machine), produces results, in almost all soil tests, 
which are very difficult to evaluate and are especially unsuited for re
search. For all tests carried out on the universal soil loading machine, 
the constant stress type of loading equipment is used. Load is applied 
through counterbalanced lever arms supported on knife-edges, the actual 
load increments being obtained through weights on hangers or through 
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load travelers moving along the lever arms, or, as we shall generally call 
them, the beams. There is one essential point which must be remem
bered when designing equipment of this type: the points of application 
of all forces must be at all times on the center line of the beams. This 
is necessary in order that changes in the angle of inclination of the beams 
during tests will have no effect on the load applied to the sample, since 
the ratios of the moment arms will not change. 

The final general consideration in the design of the loading equip
ment of the universal soil loading machine was simplicity of operation. 
In the discussion of the direct shearing test the importance of controlling 
the rate of application of the shearing load was emphasized, particularly 
for very slow tests on clays. To accomplish this as simply as possible, 
with a minimum of demands on the time of the operator, automatic 
application and control of application of load were chosen. In addition, 
the following improvements could be obtained by this means: first, the 
mechanism for applying or increasing th.e load could be so designed as 
not to introduce additional forces into the beams; second, the personal 
equation could be eliminated from the test itself, thereby confining its 
effect to the preparation of the sample; and third, the necessity of having 
two operators to perform a single soil test was eliminated. 

THE UNIVERSAL SOIL LOADING MACHINE 

The frame of the universal soil loading machine is suspended from 
12-inch steel I-beams carried by the masonry walls of the building 
housing the laboratory. Thus it is entirely independent of the floor. 
The frame consists of steel channels and I-beams designed for rigidity 
and negligible deflections. It was fabricated and assembled with great 
care, to insure that all horizontal members would be parallel and exactly 
horizontal. This was made necessary by the testing processes, which 
require that the loads be applied in planes normal to the true horizontal 
and vertical. The testing bench, which projects somewhat to the front 
of the frame, see Fig. 11, is formed by two parallel 8-inch I-beams. Its 
location renders the apparatus for the various tests easily accessible and 
simplifies the observation of all tests in progress. The remainder of the 
frame serves only to carry the fulcrums of the various loading and 
counterweight beams and the controls and accessories to the loading 
equipment. Figs. 11 and 12 show clearly the details of the frame and 
the manner in which the various apparatus are mounted upon it. 

The consolidation apparatus is loaded by weights on hangers, 
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which are parts of simple systems of levers and knife-edges, completely 

counterbalanced. There is one point of interest in this loading system: 

the entire system is counterbalanced, including the bearing plate which 
transmits the load directly to the upper porous stone of the consolida

tion device. The bearing plate is suspended from the loading crossbar 

by four springs, and, with the ball connection previously described, a 
flexible connection is provided which permits the measured load applied 

to the sample to begin at zero and to return to zero on the release of 

load. This feature is necessary in order to obtain complete and accurate 

compression diagrams. The same system of levers and weights on 

hangers is used to obtain high normal pressures on shearing tests. The 

schematic diagrams in Fig. 11 show the loading arrangement for this 

test as well as for the compressive strength test and the direct shear

ing test. 
For the horizontal load on direct shearing tests and for loading 

compressive strength tests it is necessary to determine accurately the 

failure load or load at which sudden deformation or change in shape 
occurs. For this purpose some form of a gradually increasing load is 

necessary. This is accomplished by a traveling weight that can move 

longitudinally out along the loading beams, increasing the load on the 

sample by increasing the lever arm. The weight of the traveler can be 

varied depending on the maximum load required. On the beams three 

scales of applied load correspond to the three weights of load traveler 

shown in Fig. 11. The travelers can be moved manually by means of 
handwheels, which are mounted on the rigid frame of the apparatus, 

or they may be moved by means of the automatic drive. The trav

elers are moved by means of very light, high-tensile steel chains on 

sprockets, the chains running the lengths of the beams. The moti

vating sprocket, as well as the operating handwheel, is mounted on the 

rigid frame of the loading machine; therefore the resultant external force 

acting on the beam due to the chain drive has its point of application at 
the idler sprocket at the end of the beam. By mounting this sprocket 

in such a way that the resultant force acts along the center line of the 

beam, the introduction of unknown moments into the system is avoided. 

The loading beam for the compressive strength tests is located 
beneath the beams forming the testing bench. A counterweight on the 

beam itself balances it about the fulcrum, which is bolted to the lower 

flange of the rear beam of the testing bench. In addition, a counter
balance system similar to that used for the consolidation loading beams 

carries the weight of the beam and forces the knife-edge to bear on the 

fulcrum at all times. A stop, controlling the maximum motion of the 
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beam, can be adjusted by means of a handwheel (45 in Fig. 12) located 
at the front of the testing bench just below the operating handwheel for 
moving the load. The operator has all the controls for this test readily 
available without moving from the position from which he can observe 
the sample. 

The shearing beam, located above the testing bench, is balanced 
about a fulcrum mounted on the shearing beam carriage. This carriage, 
riding on and between two channels, as can be seen in Fig. 11, can be 
moved horizontally, by means of a rack and pinion drive, to any posi
tion along the testing bench . Thus it is possible to utilize the one beam 
for applying horizontal load to any desired shearing box, while a number 

Frc. 13. - SHEARING BE.\~r RocKER 

of other boxes may contain samples consolidating under normal loads. 
These other samples, in turn, are tested with the same loading appara
tus. The load traveler which moves along the beam develops a vertical 
force beyond the fulcrum. This vertical force is transformed into a 
horizontal force by the rocker seen in the detail in Fig. 11 and in Fig. 13. 
The rocker rotates about a fixed knife-edge in the shearing beam car
riage, swinging freely with its weight entirely carried by springs. A 
force of thirty grams is sufficient to cause the horizontal knife-edge of 
the rocker to move one-half an inch in either direction from its neutral 
position. This amount of motion is greater than is required by any of 
the shearing tests. The deviation in elevation from the neutral position 
for the maximum range in horizontal motion of the knife-edge which 
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transmits horizontal force is twelve-thousandths of an inch, which\s too 

mall to cause a noticeable error. The shearing boxes are so constructed 

that the plane of separation between the two sections is in exactly the 

same elevation as this knife-edge in its neutral position. A coupling 

linkage transfers the horizontal pull from the rocker to the upper frame 

of the shearing box. · 
The shearing beam is provided with an adjustable stop which limits 

its maximum motion. This stop, which also includes a mercury switch 

control for the shearing tests, is connected to the shearing beam car

riage and moves horizontally with it. Vertical load is, in most cases, 

applied to the sample by means of a loading crossbar and weights on a 

FJG. 14. - SHEARING APPARATUS FOR LIGHT LOADS 

direct hanger; although for very heavy vertical loads, as has been 

pointed out before, the loading beams of the consolidation loading equip

ment can be used. 
The shearing beam is very accurate for horizontal forces from five 

kilograms to the maximum of two hundred and eighty kilograms. For 

failure loads less than five kilograms the accuracy of this heavy equip

ment is not satisfactory, and a special loading apparatus for very light 

shearing loads is used . In this apparatus, shown in Fig. 14, the hori

zontal load is applied by allowing water to flow from an accurately cali

brated standpipe into a tank which is suspended by a flexible cord over 

a ball bearing pulley from the pulling arm of the upper frame of a shear

ing box. The loading tank is counterbalanced by another cord over a 



248 BOSTON SOCIETY OF IVIL E~G INEERS 

pulley to a hanger for lead weights. This device measures shearing loads 
from zero to five kilograms with an accuracy of five grams. ·with it 
shearing boxes similar to those previously described, but constructed 
of wood which has been impregnated with paraffin, are used in order to 
obtain normal pressures as small as two grams per square centimeter. 
One of these boxes is shown in Fig. 14, with a test in progress. 

For most tests on the compressive strength and direct shearing 
apparatus the load travelers are moved along the beams by an automatic 
drive. This drive consists of two constant speed electric motors, rated 
at 1,750 r. p. m. a nd 1 r. p. m. respectively, which can be used inter
changeably with the gear train shown in Fig. 15. The various combin
ations of gears in mesh, motor used, a nd weight of load traveler make 
available seventy-five different rates of load application, varying from 

F1G. 15. - GEAR TRAIK OF rt UTO~t.\TIC DRIV E 

ten kilograms per second to three-thousandths of a kilogram per hour. 
This wide variation is primarily for the purpose of investigating accu
rately the effect of the rate of application of the horizontal load on the 
shearing resistance of clays. The various rates of load application have 
been checked carefu lly, and are as accurate as it is possible to read the 
total load on the scale on the beam. This accuracy simplifies the opera
tions required during test, inasmuch as the operator needs only to read 
his stop watch and the extensometer dials, computing the amount of 
horizontal load applied, at any point in the test, from the elapsed time. 

The last driven shaft of the gear train is connected by a chain and 
sprockets to a main drive shaft, which is located approximately over the 
operator's head as he stands at the testing bench. Connections from 
this shaft to the shafts on which are mounted the sprockets moving the 
travelers along the beams are made by light chains and sprockets. In 
addition, there is mounted on the main drive shaft an a utomatic brake, 
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see Fig. 16, operated by a solenoid which is in the motor ci rcuit. This 
brake stops the load exactly at the time the motor circuit is broken. 
In order to obtain accurately the failure load in a rapid test, or in a 
very slow test should the sample fail when the operator is not pre en t, 
some means of breaking the motor circuit automatically at failure is 
required. To perform this task adjustable mercury switch controls of 
the type shown in Fig. 17 are used. Failure of the sample is accom
panied by a small rotation of the loading beam, sufficient to actuate the 
mercury switch which breaks the circuit. Additional mercury switch 
controls are mounted at the ends of the loading beams, to shut off the 
driving mechanism before the load traveler hits the end plates of the 
beams. 

The volume change characteristics during shear of most materials 
are fairly well known; therefore a large percentage of the shearing tests 
being run on this apparatus is for the purpose of obtaining only the 
failure load. A reading of the expansion or compression of the sample 
at failure is made merely as a check on the reliability of the test. For 
these tests it is necessary for the operator only to set up the sample in 
the shearing box, make the connection to the rocker, and start the load
ing apparatus at the desired rate of load application. Then at any 
convenient time after the sample has failed, he can obtain the results 
of the test without having been in attendance during its progress. 

A careful study of Fig. 12, the front elevation of the universal so il 
loading machine, will show the methods of construction and operation 
of much of the apparatus not discussed in detail. The driving motor 
used with the automatic drive for rates of load application above one 
kilogram per hour is a one-sixth horsepower induction motor. This 
motor is not shown on the drawings. It is mounted on a frame carried 
by the floor to prevent the transmission of vibrations to the testing 
equipment. The only connection to the universal soil loading machine 
is through a light belt to the gear train. Thus the motor vibrations do 
not enter the frame of loading machine or affect the tests. 

Since the construction of this apparatus it has come to the attention 
of the author that there is on the market a motor constructed for labo
ratory use which provides a wide range of speeds with a reasonable de
gree of accuracy. The use of such a motor on future apparatus of this 
type would reduce the size and cost of the gear train nece sary to obtain 
suitable variations in rate of load application. 
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F1e. 16. - AUTOMATIC BRAKE 

Fie . 17. - MERCURY Swnc1-r CoKTROL 

_J 
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COST OF SOIL LABORATORY EQUIPMENT 

For use with the universal soil loading machine the Soil Mechanics 
Laboratory at Harvard University has at present six consolidation de
vices and four shearing boxes of varied sizes. The use of this apparatus 
requir'es ten ten thousandths of an inch extensometer diab. In addition, 
some twelve hundred pounds of weights are required for the loading 
apparatus at maximum capacity. These are in the form of lead cast in 
units of one, two, four- and twelve kilograms. Lead was used because of 
its covipactness, freedom from corrosion, and ease of casting and ma
chining to weight. The units of the weights were chosen because they 
could easily be used in a geometric series of increasing load increments. 

The costs of the various parts 9f the equipment and of general labor·
atory equipment to supplement it are shown in Table I. 

. TABLE I 

CosT OF UNIVERSAL SOIL LOADING MACHINE AND APPARATUS AND ACCESSORIES 

Universal soil loading machine 
6 consolidation devices at $90 
4 shearing boxes at $50 .. 
10 extensometers at $26 . 
1,200 pounds lead weights 

Total . 
General laboratory equipment: 

Balances and weights . 
Drying oven . 
Equipment for Atterberg limit tests 
Desiccator, watch glasses, Petri dishes, evaporating 

graduates, hydrometers, thermometers, etc. 

Humid room and equipment . 

Tptal, including general laboratory equipment 

dishes, 

$100 00 
70 00 
35 00 

95 00 

$1,800 00 
540 00 
200 00 
260 00 
300 00 

$3,100 00 

300 00 
250 00 

$3,650 00 

The costs of the apparatus and equipment built in the machine 
shops of the Engineering School include the wages of the machinists, 
but do not include any charges for design 9r supervision. The cost of 
similar equipment built by commercial ·machine shops or instrument. 
companies would undoubtedly be considerably greater. 

I 

J 



r-
1 

,_ 

l 

r --------. ..,.. ,A4w._,&::-<.• .• 

BOSTON SOCIETY OF CIVIL ENGINEERS 

CONCLUSION 

The above discussion does not cover the entire equipment of the 
_ new Soil Mechanics Laboratory at the Harvard Graduate School of 
Engineering. Equipment not described includes a special cold room 
for the investigation of frost action in soils and in natural and artificial 
building materials, and a specially designed, compact loading equip
ment to be used in the cold room for investigating the effect of tempera
ture on the consolidation characteristics of fine grained coils. Further-
more, recent developments in soil testing methods and equipment at 
other soil laboratories are not included. It is hoped, however, that this 
paper will stimulate discussions which describe cuch developments, and 
that, in this way; a more complete picture of the present status of soil 
testing apparatus and equipment will be obtained. 

The installation of the new laboratory at Harvard, which was be
gun in 1932, was made possible by the initiative and hearty co-operation 
of Dean H. E. Clifford, Prof. Gordon M. Fair and Prof. Albert Haert
lein of the Graduate School of Engineering. 

The apparatus described in this paper were d·esigned by Prof. Arthur 
Casagrande and the author. In these designs were incorporated many 
practical suggestions by Mr. Philip Grotjohann, in charge of the machine· 
shop of the school where the apparatus and equipment were constructed. 
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DISTRIBUTION OF WIND LOADS TO THE BENTS 
OF A BUILDING 

BY JOHN B. WILBUR* 

I. SYNOPSIS 

IN this paper a new method is suggested for determining the pro
portion of total wind load on a building which shall be assumed as acting 
on the individual wind bents of the building. The proposed method is 
based upon the assumption that the floors of the building under con
sideration are rigid, so that necessary relations exist between the deflec
tions of the bents of a building at a given floor. Loads acting upon a 
bent as computed by the proposed method may be found to differ 
appreciably from those based upon the usual approach. 

The method here outlined is based upon an approximate slope 
deflection solution for deflections, which follows closely in its develop
ment "A New Method for Analyzing Stresses due to Lateral Forces in 
Building Frames," by the writer, which was published in the January, 
1934, JOURNAL of the Boston Society of Civil Engineers. 

In the treatment of this problem it is necessary to consider sepa
rately the cases of symmetrical and unsymmetrical buildings. The 
research which led to the methods here suggested was carried out under 
the supervision of the writer by graduate students in the Department of 
Civil Engineering at M. I. T.t 

II. SYMMETRICAL BUILDiNGS 

1. General 

The usual method of apportioning wind forces among the bents of 
tall buildings is to consider that each bent takes the wind load acting on 
the wall area of the half bays on either side of the bent. This would 

* Assistant Professor of Civil Engineering, Massachusetts Institute of Technology, Cambridge, Mass. 
t "A Theoretical Investigation to Determine the Proportion of Wind Pressure Carried by the Various 

Bents of High Buildings," submitted in partial fulfillment of the requirement for the S.M. degree, by 
W. Niessen and R. J. Stoddard, in May, 1933. 

"Distribution of Wind Loads to Bents of Unsymmetrical Building Frames," submitted in partial 
fulfillment of the requirement for the S.M. degree, by J. A. Troxell, in May, 1934. 
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be correct if the bents were free to deflect independently of each other 
and were not more or less rigidly connected to each other by the floor 
systems. However, with the rigid floors used in •tall buildings, it is 
believed more reasonable to assume that floors deflect as a unit. A 
definit~ relation therefore exists, between the deflection of different 
bents at a given floor. 

If one bent of a building is twice as stiff as another bent, it will 
. deflect only half as far when both are subjected to equal lateral forces, 

and are free to deflect·independently. To make the two bents· deflect 
equally, twice as much load must be applied to the stiffer bent as to the 
more flexible. This.means that the wind load to be carried by any bent 
of.a building is proportional to the stiffness of the bent, or inversely pro
portional to its deflection under a given load. 

2. · Notation 

(a) Main letters 

K =l/L } 
() = slope as ordinarily used in slope_ deflection 
R=~L · . 
H = total horizontal external shear on a story 
h =story height 
M=moment 
E = modulus of elasticity 

(b) Subscripts 
c =column 
g =girder 
o = story or floor considered 
a = story or floor above the story or floor considered 
b = story or floor below the story or floor considered 

(c) Summation limits 

~ F indicates that summation is for entire floor 
0 

~ ~ indicates that summation is for entire story 
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3. Approximate Equations for Deflections 

As developed in the Appendix to this paper, an approximate expres
sion for the increment in horizontal deflection occurring in a given story 
of a bent may be expressed by -

(1) 

Hence it follows from article 1 that the stiffness of a bent in a given 
story is measured by -

(2) 

The interpretation of the notation of this equation is as follows: 

KS= the stiffness of, the story of the bent · 

s 
~ 

0 
K,

0 
= the sum of the K values of all the columns for the given 

story of the bent under consideration 
F 

~ 
0 

Kga = the sum of the K values of all the girders in the given bent 
which are in the floor above the story considered 

F 
~ 

0 
Kgb = the sum of the K values of all the girders in the given bent 

which ·are in the floor below the story considered 

4. Method of Distributing Wind Loads to Bents 

In a given probl~m of stress analysis of a wind bent, it is necessary 
to know the shear acting on each story of the bent under consideration. 
It will be assumed that the total shear acting on a story is divided_ be
tween the different bents in proportion to their stiffnesses at that stbry: . 

• • • _! 

Let H 0 = total wind shear on a given story of a building 

H B = portion of H 0 carried by a given bent at· 'the story con-
. sidered 
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Ks= stiffness of the given bent at the story considered, com-
puted from Equation (2) . 

~ KS= sum of the KS values for the story under consideration 

for all the bents of the building which are resisting the 
wind load, i.e., parallel to the direction of the wind 

(3) 

H 0 ' equals the total wind load on the portion of the face of the 
building above mid-story height of the story under consideration; 
KS and ~KS are computed from Equation (2), hence H B is easily 

determined. 

5. Accuracy of Method 

Due to the approximate nature of Equation (1), the story shears 
acting on a given bent ·as computed by Equation (3) will not conform 
exactly to those resulting from the basic assumption of rigid floor action. 
A comparative investigation, by more exact methods, of nine buildings 
of varying nature showed that an average error of 4.4 per cent resulted 
from the approximations involved, while a ma-ximum error of 18 per 
cent was found. Inasmuch, however, as story shears as computed by 
the proposed method may vary by as much as 100 per cent from those 
resulting from the usual approach, it is believed that the new method 
gives values of story shears which are superior for use in design in spite 
of these errors resulting from the approximations made. 

It is further believed that the proposed method is so straightfor
ward in its application as to be practical in actual design. 

Ill. UNSYMMETRICAL BUILDINGS 

. 6. New Fadors Introduced because of Unsyin1nctrical Condition 

Extending the method as previously outlined to the case of unsym
metrical buildings, the deflections occurring at a given floor result from 
combined translation and rotation rather than from translation alone, 
as was previously the case. 

The working equations for this condition must then include the 
effect of rotation, which may result either from an unsymmetrical wind 
load, or unsymmetrical make-ups of bents . 

. . 
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7. Equation for Unsymmetrical Buildings 

For this condition the following equation .ja augge5ted: 

H B =Ks'[ H 0 H 0dc ] ( 4) 
~ parallel KS±~ (parallelK 

5
c2) +~(perpendicular K 8c2) 

_In addition to the notation previously used, the following new symbols 
are introduced: 

i= the normal distance from the line of action of the resultant wind 
shear ac(ing on the entire story to the centroid of stiffnesses 
of all the bents of the given story . 

c = the normal distance from the line of action of any bent to the 
centroid of stiffnesses of all the bents of the given story 

~ parallel KS= summation of the stiffnesses at the given story of 

all the bents in the story parallel to the direction of the wind 
. ~ perpendicular KS= summation of the stiffnesses at the given 

story of all the bents in the story perpendicular to the direc
tion of the wind 

8. Derivation of Equation (4) 

The effect of direct translation of a story under load, without the 
presence of rotation, is such that each bent deflects an equal amount, 
parallel' to the line of action of the load. This condition is discussed 
under II, Symmetrical Buildings, which leads to the equation -

H·= K 5 H 0 

B ~ parallel KS 

The center of rotation may be shown to be at the centroid of the 
stiffnesses of the various bents at a given story. With unsymmetrical 
conditions, each bent, due to rotation, deflects an amount proportional 
to c, its distance from the centroid of rotation multiplied by the angle 
of rotation. The load taken by each bent is proportion~! to its stiffness 
multiplied by its deflection, and the moment of this load about the cen
troid is proportional to K 

5
c2• The moment carried by a given bent is 

therefore given by -
H 0d K

5
c2 

H C =---------.,..--------
B ~ (parallel K 

5
c2) + ~ (perpendicular K 

5
c2) 
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From this it follows that due to rotation -

. . Had KS. c 
H ~ • 

B 2: (parallel K 
5

) + 2: (perpendicular K 
5

c2) • 

···.1;• ·, . 

Combining the effects of translation and rotation Equation (4) 
results. vVhether rotation augments or decreases the effect of transla
tion depends upon the direction of twist of the structure and the posi
tion of the bent with respect to the centroid of stiffnesses. 

9. Accuracy of Equation ( 4) 

Beyond the errors introduced by using the approximate Equation 
(2) for computing values of KS' the only factor contributing to errors 

in Equation (4) which was not present in Equation (3) is that due to 
neglecting torsion in members. The error due to this cause was investi
gated and found to be negligible. It is therefore believed that the per 
cent errors given in article 5 apply equally well to Equation (4). 

To verify the theory on which Equation (4) is based, a model of an 
unsymmetrical two-story building was built and tested under load. 
The model was so constructed that the floors acted as rigid members. 
Deflections observed· on the model corresponded closely to deflections 
computed upon the basis of load distribution to bents as determined by 
_Equation ( 4). · 

\. 
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IV. APPENDIX 

DeYEJ.OPMENi OF IJPPY?oX/"'1/l'trE C.XPRt:53/0/V Fote l>eF'Lf:CilON 

IN 19 <1-,vew SroRY o/!" R Bewr 

Assume pomfs of inl'lechon of rmd-pomfs or of/members, ond thaf all .9.s 

ttf "riven floor are equ11/. Con s,denng a 9/ven .skry : • 

Hs\+H.f,o • L.i;EK,.,,(24 ... +8,. + 2s .... s .. ) = 2EL,,"Kga. (G~ .. ) 
2 0 

.:q._= Ho.h,._+flaho j .Similarly 1= li.h.+J/
6

\ ___ : ______ f:1uoho,,s(4}&(b) 

~~ ~ 
~4£ 4• K9a. :u EL,, K .9b 

For o 9,~en column: MTb,, = 2E Kc {28,,_ + 8b -3R); M~,.,: 2eK,._ (?06 +8., · 3R) 

.:M70p+M807 = 2EKr_{!J84 +3~-'1R) 

.: The shear sfory equar,"on y/elds: 

fl,,h0 
+ u/~J.38,. + 3S6 -6R0 ) = o , from which 

R: Hoh°,,_, + ~a.+~-------------•---------- __________ (t:} 
$ 2 Z . 

IZE {K,0 

Subsf,"f..,f/ng values of 0,, ond 0b lr-om ~uof,ons QI) ond rb), 

R= Hoho + H,.ha. + Hgho + Hqhq + H1, ht,. - - -- -- - - - - - - - - - . - (d.} 

/2E{\o 48 E ZtK'JO.' 41E x:K,b 
.•. The incremerif ol' h~r/zonfol def'{ecrian occur1n9 ,n. ~ . l]'f/e.17 sn,ry 

1J expressed by: 

S= Rho= 0&[4lfoho+ ffa,h,,_+J/oho+ 
4-(E 2-SK iF K. 

0 co O 9a. 

Eifuo-l-1017 (e) ,'s cumbersome. To red"uce fo a s,m,o/er lorrn> 

ossurne h4 = h., = hb, and Ha.= ff,,= Hb 

Then for a gwer, :;forj' 1 the mcremenf 1n d~J'lecf;-,,.n 1s 9tven by 

- - - - _(1) 

tlofe fh,d li,r boffom story> z/1::,1, = s-1-,-Nn'ess o/',e.,,,,.,,1qf1ons 
1 

winch ,;a ,usumed" mf'rnd-e ntQKes + · = o 
~ .. K_,1, 

i 
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THE MASSACHUSETTS LOCAL CONTROL SURVEY 

BY ELMER C. HouoLETTE * 

(PrcGcntcd at a meeting of the Bonton Society of Civil Engineers held on February 20. 1935) 

AMONG local cngineern there arc very few, if any, who do not already 
know something about the program of the Local Control Surveys, 
carried on during the last two years under the Civil v\Torks Administra
tion and later under the Emergency Relief Administration. But for 
those who later will lack even this degree of acquaintance, and for the 
many who::ic knowledge at preccnt ic of only a hazy character, ao well as 
for a larger public that is, in one way or another, becoming interested 
in the undertaking, it is fitting that at the outset a little be stated as to 
the circumstances under which the project took rise. 

Because of the developmental. character of engineering, the engi
neers of the nation have been particularly hard hit by the depression. 
They are the henchmen of progress, expansion, change. There is 
little place for them in a static or contracting industrial and economic 
situation; When dcprcccion comes they arc among the firct to loce their 
jobc; and as deprcccion gocc they are among the !act to be reabsorbed 
into their normal occupations, because they must wait until increasing 
demand exceeds the capaciticc of exicting focilitiec and compelo a recump 
tion of the developmental processes. 

The engineer, both by instinct and by training, is independent, 
self-reliant. His normal job is to accomplish his objective in spite of 
the difficultiec he encounterc. \\Then economic dicacter overwhelms him 
a::; it ha::; in recent yearn, that celf reliance which hac become ingrained 
in him is reflected in his attitude toward his own personal situation. 
He doe::i not wo.nt charity, and hie condition muct be dccperate indeed 
before he will accept it. He wants a chance. to earn his living by self
respecting, useful work, in which he gives full value for every dollar of 
wage::; he receive::i. He fcclc that his specialized lmowledge and e,cperi 
ence constitute valuable potential assets, which can become kinetic if 
only a channel leading to their useful employment can be found. 

* Administrator of Local Control Survey. E. R. A. Project XS-F2-U4; office at 100 Nashua Street, 
Boston, Mass. 
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Within the province of engineering there are certain special areas 

of knowledge where advance is particularly desirable. Theoe are not 

employment-producing under ordinary conditions, save as they may be 

approached by endowed research, or as they are undertaken by govern

mental agencies. \Ve felt that an opportunity of this nature lay at our 

door. We sought to link it fo confronting human need. At a time when 

very little appeared to be under way to meet the problems and engage 

thf' ennp;iPs of enp;ineers as such, this propos:=il naturally received very 

,vide attention from the profeooion. Probably it has been of greater and 

more widespread benefit to worthy but unfortunate engineern and othern 

of the "white colla_r" class than any other single project in which the 

Federal government has been engaged during the initial period of its 

intensive drive for relief of the d_istress due to unemployment. 

Control surveys consist of triangulation or traverse, to determine 

the geographic positions of permanently marked points on the earth's 

surface and the directions and distances between them, and leveling (ao 

the term is used within the profession), to determine the elevations of 

those points with reference to a standard datum. 
These data are necessary prerequisites to all surveying and to 

various other engineering operations, such as highway construction, 
power and pipe line extensions, irrigation, flood control, regional plan

ning, and perpetuation of private and public boundaries. They insure 

the accuracy of meaourements incident to ouch projects, reduce the cost 

of maintaining the required degree of accuracy, provide means for 

co-ordinating adjacent projects executed concurrently or at different 

times, and in various other technical ways provide a useful tool for 

engineering work. They are to many engineering projects what the steel 
framework is to a modern skyscraper, concealed within it but ·giving 

form, strength and rigidity to the whole structure. 
By special methods and the use of exceptionally high-grade instru

ments, the Coast and Geodetic Survey is spreading over the country 

networko of very accurately determined directions, distances and ele 

vations of marked points. These networks then serve to control the 

engineering work based on them. They furnish a constant check on 

the accuracy of the work, greatly reduce the cost of maintaining any 

required degree of accuracy, and co-ordinate the results of separate 

projects based on them. All this is possibie because of the exceptional 

and uniform accuracy of the Federal nets. Specifications for first order 

triangulation require field results of such accuracy that the probable 

error of the resulting length of a line does not exceed 1 part in 100,000. 
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The actual errorn for large distances across country arc materially less 
than that figure; for instanre, in the adjustment of the first-order net 
covering the western half of the United States, the corrections required 
to close the loops average 1 part in 435,000. This is roughly equivalent 
to a traver::;e around a closed loop of 82 miles and coming back to the 
starting point with an accumulated error of 1 foot. The allowable 

probable error of the first-order leveling is .017 x✓distance in miles. 
Modern first-order leveling requires an average actual correction, to 
clo::;c the circuits, of 63 hundrcd--thousandthc of a foot per mile. This is 
roughly equivalent to leveling around a closed circuit of 100 miles and 
coming back to the starting point with an accumulated discrepancy of 
three-quarters of an inch. 

Yet in the Federal nets the marked points are, for many practical 
purposes, widely spaced. The program, itself an ambitious one, con
templates a 25-mile spacing of the completed work; that is, in general 
no point in the United States shall be more than about 12½ miles from 
one or more of these permanently marked points, from ~vhich the engi-
neer can start his local work. 

Such a spacing, of course, is too wide fo_r effective local use. The 
engineer undertaking a small job cannot afford to run a 12-mile traverse 
or line of levels to the site. 

The Local Control Surveys project was for the establishment of 
such intermediate points. As the name will be seen to indicate, the 
system iG to be co closely _spaced that everywhere within it the control 
will be local in access. Traverse and lines of levels were to be run along 
highways or railroads from one triangulation station or bench mark to 
another, with monuments set at intervals of about 2 miles en route. 

The accuracy of the work was to be such as was appropriate to the 
short length of line, and as could reasonably be attained with the instru
ments available. The closing error allowed for traverse was 1: 10,000; 

and for levels, .04 X \I distance in miles. 
The plan of operation was as follows: 
1. The Coast and Geodetic Survey created a unit of its own trained 

personnel to be in administrative and technical jurisdiction over the 
work. 

2. It appointed an engineer, payable from its own funds, to have 
charge of the work in each state. ·with the backing of the United States 
Coast and Geodetic Survey, the State administrator organized the sur
vey parties, selected his personnel from applications, and had full 
authority to hire and fire. 
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3. He secured the loaning of surveying instruments, office space, 
drafting tables and other equipment. 

4. He supervised the surveying operations to assure that they were 
carried on in an economical and efficient manner, and that the results 
obtained were within the prescribed standard of accuracy as laid down 
by the United States Coast and Geodetic Survey. 

5. He established a central office where the results of the field work 
could be adjusted and computed as the work progressed. 

As administrator of this project I was appointed by the Federal 
government on November 27, 1933, and advised by wire that I was to 
get in touch with the local C. W. A. administrator for an allotment of 
money, the quota being 375 engineers and others for this State. 

To assist the administrator on this project, a number of supervising 
engineers were selected to take charge of the work in each county, and 
each one had charge of the field work of from five to six survey parties. 
These men were high-grade engineers, capable of giving adequate super
vision to the field party. Each field party consisted of ten men: a chief 
of party, transitman, levelman, three chainmen, two rodmen, and two 
men that were engaged to transport men and material. 

Through the kindness and generosity of the Department of Public 
Works an office and a drafting room were established in the Public Works 
Building for the. purpose of handling the administrative details, for the 
computations of the triangulation and traverse, and for abstracting the 
final results to Washington. 

With the aid of the Emergency Planning and Research Bureau, 
Inc., the engineering qualifications of each applicant were carefully 
reviewed, and some forty chiefs of party and supervisors were selected. 
These men were given a very hurried training in what was required in 
the line of levels and traverse, in a blackboard talk by Lieutenant Deily, 
of the United States Coast and Geodetic Survey, and were immediately 
placed in the field to carry on a work which was entirely new to everyone 
in regard to the methods and accuracy required. The early period of 
the project was attended with many of the uncertainties of adjustment 
and operation that in some measure were almost inevitably to be ex
pected as a result of its relation with the huge national undertaking of 
which it was a part, then getting under way. The first few weeks were 
a trying time, and the shift of set-up from C. W. A. to E. R. A. occa
sioned some losses in personnel that tended to handicap the program; 
nevertheless headway was accumulated, advance was accomplished, and 
results began to be in evidence. 
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After various vicissitudes but continual fruitfulness over a period 
lasting approximately twelve months, the project was, on December 28, 
1934, definitely approved for continuance into the current calendar 
year. Employment was found for 292 engineers during January, Feb
ruary and March; for 311 during the second quarter; for 383 for the 
third quarter; and during October 414 are to be found on its rolls; all 
these being on a 35-hour-a-week basis. The growth was thoroughly 
normal, as the usefulness of the project became progressively revealed 
and new tie-ins of importance evidenced themselves. 

There was a growing sentiment in Massachusetts in favor of having 
the Coast and Geodetic Survey triangulation placed on a plane co
ordinate system. It has been found that for any state that has a north
south or east-west width of less than 158 miles a single-plane co-ordinate 
system can be used with a scale factor not greater than 1: 10,000; and 
in Massachusetts, with its greatest extent in an east-west direction, 
and with comparatively narrow width in the north-south direction, the 
Lambert Conformal Conic Projection was adopted as the appropriate 
plane co-ordinate system. A prime meridian, at 71 ° 30' near the central 
part of the State, and two standard parallels, 42° 41' and 41° 43', held 
true to scale, have been established. Along these two standard paral
lels, distances as computed by the plane co-ordinate system will be 
equal to the geodetic distances, computations between the standard 
parallels will give distances smaller than the geodetic distances by an 
error of 1: 28,000 as the maximum, and computations outside the stand
ard parallels will give distances greater than geodetic lengths by a 
maximum of 1: 26,000. At each point the scale will be the same in all 
directions, but only for infinitesimal distances. Along a given parallel 
the scale will be constant, but it will vary from parallel to parallel. 
These scale variations are given in the projection tables for every minute 
of latitude, so that these variations can be taken into consideration in 
any computation and full allowance made for them. The computations 
can thus be made very accurate in all parts of the projection. 

Previous to the adoption of the Lambert Projection practically 
every city and town in which a control survey existed, had the same 
based on a local rectangular set of co-ordinates, generally based on the 
town hall or some other prominent object in the center of the town, as 
the origin, and the reference was made to a true meridian passing 
through this point. 

The Massachusetts Land Court and the Department of Public 
Works jointly had devised a system of co-ordinates for each county, 
with an origin at the intersection of a standard meridian and parallel 
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near the center of the county. This meant that in the State of Massa
chusetts some nine or ten origins existed. 

Both of the above systems made no allowance for the earth's curva
ture, and led to a great deal of difficulty when passing from one town to 
another, or from one county to another, in that an equation had to be 
made at the town or county line both for X and Y co-ordinates, and for 
azimuths. 

In Massachusetts there exist some 25 or 30 different datums to 
which bench marks are referred. Some of these .datums are referred 
variously to mean low water at Boston Harbor, mean low water at 
Commonwealth Pier, Boston low-water datum, mean tide level, Boston 
City Base, Metropolitan Water Works Base, and many others. These 
various datum planes have led to considerable confusion and finally to 
the adoption of one datum plane for the whole State of Massachusetts 
in order to co-ordinate the work of various surveys. 

Datums based on tidal definition are the best for both practical 
and scientific work, since they may be recovered even though all bench
mark connections be destroyed. Of all the tidal datums,· mean sea level 
is the most nearly fixed, and in general the most satisfactory for land 
elevations. By a network of first-order elevations by the United States 
Coast and Geodetic Survey, this datum has been carried to many parts 
of the interior of the country, and new level lines are being added to 
this level net each year. 

Mean sea level on the open coast may be considered for all practical 
engineering and surveying purposes to be defined as the level about 
which the tide oscillates, and it is derived from the hourly height of the 
tide, observed at the primary tide stations, as referred to the zero of a 
fixed tide staff, which has been connected with a primary bench mark 
by spirit levels. 

Mean high water is the mean height of all high waters·, and mean 
low water is the mean height of all low waters, for the period of the 
observations. Half-tide level lies midway between the planes of mean 
high water and mean low water. This should be carefully distinguished 
from mean sea level, which is determined from the hourly heights of 
the tide. 

The most efficient method to break down the Federal net would 
have been to divide it into squares, approximately 10 miles on a side, 
and then, if sufficient money had been available, to subdivide these 
squares still further, the ultimate object being to obtain a pair of monu
ments approximately every 2 miles in all directions. 

We labored, however, under the difficulty that this work must be 
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so designed that the engineers employed might readily get to and from 
their homes each day, as no expenses were to be allowed either under 
C. W. A. or E. R. A., except for daily transportation. 

The control points were to be established by traverse where tri
angulation stations were accessible, and where the railroad or highway 
over which these traverses were to be run had the proper requirements, 
so that reasonably long tangents could be observed. Where this was 
impracticable, the Local Control Survey had to resort to triangulation. 

At this point I wish to take up separately the subjects of triangu
lation, traverse and levels, and deal with each subject in detail. 

TRIANGULATION 

In the United States the geodetic datum was adopted when the 
triangulation system consisted of a meagre standard joining the arc on 
the Atlantic coast to that on the Pacific coast. As this mere outline was 
supplemented by new work, the discrepancies in the closure of loops 
were adjusted into the new arcs, the old work being held fixed: 

As the country became divided into many closed loops this method 
of adjustment became more and more objectionable, because often 
comparatively short arcs were forced to absorb loop closures far out of 
all proportion to their lengths, and as a result the corrections applied 
to them were unduly large. It became evident that at some time in the 
future a readjustment of the net would have to be made to relieve this 
condition. 

In this readjustment and recomputation of the triangulation net, 
station Meade's Ranch, in central Kansas, is taken as the starting 
point. At this station the latitude and longitude are adopted as follows: 

Latitude 39° 13' 26.686" 
Longitude 98° 32' 30.506" 

These values are identical with those that have been used for -a 
number of years to define the United States standard datum. From 
these values the geodetic positions of the triangulation stations involved 
in the readjustment will be derived by continuous computation from 
this point, and this new datum is designated as the 1927 North American 
Datum. 

The following specifications for angle measurements on second
order triangulation, which was the class designated for this project as 
laid down by the United States Coast and Geodetic Survey, are: 

1. Accuracy. -The immediate requirements which the angle meas
urements must meet are that the average closure of the triangles shall 
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not exceed 3 seconds, and that the maximum closure sha ll but seldom 
exceed 6 seconds. 

2. Observations. - With a repeating theodolite reading to 10 sec
onds, two sets of observations are necessary, consisting of six repetitions 
of the angle with the telescope in a direct position, followed immediately 
by six repetitions of the c1(plcment of the angle ,vith the telescope in the 
reverse position. With transits reading to 30 seconds, three sets are 
necessary; and for transits reading to the nearest minute, four sets arc 
required. 

FIG. 1. - TEN-SECOND REPEATING THEODOLITE 

3. Circle Settings. - ~ Tith four sets the initial settings are about 
0°, 45°, 90° and 135°. 

With three sets the initial settings are about 0°, 60° and 120°. 
With initial settings such as these, the observations are spread over 

the circle, and any errors in graduation of the plate circle are minimized. 
4. Program of Observing. - With a repeating theodolite only the 

circle angles are measured between adjacent lines of the main scheme, 
including the angle necessary to close the horizon. With this scheme of 
observing, no local adjustment is necessary, except to distribute each 
horizon closure uniformly among the angles measured in that series. 
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Following are the principal sources of error in horizontal-angle 

measurements: 
1. Instability of Support. -A proper footing, or ground support, 

for the tripod of the theodolite must be sufficiently firm to maintain it 

in level and azimuth, and must not transmit to the instrument any 

effects of the observer's movements around the instrument. 

2. Instrumental Errors . - These errors may be summarized as 

belonging to two classes : . first, those which may be practically elimi

nated by a proper observing program; and second, those which cannot 

be so eliminated. To the first class belong -
(1) Errors due to lack of proper collimation adjustment. 

(2) Eccentricity of the graduated circle. 
(3) Lack of horizontality of the horizontal axis of the telescope. 

(4) Errors of graduation of the instrument. 
Among the instrumental errors which cannot be eliminated are 

those due to parallax and to lack of horizontality of the graduated 

circle. 
The changes in an instrument due to changes in temperature are 

such that it should be protected at all times from direct sunlight and 

wind, if good results are to be obtained. 
3. Phase and Eccentricity. - A target is said to be eccentric when 

its center is not in the vertical line passing through the point to which 

the observations are referred. To realize what this means, it is always 

well to remember that a second in graduation on the horizontal circle 

is a foot at forty miles, and that one inch represents three and one-half 

seconds at a distance of one mile. Observation upon warped or crooked 

signal poles should be made with care, and an equal amount of care used 

in testing them for eccentricity. 
The errors in horizontal-angle measurements due to phase or to 

the unequal illumination of the target are often of considerable magni

tude. Squared timbers should be used for signal poles, and one side 

should be exactly faced toward the observer. 
4. Horizontal Refraction. - The rays of light which pass from the 

object observed to the theodolite may curve horizontally as well as 

vertically. 

On the list of directions the mean directions of all unrejected ob

servations are arranged in order of azimuth from some one selected 

initial. The list includes not only the mean directions to the principal 

stations, but also the directions to intersection points and reference 

marks. 
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The data on this form con titute the material upon which the 
office computations are based, and these data should be so completely 
checked that there will be no need, in the office, to resort to t he record 
book or the abstract of directions. 

On second-order triangulation the directions to main-scheme sta
tions should be carried to tenths of seconds. 

FIG. 2. - TRIANGULATION TOWER AT 
STATION "MANOMET," PLYMOUTH 

Triangle-Side Computation 

Every triangle should be included in this computation. The ob
served angles are taken from the list of direction~ previously compiled, 
and the closure of the triangle obtained, without regard to spherical 
excess. These angles are then used to compute preliminary lengths for 
the use of computation of spherical excess. The spherical excess is dis
tributed among the three angles of the triangle, one-third to each angle. 

The closing corrections of the triangles with the spherical excess 
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considered are next obtained. This closing correction is now distributed 
among the three angles of the triangle, one-third to each angle, and the 
spherical angles obtained. By subtracting one-third of the spherical 
excess from each spherical angle, the corresponding plane angles of the 
triangle are obtained, and these plane angles are used only for the com
putations of the sides of the triangle. 

The computation of the sides of the triangle is by the well-known 
law of sines. In a quadrilateral the length obtained from the strongest 

FIG. 3. - VERTICAL COLLIMATOR FOR 

TRANSFERRING GROUND POINT TO 

TOP OF TRIANGULATION TOWER 

chain of the triangles through the figure should be used to carry the 
triangulation forward to other quadrilaterals, and not the mean of the 
two or more values obtainable by using two or more combinations of 

triangles. ' 
The strongest chain of triangles should likewise be used in com

puting positions, and not necessarily the one with the smallest closures. 
The lengths of the various lines of the triangulation when com

puted through the various chains of triangles must check to a degree of 
accuracy comparable with that of the triangle closure. When the tri-
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angles have been closed by applying gne-third of the error of closure 
to each angle, and the triangle sides computed, the logarithms of the 
length of a side, as computed through the various chains, should differ 
by not more than four times the tabular difference corresponding to 
one second in the logarithm of the sine of the smallest angle entering 
into the computation of the logarithm side. 

After the triangle computation is completed and the position com
putation is made on the regular second-order triangulation form, and 
solution of the latitude and longitude is made of each point in the tri
angulation net, then the rectangular co-ordinates are figured for the point 
on the Lambert Projection. 

Triangles should be well shaped, especially those through which 
the length is carried through one triangle to another. In other words, 
the distant angles of a triangle should never be very small or very large. 
Preferably they should range between 30° and 140°. 

TRAVERSE 

Location of Stations 

The traverse stations along the route of the survey are placed in 
locations carefully selected in a reconnaissance made in advance of the 
actual survey operations. In all cases permission to establish a station 
in the selected location is procured from the proper authority (public or 
private) controlling the property. 

In the reconnaissance for the location of. the traverse stations several 
considerations are kept continually in mind. The stations must be 
intervisible and so located that the distance between them may be 
measured economically and rapidly. Each station is to be placed where 
there is the least chance of its being disturbed through changes, such 
as road improvement, public utility construction or other structural 
changes, or through natural changes, such as soil erosion. The use of 
the stations for local surveys is also to be considered. Two stations are 
established near each town or village, to control the local surveys, and 
one station is established near each crossroad. 

Experience has shown that good locations are found along high
ways, close to and on the highway side of the right-of-way fence line, in 
similar locations along railroads, in public parks, school yards, college 
grounds and between curbs and property lines. 

In some cases it is necessary to use offset stations; that is, to ma!~e 
the tape measurements to a point opposite the traverse station and 
then measure the offset distance and angle, so that the distance between 
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the traverse stations can be computed. Also it is necessary at times to 

measure the distance between traverse stations as a broken line •with 

several intermediate stations, forming a closed loop with all the angles 

measured, so that the measured distances between the intermediate 

stations can be projected on the line between the traverse stations. 

Connections are made with all existing survey marks along the 

route of the traverse. Most important of such marks are state, county 

and city boundary monuments. 

FIG. 4. - TRANSFE RRING GROUND 

POINT AT UNITED STATES COAST 

AND GEODETIC SURVEY STATION 

"HOLT," NORTH ANDOVER, BY 

MEANS OF VERTICAL COLLIMATOR 

Connections with Triangulation Stations 

Traverse lines are usually run between triangulation stations or in 

closed loops starting and ending on a triangulation station. The con

nection with the triangulation station is made in both position and 

azimuth, if possible. At most recently established triangulation sta

tions, azimuth marks have been set which are visible from the ground 
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and can be used to connect the traverse in azimuth. At many other 
stations where azimuth marks have not been established, prominent 
objects, such as church spires, cupolas, water tanks, etc., are visible 
from the ground and have been observed on from the triangulation sta
tion and can be used for the azimuth connection. 

Many triangulation stations are located on hills, and it would be 
difficult to make the connection in position by measuring directly to 
the station. In this case the connection is made by a triangle, using one 
of the traverse lines as the base and the triangulation station as the 
third point of the triangle, and measuring all the angles in the triangle. 

Marking of Stations 

The stations are marked with standard metal disks set m rock or 
concrete so as effectively to resist extraction, change of elevation, or 
rotation. Each station is designated by a number stamped upon the 
mark, preferably before it is set in place. In addition to these standard 
marks, iljltermediate stations are, where deemed advisable, marked in a 
semi-permanent manner with pipes, spikes or other marks. 

Theistandard marks of the Civil Works Control Surveys are placed 
in pairs, and there is not less than one pair of monuments for every two 
miles of traverse. The two marks of a pair are main traverse stations, 
intervisible, and not less than one-quarter of a mile apart. Where it is 
impracticable to place two such stations a long the main traverse in a 
desired locality because of local conditions, one of the pair is set as an 
azimuth mark in any convenient direction from the other, subject to 
the distance limitation given above, and connected with the main sta
tion with the same standards of accuracy for distance and azimuth as 
are prescribed for the main traverse. 

Equipment 

Distances are measured with a 100-foot steel tape. A balance and 
tape stretcher are required for maintaining the tension on the tape, and 
a thermometer for determining the temperature of the tape. Movable 
tripods are also used for marking the tape ends. A level is used for 
determining the inclination of the tape. 

Angle measures are made with an engineer's transit, except where 
a theodolite of higher order of accuracy is available. Symmetrical rods 
are used as targets, and a tripod is recommended for maintaining the 
rod in a vertical position. For short sights, a plumb line suspended over 
the station permits accurate pointing. 
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:Measurement of Distances 

The tape is supported at the 0 and 100-foot points, except where 
conditions render advisable a support throughout its length, si.ich as in 
measuring along a paved highway or street or along a railroad track. 
A uniform tension of 11 pounds is applied to the tape by means of the 
tape stretchers and the balance, when supported throughout, and 22 
pounds when supported at the 0 and 100-foot points. A tension of 11 
pounds is applied to all lengths less than 50 feet. The temperature of 
the tape is read and recorded once for each tape length. This record 
of temperatures forms a valuable check on the number of tape lengths. 
Tape ends are marked on movable tripods, or on the pavement or rail 

FIG. 5. - METHOD OF TRAVERSE MEASUREMENT, SHOWING 

TAPE STRETCHERS AND MEASURING TRIPODS 

if the tape is supported throughout. The tape is used on grade, and the 
inclination of the tape determined with ·a wye or dumpy level. 

To avoid gross errors, due to the erroneous recording of a set-up 
as a set-back, or vice versa, no set-backs are measured . All partial 
tape lengths are measured and recorded as set-ups, or plus corrections 
to the measured length. 

Each section of the traverse is measured twice, once in the forward 
and once in the backward direction. Two such measures must agree 
within 0.01 foot per 100 feet, and they must be repeated until the desired 
agreement is secured. The error in closure of a loop of traverse, whether 
it closes on itself or on triangulation stations, must not exceed 1 part 
in 10,000. 

Each tape ·used has a distinct identification stamped or tagged on 
each end, such as Massachusetts 3B, which means that it is the second 



MASSACHUSETTS LOCAL CONTROL SURVEY 275 

tape (B) used by the third party organized in Massachusetts. The 
numbers are assigned by the State Coast and Geodetic Survey repre
sentative. Each state has a tape which has been standardized by the 
Bureau of Standards, and the working tapes are compared with the 
standard tape before being used and as often as possible while being 
used . 

Angle Measurements 

At each traverse station the angle is measured and recorded in a 
clockwise direction, pointing on the rear station first. At least two 
sets of observations are made on each angle and the angle closing the 
horizon, each set to consist of six repetitions of the angle with the tele
scope direct, and six repetitions of the explement with the telescope 
reversed. The initial settings are about 90° apart. 

The horizon closure, if satisfactory, is divided equally between the 
angle and the explement. The two sets of observations before the hori
zon closures have been applied must agree within what appears to be 
a satisfactory limit. If not, the observations are repeated until the 
required agreement is obtained. 

LEVELING 

The precise level, which is used for first-order work, was designed by 
E. G. Fischer, former chief of the instrument division of the United 
States Coast and Geodetic Survey. 

The essential feature which gives value to this instrument is the 
fixed adjustment between the line of collimation and the level by the 
use of invar. The telescope is pivoted at a point on the vertical axis of 
the instrument. The level vial has a small air chamber at one end, by 
means of which the length of the level bubble can be adjusted. 

An important feature of the instrument is the prismatic reading 
attachment for the level bubble, whereby the observer reads with one 
eye the rod and with the other eye the level, simultaneously, without 
change of position. 

The rods consist each of a graduated metallic strip of invar rigidly 
attached to a metal footpiece, the latter being fastened to a wooden 
staff which supports the strip. 

The staff is .made of a single piece of well-seasoned, straight-grained 
maple 12 feet in length. In order to eliminate any error due to sagging 
of the strip when the rod is held erect, it is placed under tension by a 
stiff spring, set into a recess in the top of the staff. 
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For second-order work the regular wye or dumpy level is used with 
two-part Philadelphia rods. 

Following are the methods employed: 
1. In general, a line of levels begins and ends on previously estab

lished bench marks. At least two bench marks which, as shown by the 
new leveling, have not changed their relative elevations are recovered 
at each end of the line. 

2. All lines are leveled independently in both the forward and 
backward directions. 

3. The backward measurement on each section is made under dif
ferent atmospheric conditions from those which occur on the forward 

FIG. 6. - FISCHER PRECISE LEVEL 

measurement; that is, if the forward line in each section is run in the 
morning, the backward line is run in the afternoon, or vice versa. 

4. Any permanent or temporary bench mark that is established on 
the forward run is also included in the backward run. 

5. Under no condition is the day's work allowed to stop or begin 
at a temporary bench mark unless the latter is properly recorded. It 
must be of such permanence as a chiseled square on a bridge abutment, 
masonry retaining wall, or granite step of a building. 

6. The level is tested for error of bubble once each day. 
7. The rod is tested at frequent intervals for absolute length. 
8. The difference in length between foresight and backsight for any 

set must not exceed 25 feet. Lengths of sights must not be overextended 
in order to expedite progress. It must not be necessary to refocus the 
instrument when turning from backsight to foresight. 
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9. The temperature is recorded at the start of each section and at 
least twice each day. 

10. The length of each individual section is recorded conspicuously 
in miles and hundreds of miles. 

11. The last H. I. of the forward running must not be used for the 
first H. I. of the backward running of the loop. In other words, the 
set-up must be broken between forward and backward runs. 

Office Computations. -After the field work has been completed 
and the notebooks turned in, the following procedure is followed by the 
computing squad in the office: 

1. The computations are made of the X and Y co-ordinates on the 
Lambert Projection of the triangulation stations at the beginning and 
end of the traverse. 

2. Inverses are figured between the triangulation stations at each 
end in order to establish the azimuth at the beginning and the end of 
the traverse. 

3. With the initial azimuth and the ·direction angles at each traverse 
station, an unadjusted azimuth is figured throughout the length of the. 
traverse; this error must not be in excess of 3 seconds per angle. 

4. Reduction of Taping. - Under this reduction must be tape cor
rection as compared with the United States .standard furnished the 
office, temperature correction, tension correction, inclination and cate
nary. The backward and forward runs after these corrections are made 
must not exceed 1: 20,000; and if the two results are within this limit 
a mean of the backward and forward measurements is taken as the 
true length. 

5. Using the adjusted azimuth and the mean of the forward and 
backward measurement, a computation of the co-ordinates is made 
throughout the length of the traverse, and this result must have a posi
tion check of 1: 10,000 on the triangulation station at the end of the 
traverse. 

6. If the results are within this limit, a new calculation of the 
co-ordinates is made, distributing this error in proportion to the total 
length of the traverse, and then an inverse is computed giving the cor
rect distances and azimuths. 

7. The final results, together with the elevation of the station and 
its description, are then entered on traverse-station cards for publication. 

In spite of the many handicaps due to reduction of money and per
sonnel, and the interruption of this project at various times, we have 
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to date established 2,199 control points, consisting of 1,684 traverse and 
515 triangulation stations. 

Of 1,300 miles of traverse measured, field notes covering 1,077 
miles have been turned into the office. 

Of 889 miles of traverse computed and adjusted to date, 310 miles 
have been abstracted to \,Vashington for verification and adjustment. 
The average error of closure in these 889 miles is 1 : 24,800 - over twice 
the required accuracy of 1: 10,000. 

There have been 258 miles of first-order levels completed and ab
stracted, including the establishment of 430 first-order bench marks. 

There have been 935 miles of second-order levels completed, which 
include the establishment of 1,500 second-order bench marks. 

Approximately 300 old Federal and State triangulation stations 
have been recomputed to the Lambert co-ordinates, based on the 1927 
North American Datum. 

On the islands of Nantucket ap.d Marthas Vineyard 215 triangula
tion stations have been recomputed on the Lambert Projection, 1927 
North American Datum. 

Control has been completed in the following cities and towns, as 
noted: Amesbury, level; Fitchburg, traverse; Hamilton, level; Haver
hill, triangulation; Lexington, triangulation; Lynn, triangulation and 
traverse; Malden, triangulation; Medford, triangulation and traverse; 
Melrose, triangulation and traverse; Milton, triangulation and traverse; 
North Andover, level; Peabody, triangulation; Reading, triangulation; 
Saugus, triangulation; Somerville, traverse; Wakefield, triangulation; 
Winchester, triangulation; \i\Tinthrop, traverse; vVorcester, traverse; 
Sharon, traverse; Framingham, traverse. All of the foregoing has 
been by special request from the engineer or board of government ~f 
the respective cities and towns. At date of writing, there are still on 
hand requests for control from the following communities: Belling
ham, Plymouth, Dedham, Norwood, Dartmouth, Franklin, Weston and 
Beverly. 

The establishment of such local control serves directly a number of 
other activities and uses, the relation of which is quickly apparent to 
engineers, but which is more likely to pass unnoted or even uncon
ceived of so far as the general public is concerned. In addition to the 
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establishment and standardization of boundaries a·nd the clarifying and 
simplifying of the change of land titles and of the processes of the Land 
Court, of which some mention has already been made, notable contri
bution has been made to the study of river and bridge levels and various 
similar particulars relating to flood control, such rivers as the Aberjona, 
the Charles, the Concord, the Ipswich, the Saugus, and the Sudbury 
being studied; and to sewage projects, to which notably the Aberjona 
data are related. As may be inferred from what has earlier been stated, 
the setting up of available standardized data will very greatly simplify 
pronouncement upon many points relating to town and regional plan
ning, reforestation, irrigation, fire control, harbor development, the 
extension of power and pipe lines, and highway location. For example, 
if comprehensive information regarding the locale can be made available 
at central headquarters to State departments concerned, it will become 
possible to arrive at once at a dependable decision as to the engineering 
feasibility of many projects advocated or proposed, without the necessity 
of dispatching investigators into the field to make observations or to 
check data that have been gathered upon a purely local basis. Clearly 
defined impracticability with respect to the data accumulated will 
reveal itself at once. Particularly is such service useful to the Depart
ment of Public Works and to that of Public Health. In the interest of 
the latter department, bench marks are being established at all of the 
water-supply reservoirs, beginning with those of Worcester County 
easterly to the Cape. When locations have been determined with refer
ence to the common datum plane, it will be possible to judge whether 
it is presumably physically feasible for a given city or town to obtain 
additional water from a given neighboring source, and the way may be 
speedily opened for consideration with reference to other determining 
factors and perhaps for negotiation. When the placing of such bench 
marks has been completed, it is contemplated to issue a booklet giving 
description and data concerning all such marks. 

Three other undertakings call for special mention. The survey ties 
in with and forms a constituent part of a new national map system. 
While this is created primarily for the indicated purposes of peace, it 
affords data for the accurate control of artillery fire, with reference to 
specific strategic positions, in the event of invasion. The proposed new 
army camp in Falmouth, Bourne and Sandwich affords an advantageous 
theater of experimentation. 

A second undertaking of considerable immediate and timely service 
is the establishment of compass-correction stations at airports, where 
aviators may note the variation of their own instruments, making 
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readings for errors due to peculiar features of airplane construction or 
operating machinery, or other characteristic cause. At six stations in 
Massachusetts, magnetic observations have been taken with a decli
nometer, an instrument of very superior accuracy, of which only some 
twelve are known to have been constructed; of these the loan of one 
was obtained locally from the Coast and Geodetic Survey. The Boston 
Airport is the most advanced in compass-correction facilities; here a 
circular concrete platform about SO feet in diameter has been built, 

FIG. 7. - COMPASS DECLINOMETER USED TO DETERMINE 

MAGNETIC NORTH 

For testing airplane compasses 

upon which planes may rest while the variation in their own compass 
behavior is being ascertained, computed, and duly corrected or allowed 
for, or entered. It is expected that soon the Worcester-Grafton Airport 
will be a worthy compeer. A number of other Massachusetts airports 
will also have less extensive correctional equipment. A certain indi
viduality attaches to some of these stations. Salem, for example, has 
in prospect particular assistance to seaplanes. So-called blind flying 
conditions for those operating within or from the State should soon 
become much safer. 

.1 
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For the preparation of mimeographed and duplicated material 
relating to a survey so extensive, embodying so many phases, and fre
quently so highly special and technical in character, it was felt advisable 
to have facilities situated in close touch with the directing heads of the 
survey and with key people in the engineering group, and a handling 
staff acquainted not only with duplicating but with engineering tech
nique. A section within the project has accordingly been set up, to cover 
the duplicating, blueprinting, binding, and related processes involved in 
embodying the report in text and picture, and facilitating its distribu
tion. Facilities for rapid and economical duplicating and binding, with 
careful editing of text when desired, have been created; and methods of 
mass output under an experienced crew,· having at command both the 
most advanced mimeograph and the multilith processes, have rendered 
possible the handling of a considerable amount of outside text related to 
government projects of E. R. A. or W. P. A. or to the Massachusetts 
Department of Public Works. Recently notable among the former 
have been the reports of the Rural Electrification Survey for Massachu
setts, issued in September, and of the Scientific Investigation of Driving 
Skill, sponsored by Massachusetts State College and under the direction 
of Professor De Silva of that institution, which at this writing is on the 
point of being issued. vVhen there is prospect of a demand that cannot 
be precisely forecast, the local set-up makes the matter of reissue much 
simpler than it would be likely to be under other conditions, and like
wise diminishes the pressure to strike off copies in possibly wasteful 
excess of the demand that happens to be in sight at the time of duplica
tion. This work from outside serves to even the production processes 
during the intervals and dips in the intake of the Local Control data, 
which, though continuous in the general sense, is naturally subject to 
fluctuations according to the state and progress in the field and in the 
office. 

With respect to copy originating within the primary Local Control 
field, there have already appeared two substantial consultation and 
reference volumes, each constituting a real contribution and possessing 
lasting and scientific value. The first of these, "Geodetic and Grid 
Computations with Tables" for Massachusetts, with sample field notes, 
is a 72-page booklet, presenting data and indicating methods and solu
tions, and embodying engineering material of definite assistance to any 
engaged in work of the nature indicated. This booklet is further notable 
among treatments affording condensed mathematical material, for the 
high degree of legibility of its lettering, duplicated from a clear, hand
executed original. 
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The second, "Leveling in Massachusetts," presents in upwards of 
400 pages, with typing bookwise on each side of the leaf, a concise but 
detailed description of the project, its problems, and its procedures; 
and, for the main part, a descriptive .list of the bench marks, according 
to the cities and towns of their location, that had been established and 
adjusted as of August 1. A later edition, referred to on page 279, will 
include additional marks; but those already established and herein 
recorded afford guidance far in advance of what has hitherto been 
available. This work, of special and definite value to surveyors and 
thereby to holders of real estate, will have also a certain amount of inci
dental interest for hikers, Boy Scouts, campers, historians, and the very 
considerable element in the population to whom location data in one 
way or another have a kind of appeal. As the bench marks themselves 
have been made available for local contacts, so the information concern
ing them is to be made locally available, by direction of the Commis
sioner of Public Works, through the free pfacing of this list in all the 
public, and certain of ·the institutional, libraries of the Commonwealth. 

So much may b<:; entered in the records as material accomplishment 
and now available for public use. 



OF GENERAL INTEREST 

PROCEEDINGS OF THE SOCIETY 

MINUTES OF MEETINGS 

Boston Society of Civil Engineers 
SEPTEMBER 25, 1935. -A regular meet

ing of the Boston Society of Civil Engi
neers was held this evening at the Engi
neers' Club, and was called to order by 
the President, John B. Babcock, 3d. One 
hundred and twenty members and guests 
were present. Eighty-three attended the 
buffet supper. 

The President announced the deaths 
of the following members: Nathan S. 
Brock, died July 11, 1935, a member since 
April 18, 1888; John E. Palmer, died May 
19, 1935, a member since February 15, 
1911; Frank C. Shepherd, died August 
6, 1935, a member since April 16, 1913; 
X. Henry Goodnough, died August 10, 
1935, a member since March 21, 1888. 

The Secretary reported on the election 
of new members, as follows: 

Elected on June 19, 1935: 
Grade of Student: Charles W. Bowen, 

James B. Gibbs, Elwin M. Tobin. 
Elected on September 25, 1935: 
Grade of Member: Clarence P. Taylor. 
Grade of Junior: Frank J. Marsetta, 

James Nicolas De Serio (transferred from 
the grade of student). 

Grade of Student: Howard E. Gale, 
William E. Garlick, Leslie W. Lenfest. 

The President then introduced the 
speakers of the evening, who presented 
a symposium on "The Engineering and 
Construction Features of the Suffolk 
Downs Race Track." Mr. Mark Linen
thal, Consulting Engineer, as Engineer in 

Charge of the Project, outlined the details 
and the layout of the track, grandstand, 
clubhouse and other buildings, and the 
grounds. Mr. George A. Crane, Treas
urer of Temple & Crane, Inc., Contrac
tors, described the work of construction 
of the attractive clubhouse. Mr. A. B. 
MacMillen, Chief Engineer, Aberthaw 
Company, described the construction of 
the grandstand, which seats 12,000 per
sons. Mr. Joseph A. Tomasello, President 
and Treasurer, A. G. Tomasello & Son, 
Inc., General Contractors, described the 
project as a whole, the progress schedule 
maintained with the co-operation of all 
contractors on the job, the earthwork, 
involving the handling of 700,000 cubic 
yards of material, and many other inter
esting features of a contract executed in 
record time. Lantern slides and motion 
pictures were shown to illustrate the 
progress of the work. 

The meeting adjourned at 9.30 P.M. 
EVERETT N. HUTCHINS, Secretary. 

OCTOBER 16, 1935. -A regular meeting 
of the Boston Society of Civil Engineers 
was held this evening at the Engineers' 
Club and was called to order at 7.15 P.M. 
by the President, John B. Babcock, 3d. 
Forty members and guests were present. 

The President announced the deaths of 
the following members: William Walter 
Bigelow, died on October 4, 1935, a mem
ber since June 15, 1910; Carl H. M. John
son, died on June 27, 1935, a student 
member since December 21, 1932. 
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The following were elected to member-
ship on October 16, 1935: · 

Grade of Student: Antonio Baglione, 
Habeeb M. Hanna. 

In the afternoon, prior to the meeting, 
forty members made an inspection trip to 
the South Works of the American Steel 
and Wire Company, at \¥orcester. Under 
the guidance of representatives of the 
company, the various steps in the manu
facture of wire rope were seen, including 
the manufacture of wire rope and cables, 
and wire springs, as well as the open 
hearth furnaces and rolling mills. 

The President introduced as one of the 
speakers of the evening Mr. B. N. Carlson 
of the American Steel and Wire Company, 
who gave a very_interesting talk on "Wire 
Rope." One of the particular features 
emphasized was the manufacture of the 
pre-stressed cables, such as are used in the 
construction of the Bucksport bridge, 
Maine. Motion pictures showed some of 
the process in wire rope manufacture. 
Mr. T. F. Peterson, Electrical Engineer, 
American Steel and Wire Company, spoke 
on "Electrical Wires and Cables." Many 
phases of this subject of interest to civil 
engineers were discussed. Lantern slide 
pictures were used to illustrate this talk. 

The meeting adjourned at 8.50 P.M. 
EVERETT N. HUTCHINS, Secretary. 

Sanitary Section 
OCTOBER 2, 1935. - A regular meeting 

of the Sanitary Section of the Boston 
Society of Civil Engineers was held 
October 2, 1935. The meeting was pre
ceded by a dinner at Patten's, at which 
twenty were present. 

The meeting was called to order at 7.15 
P.M., with forty-five present. 

A vote was taken on whether a change 
. in the hour of beginning should be made, 
with the following results: 

14 in favor of meeting at 6.45 P.M. 
4 in favor of continuing to meet at 

7.15 as at present. 

The change in meeting time was 
adopted, and the next meeting will begin 
at 6.45 P.M. 

Richard S.· Holmgren, former Principal 
Assistant Engineer of H. K. Barrows, 
Consulting Engineer, presented a paper 

on the "Construction of a Sewage Treat
ment Plant at Bristol, R. I.," illustrated 
by slides. 

The meeting adjourned at 8.30 P.~I. 

RICHARD S. Hou1GREN, Clerk. 

Designers Section 

OCTOBER 9, 1935. - A regular meeting 
of the Designers Section was held at the 
Society Rooms on October 9, 1935, at 
6.35 P.M. 

The minutes of the May meeting were 
read and approved. 

The speaker was Col. Lewis E. Moore, 
Consulting Engineer, and a past president 
of the B. S. C. E., whose subject was 
"Bridge Problems." 

Mr. Moore presented a discussion which 
was instructive, interesting and entertain
ing. The talk covered the treatment of 
various problems in design, details and 
construction of bridges, and was illus
trated with sketches on the blackboard 
and with the lantern. A discussion period 
followed the talk. 

The attendance was forty-two. 
The meeting adjourned at 8.30 P.M. 

Al\lTHONY S. Coo~rns, Clerk. 

Northeastern University Section 
OCTOBER 3, 1935. - A meeting of the 

Northeastern University Section of the 
Boston Society of Civil Engineers was 
held in Room 18H, October 3, 1935. 
Chairman J. L. Dallas opened the meet
ing at 8 P.M. 

The speaker of the evening was William 
H. Bruce of Parsons, Klapp, Brinkerhoff 
& Douglas. Mr. Bruce gave an interest
ing and instructive talk on "The Design 
and Construction Features of the New 
Railroad Bridge at Buzzard's Bay." He 
spoke largely of the difficulties encoun
tered in sinking the sheeting of the open 
cofferdams and of the elaborate well
point installation used. His talk was well 
illustrated with slides. 

During the interesting discussion period 
which followed, refreshments were served. 

There were thirty members and guests 
present. 

The meeting adjourned at 10 P.M. 
FRANCIS ]. FLYNN, Clerk. 



PROCEEDINGS OF THE SOCIETY 285 

APPLICATIONS FOR 
MEMBERSHIP 

[October 20, 1935] 

THE By-Laws provide that the Board 
of Government shall consider applications 
for membership with reference to the 
eligibility of each candidate for admission 
and shall determine the proper grade of 
membership to which he is entitled. 

The Board must depend largely upon 
the members of the Society for the infor
mation which will enable it to arrive at 
a just conclusion. Every member is there
fore urged to communicate promptly any 
facts in relation to the personal character 
or professional reputation and experience 
of the candidates which will assist the 
Board in its consideration. Communica
tions relating to applicants are considered 
by the Board as strictly confidential. 

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

The Board of Government will not con
sider applications until the expiration of 
fifteen (15) days from the date given. 

For Admission 

ALLEN, LLOYD McLEAN, JR., Medford, 
Mass. (Age 25, b. Yarmouth, N. S.) 
In 1935 graduated from Northeastern 
·university; September to December, 
1932, as rodman and transitman, city 
engineer's office, Medford, Mass.; now 
employed, under civil service, as transit
man and construction inspector of high
ways, sidewalks and drains by city engi
neer, Medford, Mass. Refers to H. B. 
Alvord, H. R. Cattley, C. S. Ell, G. N. 
Watson. 

COLEMAN, THmfAS C., JR., Somerville, 
Mass. (Age 41, b. Cambridge, Mass.) 
Received degree B.S., Tufts College Engi
neering School, 1916; from 1916 to 1922 
experience was, in general, _ as draughts
man, with some teaching; 1922 to date, 
employed by Commonwealth of Massa
chusetts, mostly computing and estimat
ing, with some construction work. At 
present with the Massachusetts Depart
ment of Public Works, preparing prelimi
nary estimates on highways. Refers to 

A. B. Appleton, T. G. Giblin, G. A. Graves, 
E. N. Hutchins, F. H. Morris. 

GUERTIN, JOSEPH DAVID, Medford, 
Mass. (Age 30, b. Weymouth, Mass.) 
Graduated from Cambridge High and 
Latin School, 1923; Cambridge Scholar
ship to Massachusetts Institute of Tech
nology, graduating in 1928; 1928-29, with 
Raymond Concrete Pile Company as field 
engineer on construction of foundation for 
large structures; 1929-30, with Thomp
son Starrett Company, New York, as field 
engineer on large office building founda
tions; 1930-34, with George A. Fuller 
Company and C. S. Cunningham & Sons, 
both of Boston, as field engineer and esti
mator on building construction; 1934, 
with John Aboris of Poughkeepsie, N. Y., 
as construction superintendent on con
crete bridge and sewer work in Peekskill, 
N. Y.; 1935 to date, as technical super
visor of E. R. A. State Planning Board, in 
charge of engineering work in devising, 
planning and promoting E. R. A. projects 
throughout Massachusetts. Refers to 
J. B. Babcock, 3d, J. H. Harding, W. A. 
Liddell, J. A. O'Hearn, E. F. Kelley. 

KEARNS, WILLIAM H., Lexington, Mass. 
(Age 43, b. Belmont, Mass.) Was gradu
ated from Tufts College Engineering 
School, with degree B.S. in Civil Engi
neering, in 1914; 1914-22, with United 
States Coast and Geodetic Survey as hy
drographic and geodetic engineer on work 
throughout the United States, Philippines 
and Alaska; 1923, with Baltimore & Ohio 
Railroad as engineer of maintenance of 
way; 1924-25, private practice, surveying 
in Seattle, Washington; 1932-33, with 
Emergency Planning Board, 182 Tremont 
Street, Boston, as engineer designing a 
proposed highway along Connecticut 
River, Springfield; 1933-34, as senior com
puter with Local Control Survey, Massa
chusetts Department of Public Works, 
computing geodetic positions; since June, 
1935, engineer in charge of surveys of 
Blackstone River Flood Control Project 
at Uxbridge, Mass., assistant to Professor 
Liddell, of M. I. T., who is technical super
visor. Refers to Domenic Capone, S. L. 
Conner, J. H. Harding, J. A. O'Hearn, 
W. A. Liddell. 

MAcF ARLAND, LESTER B., Wollaston, 
Mass. (Age 27, b. Wollaston, Mass.) 
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Graduated from Quincy High School, 
1926; Acadia University, 1929; Massa
chusetts Institute of Technology, degree 
of B.S. in Civil Engineering, 1931; ex
perience: four months in 1930 with State 
of New Hampshire; five months, engineer 
with Ricci & Stocker Construction Com
pany, 1931; assistant superintendent, 
New Haven Construction Company, 1932-
33; private work, 1933-May, 1934; as
sistant civil engineer, United States De
partment of Agriculture, Forest Service, 
from May, 1934, to present date; now in 
charge of all engineering for Massachu
setts Department of Conservation. Refers 
to J.B. Babcock, 3d, H.K. Barrows, F. A. 
Marston, J. D. Mitsch, C. M. Spofford. 

For Transfer from Grade of Junior. 

BURSTEIN, MORRIS B., Chelsea, Mass. 
(Age 26, b. Kieve, Russia.) Received 
B.S. in Civil Engineering, Tufts College 
Engineering School, in 1932; summers of 
1930 and 1931, employed by Common
wealth of Massachusetts as Civil Engineer, 
Grade 1; December, 1933, to present 
time, employed by Local Control Survey, 
working under Massachusetts Department 
of Public Works in conjunction- with 
United States Coast and Geodetic Survey, 
as Chief of Party engaged in triangulation 
survey over northeast corner of State 
of Massachusetts. Refers to Robinson 
Abbott, H.P. Burden, S. L. Connor, C.H. 
Holmberg, John Marion. 

LYMBERG, JOHN \.VILLIAM, \.Vest Acton, 
Mass. (Age 26, b. Gardner, Mass.) 
Graduated from Gardner High School, 
1927; graduated from Northeastern Uni
versity, degree of B.S. in C.E., 1931; 
co-operative work, during college, with 

Whitman & Howard as rodman and 
transitman; with Aspinwall & Lincoln as 
rodman; with George B. H. Macomber 
Company, on lines and grades on con
struction of Oceanographic Institution, 
Woods Hole; and with Lewis W. Per
kins, Plymouth County engineer, as 
transitman, and plotting and calculating 
surveys; July to August, 1931, junior 
engineering aid with Parks Division, 
Metropolitan District Commission; Sep
tember, 1931, to date, senior engineering 
aid with Massachusetts Department of 
Public Works. Refers to A. B. Appleton, 
A. W. Dean, G. A. Graves, E. N . .Hutchins, 
C. A. Wolfrum. 

AQDITIONS 

Member 

DONALD F. HORTON, 13th Floor, Custom 
House, Boston, Mass. 

Junior 

JAMES N. DESERIO, 75 Gainsboro Street, 
Boston, Mass. 

Student 

How ARD E. GALE, JR., 35 Moultrie Street, 
Dorchester, Mass. 

FRED MERRIKIN, Overlook Road, Ran
dolph, Mass. 

ROBERT C. SANDERSON, Forest Grove, 
Waltham, Mass. 

DEATHS 

·WILLIAM W. BIGELOW . 
X. HENRY GOODNOUGH . 
CARL H. M. JOHNSON . 

Oct. 4, 1935 
Aug. 10, 1935 
June 27, 1935 
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Water Power, Water Supply, Seweraire 
Drainaire, lnYeatiirationa, Reporta, V alua• 

tiona,Desiiraa, SuperYiaion of Conatruction 

RICHARD D. KIMBALL CO. 
Co11sultin1? and Designing E11gineer1 

Mechanical, Electrical and ~aaital'J 

6 BEACON STREET 

BOSTON, MASS. 

HOWARD M. TURNER 
Consulting Enginur 

Investigations, Valuations, Plans, 
Supervision of Construction, Water 
Power, Water Supply, Public Utility 

and Industrial Properties 

12 Pearl Street Boston 

WESTON 8 SAMPSON 
IOBBIT SPURR WBSTOL'I G . .l. SillPIIO! 

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

14 BBACON STR.BBT, BOSTON. MASS. 

WHITMAN & HOWARD 
HARRY W. CLARK, Associate 

CIVIL ENGINEERS 
(EaT. 1eee. INC. tvz,) 

Investigations, Designs, Estimates, Reports and 
Supervision, Valuations, etc., in all Water Works, 
Sewerage, Drainage, Waterfront Improvements 
and all Municipal or Industrial Development 

Problems. 

89 Broad Street Boston, Ma■■• 

J. R. WORCESTER & CO. 
Engineers 

BUILDINGS BRIDGES FOUNDATIONS 
STEEL AND REINFORCED CONCRETE 

DESIGNS INVESTIGATIONS 
EXPERT TESTIMONY 

CEMENT AND SAND TESTING 

5 BEACON ST. BOSTON, MASS. 79 MILK STREET BOSTON, MASS. 

METCALF & EDDY 
Engineers 

Harrison P. Eddy 
Charles W. Sherman 
Almon L. Fales 
l'rank A. Marston 

John P. Wentworth 
Harrison P. Eddy, Jr, 
Arthur L. Shaw 
E. Sherman Chaae 

Water, Sewa1re, Drainap, Garbace and 
lnduatrial Waatea Problem• 

Valuation• Laborator,-

STATLER BUILDINO BOSTON, MASS. 

JACKSON 8c MoRELAND 

ENGINEERS 

PUBLIC UTILITIES-INDUSTRIALS 

RAILROAD ELECTRIFICATION 

DESIGN AND SUPERVISION-VALUATIONS 

ECONOMIC AND OPERATING REPORTS 

NIEW YO"K 
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MAURICE A. REIDY 

Consul ting Engineer 

STRUCTURAL DESIGNS FOUNDATIONS 

44 SCHOOL STREET 

BOSTON, MASS. 

GARDNER S. GOULD 
Consulting Engineer 

PORT DEVELOPMENTS, WHARVES, PIERS AND 

BULKHEADS, OIL STORAGE, COAL HANDLING, 

WAREHOUSES AND FOUNDATIONS 

1 Court Street, Boston, Mass. 

Blakeslee Rollins Corporation 
CONTRACTORS 

79 Cambridge St. Boston, Mass. 

Foundations of all kinda 
Wharves and Dock Construction 

Tel~phone, L■f■:,-ette 4869 

Compliments of 

New England Power Engineering 

& Service Corporation 

FOUNDATIONS 

ENGINEERS AND CONTRACTORS 

THE GOW COMPANY INC. 
957 Park Square Building 

Boston 

GOW CAISSONS 

RAYMOND CONCRETE PILES 

SOIL TEST BORINGS 

90 WEST ST., NEW YORK CITY 

tit W. MONROE ST., CHICAGO 

Layne-Bowler New England Co. Inc. 
P. D. BOWLER. PRESIDENT 
TELKPHONR: WINCHIISTER 0422 

Water Supply Contractors 
STATLER BUILDING 

BOSTON. MASS. 

TELEPHONE • LIBERTY 117911 

A. G. TOMASELLO & SON, INC. 
Contractors 

Steam Shovel E:zr.cavatin,, Foundations 
and Public Work• 

250 STUART STREET BOSTON, MAS.5. 
TELEPHONE HANCOCK 7270 

JOS. A. TOMASELLO, Pr ... and Tr.a■ • 

New England Foundation Co., Inc. 
Entineering and Con.truc:tion 

Simplex Concrete Piles 
Caissons- Difficnlt Foundations 

31 CHAUNCY STREET BOSTON, MASS. 

NEW ENGLAND CONCRETE PIPE CORP. 
Manuf actureFs of 

Plain and Reinforced Concrete 
Pipe for Sewers, Drains 

and Culverts 
-Plants-

NEWTON ud SPRINGFIELD (Feediq Bills), ■ASS. 

Wright & Potter 
Printing Company 

COMMERCIAL PRINTERS 

32 Deme Street • Boston, Mass. 
Tel. Capitol 2000, 2001, 2002 

PI-M mentlon the Journal when writins to AdHrtiaera 



iv ADVERTISEMENTS-

STAINLESS STEEL 
AND 

STEEL OF EVERY DESCRIPTION 

HAWKRIDGE BROTHERS CO. 

303 Congress Street, Boston 

V. J. GRANDE 

General Contractor 
100 ACADEMY HILL ROAD 

BOSTON, MASS. 

PHOTO ENGRAVERS 
COLOR PLATES HALF-TONES 

LINE PLATES 

ALGONQUIN 
ENGRAVING CO. Inc. 

18 Kingston Street, Boston, Mass. 
Tel. HAN 4855 

U. HOLZER, Inc. 

BOOKBINDER 
333 Washington Street (Opp. Milk Street) 

Or 24 Province Street Main SJ:iop at Hyde Park 

· Book■ Bound, Chart■ Mounted, Portfolios, 
Lelterinir, Photo11raph1 Mounted 

EDWARD F. HUGHES 
Waterworks Contractor 

Public and Private Water Supply 

Artuian and Dri11en Well, 

Foundadon Borin111 

53 State St. Room 433 Boaton 

NORTHERN STEEL COMPANY 
44 SCHOOL STREET, BOSTON 

Concrete Reinforcing Bars 
--- WORKS AT --

GLENWOOD STATION, MEDFORD, MASS. 

(l;rap~it i!ttprohuction ~.prrialists 
Blue Prints, Photostat Prints, B19:ck-Line Prints, 

Planogrnph Print8, Drawing Supplies and Equipment 

HUTCHESON COMPANY, INC. 
36 Bromfield Street, Boston 

TEL, LIBERTY 1467 •1468 

Quality workmanship at standard prices 
Conveniently located plant 

Superior Service Inquiries Welcomed 

SCIENTIFIC . BOOKS 
AND PERIODICALS 

THE OLD CORNER BOOK STORE 
50 BROMFIELD STREET 

BOSTON, MASS. 
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BLUE PRINTS DIRECT WHITE PRINTS PHOTOSTATS 

MooERN -BLUE -PRINT Co. 
Engineers and Architects' Supplies 

Instruments and Equipment 
Drafting Room Furniture 

51 CORNHILL BOSTON 
CAPITOL 1277 

C. J. MANEY CO., Inc. 
General Contractors 

JOSEPH MANEY, President 

oc::::::,o 

50 CONGRESS STREET BOSTON 

CHAS. T. MAIN, INC. 
ENGINEERS 

201 DEVONSHIRE ST. - BOSTON, MASS. 

INDUSTRIAL BUILDING DESIGN 
STEAM AND HYDRAULIC PLANTS 

APPRAISALS 
CONSULTING ENGINEERING 

CHARLES T. MAIN 

F. M. GUNBY 
HARRY E. SAWTELL 

W. F. UHL 

CHARLES R. MAIN 

A, W, BENOIT 

MARCUS K. BRYAN 

R, A. MONCRIEFF 

High Tight 
Carrying 

Capacity !Jl Flexible 
Joints 

TRANSITE PIPE 
(Asbestos - Cement) 

Johns- Man ville 
SALES CORPORATION 

75 FEDERAL STREET, BOSTON, MASS. 

Courtesy of 

CORRUGATED METAL PIPE 
ASSOCIATION 

OF 

NEW ENGLAND 

1417 Statler Building, Boston, Mass. 

FRED A. HOUDLETTE & SON, INC. 
Cast Iron Pipe and Special 

Castings 

Corrosion Acid Proof 
High Silicon Pipe 

88 TREMONT STREET. BOSTON 
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6 

HARRY E. SAWTELL, Chairman 
CARROLL A, FARWELL CHARLES W. ROBINSON 
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JOHN H. HARDING, Chairman 

JOSEPH A, O'HEARN 
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