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Development and Application of 
Soil Engineering in Michigan 
OLAF L. STOKSTAD, Engineer of Special Assignments, 
Michigan State Highway Department 

• THE history of soil engineering in 
Michigan dates from the early days of the 
state highway department. This agency 
had been in existence since 1905, but it was 
the new legislation enacted in 1919 which 
stimulated rapid growth in organization 
and activities. This legislation included 
a $50-million bond issue, money from 
which became available by July 1919 at 
the rate of $10 million a year. It was the 
extensive mileage of new construction at 
this time which produced serious prob
lems in soil engineering. 

In 1926, the highway commissioner's 
report to the governor stated: "So many 
questions were continually arising for sol
ution for which no solution was had, that 
late in 1924 it was decided to provide one 
engineer whose time should be wholly oc
cupied with these new problems. An engi
neer with the title of 'engineer on special 
assignments' was therefore appointed for 
this work." It was under the direction 
of this new position that soil engineering 
studies were started. 

The f i r s t department activity related 
to soil engineering was the sand and gravel 
inventory carried on in cooperation with 
the state geological survey during the 
summers of 1924 and 1925. The geological 
survey supplied personnel, office and 
techniques; the highway department paid 
the cost. 

During the summer of 1925, an ex
tensive pavement-condition survey and 
soil-classification survey was initiated. 
Regarding the personnel for this work, the 
above-mentioned commissioner's report 
states: "The character of the soil is 
shown by a survey made by men trained in 
this work." Note especially that men 
trained in soil technology were employed. 
This fact, plus an open administrative 
mind, served effectively to start the de
partment on a productive engineering study 
and incidently to accelerate the develop
ment of soil engineering as a new disci
pline in the field of civil engineering. 

Another factor which strongly influ
enced soil engineering technology as i t 
developed in Michigan wi l l be recognized 
in the following quotation from the depart
ment's 1925-26 report: "It was the thought 
of the department heads that the (construc
tion) work done previously should consti
tute a great outdoors laboratory which 
should show much more truly the per
formance of different designs under vari
ous conditions than could any setup of the 
more or less artificial conditions nec
essary to an e:qperimental road. This in
formation was all at hand — it only re
mained to collect and classify it. " And so 
the research in soil engineering became a 
field project rather than a laboratory proj
ect. During the summers of 1925 and 
1926, 500 mi. of soil-classification maps 
and pavement-condition maps were pre
pared and the laborious job of correlating 
the data started. By 1928, the rural por
tion of the 2,000 mi. of portland-cement-
concrete pavement in the state had been 
mapped and subgrade soils classified. 

This extensive research program of 
field mapping served from the beginning 
to uncover considerable information on the 
relationship between pavement behavior and 
the various soil profiles as identified and 
mapped. This relationship was apparent 
to field personnel long before results were 
available from statistical studies carried 
on in the office. 

During this early period of department 
history, certain instances of spectacular 
highway structural behavior occurred with 
sufficient regularity to act as a powerful 
stimulant to the rapid development of soil-
engineering techniques. The need for 
working out solutions in the correction of 
peat-swamp embankment failures, in the 
correction of frost heaves so serious that 
they had to be lighted by flares at night to 
warn traffic, and in the correction of con
ditions which led to the failure of a new 
bridge structure were a few of the ex
periences which proved quite disturbing 



to the young highway organization. The 
practical application of soil-engineering 
skills to design and construction problems 
therefore got underway by the time the 
research program was a year old. 

The f i rs t soil-classification survey for 
design purposes was made in 1926 on the 
relocation between Cheboygan and Mack
inaw City. Information uncovered by this 
survey resulted in the adoption of a special 
cross-section designed to intercept seep
age and to obtain a pavement grade of 
adequate height above water table to pre
vent frost damage. Probably one of the 
greatest of the dividends which accrued 
from mapping soils and pavements along 
1,600 mi. of roadway was the intensive 
training and extensive knowledge acquired 
by the field men. This mapping program 
formed the best possible training ground 
for developing wide e^erience in the use 
of various soil textures as highway-con
struction materials. It served to teach 
the influence of environment on the be
havior of these soil textures as construc
tion materials. Finally, i t served to 
point out certain limitations of routine 
laboratory tests as a source of general 
design information. From the beginning, 
therefore, laboratory testing became a 
supplement to field studies — a means for 
obtaining quantitative data for some spec
ific design problem or a means for check
ing field judgment. 

The period from 1925 to 1929 was a 
time during which the techniques of soil 
engineering were developed to the point 
where e^ansion of these specialized serv
ices seemed desirable. Expansion con
sisted mainly of building a field organiza
tion by attracting highway engineers suf
ficiently experienced to recognize the im
portance of soil as a construction material. 
These men were assigned to various sec
tions of the state and then given only tech
nical guidance and training from the head
quarters office. Under this system, fu l l 
advantage was taken of individual initia
tive, with the result that this period marked 
a rapid development of soil-engineering 
techniques and in the application of these 
techniques. These field men were left 
free to develop their special bents and to 
specialize in problems most important 
to their respective sections. Their spe
cial studies and reports became subject 
matter for group discussions and group 
field-inspection trips with the result that 
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new and successful techniques were quickly 
given statewide application. 

Aside from selecting the best qualified 
personnel available for the job, certain 
other developments were necessary to 
assist the soil surveyors in improving 
their efficiency and also to assist design 
engineers in the use of soil-survey reports. 
The f i r s t step in this direction was the 
development of a legend of soil descrip
tions which would apply throughout the 
state. The technique for doing this was 
borrowed directly from soil science and 
consisted of devoting a fu l l page of the 
legend to each soil so that the soil profile 
could be both illustrated and described. 
Information of special significance to engi
neers was added. At f i rs t , all the soils 
in the state had not been identified and 
described. Therefore, when an occasional 
new soil profile was encountered during the 
course of field mapping, i t was described, 
sampled and named. This information was 
then given to the Soil Science Department, 
Michigan State College, where ultimately 
it was correlated and new names assigned. 
Gradually, through the efforts of soil 
scientists, the soils of the state have been 
identified and described until the compre
hensive legend as shown in the 1952 edition 
of the Michigan Field Manual of Soil Engi
neering was evolved. 

A further development which served to 
stimulate the application of soil engineer
ing techniques to all highway road projects 
was the tabulation of routine subgrade de
sign recommendations for all the soils 
recognized in the state. This tabulation 
greatly increased the efficiency of the 
soil engineering personnel by permitting 
the field engineers to concentrate in their 
reports on items peculiar to each indi
vidual project and relieving them of the 
need to write long and detailed discussions 
covering all routine items. Likewise, 
the designer could, with the aid of this 
tabulation, obtain most of his needed in
formation without waiting for an oppor
tunity to discuss the project with the soil 
engineer. The final step in this direction 
was the publication of the Field Manual of 
Soil Engineering, now in its third edition. 

The period of development in soil engi
neering services included, also, develop
ment in methods of operation. The present 
soil-engineering practice in Michigan wi l l 
be described under the headings of (1) Sell
ing the Service, (2) Personnel, (3) Organ-
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ization, (4) Operations, (5) Tools of the 
Trade, (6) Advantages Accruing from Long 
Experience. 

SELLING THE SERVICE 

Salesmanship is a skill not always con
sidered too seriously by the practicing 
engineer, especially within an organiza
tion such as a state highway department. 
Efforts in this direction by the Michigan 
soil-engineering section have consisted 
mainly of working toward building a rep
utation as a reliable source of technical 
information made freely available with
out carrying with i t an inference of ignor
ance on the part of the receiver, without 
appearing to encroach on the receiver's 
field of responsibility, without jealous re
gard for authorship on the part of the giver, 
and without entertaining a notion that one's 
importance wi l l be enhanced if he can keep 
his "trade secrets" to himself. 

Soil engineering has been developed as 
a service function. Soil engineers, there
fore, investigate, analyze, report and 
recommend but leave action to the design 
engineer, construction engineer, or to any 
group who has the responsibility of putting 
recommendations into effect. This pro
gram of investigation has encouraged a 
constant development in the field of soil-
engineering methods. Bringing the results 
of this development to other engineers has 
been greatly facilitated by taking active part 
in technical short courses, department 
meetings, regional and national confer
ences. In this manner has reputation been 
built and the effectiveness of the soil-engi
neering section developed. 

PERSONNEL 

In building the soil engineering organi
zation, a serious attempt has been made to 
find men who by natural bent, personality 
and training would be happy in soil-engi
neering work and who, for the same rea
sons, would have a future in the department. 
At the beginning, men were selected mainly 
from a group who had established them
selves as successful employees of the Con
struction Division. These men for the most 
part had been in contact with construction 
projects long enough to have gained an ap
preciation of the need for more and better 
information regarding soils andfoundations. 
Early training on the new job consisted 

mainly of teaching the art of classifying 
soil profiles in the field. This training 
was simplified by making each man respon
sible only for one of the eight districts into 
which the state is divided for general high
way administrative purposes. The number 
of soils with which the new man had to 
become acquainted were, therefore, l im
ited. The process of training consisted 
mainly of working with him in mapping the 
f i rs t two or three projects. Subsequent 
projects which he mapped alone were care
fully checked and discussed in the field 
where the soil profile in its natural envi
ronment was available for reference in the 
correction of errors in judgment and in 
settling differences of opinion. 

Soil engineering has developed sufficient 
reputation a^ a challenge to the student 
with the result that it continues to attract 
young engineers of ability. In recent years, 
with the scarcity of experienced engineers, 
an adequate staff has been maintained by 
recruiting recent graduates as engineer
ing trainees. As these trainees mature 
and acquire the necessary experience to 
carry on as district soil engineers, the 
blder hands are graduated out to better 
positions, generally within but sometimes 
outside the department. This system has 
been criticized as being wasteful in that 
much time is constantly being devoted to 
the training of new employees. There is 
compensation for this extra training work 
in that a less static personnel becomes 
more attractive to promising young men. 
The movement of personnel to better 
positions is also an important factor in 
maintaining high morale. In addition, 
since the soil is an important construction 
material, engineers trained in soil engi
neering find the e^erience of value in 
other divisions of the Department. 

Building an effective organization re
quires that considerable thought be given 
to a training program. In addition to time 
spent with individual men in the execution 
of their regular duties, the program in
cludes bringing the group together for short 
courses in laboratory techniques, for 
special lectures covering new developments 
in soil classification, for conferences 
where each can discuss his special prob
lems with others in the same field, and 
finally, for special field tours in the study 
of related sciences such as pedology, ge
ology, agronomy andf or the study of special 
problems such as erosion control, slope 
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protection, borrow restoration. The suc
cess of these educational ventures requires 
that advantage be taken of the best talent 
available. For instance, one of the finest 
e^qperiences of this kind made available to 
the soil-engineering group in Michigan has 
been an annual geology tour under the di
rection of the head of the Department of 
Geology, Michigan State College. Each 
tour has covered glacial geology of a small 
portion of the state, and each year a dif
ferent section has been covered until the 
entire state has been studied in this man
ner. In the meantime, the personnel 
roster has changed sufficiently to warrant 
starting the cycle over again. 

ORGANIZATION OF FUNCTIONS AND 
PERSONNEL 

The soil engineering services of the 
department are organized as one of five 
sections in the Testing and Research Di
vision. Since this is a service division 
supplying technical information and recom
mendations to all other divisions, the soil-
engineering group is free to work with any 
other division wherever their special train-
i i ^ may be needed. The arrangement en
courages an objective approach to prob
lems. It creates an atmosphere in which 
recommendations can be made without 
prejudice on the basis of facts uncovered 
in the course of study. 

A schematic chart is shown in Figure 1 
to indicate the functional services of the 
soil section to other divisions of the state 
highway department. 

The headquarters office for the soil-
engineering section in Lansing exercises 
general supervision over field work. The 
eight district offices are the actual operat
ing centers for most of the soil engineer
ing work. Supervision of these offices 
from Lansing is limited mainly to tech
nical problems and does not include the 
planning of daily work. An important 
function of the headquarters staff is to 
serve in a consulting capacity regarding 
the use of soil engineering information in 
the execution of other highway operations. 
This work includes the interpretation of 
soil-survey data and pointing out its sig
nificance in design, construction, mainte
nance and research. The staff in the Lan
sing office is limited to the chief and one 
assistant. 

While the bulk of the field work is car
ried on directly out of the district offices, 
there are some special services supervised 
from the Lansing headquarters office. For 
instance, fovmdation borings for bridge 
design, information borings for swamp 
treatment, and check borings for borrow 
studies involve the use of three hydraulic 
boring rigs and two continuous flight auger 
dr i l l rigs. The need for this expensive 
equipment in one district is not great enough 
to justify equipping each district office to 
do its own boring work. This operation is 
therefore directed from the Lansing office. 
So also are two inspectors specializing m 
compaction control who circulate over the 
state trouble shooting and training other 
inspectors in the art of making the neces
sary field tests. The electrical-resistivity-
survey party works out of its own special 
headquarters near the central laboratory 
at the University of Michigan and travels 
mainly in response to requests from the 
various district offices. 

The soil-engineering activities in the 
district offices are carried out by one dis
trict soil engineer and one assistant. The 
assistant, for the most part, is an engi
neer or engineering geologist in training. 
Maintaining an assistant in training is 
important to assure a supply of trained 
personnel to take the place of older engi
neers stepping into more responsible 
positions. 

The soil-engineering service includes, 
in addition to the Lansing office and the 
district offices, one central laboratory 
which serves the entire state. These 
limited laboratory facilities satisfy the 
needs adequately because soil-engineering 
practice in Michigan is principally a field 
operation rather than a laboratory function. 
The laboratory serves as a source of check 
information on field judgment and as a 
means of obtaining quantitative test data 
for use in the solution of an occasional 
design problem. The laboratory testing 
program splits naturally into two fimc-
tions. First, the routine testing to deter
mine gradation, Atterburg limits, com
paction characteristics, etc. These tests 
were used extensively to obtain design data, 
but since the addition of clay binder has 
been greatly limited in the construction of 
base courses, these tests are now run 
mainly to obtain general information re
garding the nature of the soil sampled or 
to aid in the interpretation of other test 
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TECHNICAL SUPERVISION CONSISTS OF 
a) Training and supirviging tha loit surviy pertonnal, 
b) Prcp<irin« raporti on subjtets lucfi at f t l l construc
tion, twomp ir tainiMt, marl bahovtor, soil classifico-
tian, aroiien control, aub ba*a construction, lub-
grodt foituras, borrow atudits, sub-groda rscom-
mandatwn and drginoga sliidiat 

FIELD TESTS 
Load taats-Panatrolion laals-PFOCtortasta 
Dovis paol tomplar Mundingi-Rock sounttingi-
Hydrouhc borings-Soil elossifieation studias-
Frost haavi stud tea-Drainage sludias 

SOIL ENGINEER 

TECHNICAL 
DIRECTION 

ITE" TECHNICAL 
DIRECTION 1—5 1—5 

REGIONAL SUPERVISION BY DK 

RESEARCH 

Frast AaioR Studies 

HIGHWAY 
PLANNING 

stability ol Soils 

Sub-boMThKknan 
Datarmaiotion,eaor 

ing tAlua of Subgrade 

I AREA MAPPING | 
Daioiled Area Mopa aernng : 
OS on mvemory of soil and land 
resources both present ond 
potentiol 

DEPENDING ON 
future developmanls n 
the opplicoiion ol tand 
use information to tha preb-̂  
lam of where to spend 
ffloaey for secondory rood 
construction 

CONSULTING 

Canlaci bctwoan lend 
conservation agencies 
and the Highway Dept 

ROAD 
INCLUDING 

BRIDGE APPROAC 

NOTE In connection with Iht functions outlined on this chart the 
sail technologist prepares reports containing reeommandotions and 
quoniities involved It is also his duty to Study construction operations 
in order to moke sure that his reeommendotions are understood and 
properly used The soil technologist acts only mo consulting ca
pacity, howeusr, with outhority to approve or reiect his recommen
dations vnled in the heads of Itie various divisions concerned 

SOIL SURVEYS 

Erosion Control Stu< 

Slop* Datign and 

Grodt E lmt ion 

S u b - , r « , . T ™ « . ~ « 

Figure 1. The functions 
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.TING AND| 
ESEARCH 

.mni] 
liTRICTS 
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LABORATORY TESTS 
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determinolions-Volumelric anolysis- Pfoclor tests-
Percolalion and other drainogt lesis-Stabilization 
design-Research on soils 

MAINTENANCE 

STABILIZATION 
OF METAL AND SHOULDERS 

I I I Location and Testing 
of Cloy Barrow 

Type of Planting 
and Seeding 

Location of Sorrow for 
F i l l s . Sub-bases and 

Dilch Design 

SPRING BREAK-UP 
CORRECTIVE MEASURES 
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Borrow for Fills, Frost 
Heove.Tile Underdroin,! 
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ond Peol Swamp Re
pair and Construction 

Depth of Water itable 

Location of Frost 
HtOM Texlures and 
Treotmenl 

>-[ Elevation of Grade 

BRIDGE 
INCLUDING CULVERTS AND 

GRADE SEPARATIONS 

I DESIGN CONSTRUCTION 

Culvert Type for 
Erosion Ceotrol 

CONSTRUCTION Design 

Location of Borrow 
INSPECTION OF SUBJECTS 
CONSIDERED UNDER DESIGN 
WITH SPECIAL EMPHASIS ON 

Fi l l Compoclion 
Ijoltmg, Vibration and 
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ve TiKtures 
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fore Surfocino 

:k and Cloy Depth 
>4 
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1 J 

o f s o i l engineering. 



26 

results in the field of soil mechanics. A 
second laboratory function involves the 
field of soil mechanics and tests conducted 
to study the stability of various soil for 
mations. Actually, conducting the tests is 
the simplest part of this laboratory fimc-
tion. It is the use of test data in the de
velopment of definite design recommenda
tions which requires experience and train
ing. For this purpose, a staff member of 
the Civil EngineeringDepartment, Univer
sity of Michigan, is retained as a consultant. 

Mention has been made of the special 
services which are administered directly 
out of the Lansing office. The operation 
of these various services requires men 
with a variety of highly developed skills. 
The operator of a hydraulic boring crew, 
for instance, must be able to describe 
soil textures as well as to describe the 
conditions under which they exist in their 
natural position. He must be handy with 
equipment as well as be skilled in handling 
people. Not only must he be able to get 
the most out of a pickup crew on a rather 
disagreeable job, but he must know how to 
obtain the cooperation of property owners 
in gaining permission to enter privately 
owned property to make borings. 

The personnel in charge of the electrical-
resistivity surveys are trained in geology, 
pedology, soil engineering and electronics. 
This survey technique is useless unless i t 
is backed by well-trained and experienced 
technicians who recognize the limitations 
of methods used and also who can make 
accurate interpretations of data obtained. 

The employee who is in charge of swamp 
f i l l jetting operations must be familiar with 
the diesel powered pumping equipment. He 
must also know enough about the effect of 
water under pressure on the behavior of 
embankment materials to recognize danger 
signals and thus protect the men from sud
den slides. 

OPERATIONS 

The foimdation upon which all other soil-
engineering operations are based in Michi
gan is the soil-classification survey. The 
results of this survey is shown on a strip 
map which is the means by which most of 
the soil engineering information for each 
project is transmitted to the Design D i 
vision. The soil classification survey 
serves as a record of subgrade conditions 
for future reference, it serves as a basis 

for comparing one project with another, it 
serves as a means by which soil information 
may be handed down from one generation 
of engineers to the next, as a means by 
which boring and laboratory data (point 
information) may take on area significance, 
the means by which both the soil textures 
and the environments under which they 
occur are recorded, a means by which 
future maintenance experience may in
fluence new construction practice. 

The technique for making strip-map 
records of soil information is the result 
of evolution and includes contributions from 
many of the other natural sciences. Many 
of the early specialists in soil classification 
were trained as geologists which, no doubt, 
influenced mapping methods. Field map
ping for the purpose of classifying the soil 
of the United States was started by the 
U.S. Department of Agriculture at the 
turn of the century. This work has been a 
continuing operation with the result that 
there has been a 50-yr. development m 
classification technique and a large volume 
of published soil survey reports for areas 
all over the United States. The techniques 
devdoped have become international through 
the influence of the International Congress 
of Soil Science and through the wide travels 
of soil scientists throughout the world. 

The highway - engineering profession 
from the first was quick to recognize the 
value of the information obtained by soil 
scientists, but i t has been slow to adapt 
the soil survey techniques for the purpose 
of recording soil-engineering information. 
The area concept of soil information has 
been difficult for engineers to grasp, since 
their traditional methods for foundation 
study has been to dig holes and test the 
materials encoimtered either at the site or 
in the laboratory and then to base founda
tion treatment or design provision on the 
results of these tests. Recent development 
in the identification of land forms from 
aerial photographs has helped greatly to 
make engineers more area conscious with 
the result that there is now considerable 
activity in the development of engineering 
soil-survey maps from these photographs. 

County soil-survey maps and airphotos 
are excellent aids to soil engineering field 
work. On the other hand, the scales used 
in preparing these maps are inadequate for 
showing the detail necessary for highway 
design purposes. The soil-survey strip 
maps, as made in this state, use the same 
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scale as i s used i n d r a w i n g highway plans 
(1 i n . = 1 0 0 f t . ) - T h i s has the advantage 
of p e r m i t t i n g the same degree of d e t a i l as 
the p lan p o r t i o n of the r o a d plans and a l so 
of p e r m i t t i n g the s o i l map to be t r a c e d 
d i r e c t l y onto the p lan sheets. County 
s o i l - s u r v e y r e p o r t s a r e used m a i n l y as 
source of genera l i n f o r m a t i o n r e g a r d i n g 
so i l s to be encountered and as an a i d i n 
s i z i n g up the a rea to be mapped b e f o r e 
ac tua l ly doing the de ta i l ed mapping . Many 
of the county r e p o r t s we re p r e p a r e d b e f o r e 
an adequate legend was ava i l ab le . The 
value of these o lde r r e p o r t s i s oLtained 
m a i n l y by read ing the desc r ip t ions of the 
so i l s mapped. The s o i l names m a y be 
i n c o r r e c t , but the desc r ip t ions w i l l se rve 
to suggest the s o i l s to be encountered i n 
m a k i n g a de ta i led highway s o i l su rvey . 

I n c l a s s i f y i n g the s o i l p r o f i l e , i t i s 
necessary f o r the s o i l engineer to s tudy 
the t e r r a i n c a r e f u l l y , to observe the t opog
raphy , dra inage , vegetat ive cove r , su r face 
t ex tu re and even l and use. He mus t take 
advantage of e v e r y oppor tun i ty to examine 
the s o i l p r o f i l e by s tudymg cut sec t ions , 
b u i l d i n g excavat ions , t i l e t r enches , and 
a lso by the use of s o i l auger and t i l e spade. 
The s o i l engmeer r e c o r d s h i s f i nd ings on 
the s t r i p map i n the f o r m of s o i l boundar ies , 
s o i l type names, sounding notes , unusual 
dra inage condi t ions , and any o ther i n f o r 
ma t ion wh ich he th inks m a y be of i n t e r e s t 
to the engmeer who w i l l be p r e p a r i n g plans 
f o r cons t ruc t i on . A f t e r t h i s f i e l d map i s 
f i n i s h e d , the s o i l engineer m a y co l l e c t 
samples f r o m some of the m a i n p r o f i l e s 
i d e n t i f i e d f o r m o r e - a c c u r a t e i n f o r m a t i o n 
r e g a r d i n g s o i l p r o p e r t i e s . Continuous 
s amp l ing a long the cen t e r l i ne i s never 
done. I n o ther w o r d s , the s o i l s a r e c l a s s i 
f i e d f i r s t , and then such s a m p l i n g i s done 
as m a y be necessary to supplement the 
f i e l d su rvey . One of the f u n c t i o n s of the 
s o i l s u r v e y i s to p rov ide the des ign e n g i 
neer w i t h i n f o r m a t i o n r e g a r d i n g the l o c a 
t i on and cha rac te r of cons t ruc t ion m a t e r i 
a l s . T h i s involves an i nven to ry of b o r r o w 
resources i n the genera l neighborhood of 
the p r o j e c t and a l so i n f o r m a t i o n on wh ich 
to p lan se lec t ive g r ad ing i n o r d e r to f i n i s h 
g rad ing opera t ions w i t h the g r a n u l a r so i l s 
on top. T h i s i s an i m p o r t a n t cons ide ra t ion 
i n a r eg ion of subs tant ia l f r o s t pene t ra t ion , 
i n a r eg ion where pavement pumping i s a 
p r o b l e m , o r f o r a road v i i i c h mus t c a r r y 
heavy t r u c k t r a f f i c . I n t r a n s m i t t i n g his 
s o i l su rvey , the engineer w r i t e s a b r i e f 

r e p o r t i n w h i c h a r e h igh l igh ted po in ts of 
spec ia l s ign i f i cance to the design o r c o n 
s t r u c t i o n engineer . 

I n the p rocess of m a k i n g th i s s o i l s u r 
vey , the s o i l engineer acqu i res an i n t i m a t e 
knowledge of the p r o j e c t under s tudy. He 
has many oppor tun i t i e s to cap i t a l i ze on th i s 
knowledge of the job as he checks plans i n 
the f i e l d b e f o r e cons t ruc t ion and then again 
l a t e r when he w o r k s w i t h the c o n s t r u c t i o n 
p r o j e c t engineer i n the so lu t ion of p r o b 
l ems as cons t ruc t ion opera t ions p r o g r e s s . 
Close coopera t ion between the cons t ruc t i on 
engineer and the s o i l engineer d u r i n g the 
cons t ruc t ion phase of the p r o j e c t i s an i m 
por tan t f a c t o r c o n t r i b u t i n g to the q u a l i t y of 
the f i n i s h e d p roduc t . I t i s d u r i n g th i s stage 
that the f i n e points of foundat ion design a re 
e f f ec t ed . Some of the i t e m s i n v o l v e d a r e 
the exact s ta t ion ing of f r o s t - h e a v e exca
va t i on , the exact l oca t ion of spec ia l d r a i n 
age, the de ta i led c o n t r o l of pea t - swamp 
t r ea tmen t , the close c o n t r o l of embankment 
c o n s t r u c t i o n , both as to the se lec t ion of 
f i l l m a t e r i a l s and r e g a r d i n g the compac t ion 
of these m a t e r i a l s . 

W h i l e surveys and cons t ruc t i on occupy 
the bu lk of the d i s t r i c t s o i l eng ineer ' s t i m e , 
there a r e many odd jobs f o r the s l ack p e r 
iods . Of these, the s p r i n g breakup i s one 
of the m o s t i m p o r t a n t . T h i s invo lves ac 
t u a l l y mapping the breakups on a map w h i c h 
a lso shows the s o i l c l a s s i f i c a t i o n . T h r e e 
o r f o u r yea r s ' r e c o r d on the same map 
becomes v e r y valuable as a bas is f o r de 
ve lop ing i m p r o v e m e n t p r o g r a m s , g r a v e l -
r e t i r e m e n t p r o g r a m s o r main tenance-
be t t e rmen t p r o g r a m s . I n add i t ion to i n f o r -
ma t ion on s o i l s and r o a d cond i t ions , the 
maps a re p r e p a r e d showing the r e c o m m e n 
dations f o r c o r r e c t i n g the f a i l u r e s . These 
f i e l d r e c o r d s se rve as a basis f o r e s t i m a 
t i n g quan t i t i e s , p r e p a r i n g p roposa l s , and 
c o n t r o l l i n g cons t ruc t ion opera t ions . 

T h e r e a r e a number of spec ia l p r o j e c t s 
on which s o i l engineers w o r k w i t h o ther 
m e m b e r s of the depar tment i n a s sembl ing 
i n f o r m a t i o n . A n example of these i s the 
g r a v e l - p i t su rvey comple ted th rough c o 
opera t ion w i t h the m a t e r i a l sec t ion . A l l 
the known g r a v e l p i t s i n the state were 
v i s i t e d , desc r ibed , and the i n f o r m a t i o n 
tabulated f o r d i s t r i b u t i o n to engineers , 
c o n t r a c t o r s and m a t e r i a l p r o d u c e r s . 

TOOLS O F T H E T R A D E 

The m o s t - i m p o r t a n t t o o l i n the s o i l 
engineer ' s k i t , the one w h i c h w i l l do m o r e 
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than any o ther i n i n c r e a s i n g h i s e f f i c i e n c y , 
i s an adequate s o i l - c l a s s i f i c a t i o n s y s t e m . 
T o se rve th i s need p r o p e r l y , the c l a s s i f i c a 
t i on s y s t e m mus t p e r m i t c l a s s i f y i n g the 
s o i l i n the f i e l d wi thout continuous r e s o r t 
to s a m p l i n g and t e s t i ng . The sys t em m u s t 
be capable of supply ing a lmos t a l l of the 
necessary design i n f o r m a t i o n as soon as 
the f i e l d w o r k i s done. On ly by th i s means 
can a s m a l l o rgan iza t ion be sp read over 
l a r g e cons t ruc t ion p r o g r a m . 

A second i m p o r t a n t t o o l i s a s o i l - e n g i 
nee r i ng manua l i n wh ich s o i l - e n g i n e e r i n g 
techniques a r e p r o p e r l y o rgan ized and de
s c r i b e d . T h i s manual contains the d e s c r i p 
t ions of the s o i l s e r i e s recogn ized i n the 
s ta te . I n o r d e r that t h i s d e s c r i p t i v e legend 
be useable , i t mus t inc lude a c h a r t i n wh ich 
the s o i l s a r e a r r a n g e d i n accordance w i t h 
topographic , t e x t u r a l , d ra inage , and geo
log ic f ea tu re s w h i c h can be r ecogn ized i n 
the f i e l d . T h i s c h a r t se rves the f i e l d man 
as a guide to the s o i l de sc r ip t ions wh ich 
should be s tudied i n connect ion w i t h any 
c l a s s i f i c a t i o n p r o b l e m encountered i n the 
f i e l d s o i l su rvey . 

The hand tools f o r m a k i n g s o i l su rveys 
a re s i m p l e . One of the mos t e f f e c t i v e i s 
the t i l e spade. W h e r e v e r i t can be used, i t 
i s s u p e r i o r to a s o i l auger , because i t p e r 
m i t s examin ing the s o i l w i t h less d e s t r u c 
t i o n of the n a t u r a l s o i l s t r u c t u r e and s o i l 
c o l o r s . The s o i l auger ' s advantage l i e s i n 
the f a c t that g rea t e r depths can be reached 
i n less t i m e and w i t h less e f f o r t . The f i e l d 
man t h e r e f o r e i s i n c l i n e d to use the t i l e 
spade as f a r as he can eas i ly r each and then 
go on w i t h the s o i l auger . T o do an ade
quate j ob of s ampl ing the s o i l p r o f i l e , i t i s 
necessary to d ig a l a r g e r hole than can be 
done w i t h an auger . S m a l l tes t p i t s a re 
suggested f o r t h i s purpose , i n o r d e r that 
the hor i zons of the s o i l p r o f i l e m a y be 
p r o p e r l y desc r ibed and so s u f f i c i e n t quan
t i t i e s of each h o r i z o n m a y be co l l ec t ed f o r 
t e s t i ng . I n reg ions conta in ing m a r s h de 
pos i t s , the Dav i s peat s ample r i s a c o n 

venient hand t o o l f o r s a m p l i n g the m a r s h 
m a t e r i a l at any depth and f o r d e t e r m i n i n g 
the depth of unstable m a t e r i a l s . I t w o r k s 
w e l l m s o f t c l ay and peat but cannot be used 
i n sand and g r a v e l . T h e r e f o r e , m a r s h 
deposi ts conta in ing l a y e r s of sand and 
g r a v e l w i l l r e q u i r e power d r i l l r i g s f o r 
obta in ing an accura te p i c t u r e of subsur face 
condi t ions . 

A D V A N T A G E S W H I C H A C C R U E F R O M 
L O N G E X P E R I E N C E 

D u r i n g the 27 y r . smce s o i l mapping 
f o r h ighway use was s t a r t e d i n M i c h i g a n , 
mos t of the h ighway sys t em has been 
mapped. Recons t ruc t ion a long the e x i s t i n g 
highway rou tes t h e r e f o r e invo lves m a i n l y 
extending s o i l boundaries, m a k i n g new maps 
of a l ignmen t r e l o c a t i o n s , and gene ra l l y 
b r i n g i n g the o l d maps up to date. 

T h i s back log of maps se rves as an e x 
ce l l en t source of s o i l i n f o r m a t i o n f o r any 
loca t ion i n the s ta te . 

T h e r e a r e o ther advantages wh ich acc rue 
f r o m long exper ience . I t takes t i m e , f o r 
ins tance , to s e l l s o i l engineer ing to a 
s ta te -wide i n d u s t r y . T h i s i s e spec ia l ly 
t r u e when that i n d u s t r y includes p r i v a t e 
e n t e r p r i s e and two o r th ree l eve l s of g o v 
e rnmen t . The yea r s of s o i l - e n g i n e e r i n g 
opera t ion i n M i c h i g a n have p e r m i t t e d the 
techniques used to become accepted on the 
county l e v e l , the state l e v e l , the na t iona l 
l e v e l i n M i c h i g a n , and on the c o n t r a c t o r 
l e v e l . T h i s assures m a x i m u m use of s o i l -
engineer ing i n f o r m a t i o n as i t i s submi t t ed 
f o r the e n t i r e h ighway-cons t ruc t i on p r o 
g r a m . Even equipment ope ra to r s on e a r t h -
m o v i n g jobs associate t h e i r own excavat ing 
and embankment b u i l d i n g exper ience w i t h 
s o i l names such as M i a m i L o a m o r Fox 
Sandy L o a m . These names ove r the yea r s 
have become a f o r m of shor thand f o r d i s 
semina t ing a g rea t range of so i l - eng inee r ing 
exper ience throughout the highAvay i n d u s t r y . 


