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SIGNIFICANCE OF THE SOIL SURVEY REPORT
IN THE SELECTION AND PRELIMINARY ASSESSMENT
OF SITES FOR AIRPLANE LANDING STRIPS!

GOEFFREY B BODMANZ, Professor of Soil Physics
University of California

Most of the writer’'s time was spent, during 1943, 1944 and 1945 while on
leave of absence from the University of California, with the Military Geology
Unit of the U. S. Geological Survey, in preparing soils information for the
Office of the Chief Engineer in Washington and for the Chief Engineer, South-
west Pacific Area, in that theater The soi1ls information was used, together
with much other information of a geological, hydrological and general engineeraing
character, 1in strategical and operational engineering reports. Advance knowledge
of s01) conditions before, during and after combat was, of course, of much im-
portance in a variety of ways, including utilization for troop and equipment
movement and i1n road and aiarfield construction. Wherever they existed, the
value of so1l survey reports for this kind of intelligence was conspicuous. They
were of great help also in airplane photo interpretations.

It 1s the writer's belief that engineers who use so1l as a construction mat-
erial will find, 1n so1l survey reports, much of value 1n the preliminary assess-
ment of areas for many construction operations. It 1s for this reason that com-
parisons were made between conditions predicted from independent interpretation

of so1l survey reports and actual engineering experience, for five airplane

landang strips i1n Californaa.

The use of so1l as a construction mat-
erial was very greatly extended during

1Contr1but10n from the Division of Soils,
University of California, Berkeley,
California. Acknowledgement 1s made to
the War Department, Corps of Engineers,
Office of the Distract Engineer, Sacramente
District, for kind permission to use
experimental data obtained by the members
of the U. S. Engineer Laboratory, Sacra-
mento, under the direction of Mr. Wilson
Davis, Head, Materials and Laboratory
Section.

2Professor of Soil Physics, Universaty of
California, Berkeley, California, recent-
ly So1l Scientist with the Military
Geology Unit, U. S. Geological Survey,
and during 1944-45 attached to the Chief
Engineer’s Office, G H.Q. Southwest
Paci1fic Area.

the years 1939 to 1945, primarily as the
result of the acute military need for
roads and airfields. The need, commonly,
was so urgent that site selections had to
be made hurriedly. Accordingly, in terra-
tory occupied by ourselves and Allies,
there were instances in which there was
little opportunity for deliberate study
of all available published material deal-
ing with the areas under consideration.

During military operations overseas,
particularly in the AsiaticPacific Theater,
the problem was largely one of planning
the use of unimproved, or but sllgtt]y
improved, ground 1n enemy-occupied terri-
tory prior to its invasion. Any existing
reports by geologists and soil scientists
were found to be of much value in assessing
ground conditions. In a large number of
instances the i1nvaded territory was en-
tirely unexplored on the ground in advance
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of our landings. Selection of construc-
tion sites in such cases was mainly de-
pendent upon aerial photographs. A pre-
liminary report of the methods used 1n
terrain analysis by intelligence units
working i1n Washington and overseas has
recently been published by the Military
Geology Unit of the United States Geo-
logical Survey (18)3.

Sources of information helpful to the
engineer 1n the actual selection of air-
field sites and roadway routes will
obviously differ from place to place and
may be non-existent. In the absence of
reports based on more or less detailed
studies on the ground, stereopairs of
recent, large-scale, vertical aerial
photographs are invaluable and even though
actual ground studies have been made, such
photographs provide useful supplementary
anformation for estimates of conditions
affectaing many kinds of engineering
operations. Where, however, ground condi-
tions have been explored, particularly an
a great number of agricultural regions 1in
this country, probably the most valuable
sources for the construction engineer who
must make extensive use of the soil as a
subgrade or base course material, are those
provided by modern soil survey reports as
developed by the United States Department
of Agriculture and the State agricultural
experlment stations.

It 1s unnecessary to point out to stu-
dents 1n the field of soi1l science that
so1]l surveys mark the first step in any
kind of comprehensive investigation on
soils of a given area, although this fact
may not be so clear to many engineers.
There are many examples of the way in
which engineers have put soil survey data
and methods to use (see, for example,
reference 2, and also 11, p. 116) but it
appears that soil scientists and soil
engineers have not always realized the
full extent of the usefulness of these
reports. As a matter of fact, the general
information sought by the engineer in his
choice of an airfield site agrees surpri-
singly closely with that desired by the

3Itahc1zed figures 1n parentheses refer
to the list of references at the end of
paper.

prospective farmer and others whose in-
terest in land areas and their soils 1s
primarily due to agriculture. The soal
survey report is, of course, designed to
include information useful to the farmer
and the agricultural community. Apart
from the soil maps and 'so1l profile de-
scriptions contained i1n soil survey re-
ports, therefore, the treatment which the
reports give to such matters as topography,
ground surface conditions, obstructions
to movement on the ground, natural veg-
etation, its clearing requirements and
value for construction, size of farms,
land utilization, farm practice and crop-
ping systems, meteorological data, drain-
age, flood danger, 1rrigation, water
supply and quality, nearness to towns,
roads and railroads, electric power and so
forth, is of the greatest value 1n the
preliminary selection of airfield sites.
The detailed discussions and maps, con-
cerning so1l types, their profile charac-
teristics and their areal extent, may be
expected to provide information, as they
actually do, which will considerably ex-
tend the engineer’s knowledge of the ground
as a prospective site for construction and
facilitate hais successful advance planning.
It 1s of particular interest to the
so1l physicist to consider the fact that
highway and airfield construction engin-
eers often seek to create in earth struc-
tures many conditions which the farmer
dislikes 1n soils used for crop production.
Whereas the engineer desires high appar-
ent densities, low porosities and high
bearing strength, the creation of those
conditions in agricultural soils 1s avoid-
ed under good agricultural practice since,
in general, they are associated with an
undesirable ‘“structural ” state, poor t1lth
low permeability to water and obstruction
to root growth. Although their objectives
diverge, however, agricultural soil re-
search workers and soil engineers common-
ly find themselves confronted with pro-
blems requiring the same or similar
methods of attack and solution so that
the efforts of both groups may be expected
to provide mutual stamulation in research.
An attempt 1s made 1in this paper to
interpret, for the use of the engineer
whose construction material is soil, ex-



isting soils information contained in a
few so1l survey reports which embrace
areas later chosen for airfield sites.
Following the interpretations there 1s
included a discussion of their correct-
ness, made in the light of construction
experience and laboratory examinations
undertaken, with the so1l types concerned,
by the Materials and Testing Section,
U. S. Engineer Office, Sacramento, Calif-
ornia. It is hoped in this way to bring
to the construction engineer a realization
of the value of the soil survey report in
the preliminary assessment of soil condi-
tions at proposed sites for airplane
landing strips.

PROCEDURE

It was considered necessary that the
so1ls of the particular localities chosen
for examination ful fill these requirements:

(a) they must have been included in
so1]l surveys (made according to the methods
used by the Division of Soal Survey, U. S.
Department of Agriculture) for which maps
and descriptive reports exist, prefer-
ably in the published form,

(b) they must be sufficiently re-
presentative of a range of differences in
so1l properties that they wall provide a
reasonably significant sample for consid-
eration,

(c) they must have been used as the
actual materials of subgrade construction
for airplane runways,

(d) they must have been subjected to
quantative physical examination and test-
ing in an engineering laboratory for the
purpose of guiding construction design.

SOILS AND CONSTRUCTION SITES CONSIDERED

Five localities were selected within,
or mmmediately adjacent to, the Sacramento
and San Joaquin Valleys of California.
The localities and alrstrip names are
lasted, from north to south, 1n Table 1,
in which reference also 1s made to the
soils of each area and the so1! survey
report concerned. The most northern
field, at Orland, lies about 190 miles
northwest of the most southern, at Merced.
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The positionof each strip with respect to
land boundaries (Mount Diablo base line
and meridian) so1l types and topography 1s
shown in the maps and diagrams of Figure
1, the data for which were obtained from
the so1l survey reports (6, 7, 10, 12, 13)
Geological Survey topographical sheets
(17) and from airfield location and run-
way dimension maps as prepared by the
U. S. Engineer Office, Sacramento.

The characteristics and agricultural
utilization of the soi1l types at the five
locations upon which airplane runways
have been constructed, are tabulated in
Table 2. In the table, the so1l type
names, soil utilization, parent material,
relief, surface drainage, and average
depth range of horizons are all summaries
directly dependent upon the reports of
soil surveys made several years before
construction of the runways was under-
taken. A key to the soil series of Calaf-
ornia (16) was also consulted. The sum-
maries refer, for each area, to the soil
type as a whole -- unless local segre-
gations were actually made in the report
-- that 1s to say, the descriptions
generally are not based upon examination
of the soils only as they occur in the
position of the runways before construction
but upon the types as they occur in the
entire area covered by soil survey.

It may be pointed out that “so1l type”
names, as used by soil surveyors when
making an agricultural soil survey, are a
combination of a: ‘' soil series'’ name
(e.g. 1n the case of soil 11, Tables 2,
3 and 4, the series name 1s ‘Elder’; soil 71
has the series name °‘Stockton’) and a
‘“textural class” name (soils 11 and 71
have respectively, the textural class
names ‘gravelly loam’ and ‘clay’). Much
information concerning the soil may be
obtained from the series name. A soil
series comprises a group of soils, all
members of which are similar with respect
to the characterastics of the undisturbed
so1l profile, with a single exception of
the texture of the surface soil. Members
of the same soil series have a similar
geologic or1gin and also have similar
external characteristics and environmental
conditions such as relief, drainage,
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TABLE 1. LANDING STRIP NAMES, LOCATIONS AND SOIL TYPE NUMBERS

Name Location
Orland Auxiliary 3 miles ESE
Field A-1 of Orland
Fairflied-Suisun 7 miles ENE

Airport (NE-SW of Fairfield

Runway No. 2)

Kingsbury Auxiliary 5% miles SW
Field A-1 of Loda

Stockton Field, 3% males SSE
Mat “B" of Stockton

Merced Army Air- 6% miles NW

field (NW-SE Runway) of Merced

vegetative cover, kind of climate, and
others. The textural class name, as used
in the so1l type name, refers to texture,
that 1s fineness of grain, or particle
size distribution, in the surface soil
only. Knowledge of the texture, degree
of compaction, presence or absence of
hardpan and of rock, lithology of the
parent material and many other physical,
as well as some chemical, qualities of the
subsoil and/or deeper parts of the soil
profile, can be gained from the soil
series name, which is described with re-
gard to these properties, in the soil
survey report.

METHODS OF INTERPRETATION

The three columns of Table 2, under the

So1l Type
Number
(See Table 2
and Figure 1)

So1l Survey
Area

Sacramento 11, 12
Valley

Reconnois-

sance (10)

Suisun

Area (6)

21, 22, 31, 41, 51

Lod1 61
Area (7)

Lower San 71
Joaquan

Valley Re-

connois-

sance (12)

and Stockton

Area (13)

Lower San 81, 91
Joaquin

Valley Re-

connoils-

sance (12)

heading, ‘‘Engineering Classification”,
contain interpretationsof the soil survey
descriptions into terms and abbreviation
symbols adopted by engineers and those in
the field of so1l mechanics (19,21). In
the interpretation, reference was made,
where possible, to mechanical analyses
published 1n the soil survey reports for
the different types and their horizonms.
In addition, descriptions and size dis-
tribution curves accompanying the Corps
of Engineers and Public Roads Administra-
tion Symbols (21, 19) were given consid-
eration.

Entries made in the colums under the
general heading, “Estimated Soil Proper-
ties”, depend partlyupon other considera-
tions. The estimates of volume changes
(expansion and shrinkage) and permeability
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Figure 1. Positions of finished landing strips in relation to soil types and local

topography. Soil boundaries are shown by dotted lines, contours by unbroken lines.

Symbols used in soil profile diagrams are defined in Table 2, footnote 1. Consult
Table 1 for sources of soil survey information.
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TABLE 2. NAMES, UI'ILIZAT‘I(N CHARACTERISTICS AND ESTIMATED ENGINEERING PROPERTIES OF SOILS
WHICH LANDING STRIPS HAVE BEEN CONSTRUCTED

Condition in Undisturbed State Equivalent Engineering Cla Estimated Soil Propert
Average Before Modification by
No. Soil Type Name Depth .. Engineering Public Fosds Construction Operations
and Parent Material Relief Surface  ponge of Texture Class | Engineering  “Group  Administration | Expansion  Relative  Average Range in:
Ueilization Drainage  Horizon, Ness iy Symbol!  Class Smbol?|  snd Perme-  plugic  Plasticity
Inches Shrinkage  ability Limit
Percent Percent
1. Elder gravelly | Alluvial fans of un- Fair 05 Gravelly loan | Gravel with & A2 Slight High
Toam consolidated sedi- relief with to fines w Very slightly
(grazing) ments from metamorph- | small inter- poor none lastic to non-
. - 5-72+  Gravelly loam,| Poorly graded A3 Ve Lo
= 35 rocks e CL S o (‘t-ve]l: sand. gr-ve}; sand’ n:: plastic
2 mixture
2
|12, Elder Sandy Alluvial fans of un- Fair  0-18 Sandy loam; | Chiefly sand  SF A2 Slight High Very slightly
2 loam and grav- | consolidated sedi- relief with small to gravelly sandy| with fines same to plastic to
]
elly sandy loam | ments from metamorph- | intermittent Poor loam & none non-plastic
undi fferentioted | ic rocks streamvays 1872 Gravelly sandy] Geavelly e a8 High
(grazing) Yoas ¥
21, Capay loam Mixed, unconsolidated | Low relief Fair  0-11 Loan Silty and " A Medium Low 15<25 5<Is
(grain; grazing; | sediments of low to Clayey fine
some fruit plains poor sand
trees) 11-45 Clay loam Silty and a A6 Medium Low 15<25 10<20
sandy clays
of medium
plasticity
45-72+ See footnote 3| See footnote 3 M., U», some A-4, A-6, - Medium 15<25 <20
same A-2 to lov
2. Capay silty Mixed, unconsolidated | Low relief Very  0-45 Silty clay Plastic ¢ a A7 High Very low 1525 10925
clay losm sediments of low foor Toan organic siity
(grazing; some | plains clay
grain) 45-72+ See footnote 3| See footnote 3 ML, CL, some A-¢, A-6, -mes Medium 15<25 <20
SF some A-2 to low
(31 Olcott fine Mixed, commonly Low hills or God 017 Fine sandy Clayey fine " At Medium Low 18<25 <10
£ sandy loam unconsolidated or slightly raised loan sand
rexing; grain} | wopkly comsolideted Eliiag 17-33 Sandy clay; Plastic w A6, AT | Medium  Very low 2028 15<25
§ some fruit) sediments of 1o, oy sondy cluy,
3 dissected terraces s Bl
= 3372+ Semi-cansoli- | Interbedded, s L, SP A6, A3 seee Medium 1525 <15
3 dated clay and| semi-consoli- Interbedded to low
£ sand dated clay
& and sand
41, Mixed, unconsolidated Flat to Fair 0-18 Fine sandy Clayey fine L A-4, A-6 Medium Low 1220 5<is.
sediments of old gently undu- to loan sand
allevinl fanyiand Lacing or poor 1533 Clay; Plastic clay (L, G AT High  Very 16<24 1525
terraces sloping wilwyieley Tow
33-43 Silty, sandy a A6 Medium Low 1522 5<20
clay
4372+ Fine sandy Clayey sand Ad, A6 | Medium Low 15<25 <0
i loam to sandy clay ML, CL
51. Solano fine Mixed, unconsolidated | Humocks and Fair  0-12 Fine sandy Clayey fine " At Medium Low 12418 <10
sandy loam sediments of old depressions to lown sand
(grazing) alluvial fams sad forh low POOT  12.72¢  Sandy clay; Sandy clay a A4, A6 High Low 1620 10<25
terraces micro-relief 2lag prurip o
61. Merced sandy Mixed, unconsolidated | Nearly flat Fair  0-11 Sandy loam poorly graded P, SF A3, A2 Low High
t loan® sediments of valley with few to sand and sand
i (grazing; plain minor ir poor with fines Very slightly
g some grain) regularities s sy Yoo | ks vk - aa o Low plastic to
E loan fines, compact ot plawele
3372+ Sandy loam Sand with s A2 Low High
fines
71, Stockton Largely basic sedi- Flat Very  0-11 Clay Highly ples- a1 Very High Very Lov 16<24 2035
clay ments of valley plain poor tic clay
X {geeing o (profile has calcareous 11-30 Clay Highly plas- @ AT Very High Very Low 20<30 25%0
K} fruit; hardpan) i
o grazing) i
3012+ Clay; sandy | Silty and a A6, AT High Low 15<25 1020
clay sandy clay
8l Sen Joaquin Acid-igneous sediments | Low relief, Fair  0-20 Sandy loam Fairly well  SF, ML A2, A4 Low High 10418 <8
sandy loam of old terraces (pro- | comonly with graded sand:
; (grain; file has non-calcareous| many mounds clay mixtures
: grazing; hardpan) wd depressions 20-38 Sandy clay; Sendy clay M, QL A4, A6 | Mediom Low 15<25 5415
some fruit clay and clay
! where irri- —
|§ goted) 38-72¢ (Hardpan) Hardpan .- B ry low G .-
| v e Acid-igneous sediments | Low relief on  Fair  0-8 Sandy loam Clayey sand a At Low High 10<18 <
Toan (grain; of old terraces (pro- | level to slop-  to o Sendy clay 2147 sl @ A Modiam  Medium 12<20 <15
grazing; some file has hardpan) ing surface good Toum cleyay fine
fruit and truck i
' crops where
firtged) 42-72¢ (Hardpen) Hardpan -- _—_— “e- Verylow  --- -

’arp. of Engineers Group Symbols: These symbols are used in the Corps of Engineers Soil Classification Table published in War Department Technical Manual 'l! 5-255 (15 April 19“) ’l'-ble V, pages
, 85. The letters have the following meanin Gegravel; S=sand; F=fines (material <0.1 i Mevery fine sand, ilt; C=clay; Lrlow to medium Hehigh ; P-pwrl
md-d Wewell-graded (i.e. a wide range of p-ruele size distribution.) s
2Public Roads Administration Class Symbols: These symbols are described in mumerous publications of the U. S. Public Roads Admini: (e., i of Highway ion, June, 1943).
See also C. A. Hogentogler (9) and others. The -wrom-te mnlm of the Corps of Engineers and Public Roads Administration symbols may I- obtained fros the War Department Manual TM 5-255.
350i] Material estimated to show wide difference in character in this depth range.
y contain alkali salts.




B

depend primarily upon texture descriptions
and a few specific discussions in the
survey reports, combined with some know-
ledge of the properties of the soil clays,
and experience in field and laboratory.
In some instances laboratory experiments
had been conducted at an earlier- time with
samples of the actual so1l types concerned,
but not from these localities and entire-
ly unconnected with landing strip con-
struction. It is believed that any ex-
perienced worker in the field of so1l
mechanics, who is fully familiar with
soil survey methods, would, after a care-
ful study of the soil survey reports,
arrive at essentially the same estimates
of these properties as those given in
Table 2.

Soil engineers regard the arbitrary
measurements of plasticity constants,
viz. plastic limit (rolling-out limit)
liquid limit, plasticity index and impact
number-moisture content curves of man-
ipulated soi1l, as indicators of soil be-
havior under stress, and of the moisture
content at which marked changes in be-
havior take place. These values are,
therefore, given a certain amount of
critical significance 1n engineering de-
sign. For these reasons, although no
plasticity determinations had been made
for these particular soils, 1t was con-
sidered worthwhile to discover the extent
to which useful approximations to the
rolling-out limit and the plasticity
index could be made from the soil survey
data. The estimates, in Table 2, of the
ranges 1in plasticity values are the re-
sult of the translation of the so1l tex-
ture terms as they were used at the time
of the soil surveys, into the numerical
and graphical data of mechanical analyses
(8, 19, 4) and thence, by means of publish-
ed correlation data (3, 4, 9, 14, 15, 19)
into plastic limits and plasticity indices.
The technical manual for aviation engin-
eers (21) was also used in the plasticity
estimates. The latitude, with respect to
particle size distribution, which 1s per-
mitted in soil texture-class names and in
engineering texture-class symbols, the
limited amount of exact knowledge which
is possessed concerning the physics and

ooF MR, . Tehwes - R T A
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physical chemistry of plasticity phenomena
in soils, and the arbitrary nature of the
measurements, combine to produce compli-
cated and imperfect correlations between
so1l series and soil texture names, and
plasticity ‘constants’. Since, also
soil types as mapped necessarily include
a range of differences in profile pro-
perties, 1t is only possible to estimate
plasticity values to within broad ranges.
It 1s such ranges which are included in
Table 2. It is not suggested that these,
or any other estimates given in thais
paper, can replace detailed, direct
measurements tor the soils concerned,
which must necessarily follow site selec-
tion and precede actual design.

The California bearing ratio (CBR) is
used to determine the quality of the
base course and subgrade materials. It
is also a most important means of evalu-
ating the structural qualities of the
soils at the site, the need for replace-
ment by, or mixing with, gravel or crushed
rock (’aggregate’ material) and the thack-
ness and other design features of the base
course. The measurement of the ratio is
made on the undisturbed soil, and also on
so1]l material previously compacted to its
maximum density and then saturated with
water. Apparent density tests of field
soil and compacted specimens in the labor-
atory are made concurrently with CBR tests.
In addition to a background of experience
in actual performance of the test, esti-
mates of the CBR depend upon the correct
interpretation of so1l texture-classnames
into engineering class symbols and the
correctness of the numerical values for
the bearing ratio percentages which the
soil mechanics workers with the Corps of
Engineers have assigned to those symbols
(24, Table V). Estimates of CBR were
made forall so1l types, by soil horizonms,
but have not been 1ncluded in Tables 2 and
4. The estimates are, however, discussed
later. If desired, so1l apparent densities
(‘unit’ densities) at ‘optimum’ compaction
and corresponding void ratios can be
estimated by reference to the same source,”
intermediate values for the latter being
obtainable by nomograms (5) or by calcu-
lation.
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TABLE 3 ESTIMATED CONSTRUCTION PROBLEMS ON SOIL TYPES

General Soil Conditions and
Thear Improvement

Orland Auxaliery Field, A-l

So1l No Name
11 Elder grovelly loam
12 Elder sendy loem, and

gravelly sandy loem,
undifferentiated

Low lying ereas may ceuse local drainage problems
Hummocks end low ridges need levellang Compaction
lakely to be more asuccesaful with loaded hauling
equipment and tractors than waith sheepsfoot roller

Fairfield-Suisun Airport

Drainage, and elevation of grade line neceasary
Clayey, plastic subsoil interferes wath droinage and
forms inferior subgrade Insulation of base course
againat upward water movement 1s desirable

Natural droinage of this a.i1l tyne is poor and so1l
quality for subgrade usq 1a dastinctly inferior Soal
requires drainage, grade line should be raised, and
stripping and replecement with suitable aggregate ere
desirable for heavy loading

Surface droanage 1s feir to good but Jow permeabilaty
of plastic eclay horizons seriously restricts internal
drainage May require levelling f£5llowed by removal of
the clay horizon where exposed in cut

Fine-textured, clay-rich horizon i1n second and third
foot commonly causes a boggy, muddy condition during
rainy season Adequate side dreinage of atrip aa
easential, stripping and re~lacement of upper 3 feet may
be necessery Grade line elevation 1s desirable

Drainage conditions are very poor and problems of
1mprovement for construction ere similar to those
given for the Antioch fine sandy loem

Auxiliery Field, A-1

Lend 18 low-lying end requires dreinage, water pene-
tration 18 retarded by compact horizon at depth of
about one foot from surface, which may cause local
ponding of water Grade elevation 1s desirable High
sand content may interfere with efficiency of sheepa-
foot roller

Stockton Field, Mat “B"

The low-lying, poorly drained and flat position oc-
cupied by this so1l type makes 1t en undesirable one

for construction Very lattle drainage 1s possible owang
to low elevation Compaction of subgrade, essential 1n
order to improve bearing ratio, would probably be best
eccomplished at end of roiny season Grade line requires
re1sang A good quality aggregate should be used in the
conatruction of bese course to provade insulation sgainst
upward water movement during period of high water table
level

Merced Aromy Airfaield

21 Capay loom

22 Cepay salty clay

31 Olcott fine sandy
loam

41 Antioch fine sandy
loam

51 Solano fine sandy
loam

Kaingsbury
61 Merced Sandy loam
.

7 Stockton clay

81 San Joaquin sandy
loam

91 Madere aandy loem

Levelling requirementa are light, except locelly owing
possably to micro-relief which may be conspicuous on the
San Joaguie sandy loam Clayey subsoil layer should be
stripped, perticularly where intersected by grade laine
Hardpan, found at depth of 3 to 5 feet, in places deeper,
aeriously interferea with free underdroanage during wet
season, and may require blasting for ditches and before
grading



Table 3, based on series and type
descriptions in the soi1l survey reports,
states what construction problems may be
expected at each of the airfield sites.
The statements are the result of inter-
pretations of ground conditions as in-
fluenced by topography and soil profile
characteristics.

EXAMINATION OF RESULTS

Whereas standard engineeringsoil tests
made according to accepted A.S.T.N. and
A.A.S.H.0. methods in the U. S. Engineer
Sacramento District Laboratory, and con-
struction experience gained by englneers
in the field, provide the criteria of
reliability for the estimates 1in Tables
2 and 3, Table 4 has been prepared as an
aid to comparison between these estimates
(part A) and actual determrnations (part B)
and as a basis for criticism of the inter-
pretations.

Examination of Table 4 leads to these
conclusions:

(a) Soil profile descriptions with
respect to depth, thickness and textural
characteristics of horizons as contained
in the so1l survey reports were, on the
whole, confirmed by the samplings later
made 1in greater numbers by the engineers
during their field collection of test
samples. Those differences which were
observed can probably be attributed to
so1l heterogenerty within the type which,
owing to scale limitations, could not be
shown on the published so1l survey maps.
Where unmapped so1l differences do occur
it 1s evident that the estimated soil
properties may be in disagreement with
those actually discovered by the engineer-
ing study. Some such instances were found
in the present study.

Engineering practice differs in the
use of names descriptive of the 'grain
size’' properties of soil material. The
engineers’ and the so1l surveyors’ termin-
ologies are not always so simlar as might
be'suggestedbycomparlng the names in the
§°1]tYPecolumn (part A) and the eneineer-
ing name colum (part B) of Table 4.

(b) Close agreement was obtained be-
tween estimates of classification symbolsg
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and their determination based on engineer-
ing laboratory measurements.

(c¢) Comparisons of estimated and de-
termined numerical ranges in plastic limits
and plasticity indices, respectively, show
good agreement.

(d) Estimated values of bearing ratios
at optimum compaction were, except for
the soils of the Stockton and Kinsbury
landing strips, much lower than those
obtained in the engineering laboratory.

The discrepancies may be explained in
part by the fact that lower bearing ratio
magnitudes have been assigned to the vari-
ous engineer so1l categories 1in the tech-
nical manual of the aviation engineers
(21) than have been observed to prevail
in many of the medium and coarser grained
California soils, and also to the use
of a slight modification in procedure in
the more recent bearing ratio tests. It
is most significant, however, that soils
that appeared to be the most suitable
subgrade materials as judged by the
estimated CBR values were actually found
to be the most suitable materials for this
use when considered on the basis of values
determined in the engineering laboratory.

(e) The conditions and predicted con-
struction problems, arranged in Table 3
by soil types and airfields, were well
supported by experience at the time of
runway construction in all cases but one.
An unpredicted condition was found at the
Merced runway where on the so1l survey map
only one soil type, San Joaquin sandy
loam, was shown. 1In places a complex of
two types was actually found to exist,
consisting of the San Joaquin sandy loam
in close association with included, small
bodies of a clay-rich so1l type occupying
shallow depressions. The surface of this
included soil that had to be removed during
construction owing to 1ts low bearing
ratio. Because of their small size the
areas of the depression type could not
have been shownon the reconnaissance soil
map.

SUMMARY AND CONCLUSIONS

In order to determine the value of soil
survey reports in the selection and pre-



1

J.2

6

TABLE 4 COMPARISN OF ESTIMATED AND DETERMINED ENGINEERING PROPERTIES OF SOILS AT LANDING STRIP SITES
Part A Estimsted Values Port B~ Valoas Determioed is U S, E- D. Laberatory®
5 Aversgs Averags Renge 10 Avetegn Avrege Ranga 10
3 Depth Engineering Piblic Foads Plasticaty  Plastic| Depeh Pogueering  Rblic Posds  Plusticly Plauc  Breriag
Zo ol Type Neam Range of Limt | fenge of Ensloosring Grovp,  Admoistration ) Lamie il
Horics, Mo Spbol'  Clues Syatoll  Rercent  Percent| Horigea, bl Spbol!  Class ambol!  Rercant  Rercemt @t Otima,
Tnch Compactien’
11 Elder 05 Grawl mth o A2 0720 Grenlly Fo@  Alwi? (8] Noo- Very
gravlly finen V:rv slaghtly sandy low plastie fagh
lom 572 Poarly greded @ A Lot 15
= plastic
2 grovel sand
& mixture
| P T—— 0-18  Chiefly send  SF some a2 018 Gramlly @ Al to A2 ] Noo- Very
r] Tows end with fines [ Vl'"i'“d"lv sendy lown plastic High
goemlly sundy g0 Grawlly - A3 Fraanie 1822+ Grawelly ] Al to a2 0.6 Nen-  Vary
loon o f ad sandy lows plustic  High
ferentiated o 1%
21 Capmy 1o 011 Saley ed uw a4 s 1S 152 | 018 Clay Joem a = 10 16 High
clayey fine
wend
145 Salty et a a6 10-20 15-28 | 1838 Clay Joun a a6 19-21 16 Not
sandy clays to sandy Tested
of madimn clay lom
plasticaty
4S-T2¢  Ses footnote S M. 0. A4, A-6sam W 1525 | sz ey ceeee Mot Teswd e e
e F a2
2 Copay madty 045 Plastic a1 10-25 1525 | 018 Cley loan a = 10 1 Modio
cloy lowm rc
. silty clay
4572+ Ses foownots 5 ML Ol A4 A-Seome <20 1525 | 184 Cey a a6 2512 20-21 oim
e F a2
"
Eln cote fime 0.1 Clayey fine w At a0 1825 [ 016 Sy cley . -4 MtTewsd  -e- sea-
3 asndy losm send
] 118 Plaucsmdy G A6 AT 1528 2078 | 16-80  Sendy lom w A2 [ Non- e
i . clay or clay Plastic
s 272+ Interbedded O, &P A6, A3 <as 1528
< samni~cen inter-
< solidatad bedded
H clay end sand
-
41 Mntioch fin 018 Clayy fise w At A6 518 2.2 | 08 Sendy lom - a2 1517 Very
snrly loua e to loam High
B Platic aa A? 15-28 1624 | 83 Clay a At %#-30 18-19  Medim
clay
N3 Sy a. A6 ¥ 1522 | M54  Lomry eand w a2 [ MNen- Nor
sendy clay plastic  Testad
BT Chapy e M Q At A6 @ 1525 | $4-96  Sandy lows a At 12-18 -2l Very lew
to sandy to loam to andum
clay
51 Soluo five 012 Cleyey fina w At <10 | E R T
aendy lows eand .. . .- Not. Sexpled .- .-
12-12¢  Sendy clay a A, A6 1025 1820 { - - - -
d clay
61 Merced Sendy 011 Poorly greded P, SF A3 A2 0-8  Sendy lom & a2 [ - tedim
loma sand wnd sand plastac o high
nth fies ':rv alzghtly
i 0B Sed mth s a2 e TS | 81 Seniy domm = a2 [ T
5 fines, w plesuac | to high
3 campact. clay loss to 15
3072+ Sand mth & az ceea. MNotSempled -
fanes
71 Steckem 0 Hgly o A7 20-35 1624 | 012 Black siote o a1 -3 1625 Very lov
clay plastic
. oy
LR 1130 Highly @ AT 25-40 230 | 123  Bleck edobe @ a1 345 1.2 Very low
z . plastic
clay
! 0.7 Saley and a A6 AT 1020 1525 | 3680 Cloyto a A1 10-22 0D Very lw
I sendy clay clay lean to nedion
[
B1 San Josquin 020 Poorly E XS A2 A4 @ 10-18 | 042 Sendy leua < a2 [ Noo-  High ro
andy loes (reded amd plestic  wary high
. cloy mx w11
. tures
H 2038 Sendy clay M, L At A6 $.18 1525 | 4240 ----- -- cee Notsmpled - - .-
! and elay
i 38-72  Hardpen - . v | e®  sodytedpn ... - 0
plastac
D1 laders sandy 08 Clayey sand a a4 <s 1018
o 82 Silty e a At 515 12-10
Clayey fise s oee- Ntempld - a-en
sand
272+ Herdpea - - --- - -

iSea footnote 1, Table 2
2Sea footnote 2, Table 2

3Data taken from the files of the Materials and Leboratory Sectiom of the U $ Engineer Office, Secrasmnto Dastrict

4

octives refor to quslity for schgrade

) material estimted to show wade differencea in charscter tn this depth range




liminary assessment of airfield sites,
estimates were made of the engineering
properties and construction problems of
certain soil types in central California,
upon which airfield runways had been
constructed for Army use.

The estimates were undertaken without
knowledge of the results of tests made
upon the soils in the U. S. Engineer
Laboratory and depended entirely upon
published U. S. Department of Agriculture
and University of California soil survey
reports, U. S. Geological Survey topo-
graphic maps, and literature in the fields
of soil physics and mechanics. The
engineering laboratory results, classi-
fication categories and construction
experience were then examined for the
purpose of comparing them with, and evalu-
ating, the independent interpretations and
estimates which had been made.

The estimates and laboratory examina-
tions included engineers’ classification
categories as used by the Corps of Engin-
eers and the Public Roads Administration,
expansion, shrinkage and permeability.
Numerical estimates were made only for
ranges1n values of plastic limt, plasti-
city index and bearing ratio, for whach
three properties, as well as for expan-
sion and shrinkage, quantitative measure-
ments had been made in the engineering
laboratory.

Agreement between estimates and deter-
minations was close for all properties
except ranges in bearing ratio but, despite
discrepancies in magnitude, the relative
positions of the soils with respect to
their bearing ratios were similar and
conclusions concerning the suitability of
the soils for subgrade material were the
same whether based upon estimated or
laboratory values. There was also found
tobe close agreement between the estimated
and experienced field construction pro-
blems.

It 1s concluded that the proper inter-
pretation of the information contained 1in
agricultural soil survey reports can'be
used to excellent advantage in the sel-
ection and preliminary assessment of sites
prior to engineering construction. It 1s
evident that the best that can at present
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be expected 1n the estimate of engineer-
ing properties of soils 1s a gualitative
expression or, for certain properties, a
correct range 1n numerical values. There
1s no substitute for a detailed engineering
survey of the selected site and appropriate
sampling, with due regard to existing soil
maps, soil types and known conditions,
followed by engineering laboratory measure-
ments and 1nvestigations aimed at rational
design.
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