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SIGNIFICANCE OF THE SOIL SURVEY REPORT 
IN T H E SELECTION AND PRELIMINARY ASSESSMENT 

OF SITES FOR AIRPLANE LANDING STRIPS^ 

GOEFFREY B BODMAN^, Professor of Soil Physics 

University of C a l i f o r n i a 

Most o f t h e w r i t e r ' s t i m e was s p e n t , d u r i n g 1943, 1944 and 1945 w h i l e on 
le a v e o f absence from the U n i v e r s i t y o f C a l i f o r n i a , w i t h the M i l i t a r y Geology 
U n i t o f the U. S. G e o l o g i c a l Survey, i n p r e p a r i n g s o i l s i n f o r m a t i o n f o r t h e 
O f f i c e o f the C h i e f Engineer i n Washington and f o r the C h i e f Engineer, South­
west P a c i f i c Area, i n t h a t t h e a t e r The s o i l s i n f o r m a t i o n was used, t o g e t h e r 
w i t h much o t h e r i n f o r m a t i o n o f a g e o l o g i c a 1 , h y d r o l o g i c a l and gene r a l e n g i n e e r i n g 
c h a r a c t e r , i n s t r a t e g i c a l and o p e r a t i o n a l e n g i n e e r i n g r e p o r t s . Advance knowledge 
o f s o i l c o n d i t i o n s b e f o r e , d u r i n g and a f t e r combat was, o f course, o f much im­
p o r t a n c e i n a v a r i e t y o f ways, i n c l u d i n g u t i l i z a t i o n f o r t r o o p and equipment 
movement and i n ro a d and a i r f i e l d coDStruction. Wherever t h e y e x i s t e d , t h e 
value o f s o i l survey r e p o r t s f o r t h i s k i n d o f i n t e l l i g e n c e was conspicuous. They 
were of g r e a t h e l p a l s o i n a i r p l a n e photo i n t e r p r e t a t i o n s . 

I t i s the w r i t e r ' s b e l i e f t h a t e n g i n e e r s who use s o i l as a c o n s t r u c t i o n mat­
e r i a l w i l l f i n d , i n s o i l survey report:,, much o f value i n the p r e l i m i n a r y assess­
ment o f areas f o r many c o n s t r u c t i o n o p e r a t i o n s . I t i s f o r t h i s reason t h a t com­
p a r i s o n s were made between c o n d i t i o n s p r e d i c t e d from independent i n t e r p r e t a t i o n 
o f s o i l s u r v e y r e p o r t s and a c t u a l e n g i n e e r i n g e x p e r i e n c e , f o r f i v e a i r p l a n e 
l a n d i n g s t r i p s i n C a l i f o r n i a . 

TTie use of s o i l as a construction mat­
e r i a l was very g r e a t l y extended d u r i n g 

^ C o n t r i b u t i o n from the D i v i s i o n o f S o i l s , 
U n i v e r s i t y o f C a l i f o r n i a , B e r k e l e y , 
C a l i f o r n i a . Acknowledgement i s made t o 
the War Department, Corps o f E n g i n e e r s , 
O f f i c e o f the D i s t r i c t Engineer, Sacramento 
D i s t r i c t , f o r k i n d p e r m i s s i o n t o use 
exp e r i m e n t a l data o b t a i n e d by the members 
o f the U. S. Engineer L a b o r a t o r y , Sacra­
mento, under the d i r e c t i o n o f Mr. Wi l s o n 
D a v i s , Head, M a t e r i a l s and L a b o r a t o r y 
S e c t i o n . 
P r o f e s s o r o f S o i l P h y s i c s , U n i v e r s o t y o f 

C a l i f o r n i a , B e r k e l e y , C a l i f o r n i a , r e c e n t ­
l y S o i l S c i e n t i s t w i t h t h e M i l i t a r y 
Geology U n i t , U. S. G e o l o g i c a l S u r v e y , 
and d u r i n g 1944-45 a t t a c h e d t o the C h i e f 
E n g i n e e r ' s O f f i c e , G H.Q. S o u t h w e s t 
P a c i f i c Area. 

the years 1939 to 1945, p r i m a r i l y as the 
r e s u l t o f the acute m i l i t a r y need f o r 
roads and a i r f i e l d s . The need, commonly, 
was so urgent that s i t e selections had to 
be made hu r r i e d l y . Accordingly, i n t e r r i ­
t o r y Occupied by ourselves and A l l i e s , 
there were instances i n which there was 
l i t t l e o p p o rtunity f o r d e l i b e r a t e study 
of a l l available published material deal­
ing w i t h the areas under consideration. 

During m i l i t a r y operations overseas, 
p a r t i c u l a r l y i n the Asiatic-PacificTlieater, 
the problem was l a r g e l y one o f planning 
the use o f unimproved, or but s l i g h t l y 
improved, ground i n enemy-occupied t e r r i ­
tory p r i o r t o i t s invasion. Any e x i s t i n g 
reports by geologists and s o i l s c i e n t i s t s 
were found t o be o f much value i n assessing 
ground conditions. I n a large number o f 
instances the invaded t e r r i t o r y was en­
t i r e l y unexplored on the ground i n advance 
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of our landings. Selection o f construc­
t i o n s i t e s i n such cases was mainly do-
pendent upon a e r i a l photographs. A pre­
l i m i n a r y r e p o r t o f the methods used m 
t e r r a i n a nalysis by i n t e l l i g e n c e u n i t s 
working i n Washington and overseas has 
r e c e n t l y been published by the M i l i t a r y 
Geology U n i t o f the United States Geo­
log i c a l Survey (18)^. 

Sources of information h e l p f u l to the 
engineer i n the actual s e l e c t i o n o f a i r ­
f i e l d s i t e s and roadway r o u t e s w i l l 
obviously d i f f e r from place to place and 
may be non-existent. I n the absence of 
r e p o r t s based on more or less d e t a i l e d 
s t u d i e s on the ground, s t e r e o p a i r s o f 
r e c e n t , l a r g e - s c a l e , v e r t i c a l a e r i a l 
photographs are invaluable and even though 
actual ground studies have been made, such 
photographs provide useful supplementary 
infor m a t i o n f o r estimates o f conditions 
a f f e c t i n g many kinds o f e n g i n e e r i n g 
operations. Where, however, ground condi­
tions have been explored, p a r t i c u l a r l y i n 
a great number of a g r i c u l t u r a l regions i n 
t h i s country, probably the most valuable 
sources for the construction engineer who 
must make extensive use of the s o i l as a 
subgrade or base course material, are those 
provided by modern s o i l survey reports as 
developed by the United States Department 
of Agriculture and the State a g r i c u l t u r a l 
experiment stations. 

I t IS unnecessary to point out to stu­
dents i n the f i e l d o f s o i l science t h a t 
s o i l surveys mark the f i r s t step i n any 
k i n d o f comprehensive i n v e s t i g a t i o n on 
s o i l s of a given area, although t h i s f a c t 
may not be so c l e a r t o many engineers. 
There are many examples o f the way i n 
which engineers have put s o i l survey data 
and methods t o use (see, f o r example, 
reference 2, and also 11, p. 116) but i t 
appears t h a t s o i l s c i e n t i s t s and s o i l 
engineers have not always r e a l i z e d the 
f u l l e x t e n t o f the usefulness o f these 
reports. As a matter o f f a c t , the general 
information sought by the engineer i n his 
choice of an a i r f i e l d s i t e agrees s u r p r i ­
s i n g l y c l o s e l y w i t h t h a t desired by the 

^ I t a l i c i z e d f i g u r e s i n parentheses r e f e r 
t o the l i s t o f r e f e r e n c e s a t the end o f 
paper. 

prospective farmer and others whose i n ­
t e r e s t i n land areas and t h e i r s o i l s i s 
p r i m a r i l y due to a g r i c u l t u r e . The s o i l 
survey r e p o r t i s , o f course, designed to 
include information useful to the farmer 
and the a g r i c u l t u r a l community. Apart 
from the s o i l maps and s o i l p r o f i l e de­
s c r i p t i o n s contained i n s o i l survey r e ­
ports, therefore, the treatment which the 
reports give t o such matters as topography, 
ground surface c o n d i t i o n s , o b s t r u c t i o n s 
to movement on the ground, n a t u r a l veg­
e t a t i o n , i t s c l e a r i n g requirements and 
value f o r c o n s t r u c t i o n , s i z e o f farms, 
land u t i l i z a t i o n , farm practice and crop­
ping systems, meteorological data, drain­
age, f l o o d danger, i r r i g a t i o n , water 
supply and q u a l i t y , nearness to towns, 
roads and r a i l r o a d s , e l e c t r i c power and so 
f o r t h , i s o f the g r e a t e s t value i n the 
preliminary selection of a i r f i e l d s i t e s . 

The d e t a i l e d discussions and maps, con­
cerning s o i l types, t h e i r p r o f i l e charac­
t e r i s t i c s and t h e i r areal extent, may be 
expected to provide information, as they 
a c t u a l l y do, which w i l l considerably ex­
tend the engineer's knowledge of the ground 
asp prospective s i t e f o r construction and 
f a c i l i t a t e h i s successful advance planning. 

I t i s o f p a r t i c u l a r i n t e r e s t t o the 
s o i l p h y s i c i s t to consider the f a c t that 
highway and a i r f i e l d construction engin­
eers often seek to create i n earth struc­
t u r e s many c o n d i t i o n s which the farmer 
d i s l i k e s i n s o i l s used f o r crop production. 
Whereas the engineer desires high appar­
ent d e n s i t i e s , low p o r o s i t i e s and high 
bearing s t r e n g t h , the c r e a t i o n o f those 
conditions i n a g r i c u l t u r a l s o i l s i s avoid­
ed under good a g r i c u l t u r a l practice since, 
i n general, they are associated w i t h an 
undesirable " s t r u c t u r a l " state, poor t i l t h 
low permeability to water and obstruction 
to root growth. Although t h e i r objectives 
diverge, however, a g r i c u l t u r a l s o i l r e ­
search workers and s o i l engineers common­
l y f i n d themselves confronted w i t h pro­
blems r e q u i r i n g the same or s i m i l a r 
methods of a t t a c k and s o l u t i o n so, t h a t 
the e f f o r t s o f both groups may be expected 
to provide mutual stimulation m research. 

An attempt i s made i n t h i s paper t o 
i n t e r p r e t , f o r the use o f the engineer 
whose construction material i s s o i l , ex-
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i s t i n g s o i l s i n f o r m a t i o n contained i n a 
few s o i l survey r e p o r t s which embrace 
areas l a t e r chosen f o r a i r f i e l d s i t e s . 
F o l l o w i n g the i n t e r p r e t a t i o n s there i s 
included a discussion o f t h e i r c o r r e c t ­
ness, made i n the l i g h t o f co n s t r u c t i o n 
experience and l a b o r a t o r y examinations 
undertaken, w i t h the s o i l types concerned, 
by the M a t e r i a l s and T e s t i n g S e c t i o n , 
U. S. Engineer O f f i c e , Sacramento, C a l i f ­
o r n i a . I t i s hoped i n t h i s way t o br i n g 
to the construction engineer a r e a l i z a t i o n 
of the value of the s o i l survey report i n 
the preliminary assessment of s o i l condi­
t i o n s a t proposed s i t e s f o r a i r p l a n e 
landing s t r i p s . 

PROCEDURE 

I t was considered necessary t h a t the 
s o i l s of the p a r t i c u l a r l o c a l i t i e s chosen 
f o r examination f u l f i l l these requirements: 

(a) they must have been included i n 
s o i l surveys (made according to the methods 
used by the D i v i s i o n of Soil Survey, U. S. 
Department of Ag r i c u l t u r e ) for which maps 
and d e s c r i p t i v e r e p o r t s e x i s t , p r e f e r ­
ably i n the published form, 

(b) they must be s u f f i c i e n t l y r e ­
presentative o f a range o f differences i n 
s o i l properties t h a t they w i l l provide a 
reasonably s i g n i f i c a n t sample for consid­
eration, 

(c) they must have been used as the 
actual materials o f subgrade construction 
fo r airplane runways, 

(d) they must have been subjected to 
quantative physical examination and t e s t ­
i n g i n an engineering laboratory f o r the 
purpose o f guiding construction design. 

SOILS AND CONSTOUCTION SITES CONSIDERED 

Five l o c a l i t i e s were selected w i t h i n , 
or immediately adjacent to, the Sacramento 
and San Joaquin V a l l e y s o f C a l i f o r n i a . 
The l o c a l i t i e s and a i r s t r i p names are 
l i s t e d , from north to south, m Table 1, 
i n which reference also i s made t o the 
s o i l s o f each area and the s o i l survey 
r e p o r t concerned. The most n o r t h e r n 
f i e l d , a t Orland, l i e s about 190 miles 
northwest o f the most southern, at Merced. 

The p o s i t i o n o f each s t r i p with respect to 
land boundaries (Mount Diablo base l i n e 
and meridian) s o i l types and topography i s 
shown i n the maps and diagrams of Figure 
1, the data f o r which were obtained from 
the s o i l survey reports (6, 7, 10, 12, 13) 
Geological Survey topographical sheets 
(17) and from a i r f i e l d l o c a t i o n and run­
way dimension maps as prepared by the 
U. S. Engineer O f f i c e , Sacramento. 

The c h a r a c t e r i s t i c s and a g r i c u l t u r a l 
u t i l i z a t i o n of the s o i l types at the f i v e 
l o c a t i o n s upon which a i r p l a n e runways 
have been constructed, are tabulated i n 
Table 2. I n the t a b l e , the s o i l type 
names, s o i l u t i l i z a t i o n , parent material, 
r e l i e f , s u r f a c e drainage, and average 
depth range of horizons are a l l summaries 
d i r e c t l y dependent upon the r e p o r t s o f 
s o i l surveys made several years before 
c o n s t r u c t i o n o f the runways was under­
taken. A key t o the s o i l series o f C a l i f ­
o r n i a (16) was also consulted. The sum­
maries r e f e r , f o r each area, t o the s o i l 
type as a whole -- unless l o c a l segre­
gations were a c t u a l l y made i n the report 
-- t h a t i s t o say, t h e d e s c r i p t i o n s 
generally are not based upon examination 
o f the s o i l s only as they occur i n the 
positio n o f the runways before construction 
but upon the types as they occur i n the 
e n t i r e area covered by s o i l survey. 

I t may be pointed out that " s o i l type" 
names, as used by s o i l surveyors when 
making an a g r i c u l t u r a l s o i l survey, are a 
combination o f a i " s o i l s e r i e s " name 
(e.g. i n the case o f s o i l 11, Tables 2, 
3 and 4, the series name IS 'Elder'; s o i l 71 
has the s e r i e s name 'Stockton') and a 
" t e x t u r a l c l a s s " name ( s o i l s 11 and 71 
have r e s p e c t i v e l y , the t e x t u r a l c l a s s 
names 'g r a v e l l y loam' and ' c l a y ' ) . Much 
i n f o r m a t i o n concerning the s o i l may be 
obtained from the s e r i e s name. A s o i l 
s e r i e s comprises a group o f s o i l s , a l l 
members of which are s i m i l a r with respect 
to the c h a r a c t e r i s t i c s of the undisturbed 
s o i l p r o f i l e , w i t h a si n g l e exception o f 
the texture of the surface s o i l . Members 
o f the same s o i l s e r i e s have a s i m i l a r 
g e o l o g i c o r i g i n and a l s o have s i m i l a r 
external c h a r a c t e r i s t i c s and environmental 
c o n d i t i o n s such as r e l i e f , d r a i n a g e . 
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TABLE 1. LANDING STRIP NAMES, LOCATIONS AND SOIL TYPE NUMBERS 

Name L o c a t i o n 
S o i l Survey 

Area 

S o i l Type 
Number 

(See Table 2 
and F i g u r e 1) 

Or l a n d A u x i l i a r y 
F i e l d A-1 

F a i r f 1 l e d - S u i s u n 
A i r p o r t (NE-SW 
Runway No. 2) 

Kin g s b u r y A u x i l i a r y 
F i e l d A - l 

S t o c k t o n F i e l d , 
Mat "B" 

Merced Army A i r ­
f i e l d (NW-SE Runway) 

3 m i l e s ESE 
o f O r l a n d 

7 m i l e s ENE 
of F a i r f i e l d 

5X m i l e s SW 
o f L o d i 

3% m i l e s SSE 
of S t o c k t o n 

6^ m i l e s NW 
o f Merced 

v e g e t a t i v e cover, k i n d o f c l i m a t e , and 
others. TVie t e x t u r a l class name, as used 
i n the s o i l type name, refe r s to texture, 
t h a t i s fineness o f g r a i n , or p a r t i c l e 
s i z e d i s t r i b u t i o n , i n the surface s o i l 
only. Knowledge of the t e x t u r e , degree 
of compaction, presence or absence o f 
hardpan and o f r o c k , l i t h o l o g y o f the 
parent materia] and many other physical, 
as well as some chemical, q u a l i t i e s o f the 
subsoil and/or deeper parts o f the s o i l 
p r o f i l e , can be gained from the s o i l 
series name, which i s described w i t h r e­
gard t o these p r o p e r t i e s , i n the s o i l 
survey report. 

METHODS OF INTERPRETATION 

The three columns o f Table 2, under the 

Sacramento 
V a l l e y 
Reconnois-
sance ( 10) 

Suisun 
Area ( 6 ) 

Lo d i 
Area ( 7 ) 

Lower San 
Joaqu i n 
V a l l e y Re-
co n n o i s -
sance ( 12) 
and S t o c k t o n 
Area ( 13) 

Lower San 
Joa q u i n 
V a l l e y Re-
con n o i s -
sance (12) 

11, 12 

21, 22, 31, 41, 51 

61 

71 

81 , 91 

heading, " E n g i n e e r i n g C l a s s i f i c a t i o n " , 
contain i n t e r p r e t a t i o n s o f the s o i l survey 
descriptions i n t o terms and abbreviation 
symbols adopted by engineers and those i n 
the f i e l d of s o i l mechanics (19,21). I n 
the i n t e r p r e t a t i o n , reference was made, 
where p o s s i b l e , t o mechanical analyses 
published i n the s o i l survey reports f o r 
the d i f f e r e n t types and t h e i r horizons. 
I n a d d i t i o n , d e s c r i p t i o n s and size d i s ­
t r i b u t i o n curves accompanying the Corps 
of Engineers and FHiblic Roads Administra­
t i o n Symbols (21, 19) were given consid­
e r a t i o n . 

E n t r i e s made i n the columns under the 
general heading, "Estimated S o i l Proper­
t i e s " , depend p a r t i y upon other considera­
t i o n s . The estimates o f volume changes 
(expansion and shrinkage) and permeability 
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O R L A N O 

A U X I L I A R Y F I E L D A - l 

F A I R F I E L D - S U I S U N 
A I R P O R T 

(NC-sw puiimr mil 

t a i n . 41 I et .41. 21 

R 5 E . R 6 E 

STOCKTON F I E L D 

MAT 'B' 

1 
KINGSBURY 

A U X I L I A R Y F I E L D A - l 

Fmiettts eboct 3 5 miln 

Se of Sto€tfen 
N 

u MiHik 

MERCED A R M Y A I R F I E L D 
mr-srmjmMri 

Figure 1. Positions of finished landing s t r i p s i n r e l a t i o n to s o i l types and local 
topography. S o i l boundaries are shown by dotted l i n e s , contours by unbroken l i n e s . 
Symbols used i n s o i l p r o f i l e diagrams are defined i n Table 2, footnote 1. Consult 

Table 1 for sources o f s o i l survey information. 
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Equi.aUnt (iipneerin^ a .»« i f ic E . t i « t « l Soil Proprriie 

I 11. Elder erave 

_ . bgineering Public Bomdt 
I Engineering Ad«ni«ir.ti«> 

Sybol' Syn*«l' 

Befon 

Relati** 

0-S Q-.H]1y ID . 

S'T2« (kanlly l « 

r i c t ia i by 
Operatims 

Average R»«e 
P l « t ] 

Uirii 
P I . . 

12. Elder Sandy 

Mixed, uncmsoJidated | 
sediments of Iff. 
plain. 

S«dy lo. 
gr.«11y 

GranMy 

Higl 

Hi.1. 
no„-pl..li£ 

iS<25 5<1S 

1S<25 I0<20 , 

Sec toolnote 3| See footnote 3 M.. O.. 1S<25 <20 

2:. Capay silty 

See footnote 3 See footnote 3 W.. a . , 

I 31. Olcott fine 
>«>dy l o -
(gruing; grain; 

MiKed, 

Makly 

Godd 0-17 

17-33 

ie<z5 

2(K28 

(graLng; 

51. Solano fine 
aandy loam 
(grazing) 

33-*3 

*3-72-

0-12 

12-72* 

to .«w)y clay W., a 

Clayey fine ML 

I2<20 S<1S 

16<24 15<25 

1S<22 S<20 

15<25 <20 

12<1B <10 

16<20 i(K2S 

I hi. Merced »ndy 

(graiing; 
I Mixed, u 

I plain 
11-33 Sandy loam 

loam 
33-72> Sandy 1o» 

poorly gr*led S", SF 

High 

^1 

71. Stockton 
clay 
(gr-in; sc. 

fniit; 
gracing) 

I Largely basic sedi­
ments of valley plai 
(profile has calcarr 
h.rdp.1) 

Very 0-11 Gay 
poor 

11-30 aay 

30-72* a .y : 

0,20 

cla) 

Highly plas 
tic cl-y 
Highly plas 

Very High Very Lo* 

V r̂y High Very Urn 

Lorn 

Low Hirfi 

16<24 20<3S 

2tK30 25<40 

15<25 11)<20 

ICK18 <8 . 

file has hardpan) 

Low relief a 
level to >lo 
ing aurface 

20-38 

38-72* 

0-E S««ly lo« 
8-42 S«dy cla 

Sandy clay 
uKl c!.y 
Hardpan 

ICK18 
12<20 

'Corpt of fingineeri Croup Syiaboli; T^.e symbols are used in the Corps of Engineers Soil Claaaifici 
84, BS. Tht^ letters hate the follooing aieaninga: G-grartl; S-aond; F-finea (material <0.1 n . ) ; t 
graded; W-«e11-graded (i.e. a wide range of particle aiie distributiisi.) 
W l . c Roads Aialnolranor. CI«s SymboU: IS™, ayiAoU are described in nwroua poblicatioo. ol 
See alao C A. HogentogUr (9) and otJiera. The approiiaate equinlence of the Corpa of Engineera < 

^Soil kkterial estinated to shoo wide diffemce in character in this depth range. 
Shy contain alkali aalta. 

tion Table publiahed in War Departamt Tedmical Muuil HI 5-255 (IS ApKI 1944) Table V. page, 
•very bne auid, s i l t; C-clay; L-Io> to laediBi ca^reaaibility: IKhigb c<»pre»ibility: P-poorly 
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depend p r i m a r i l y upon texture descriptions 
and a few s p e c i f i c d i s c u s s i o n s i n the 
survey reports, combined w i t h some know­
ledge of the properties of the s o i l clays, 
and experience i n f i e l d and laboratory. 
I n some instances laboratory experiments 
had been conducted at an e a r l i e r - t i m e with 
samples o f the actual s o i l types concerned, 
but not from these l o c a l i t i e s and e n t i r e ­
l y unconnected w i t h l a n d i n g s t r i p con­
s t r u c t i o n . I t i s believed t h a t any ex­
perienced worker i n the f i e l d o f s o i l 
mechanics, who i s f u l l y f a m i l i a r w i t h 
s o i l survey methods, would, a f t e r a care­
f u l study o f the s o i l survey r e p o r t s , 
a r r i v e a t e s s e n t i a l l y the same estimates 
o f these p r o p e r t i e s as those given i n 
Table 2. 

S o i l engineers regard the a r b i t r a r y 
measurements o f p l a s t i c i t y c onstants, 
v i z . p l a s t i c l i m i t ( r o l l i n g - o u t l i m i t ) 
l i q u i d l i m i t , p l a s t i c i t y index and impact 
number-moisture content curves o f man­
ipulat e d s o i l , as i n d i c a t o r s o f s o i l be­
havior under stress, and o f the moisture 
content a t which marked changes i n be­
h a v i o r take place. These values are, 
t h e r e f o r e , g i v e n a c e r t a i n amount o f 
c r i t i c a l s i g n i f i c a n c e i n engineering de­
s i g n . For these reasons, although no 
p l a s t i c i t y determinations had been made 
f o r these p a r t i c u l a r s o i l s , i t was con­
sidered worthwhile t o discover the extent 
t o which u s e f u l approximations t o the 
r o l l i n g - o u t l i m i t and the p l a s t i c i t y 
index could be made from the s o i l survey 
data. The estimates, i n Table 2, of the 
ranges i n p l a s t i c i t y values are the r e ­
s u l t o f the t r a n s l a t i o n o f the s o i l tex­
ture terms as they were used at the time 
o f the s o i l surveys, i n t o the numerical 
and graphical data o f mechanical analyses 
(8, 19, It) and thence, by means of publish­
ed c o r r e l a t i o n data (3, U, 9. lU, 15, 19) 
i n t o p l a s t i c l i m i t s and p l a s t i c i t y indices. 
The technical manual f o r a v i a t i o n engin­
eers (21) was also used i n the p l a s t i c i t y 
estimates. The l a t i t u d e , with respect to 
p a r t i c l e size d i s t r i b u t i o n , which i s per­
mitted i n s o i l texture-class names and i n 
enginee r i n g t e x t u r e - c l a s s symbols, the 
l i m i t e d amount o f exact knowledge which 
i s possessed concerning the physics and 

physical chemistry o f p l a s t i c i t y phenomena 
i n s o i l s , and the a r b i t r a r y nature of the 
measurements, combine to produce compli­
cated and imperfect c o r r e l a t i o n s between 
s o i l s e r i e s and s o i l t e x t u r e names, and 
p l a s t i c i t y ' c o n s t a n t s ' . Since, a l s o 
s o i l types as mapped necessarily include 
a range o f d i f f e r e n c e s i n p r o f i l e pro­
p e r t i e s , I t i s only possible to estimate 
p l a s t i c i t y values to w i t h i n broad ranges. 
I t I S such ranges which are included i n 
Table 2. I t i s not suggested that these, 
o r any o t h e r e s t i m a t e s given i n t h i s 
paper, can r e p l a c e d e t a i l e d , d i r e c t 
measurements t o r the s o i l s concerned, 
which must necessarily follow s i t e selec­
t i o n and precede actual design. 

The C a l i f o r n i a bearing r a t i o (CBR) i s 
used t o determine the q u a l i t y o f the 
base course and subgrade m a t e r i a l s . I t 
i s also a most important means o f evalu­
a t i n g the s t r u c t u r a l q u a l i t i e s o f the 
s o i l s a t the s i t e , the need f o r replace­
ment by, or mixing wi t h , gravel or crushed 
rock ('aggregate' material) and the t h i c k ­
ness and other design features of the base 
course. The measurement o f the r a t i o i s 
made on the undisturbed s o i l , and also on 
s o i l material previously compacted t o i t s 
maximum density and then saturated w i t h 
water. Apparent density t e s t s o f f i e l d 
s o i l and compacted specimens m the labor-
atoryaremade concurrently with CK1 tes t s . 
I n addition to a background o f experience 
i n actual performance o f the t e s t , e s t i ­
mates o f the CBR depend upon the correct 
i n t e r p r e t a t i o n o f s o i l texture-class names 
i n t o engineering c l a s s symbols and the 
correctness o f the numerical values f o r 
the bearing r a t i o percentages which the 
s o i l mechanics workers w i t h the Corps of 
Engineers have assigned t o those symbols 
(21, Table V). Estimates o f CBR were 
made f o r a l l s o i l types, by s o i l horizons, 
but have not been included i n Tables 2 and 
4. The estimates are, however, discussed 
l a t e r . I f desired, s o i l apparent densities 
('unit' d e n s i t i e s ) at'optimum' compaction 
and c o r r e s p o n d i n g v o i d r a t i o s can be 
estimated by reference t o the same source,^ 
intermediate values f o r the l a t t e r being 
obtainable by nomograms ^5^ or by calcu­
l a t i o n . 
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TABLE 3 ESTIMATED OONSTOUCTION PROBLEMS ON SOIL TYPES 

S o i l No 

11 

12 

Eld e r g r o T c U y loom 

E l d e r sandy loam, and 
g r a v e l l y sandy loam, 
u n d i f f e r e n t i a t e d 

General S o i l C o n d i t i o n s and 
T h e i r Inprovement 

O r U n d A u x i l i a r y ^ l e l d , A-1 

Low l y i n g areas may cause l o c o l d r a i n a g e problema 
Hummocks end low r i d g e s need l e v e l l i n g Compaction 
l i k e l y t o be more s u c c e s s f u l w i t h loaded h a u l i n g 
equipment end t r a c t o r s than w i t h sheepafoot r o l l e r 

F a i r f i e I d - S u i A u n A i r p o r t 

Capay loam 

Cepay a i l t y c l a y 

O l c o t t f i n e sandy 
loam 

A n t i o c h f i n e sandy 
loam 

Solano f i n e aandy 
loam 

Drainage, ond e l e v a t i o n o f grade l i n e necessary 
Clayey, p l a s t i c s u b s o i l i n t e r f e r e s w i t h d r a i n a g e and 
forma i n f e r i o r subgrade I n s u l a t i o n o f base courae 
a g a i n s t upward water movement i s d e s i r s b l e 

N a t u r o l d r a i n a g e o f t h i s S v y i l tyoe i s poor and s o i l 
q u a l i t y f o r subgrade us^ i s d i s t i n c t l y i n f e r i o r S o i l 
r e q u i r e s d r a i n a g e , grade l i n e should be r a i s e d , and 
s t r i p p i n g and replacement w i t h s u i t a b l e aggregate are 
d e s i r a b l e f o r heavy l o a d i n g 

Surface d r a i n a g e i s f a i r t o good but low p e r m e a b i l i t y 
o f p l o s t i c c l a y h o r i z o n s s e r i o u s l y r e s t r i c t s i n t e r n a l 
d r a i n a g e May r e q u i r e l e v e l l i n g f o l l o w e d by removal o f 
the c l a y h o r i z o n where exposed i n c u t 

F i n e - t e x t u r e d , c l a y n c h h o r i z o n i n second and t h i r d 
f o o t commonly causes a boggy, muddy c o n d i t i o n d u r i n g 
r a i n y season Adequate s i d e d r a i n a g e o f s t r i p i s 
e s s e n t i a l , s t r i p p i n g and r o l a c e m e n t o f upper 3 f e e t nay 
be necessary Grade l i n e e l e v a t i o n i s d e s i r a b l e 

Drainage c o n d i t i o n s are very poor and problems o f 
improvement f o r c o n s t r u c t i o n are s i m i l a r t o those 
g i v e n f o r the A n t i o c h f i n e sandy loam 

K i n g s b u r y A u x i l i a r y F i e l d , A-1 

Merced Sandy loam Land i s l o w - l y i n g and r e q u i r e a d r a i n a g e , water pene­
t r a t i o n 18 r e t e r d e d by compact h o r i z o n o t depth o f 
about one f o o t from s u r f a c e , which may cauae l o c a l 
p onding o f water Grade e l e v a t i o n i s d e s i r a b l e High 
sand c o n t e n t may i n t e r f e r e w i t h e f f i c i e n c y o f sheepa­
f o o t r o l l e r 

S t o c k t o n F i e l d , Mat "B" 

Sto c k t o n c l a y The l o w - l y i n g , p o o r l y d r a i n e d and f l a t p o a i t i o n oc­
cupied by t h i a a o i l type makes i t an u n d e s i r a b l e one 
f o r c o n a t r u c t i o n Very l i t t l e d rainage i s p o s s i b l e owing 
t o low e l e v a t i o n Compaction o f subgrade, e s s e n t i a l i n 
order t o improve b e a r i n g r a t i o , would p r o b a b l y be beat 
accomplished a t end o f r a i n y aeason Grade l i n e r e q u i r e s 
r a i s i n g A good q u o l i t y aggregate should be used i n t h e 
c o n a t r u c t i o n o f base courae t o p r o v i d e i n s u l o t i o n a g a i n a t 
upward water movement d u r i n g p e r i o d o f h i g h water t a b l e 
l e v e l 

Merced Army A i r f i e l d 

San Joaquin sandy 
loam 

Madera sandy loam 

L e v e l l i n g r e q u i r e m e n t a are l i g h t , except l o c a l l y owing 
p o s s i b l y t o m i c r o - r e l i e f which may be conspicuous on the 
San JoaqniD aandy loam Clayey s u b s o i l l a y e r s h o u l d be 
s t r i p p e d , p a r t i c u l a r l y where i n t e r a e c t e d by grade l i n e 
Hsrdpan, found a t depth o f 3 t o 5 f e e t , i n p l a c e a deeper, 
a e r i o u s l y i n t e r f e r e a w i t h f r e e underdrainage d u r i n g wet 
season, and may r e q u i r e b l a s t i n g f o r d i t c h e s and b e f o r e 
g r a d i n g 
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Table 3, based on s e r i e s and type 
descriptions i n the s o i l survey reports, 
states what construction problems may be 
expected at each o f the a i r f i e l d s i t e s . 
The statements are the r e s u l t o f i n t e r ­
p r e t a t i o n s o f ground c o n d i t i o n s as i n ­
fluenced by topography and s o i l p r o f i l e 
c h a r a c t e r i s t i c s . 

EXAMINATION OF RESULTS 

Whereas standard engineering s o i l tests 
made according t o accepted A.S.T.N, and 
A.A.S.H.O. methods i n the U. S. Engineer 
Sacramento D i s t r i c t Laboratory, and con­
s t r u c t i o n experience gained by engineers 
i n the f i e l d , p r o v i d e the c r i t e r i a o f 
r e l i a b i l i t y f o r the estimates i n Tables 
2 and 3, Table 4 has been prepared as an 
aid to comparison between these estimates 
(part A) and actual determlhations (part B) 
and as a basis f o r c r i t i c i s m of the i n t e r ­
pretations. 

Examination of Table 4 leads t o these 
conclusions: 

(a) S o i l p r o f i l e d e s c r i p t i o n s w i t h 
respect to depth, thickness and t e x t u r a l 
c h a r a c t e r i s t i c s of horizons as contained 
i n the s o i l survey reports were, on the 
whole, confirmed by the samplings l a t e r 
made m greater numbers by the engineers 
d u r i n g t h e i r f i e l d c o l l e c t i o n o f t e s t 
samples. Those d i f f e r e n c e s which were 
observed can probably be a t t r i b u t e d t o 
s o i l heterogeneity w i t h i n the type which, 
owing t o scale l i m i t a t i o n s , could not be 
shown on the published s o i l survey maps. 
Where unmapped s o i l differences do occur 
i t I S e v i d e n t t h a t the estimated s o i l 
p r o p e r t i e s may be i n disagreement w i t h 
those a c t u a l l y discovered by the engineer­
ing study. Some such instances were found 
i n the present study. 

Engineering p r a c t i c e d i f f e r s m the 
use o f names d e s c r i p t i v e o f the ' g r a i n 
s i z e ' p r o p e r t i e s o f s o i l m a t e r i a l . The 
engineers' and the s o i l surveyors' termin­
ologies are not always so s i m i l a r as might 
be suggested by comparing the naires i n the 
s o i l type column (part A) and the ennineer-
ing name column (part B) of Table 4. 

(b) Qose agreement was obtained be­
tween estimates o f c l a s s i f i c a t i o n symbols 

and t h e i r determination based on engineer­
i n g laboratory measurements. 

(c) Cxmparisons o f estimated and de­
termined numerical ranges m p l a s t i c l i m i t s 
and p l a s t i c i t y indices, respectively, show 
good agreement. 

(d) Estimated values of bearing r a t i o s 
a t optimum compaction were, except f o r 
the s o i l s o f the Stockton and Kinsbury 
l a n d i n g s t r i p s , much lower than those 
obtained m the engineering laboratory. 

The discrepancies may be explained i n 
part by the fact that lower bearing r a t i o 
magnitudes have been assigned to the v a r i ­
ous engineer s o i l categories i n the tech­
n i c a l manual o f the a v i a t i o n engineers 
(21) than have been observed t o p r e v a i l 
i n many o f the medium and coarser grained 
C a l i f o r n i a s o i l s , and also t o the use 
of a s l i g h t m o d i f i c a t i o n i n procedure i n 
the more recent bearing r a t i o t e s t s . I t 
i s most s i g n i f i c a n t , however, that s o i l s 
t h a t appeared t o be the most s u i t a b l e 
subgrade m a t e r i a l s as ju d g e d by the 
estimated CBR values were a c t u a l l y found 
to be the most suitable materials f o r t h i s 
use when considered on the basis o f values 
determined i n the engineering laboratory. 

(e) Hie conditions and predicted con­
s t r u c t i o n problems, arranged i n Table 3 
by s o i l types and a i r f i e l d s , were w e l l 
supported by experience at the time o f 
runway construction i n a l l cases but one. 
An unpredicted condition was found at the 
Merced runway where on the s o i l survey map 
onl y one s o i l type, San Joaquin sandy 
loam, was shown. I n places a complex of 
two types was a c t u a l l y found t o e x i s t , 
c o n sisting o f the San Joaquin sandy loam 
i n close association w i t h included, small 
bodies o f a c l a y - r i c h s o i l type occupying 
shallow depressions. Ihe surface of t h i s 
included s o i l that had to be removed during 
c o n s t r u c t i o n owing t o i t s low b e a r i n g 
r a t i o . Because o f t h e i r small size the 
areas o f the depression type could not 
have been shown on the reconnaissance s o i l 
map. 

SUMMARY AND CONCLUSIONS 

In order to determine the value of s o i l 
survey reports i n the s e l e c t i o n and pre-
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TABU 4 royPARISGN CF ESniUTED AND DCnitHINED ENGINEERING FTOPEBTICS OF SOILS AT UNDIIC SlfllP SITES 
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l i m i n a r y assessment o f a i r f i e l d s i t e s , 
estimates were made of the engineering 
p r o p e r t i e s and c o n s t r u c t i o n problems o f 
c e r t a i n s o i l types i n centra] C a l i f o r n i a , 
upon which a i r f i e l d runways had been 
constructed f o r Army use. 

Hie estimates were undertaken without 
knowledge o f the r e s u l t s o f t e s t s made 
upon the s o i l s i n the U. S. Engineer 
Laboratory and depended e n t i r e l y upon 
published U. S. Department of Agricul t u r e 
and U n i v e r s i t y of C a l i f o r n i a s o i l survey 
r e p o r t s , U. S. Geological Survey topo­
graphic maps, and l i t e r a t u r e i n the f i e l d s 
o f s o i l p h y s i c s and mechanics. The 
engineering l a b o r a t o r y r e s u l t s , c l a s s i ­
f i c a t i o n c a t e g o r i e s and c o n s t r u c t i o n 
experience were then examined f o r the 
purpose of comparing them with, and evalu­
a t i n g , the independent i n t e r p r e t a t i o n s and 
estimates which had been made. 

The estimates and laboratory examina­
tio n s included engineers' c l a s s i f i c a t i o n 
categories as used by the Corps of Engin­
eers and the Public Ftoads Administration, 
expansion, shrinkage and p e r m e a b i l i t y . 
Numerical estimates were made only f o r 
ranges i n values of p l a s t i c l i m i t , p l a s t i ­
c i t y index and bearing r a t i o , f o r which 
three p r o p e r t i e s , as well as f o r expan­
sion and shrinkage, q u a n t i t a t i v e measure­
ments had been made i n the engineering 
laboratory. 

Agreement between estimates and deter­
minations was close f o r a l l p r o p e r t i e s 
except ranges i n bearing r a t i o but, despite 
discrepancies m magnitude, the r e l a t i v e 
p o s i t i o n s o f the s o i l s w i t h respect t o 
t h e i r b e a r i n g r a t i o s were s i m i l a r and 
conclusions concerning the s u i t a b i l i t y o f 
the s o i l s f o r subgrade material were the 
same whether based upon e s t i m a t e d or 
laboratory values. There was also found 
t o be close agreement between the estimated 
and experienced f i e l d c o n s t r u c t i o n pro­
blems. 

I t I S concluded that the proper i n t e r ­
p r e tation of the information contained i n 
a g r i c u l t u r a l s o i l survey r e p o r t s can'be 
used to e x c e l l e n t advantage i n the s e l ­
e c tion and preliminary assessment o f s i t e s 
p r i o r t o engineering construction. I t i s 
evident that the best that can at present 

be expected i n the estimate of engineer­
in g properties of s o i l s i s a q u a l i t a t i v e 
expression or, f o r c e r t a i n properties, a 
correct range i n numerical values. There 
I S no sub s t i t u t e for a deta i l e d engineering 
survey of the selected s i t e and appropriate 
sampling, with due regard t o e x i s t i n g s o i l 
maps, s o i l types and known c o n d i t i o n s , 
f o l lowed by engineering 1 aboratory measure­
ments and investigations aimed at r a t i o n a l 
design. 
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SCHIST AND 
DARI COLORED 
ROCXS 

CRATISH TELLOl 
fO 
LIGHT CRATISD 
BROVN KEUOl 
LOAH on SANDT 

TELLOIISD BROVN 
TO LIGHT RCmiSB 
BROIN FRIABU 
FINE SANDT CUT 

TELLOl OR BROINISB 
TELLOl FINE 
SAKDT CUT LOAH 
KITTLED IITH BBOn 
ISH RED AND TELLOl 
SPOTS 

I 
CNAlISn TELLOl 
on LIGHT CIUTISH 
TEILOI UELLOl 
rlKF SANDT LOAH 
on LOAH A 
VILLOl FRIABLE 
FINE SANCY CUT 
B IITH SHALL m m 
SOFT noa FRACHENTS 
DROINISH TELLOl 
FRIABIE SANDT CUT 
LOAU 

FROM SAKDSTOKE SHALES SLATES 

DULL TELLOl 
PUSTIC 
CUT B 

BEr- CUT 
LOAi. A 
5IIAI LOI 
DEEP RED 
on HAROON 
RED FPIABLE 
CUY B 

L i a n BPOiN 
GRAYISH 
YELLOl on 
BROINISD 
YELLOl 
UELLOl 
CREASY LOAU 
OR SILT 
LOAb A 

HICACEOUS 
CUT B 
(ABOIT 1) 
SO i<f niicK> 

GRAYISH 
TELLOl OR 
BBOlSia TELlOl 
SILT LOU. A 
IITH A GREENISH 
CAST 

TELL0II5H BROIN 
OR RmilSD 
BROIN nilABLE 
SILTY OAT D 
IITR KIHEROUS 
SHALL FRAGMENTS 
OF BUCK HICA 
SailST 

LIGHT CPAT 
TO TELLOIISH 
CRAT on PAI E 
TELIXI SUTT 

BROINISH 
TELLOl HEAVY 
CUT B 
(OFTEN NOT 
OVER I I IN 
DFrJ) 
SHALES on 
OUARTIlTTt 
(OTHERIISE 
SIVlUn TO 
HALEIOCC) 

-AND yURTIITE -
PURPLISH OR 
INDIAN REP 
UELLOl 
FRIABLE SILT 
LOAL A 
PLRi Lisu on 
INDIAN RET 
SLICnTLT 
STIFF SILTT 
CUT R 
DFCCUWiED 
Pt'RPLISH 
SIlAll C 

BROIN 
HEUOl 
FRlADLF 
U(AH OR 
FINE SA.NDT 
LOAL A 
BBWNIsn TO 
(MAI K H BROIN 
nil ABLE SANDT 
LCAH LOAU on 
SILT^ CUT 
LOAk D 

R>!DDISH BnOlN 
HOCERAIEL) 
FPIAtLE QJIT 

DARI BnOIN TO 
MCDISII BPOIK 
ULUOl FHIABLE 
SIIT LOAI A 

RFDOISH imuiN 
I MB SPOTS OF 
TELLOtISH ErOlN 
FRIAPIE SILTT 
CUT LOAH B 

HIAIA5SEE 
(FORLERLT INauOrO 
IITH CrClL) 

L i a r r BROIN 
TO CRAnSH 
BPOTN FINE 
SANDT LOAH A 
BTD TV LI a n 
RED STlCkT BUT 
DRITTU CUT B 

I 
LtCin GRAY TO 
CfUTISU TELLOl 
UELIBI >11IABLC 
FINE SANDT 
LOAH A 
PALE TELLOl TO 
TELLOl UELLOl 
FRIABLE SANDY 

(CONTAINS SOLE HICJUXAT OR FINE 
FLAKF!) SANDY CUT B 
r m SANDT riAT DECOHPOSEC 
MIXEIl IITH Cl'ARTZ Pl'RPLISH SHALE 
PEBBIES C OR CTAVEL C 

FBOL ALLUVIl 
COU.UVIAL i 
( 

VARIABLE 
IN COLOR 
AND TEXTUrE 
USUALLT BROVN 
TUPSoiL laoni. 
UIH BT GRAVEL 
AKD lATER lOn-l 
Roots CIT 
IA5H MATERIAL 
FROH HIGHER 
AREAS lET 
SPOTS ARE 

LIOIT GRAY 
TO REDGIsn 
AMI BROKi 
FRIADLE 
HELUn FINE 
SANDT LOAU A 
(L-SUALLY STONl) 
PALE TEILOI ID 
BROIN SLICHTIT 
OOUPACTED FINE 
SANDY CUT B 

CHAT TO 
CTJ^TISH 
TELLOl 
HELLCl PINT 
SANDT LOAH 
OR LOAH A 

TELLO* 
FRIABLE 
FINE SANDT 
CUT B 
I I 40 
INCHES DEIP 
LIGHT (aUT 
STIdT FINE 
SANDY CUY 
on P I P E 
CUY-

HIGHPAY BESEARCH BOARD 
BULLETIN NO I t 
L D HICKS PAPER 

STCFP MOUNTAIN 
SLOPES on nOLCi. 
AREAS i m URGE 
BOCLCERS AKP CL1 
11 Til NL-vtnous 
m c i OLitnoPS 
TOO SkAU TO HAP 
AS ROCA CIPOSURE 

1 Him 
AREAS EROTCr AND 
GULLIED BETORD 
RECUIHIRT FOR 
ACRICLLTLRAL 
PURPOSES A SOIL 
CONCITIOR RAT1IEI. 
tHAK A SOIL TIPI 

ARUS OF ROCK 
OUTCROP TOO SHALL 
TO BE HAPPED BUT 
IKDICATED ON COUKTT 
HAPS BY STHBOLS 
SUPERIKPOSED ON THE 
SOIL HAPPED IN THAT 
ARE* 

ROUCn STDNT LAKD HLTIUTTX AREAS ROa OUTCROP ROd EXPOSURE 




