SNGINEERING OLASSIFICATICN CF FEDCLOGIC 3CIL CROUPS
IN ¥NOX OUUNTY, TENNDSSLE,

FOR RESIIENTIAL HCUSING

oy

_. danashandran

[N}

Thesis submitted tc the Graduute Faculty of the
Virginia Polyteehnic Institute
in candidacy Tor the degree of
MASTER CF SOIENQE
in

Civil Engineering

May, 1962

Blacksburg, Virginia



I. TuBLsE CF CCUTENTS

Ii, ILIST CP TABLES ¢ o o o s s ¢ ¢ o ¢ 5 8 ¢ 2 o »
IIT. INTOCTHOTICON o o o o o 8 o o ¢ 2 s s o o o & o
IV. ZARTH MATTLALS Ti7 (NG CLUNTY, TLINESS.LE. o
V. dL I ’J T..U.LI (4: J\ALI‘ZTY J':—ILS. * o o 3 @
VI. f'.‘.Tﬁ“_I’.w AJ:D ’:THOD&?)- ® ¥ ¢ ¢ 5 o & & ® B 0 @
VII, RESULTS ¢ ¢ 4 ¢ s o o 6 ¢ o 5 0 o 8 o s o o o
VIII.DIS“U'BS:'.W....-c;n-ooc--no-.

Problems cof lesidential Heusing iAsscolated
vith 5011 Oonditions o ¢ o v o ¢ ¢ o« s ¢ o o

Knox County Soiles in Relation to Residential
HouSing.o.-.-...-.....-..

I X. SCTYSLUSI GIS L ] » . L] L] L] * L 4 L ’. * * L * L *

?I?LI%R‘IEPHYAQ-ooo.aoocoo.;oo

*
&
L

}'I.‘LSKNOLJ_\,& si...‘.....'...ll

}:II. IIL¢X a = L) ® o o » " s = - ¢« ® s & @ @ [

& B

N

A\S.]



II. LIST OF TABLES

Table

1.

8

Soil Series of ¥Knox Qounty, Temnessee, Classified by
cnd Footors that Have
Contrituted to Differences in Soil Morpholopy o ¢ » o o &

Soil Orders und (reat Soll Croups,

Engineering Characteristics of Some 3~Horizon 3oil
Haterinls in TonNoS8€E o ¢ ¢ o o o ¢ o« s 8 5 o ¢ 6 5 o

503l Sc'mpleﬂ fron Inex: cmty « ¢ s 6 6 s * 5 5 B 8 e 8 o

ittervery Limits of Ynox Gounty, Tenmnecsee, Soil Samples.

Terticle Size Blribubtion o« o o o ¢« 2 ¢ o o« ¢ ¢ ¢ o o »

Swell Index of Knox County, Termessee, Soll 3Jarples o o &

Rating of 3o0ils ol ino:: Jounty, Tcnmessee, “ccording
to Suitabllity for Housing ¢ & & 5 % 8 b b s s e e 6 s b

Oriteria for Suitability Rating of 3oils of Knox County,

Tennessze, {or Resilential Housing

* @

» . L] » . L L L 4 [ ]

Fage

11

19
25

27
32

k9



III, INTRODUCTI(N

One of the impertant factors that govern the performance of struo-
tures is the scil enccuntered on the site. Heavy structures require
detailed subsurfuce exploration and testing to charaeterize the founda-
tion soil., Many advanoed technigues for such investigations have been
made and reported (Hvorslev, 1949). These advanced exploration methods
involve high costs. Such expense is prohibitive for most light struo-
tures, There is need, therefore, to obtain and make aveilable inexpen-
sive preliminary subsurface investigation deta covering broad areas,

It might be feasible to prosess for engineering purposes the informe-
tion contained in geologie and pedologie maps and reports that ecover
broad areas, In this way adverse site sonditions such as flooding,
frost astion, expansive and shrinlkage soils, and umsuitable sewage dis-
posal losations, whish are currently ceusing widespread failures (Henry,
1960) in residential developments, might more often be avoided. Pre-
liminary work (Byers, 1961; Krebs and Hunter, 1961; and Miles, 1961)
has demonstrated that it is possible to relate enginsering properties
of soils directly to pedologic classification by means of physioal tests
and field investigation and in that wey provide the inexpensive data so
badly needed to predist soil performance,

This study is concerned with the investigation of the feasibility
of obtaining adequate data on soils in large areas using United States
Department of Agrisulture reports and meps. These maps and reports dif-

fer from those commonly used in engineering. 8till, they may furnish
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valuable information to the engineer as to topography, geology, drain-
age condition, particle size distribution, consisteney, and depth to
bedrock from the earth's surfage, The USDA olassification system might
be adopted for initlal enginesering field identifieation, since it is
practioal to determins the engineering properties of soils in the USDA
mapping units. Then, the date on the engineering oharasteristics deter-~
mined for any one mapping wnit ocsourring in any one area might later be
used in other locations for whigh pedologic maps are available.

For this investigation, field and laboratory studies were made on
soils from Knox Oounty, Tennessee, where large amounts of sonstruction
activity is going on. Here, there is the advantage of the availability
of an agrieultural seil survey report and detailed map with a detailed
desoription of each soil type in the county, On the basis of this in-
formation, tentative deoisions were made on important soil engineering
problems in the area, Subsequently, field investigation was conduoted
during November, 1961, with the aid of soil scientists and engineers
from Virginia Polyteshnis Institute, soll scientists from the Soil Oon-
soervetion Bervice and the University of Tennessee, and engineers froa
the Federal Housing Adeinistration. Soll samples were taken for such
laboratory testing as the determination of grain sigze distribution,
plastieity, and the expansive character of the soils., Finally, the
various soils were assigned to definite engineering suitability cate-
gories on the basis of the literature, field, and laboratory studies,
Methods of transferring this information to maps that oan be easily
read have tesn published (Hunter and Xrebs, 1961; Moultrop, 1961).



IV, EARTH MATERIALS IR KNOX QOUNTY, TENNESSER

Knox County is in the eastern portion of Temnessee, The rook ex-
posures are chiefly dolomitic limestons and & complex of limestones
and shale derimsd from sediments of the Cambrian, Ordovicien, and Si-
lurian systems, Tie rock formations are severely faulted and folded.
Most of the rugged ridges in the county consist of interbedded sand-
stone and shale and caleareous sandstone., The extensive valleys have
formed in soft shale and argillacscus limestone,

The total ares of the county is approximately 515 square miles,
The generzl slope of the land is predominantly rolling and hilly, dut
thers are some stesp and rugged sreas. 3oils on uplands compose 76 per-
sent of the oounty, 14 persent of the soils are on alluvial foot slopes
and along drainageways, and stream terracet ocoupy 35 percent and first
bottoms (recent floodplaine) 7 percent of the scunty. The larger pleins
are alluvial, lylng along the Tennessee, French Broad, Holston, and
Olineh Rivers., The first bottoms lie as nerrovw strips elong stream
channels., The stream terraces range from 15 feet to 140 feet above the
adjacent bottoms, These terraces lie as dissontinmuous aress near large
streams, The alluvium &long the river sourses is goperally a mixture
of materials derived from shale, limestone, and sandstone. The scils
in the uplands have formed over high grade limestone, oherty limestone,
clayey or argillaceocus limestone, ealecarsous shale, interbedded shale

and limestone, ozloarsous sandstone, and aeid shale,



About 20 per cent cf the cocunty has a steesp slope of more than 25
per cent, lying lergely in uplands, In other upland areas, the slope
is undulating to steep. Undulating and rolling terrain is found on
stream terraces, on foot slopes, and along drains, Soils on first bot-
toms are nearly level, Soils having a depth from the surface of more
than five fest to bedrock oecupy 57 per cernt of ithe sounty, soils with
a depth of 18 inchee to five fest to rock are in 14 perocent of the coun-
4y, and 22 per cent of the ocunty has a depth to baedroek of less than
20 inches, The drainsge system is well developed bescause o the high-
ly disseoted terrain, However, impeded drainage ocours in some amall
tracts along drainmageways, first bottoms, and on the floors of scme
geologle sinks (U.S.D,A., 1955). Topography exerts a strong influence
on the thickness of the weathered re#idinm overlying bedrosk and on the
abllity of surfmoe water to ponetrate the rock strata,

The properties of the westhered residuum overlying the relatively
soluble limestone in Knox Oounty vary videly, depending on vhethsr the
limestone is shaoley, sandy, or cherty. The scil may be very high in
olay in the sage of o high grade limestone, high in silt in the case
of a shaley limestone, sandy in the eass of limestons high in sand, and
cherty or sobbly in the ease of a cherty limestone., In asddition, the
depth to bedrook or gsound underlying substratum mey be highly wariable,
Solution chammels and cavities tend 4o develor in the highly oalearscus
rosks Sucsh development is usually ascelerated along natural joint or
orack systoms in the rooke. This leads {c the development of substential

cavities, which, if eaving from the surfuce occours, may beecme sink



holes. BSuoh eavity and aink development is noat extensive in valleys
and on nearly level areas vhere the infiltretion of water tends to be
grectest,

Sandstone ia usually the most resistant of the sedimentary rocke
in nmid areas, Thls seems to hold true for Knox Oounty in most plaees,
The weathered residuum that dovelops over the intaet roek is predominant-
ly sandy soil. The presence of appresciable quaniities of shale tend te
make the residuum moro fine-grained, The depth of the s0il derived from
sandstone in Knox Sounty normelly does not exceed ten feet. The sub-
strotum is generally relatively high in permeability.

Shale often weethers to moderately plastiec silty slay, but in Knox
County there are wvaristions in scil character depending on variations
in the oharactor of the shele bedrotk, VFhere salcsrecus material is
associated vith the shale, the soils tend to be mcre plastie, UHhere
the shele is sspecitlly intaet, the depth of veethering is not greet
and the soil tends to contain large amounts of ehale fregments, £ rote-
vorthy feature of shale is thet mmch of ite constituent rerresents the
end produet of & previocus wenthering eysle, Henos, chemioal veathering
is often rot as important in its breskdown as mechanioal disintegration,
This disintegration tends to occour most easily along bedding planes so
that pleanep of weaknces develcp nezr the surfsoe of the rosck, vhere
these are assosinted with lenses of plastie clay, whish may develop
from ergillasecur limestone in the case of interbodded seodimonts, the

instebility of the ~lanes of wealkness iz augmented, Aesordingly,



interbedded limeatone and shale mey partially weather to rroduse dane
goerous engineering situations, espeeislly where the individual beds

are thin,
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Ve OLASSIFICATIN OF KNOX COUNTY SOILS

Most of the available literature soncerning Knox County soils re-
lates to their pedologlc elassifications This clessification is basio
in that it reflects such soil-forming factors as geology, topography,
age, and climate. In as much as olimete and vegetation are rolatively
uniform throughout the sounty, their ocontribution to seil differences
is slight at best, but geology, topography, and age have had much to
do with goil diff'erenses, This is shown in Table 1,

The pedologic olassifieation of the soils in Knox County divides
them into three main groups, zonal, intrazomal, and agonel, depending
on the nature and smoumt of pedologle profile development shown., Zomal
soils are eonsidered as meture soils in equilibrium with their environ-
ment, They charasteristically have well differentiated soil profiles
and horizons, Zonal soils differ in nature from one olimetlic zone to
another, but within any one zone, a partioular type of zomal soil may
be found over a large aree where the land is well dreined, but not too
steep, Intrazonal scils have well developed profile sharasgteristios
resulting from and limited by the influsnce of some loocal faetor such
as relief, water tadle, or parenmt rock type. They are usually local in
osourrence, Azonal soils are relatively young and refleot pedologiecal
soil-forming processes in their profile to & minimm degree. Again,
some local fastor such as steep, erodabdle slope, or periodic flooding
end sedimentation has inhibited their development and widespread osour-

encd.,
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TABLE 1

S0il Series of Knox County, Tennessee, Olassified by Soil Orders and
Great Soll Groups, and Festors that Heve OJontributed to Differences
in Soil Morphology*

ZONAL

Great Soil Group

and Series

Relief

Parent Material

Time

(1)

Red-yellow
Podzolios

Decatur
Dewey
Bolton
Fullerton
Talbott

Farragut

Sequoia(a)

Oumberland
Etowah

Waynesboro

Rolichueky

Undulating to hilly
Undulating to steep

Rolling to steep

Undulating to steep

Undulating to hilly

Rolling

Residium(®) veathered
from -

High grade limestone Long

Arsnaeous limestone
or limestone with
sandy beds

Moderately cherty
limestone

Moderately argilla-~
csous limestone

High grade limestone
over shale

Interbedded shale
and limestone and
calcareous shale

Mixed general alluvium
strongly influenced by =

Limestone

| §
Shale, sandstone
end limestone

Medium

Long
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TABLE 1 (oont'd)

ZNAL
Great Soil froup (1)
and Series Relief Parent Material Time
Looal alluvium chief-
ly from -
Alooa Undulating to Tellico soils Medium
rolling to long
Residuum weathered
from -
Bland(5) Rolling to steep Dusky-red shaly Short
limestone to long
Tellico(3) bl Qalearecus lime- »
stone
Olarksville . Oherty limestone long

Mixed general alluvi-
um derived largely
from -
Sequatchie Undulating to Sandy rocks Medium
rolling
Oclluvium and loocal
a&lluvium chiefly
from -
Jefferson . Muskingtm and Lehew Medium
soils to long

Leadvale . Dandridge, Armuchee, Long
Litz, Sequois,
Montevallo, Muskin-
gun and Lehew solils

Residuum weathered
from -
Oolbert(j) Undulating to Argillaceous lime-~ Short
hilly stone to long

INTRAZQGHAL

Plancsolsa: Mixed alluviuwm strong-
ly influenced by -
Wolftever Undulating to Limestone, shale Long
rolling and sandstone
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TABIE 1 (oont'd)

- INTRAZURAL
Great Soil Spour (1)
and Series Relief Parent Material Time' ’
Guthrio(h) Nearly level Chiefly limestone Very long
Tyler . Chiefly shale "
AZBAL
Alluvisal scilse:s (feneral alluvium,
strongly influenced by-
Huntington Nearly level High grade limestone Very short
Roane . Cherty limestone \J
lindside . Limestone »
Congaree Nearly level to Micaseous rooks .
very gently un-
dulating
Chewaelsa Nearly level . \l
Staser Rearly level to Chiefly shale *
very gently un-
dulating
Bamblen Nearly level ' .
Loeal alluvium chiefly
from -
Emory Undulating to Decatur, Dewey and Very short
rolling Farragut soils to long
Greendale i Fullerton and "
Clarksville soils
Camp Gently sloping Bland soils "
to rolling
Abernathy Rearly level Decatur, Dewey and Very short
Farragut soils
Ooltewah » * .
vhitesburg Undulating to Dandridge, Armuchee, "

rolling Iitgz, and Sequoia
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TABLE 1 (oont'd)

AZQVAL
Great 80il Gromn
and Series Relief Parent Material Time(1)
Alluvial soilss Looal alluvium chiefly
from -
Qctaco Undulating to Muskingum, Lehew and Very
rolling Jefferson soils short
Neubert Undulating to Tellico soils ¢
rolling
(5)
Melvin Nearly level limestone Short
Prador(s) " Shale »
lithosolss Residuum weathered frome
Armuchee Hilly to steep Interbedded limestons Mediwm to
and shale very short
Dandridge . Oaloarecus shale .
Lite . leached shale "
Montevallo Undulating to Aeid shale Short to
steep very short
Muslkingum Hilly to steep Chiefly sandstone Medium to
vory short
Lehew \ Dusky-red sandy shale *

* From UOSQDOA.’ 19530

(1) The length of time that the meterials have been in place as
indicated by the degree of profile development.

(2) The Sequoia profile is partly within the range of red members
end partly within that of the yesllow members,

(3) These soils are relatively shallow to bedrook, have weakly dif-
ferentiated or thin B-horizons, and are considered, therefore, to be

intermediate between zonal soils and azonal lithosols,

quently described as being lithosolis,.

They are fre-
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TABLE 1 (eont'd)

(4) Some of the Guthrie soil as mapped in Knox Qounty classifies
as alluvial soil with a gley horizon,

(5) These soils have gley horizons., Under recent rafinements in
classifiocation, they would be classed as Low Humic Gley 'soils,

{a) Residuums are materials that have been weathered or developed
in plase. These materials have not besn moved from their original
position.

(b) Alluvium is sand, mud and other sediments deposited on land
by streams,

Colluvium is a mixed deposit of roak fragments and ccarse
soil material near the baees of steep slopes and deposited by gravity.
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Podzolie soils are gzonal soils that have developed in temperate,
humid olimetes under the influence of forest vegetation. They are nor-
mally well developed in a pedologic sense and well drained, The red-
yellow podzolioc members of the podzolie group consist of organie top=-
soil and a thin, slightly bleached layer forming the so-called A hori-
zon, with red, yellow or yellow-red clay and silty clay below forming
the 3 horizon, and deep weathered fine-grained soil below forming a
so-called C horizon., Although eclay is common in such soils, it is gen-
erally considered to be kaolonitioc and therefore not highly plastis in
nature (U.S.D.A., 1938).

Planosols sre intrazonal soils in which cettain soil horizons are
abruptly separated from edjoining horizons and Torm “clay pans®. A
*pan® is a layer or horizon of soil that is firmly oompacted or marked-
ly rich in clay. Planosols are usually light in color and ocour on
nearly level upland surfaces under grass or forest vegetation in mumid
areas, The individual soil horizons are more dense or compact than in
the cuse of zonal soils. Planosols are usually moist with B horizons
of plastie clay oontaining little pore space.

Lithosols are azonal soils without any clearly developed soil
horizons. The soil material consists of fresh or imperfeoctly weathered
rock fragments eontained in & loose metrix of finer materiesls. They
ere oconfined largely to steep slopes and are subjected to geologie
erosion dus to their precarious topographic positions As 2 result,

soil material is removed from the surface of the profile at least as
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quickly as weathering and soil-forming processes allow it to accumulate.
One may think of such solls a&s being young in a pedologic sense,

Alluviel scils sonsist of materials derived from the transporte-
tion and deposition of sediment by water. The soils characteristically
receive new layers of material during each successive cyele of flood-
ing and sedimentation, which may be as often as annually, Hence, allu~
vial soils are recent or young in age and possess little discernable
profile development., They are generally found along the recent flood-
plains or first bottoms of streams, in depressions, and, with the very
simtlar recent colluvium, along intermittent drainageways.

The Uniied States Dépurtment of Agriculture Soil Conservation Ser-~
viee publishes maps and reports that provide informetion on soils frem
the agricultural point of view, with partioulear emphasis on pedologie
classification. Preliminary attempts to use this available pedclogie
informetion for engineering purposes have met uith some success,

Bealth offieials and the Pederal Housing Administration have drawn upon
the agricultural information for help in the loceation of individual
sewage disposal systems, The need for this and further engineering
use of this informetion is increasing, Reocognizing this, the Soll Con-
servation Servisce (S08) is now ineluding = chapter on the engineering
properties of the agricultural soil units in their reporte. Oertain
of these soil units, called series, have been tested for engineering
classification (U.S.D.A., 1959, 1961, and FHA, 1959), In addition, for

Knox OQounty, Wright (1960) conducted engineering tests on the Sequola
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and Decatur series., His conclusions, however, relate to highway enpgi-
neering and are largely negative., Unfortunately, the 208 report for
Knox CJounty contsins no chapter on soll engineering propertiea,

Of particular significance to defining the engineering properties
of Knox County soils are recent agricultural reports of adjacent coun-
ties. Two of these, the Blount and Loudon Qounty reports (U.S.D.A.,
1959 anl 1961), oontain engineering data cn many of the soil mapping
units leseribed as occowrring in Knox Counly as wells Although these
date sre mainly oriented toward highway engineering, in oertain re-
9p§cts they present valuvable general information such as slassification
agcording to the Unifled Systemx and Atterberg limits end indices., The

dats are summerized for the B nhorizons ol ithese 30ils in Table 2,



19

TABLE 2

Engineering Characteristiocs of Some B-Horizon Soil Materisals

in Tennessee*

CGounty Swell or
vhere Unified Shrinkage
Series Sampled Classifieation Lele Pols Potential
Oolbert Loudon MH 69 27 Very high

MH~OH 86 50 .
MH-CH 80 Ly .
Decatur " CH 62 35 High
MH-OH 83 4o .
MH 57 2 "
Blount oL 47 28 w
Dewey " oL 34 15 .
CL 38 20 b

Emory . oL 35 14 Moderate
oL 46 22 "
Farragut b V¥H-CH 54 25 High
Fullerton Loudon MH-CH 70 25 W
ML-0OL 48 22 e
MH-CH 64 33 "

Hamblen Blount cL 36 14 Moderate
Jefferson " oL 32 13 High
CL 24 8 .
Leadvale . oL 27 10 »
CH 63 4 '
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TABLE 2 (oont'd)

CQounty Swell or
vhere Unified Shrinkage
Series Sampled Qlassifigation _ L.L. P.1, Potential
Litz Blount MH-OH 63 31 High
ML-QL 32 8 .
Melvin v oL 35 16 ’
Sequatchie " oL 27 9 Moderate
Sequoia W oL 43 21 High
. MH-CH 74 40 "
' CH 29 33 '
Staser . 8K-30 26 6 Low
Talbott Loudon MH-CH 74 4 High
. OH 78 45 ’
. CH 86 51 .
Blount MH-CH 62 29 .
Tellioco . ML-OL 46 19 .
. MHE-OH 56 27 .
" oL 44 22 "
Loudon CL 36 16 w
» oL 38 18 .
. MH-OH 23 25 *
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TABIE 2 (eont'd)

Gounty Swell or
Where Unified Shrinkage
Series Sampled Qlassifigation  L.L. Dol Potential
¥aynesboro Loudon MH 68 29 Hgh
" ME-~OH 58 29 '
. MH-OH 52 23 .
Blount ML 46 16 .

* Taken from the Soil Oonservation Service Soil Survey Reports of
Blount (UOS.DOA.' 1959’)and Loudon (UosoD'Ao' 1961) Counties,



VI. MATERIALS AND METHODS

Field inveotigetions were conducted during November, 1961, with
the aid of soil and housing specialists, They centered on certain soils
of the eounty chosen as important on the basis of their gharacter and
widespread distribution. It was considered that soils agsociated ex-
clusively with alluvial materials and steep slopes could be ocategorized
acoording to their sultability fer residential housing without extensive
sampling and laboratory testing. Soils derived as residuum from lime-
stone, argillaceous limestone, interbedded shale and limestone, caloar-
eous shale, and calearecus sandstones were investigated in the field,
Inquiries were made with some homeowners in the area regarding eny dif-
fioculty relating to soil chsracter. Soil samples, generally of the B
horizon, were taken using auger boringe and road cuts, 8oil profile
study wvas made in road cuts and by examining shallow auger borings,.

Care was taken to sample only those soils considered by field scientists
as eapecially characteristie of partioular agricultural mepping units.
The pedologie scil names were adapted for their identifiocation in this
study in keeping with previous engineering work of this nature. The
80il esamples identified in Table 3 were proocessed for laboratory test-
ing.

The soil samples were air dried and secreened through a U.3. #10
sieve, ith all large aggregates being broken by hand and with a rubber
tipped pestle., Particle size distribution by the hydrometer method,

liquid and plastic limit by standard procedures, and swell potential
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TABLE 3
801l Samples from Knox County

Soil Sample
Sample No. (Series) Horizon
1 Fullerton B
2 Deoatwr B
3 Decatur o
4 Parragut B
5 Farragut 0
6 Tellioco :
7 Tellico g
8 Sequoia B
9 Colbert B
10 Devey B
11 Talbott B
12 ¥aynesboro B
13 Etowah B
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using the FHA PV0 device were then determined., Since the samples eon-
tained predominantly fine-grained materials, the hydrometer analysis
wvas adopted using 50 grams of soll, distilled water, and 1.5 grams of
calgon as a dispersing agent, The liquid and plastic limits were de-
termined on soil passing the 0 sleve and cured vith distilled vater
at approximotely the liquid limit for 24 hours. The Casagrande groove
ing tool was used for the liquid 1limit determinations. The PVQ (poten-
tial volume chonge) meter developed by Lembe (1960) was used to identi-
fy the swell potential of the scils. Air-dried samples were placed in
& oompaction ring in three layers, Each layer was ocompacted dynamical-
ly with an energy approximately corresponding to the modified AASHO
compaoction test, Distilled water was added through openings in the
compaotion ring until the soil mass was completely submerged in water,
The pressure exerted by the soil was recorded on a dial gauge at regu-
lar time intervals, The pressure exerted by the soil at the end of
two hours, oalled the “swell index" of the sample, was recorded., Pre-
cautions vere observed during the test to obtain an undisturbed result
frem the instrument, To help define experimental error, calibration
of the proving ring wvas made and tests were replicated for the Colbert
and Talbott soil sumples, both of which were considered es highly plas-
tic during field investigations. Iredell soil was used as a reference
material and wvas tested to check the instrument and general proscedurs
against results obtained by Lambe during their development. In general,

the procedure followed wes that given by Lambe (1960).
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VII. RESULTS

The results of the tests on Atterberg limits are given in Teble 4,
The limit values are influenced by the chemiocel and mineralogical com-
position of the scils, the size and shape of the soil particles, and
the amount and nature of the adsorbed water. Drying of the soils drives
off adsorbed water that is not completely regained upon vetiing, This
has the effect of making the limits values, particularly liocuid limit,
lower for air dried samples than for those held at field moisture con-
ditions, liquid limit correlates very closely with soil-vater adsorp-
tion and, henoe, the basic physiocal-chemisal properties of the soil
(Moore, 1960). The plasticity index helps in the estimstion of such
enginsering properties as permeability, toughness near the plastic lim-
it, dry strength, and swell and shrinkage potential of soil. The flow
index serves to help identify the cohesive charaster of a soil,

Table $ presents the particle size distribution data for the sam-
ples analyzed, This grain size analysis in combination with the Atter-
berg limits values 1s useful in the identification and elassificetion
of the soils and the determination of the activity ratio of the samples,
For this study the soils were classified eocording to the Unified Qlassi-
fication System as shown in Table 5, Skempton's grouping of soils on
the basig of their activity ratio into inactive, normel, ancd active
soils (Grim, 1962) was employed in this study. If the activity ratio,
vhich is defined as the plasticity index divided by the persent by

weight of the particles less then 0.002 mm. in effective settling



TABLE 4

Atterberg Limits of Knox County, Tennessee, Scil Samples

Sample Soil Series Horizon Liquid Plastie Plasticity Flow
Ly m e b
1 Fullerton B 48 4 2243 2240 3340
2 Decatur B 60,0 28.5 31.4 23,0
3 Deoatur 0 62,0 51.6 10.4 30.6
4 Ferragut B 66.0 32.4 33,6 14.6
5 Farragut 0 52.0 43 4 8.6 3040
6 Tellico 3 47.5 30.9 1645 21.5
7 Tellico 0 46,2 3048 15.3 6.0
8 Sequoia B 60,0 37.2 23.5 47.4
9 Jolbert B 69.8  38.7 31.0 654
10 Devey B 59.5 30.2 29.2 3540
11 Talbott B 85.8 5244 333 26.2
12 Yaynesboro B 48,5 33.8 15,8 10.5
13 Etowah B 39,9  25.4 b 17.6
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TABLE 5

Particle Size Distributiom

Sample Socil Series Horizon Partiole Size Unified Aotivity
No. Distribution # Olassification Ratio
S3end Silt CQlay System
1 Fullerton B 14,0 5.5 ho.5 oL 0.545
2 Desatur B 16,5 18.6 64,9 OH 0.486
3 Dagatur o] 11.0 18.7 70.3 MH 0148
4  Farragut B 12,0 24,3 63.7 CH 0,528
5 Farragut c 10,2 38.8 51,0 MH 0.182
6 Tellico B 30,0 29.2 40,8 ML 0.406
7 Tellioco o 36,2 21.2 42.6 ML 0.360
8 Sequoia B 22,8 27.6 49.6 MH 0.474
9  Oolbert B 12,5 27.0 60.5 MH 0.51%
10 Devey B 20,0 25.6 544 OH 0537
11 Talbott B 21,0 14,7 64,3 ¥H 0.524
12 Waynesboro B 47,7 16.2 36.1 ML 0.438
13  ZGtowah B 22,5 36.7 k0.8 ML 04353




28

dismeter, is leas than 0.7, the soil is considered as inactive, if
it is between 0.75 and 1.25, it is normal, and if it is greater than
1.25, the soil is thought to be very active. Active is used here in
the sense of gross changes in physical properties, such as volume,
wvith chenges in water content. Soils with lovw activity ratios tend
to have lov cohesion and strength due largely to internal friotiom.
Very active soils usually have a high water-holding capacity and a
high oation exchange ecapacity. Table 4 indicates that the soils of
this study range from lov plastic silts - Tellico, 4aynesboro and
Etowvah series - to high plastio elays - Decatur, Dewey and Farragut
series. The Sequoia, Oolbert, and Talbott samples are high plastic
silts, All of the samples fall into the category of incctive soils,
Olayey soils are subjected to volume change. The extent of
volume change that oan ocour depends upon 1) the amount and type of
clay mineral, 2) the initial density, 3) the change in moisture, &)
the load sonditions, 5) the soil structure, and 6) time. In the
PuaV.0. meter test, the soil is compacted in the equipment dynamioally
vith a 5.5 pound hammer with any one of the water contents specified

in the following table,

Yater Nominal Compactive Number of Blows per

Jontent Effort \1/ _layers Layey
Dry Modified AASHO 3 7-7-8
Moist J Modified AASHO 3 4
Yol Standard AASHO 1 5

(1) The plastio limit approximates optimum water sontent for
Standard AASHO compaotion. Decrease in water content requires
more effort to compaoct dry samples to the same density as wet
samples,
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Distilled vater 1s added through small openings in the equipment until
the scil is completely sovered with an enviromment of water. The soil
is subjected to an initial pressure of 200 psf. The pressure exerted
by the soil at the end of two hours is recorded. This pressure repre-
gents the “swell index" of the soil. The factors affecting the test
are 1) the fixing of the bolts of the soil container and the proving
ring {the bolts might take the pressure exerted by the soil if not
rigidly fixed), 2) unelean porous stones preventing esceape of air from
its pore space vhen the soil is subjected to an enviromment of water,
3) incorrect indications om the dial gauge, which must be calibrated.
The operational fastors are 1) variation in the density of the soil
Gue to improper compaction (soil tends to be compacted more &t the cem-
ter than at the edges), 2) the time required for adding water to the
soil mass, 3) erroneous readings of the dial gauge.

Lambe (FHA, 1960) suggests that excellent correlation exists be-
tveen 1) plasticity index and volume change, 2) heave and change in
volume, 3) heave and swell pressure, 4) swell index and plastiecity in-
dex, 5) swell index and volume change, 6) swell index and heave and
7) swell index and swell pressure, In all these cases it is observed
that the corrolatian exists only at lower ranges of swell index. No
doubt there is correlation existing between swell index and heave, but
that between swell index and plasticity index was not indicated in
the tests conducted on the Knox County soils, However, tests on a

larger number of samples might indicate & sorrelation between the
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plasticity index and swell index, in vhich case the plasticity index
would serve as a test to identify the swell potential of a soil,

A limitation existing in the use ol the equipment to indicate
the swell potential of a soil is the variation in the field moisture
content at which the soil occurs which is not reflected in the test
procedurs. A test conducted at a knowm moisture content might not
give the true character of the soil thet exists in.the field., Also,
the density of the soil in the field differs from that of laboratory
test density and the enviromment of soil expansion during the test is
not necessarily thet in the field, Expansion in the field is three
dimensional vhereas that of the laboratory is in cne dimension.

The eritical nature of a soil due to its potential volume change

is categorized by lLambe into four classes as shown in the table.

Swell Index (psf) P.V,.0, Rating Category

0 - 1700 0-2 Non-eritieal
1700 - 3200 2 -4 Marginal
3200 ~ 4700 4.6 Oritical

4700 £ 6 £ Very oritical

These ratings are based on tests conduoted on highly plastic clays
found to be responsible for extensive damage to structures, In this
study, they zare adopted to categorize the soil samples from Knox Coun-

ty on the basie of their estimated swell potential.



The swell index of each of the Knox Jounty soll samples is given
in Table 6, Also givem in thet teble are the P.V.0. values and rete
ings based on Lambe's (FHA, 1960) classification. The ratings sug~
gest that all the soils sampled are non-oritioal except Fullerton,
Farragut, Colbert, and Talbott, vhich fall into the category of mergi-
nal soils. The Talbott sample was near the eritical range, Valuca of
the swell index of Jolbert and Talbott samples varied about 30 per cent
during test replications. The swell index of the reference soil, Ire-
dell, wvas found to be in the very oritieal range., OJontrary to what
one might expest, the results suggest thet for Knox County, MH soils
hove a pgreater swell index than some of the OH soils. Lambe's sugges-
tion of a direct correlation between plasticity index and swell index
within & range of 0 to 35 for P.I. does not seem to hold for Knox

Countye
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TABLE 6

Swell Index of Knox County, Tennessee, Joil Samples

Sample Soil Series Horizon Swell Index TPVQ Vo Unified
Ho, psf value Rating Slassification
1 Fullerton B 1718 2.05 Marginal CL
2  Decatur B 1560 1,82 HNon-eritieal OH
3 Decatur o 2380 2,96 Marginal MH
4 Farragut B 1985 2.3 Varginal OH
5 TFarrsgut o 3010 3,70 Merginal MH
6 Tellico B 1013 1.05 Non-oritiosl ML
7 Tellico o 1620 1,89 Non-critical ML
8 Segquoia B 1450 1.65 Non~-eritical MH
9 Colbert B 1490 1.70 Hon-eritical ER
1952 2435 Werginsl
10 Dewey B 690 0,62 HNon~critieal OH
11 Talbott B 3100 3485 Marginal 1H
2h60 3,00 Marginal
2870 3.45 Marginal
12  Haynesboro B 788 0.508 Non-critieal ML
13 Etoweh B 1380 1,56 Non-oritical ML

4,65 Oritiecal OH

g

Ref. Iredell
Ooil
5220 6.65 TVery critisal
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VIII. DISCUSSICN

Problems of Residential Housing Associated with Soil QOcnditions

The proper location of residential areas is influenced by the
properties of soils, The problems encountered during such location are
1) slope stability, 2) high water table, seepage, and flooding, 3) shal-
low bedrock, 4) foundation suitability, 5) suitability for sewage dis-
posal, and 6) maintenonce of access roads. These problems depend upon
topographis, hydrologic and geologie position and the character of the
soil materials. The suitability of a2 soil for residential housing can
be established cn the basis of these problems and on the performance
of buildings in the individusl soil areas, The cetegorization of soil
asreas according to their suitability will reduce the expense of loca-
tion investigations for housing areas,

So0il areas containing steep slopes cause problems to residential
housing from the standpoint of slope stability. Among the nany factors
related to slope stability are the physicel nature of the soil profile,
the position of the ground water, and the general elimatie conditions,
Slides and erosion are the ochief disturbing elements of the slopes,
Sliding might occur in &ny of ssveral kinds of earth materials, 8lid-
ing may bhe defined za the downward and outward movement of 2 portion
of the soil mass with respect to the remaining portion. The sliding
surface usually occurs at some weak point. A slope failure in cohesive
soil is primerily by shear failure. In stratified soil, the frilure

plone is often at the boundary of the stratz; the upper strcts may
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slide down vith respeot to lower strata dus to differential movezent
at the boundary, as in shaly bedrock. loosely bonded interbedded stra-
ta slide due to a lack of cohesion between the layers or due to having
the cementing material gracually weakened by rain. Thie is common
vhere the strata dip downwards, Pervious material overlying relative-
ly impervious material tends to slide due to seepage of water between
such layers. Rock slides ocouxr due to alternate freezing and thaving
and an unfavorable direction of the dip of the strata. In all these
cases, cravity is the force destroying the stability of the slope.

The weight of the material and the superimposed locads of structures
add to gravity forces, Resistance to sliding Is contributed by the
shearing strength of the material. Shearing strength of a cohesive
material tends to decrease with an inocrease of water sontent, Uater
content may chonge due to flow of water from the water table or during
precipitation. Slides usually occur during or immediately afiter a
rainfall, Also, saturation of a soil mass during precipitation in-
creases the weight of the material, hastening sliding effects. An sf-
fect asimilar to that of additional loading may be caused by the removal
of asoll at the toe of a slope for emplacement of ¢ building or a road,
Thig is a cormon cause of s slide, Soil creep, vhich is the slow nmo-
tion of the upper strata with respeot to the underlying area, affects
to same extent the stability of slopes., Oreep is generally influenced
by moisture conditions, Tilted trees or fence posts are indlcative of

ecreep. Foundations in ecreep zones are subject to movement.
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Erosion of soil is assoclated with both soil and meteorological
condltions, Long periods of rainfall increase surface run off, there-
by inocreasing the extent of soil erosion. The velosity of water on
steep Blopes will be high under such sonditions. Erosion depends upon
soil partiole size and character. Although oochesive soils may not be
subjeet to much erosion, in general, erosion inoreases with a decraase
in particle size, 8ilts are the most erodable soil material. Ooarse
grained soils are not generally eroded easily but are likely to work
their way down slope either by gravity or due to the force of moving
water during precipitation.

The effects of sliding and erosion are increased with an increase
in the degree of slope. Slopes greater than 25 percent may be consider~
ed as dangerous for the location of residential units, Bulldings lo-
cated on such slopes are often damaged, A huge mass of material might
8lide down on e building from a region above it, causing extensive dam-
ages, Buildings located on bedrock with potential slide effeots will
tend to slide with the rock. The landsceping of the residential area
is affeoted to a considerable degree by constent erosion and sliding
aotion involving costly maintenance, The unsteble soil conditions will
affect the integrity of sewerage systems and water mains., Access to
residences is difficult in steep topography. Steep access roads are
often subjested tc erosion., Prohibitive expense may be required for
the maintenanece of such roads, Therefore, for all of the above reasons,
slopes of greater than 25 percent are considered unsuitable for resi-

dential development.
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Hydrologic position greatly influences the suitability of an area
for residential housing. uater is one of the most unfavorable elements
bearing on the leocation of residential developments. As mentioned, the
stability of slopes is influenced by the amount of flow of water and
the degree of erosion, Hydrologic effests are of great concern in suysh
areas as foot slope positions. Alluvial deposits on stream bottaus are
subjeot to intermittent flooding. The water table in these positioms
is generally high and sometimes at the surface, making the soil swampy.
Such conditions are deleterious to the health of the community. Timber
used in the construction of residential struectures is subject to warp-
ing; as a result, damage might occur to the structure, Alternate dry-
ing and wetting of expensive soils may add to this., The rmasonry and
other materials in foundations may deteriorate, losing its supporting
capacity. Structures built below grade in such areas are unsuitable
for habitation, Excavation during construction is difficult and ex-
pensive safety precautions may be necessary., Sewage disposal poses a
problem in areas of high water table. Heazlth recuirements generally
will not permit the discharge of sewage into ground water., Geaining ac-
cess to residential areas ia difficult vhen roads are under water or
affected by it, Subgrade soil performance is influenced by the moisture
content and the type of soil used. Subgrade support strength may be re-
duced on saturated clayey scils, Great potential trouble from frost
heave exists when the ground water table is relatively close to the sur-

face and just below the freezing zone. Ice lenses build wp to a
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sonsiderable magnitude if the soil is of a high ecapillary potentirl,
Silts and very fine sands are susseptible to frost astion, which may
cause considerable damage to roads., This involves high maintenence
cosata, |

The depth to bedrock of soil also influencesz the location of resi-
dential housing areas, Bedrook near the surface, though favorable for
shallow foundations, is unsuitable for sewage diasposal systems, During
the placement of deep foundations or access roads, excavation in bed-
rock is difficult and expensive. Soils with good drainage character~
istios are good for individual sewage disposal systems, Bedrock at
depths of greater than three feet is herein considered favorable from
the sevage disposal standpoint when this roek is permeable, Deeper
bedrock depths must be sought vhen the rock is reletively impermeable,

The performance of buildings in an ares depends on foundation
suitability. Suitability of soils is influenced by its bearing strength,
compressibility, and potential volume chenge with change in weter con-
tent. The cost of construction is reduced when high bearing strength
allove for reduced footing size. The strongest foundation material is
bedroeck. However, the occurence of shallow bedrock affects the instal-
lation of water and sewage disposal systems., The possibility of settle-
ment is reduced in low compressible soils, Compressible soils oause
unecuel settlement under heterogeneous conditions. OQlayey scil nay be
good as a supporting soil, but it has adverse effects on individual

sewvare disposal systems., OClayey materials swell due to the presence
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of moisture. The presence of excess moisture causes loss of strength,
Buch soils present numerous problems. OSwell and shrinkage of a soil
mey cause axtensive deamage to a building, Swelling is most prevalent
in elimates with a high rate of evaporation caupared to rainfall,
Shrinkoge is prevalent in climetes conducive to wet soils., The extent
of shrinkage depends upon the initial vater content of the soil.

Trees might aggravate the shrinkage effects by taking moisture from
the soil, Soils with high plastiocity indices are subjesct to large
volune changes. The water soures for swelling may be from irrigation
projects, faulty water and septic systems, or capillary rise from the
water table. Highly expansive clays should be avoided, Damage due to
swelling may be more comzon than due to shrinksage of soils., The hetero-
gensous nature of a supporting soil and non-uniform loading may cause
differential settlement of a structure, BSuch differential settlement
ray be detrimental to & structure even though it is of small magnitude,
Settlement may occur by sneer failure and fluctuations of the wvater
table., Settlement and subsidence ceannot be ruled ocut in cavernous
limestone regions, vhich are scted upon by ground water. Excavations
made next to a structure might tend to cause a building to slide with
the earth material, A saturated fine sand mass tends to flow horizon-
telly, undernining the structure. OSilts are susceptible to frost aoc-~
tion, wvhich causes damage to structures, Freezing temperatures in a
goil, & close source of water, and frost susoceptible soils are the

factors affecting frost damage.
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The locetion of residential areas must take into ascount the sew-
age disposal characteristies of the scil. An aree may be good from the
foundation viewpoint, but it may not satisfy the sewage disposal re-
quiraement, Adoption of a mumnicipal sewerage system may not be economi-
cally feasible. In such cases, individual sewege disposal systexs or
seware lagoons may be hest suited, The effective functioning of a
system depends upon the nature of the soil. Soil should possess good
internal dreinage. Soil drainage refers to the frequency and duration
of the periods vhen the soil is free from saturation or partial satura-
tion. 8Soils classified as very poorly drained, poorly drained, and
imperfectly drained are unsuitable for individual sewage disposal,
Moderately well drained soil is favorable only if the permeability is
highs Cther categories of soil classifications are faverable only if
the bedrock depth is great to allow for the seepoape ~f the sewnge. Sew-
age lagoons may be favorable mear streams, The beds of the reservoir
shculd be impervious to prevent loss of liquid through seepage. Low
berms have to be provided with relatively impervious soil, These la-
goons nmust be at some distance away from the residences and shculd be
screened vith vegetation. The individual absorption field system
ereates problems in regions of a high water table. Alluvial regions,
fluvial soils and sinkholes in limestone areas have poor hydrologie
eonditions, In steep slopes, the effluent may tend to seep out of
the surface, flow on the slope, and collect at the foot slops position.
This situation might tend to affect the health of the commumity. The
limiting slupe for safe performance of an individual absorption field

system 1s often taken as 25 percent (Krebs and Hunter, 1961).
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Accessibllity to buildings is an essential requirement in the de-
velopment of residential areas, Access roads are secondory roads,
The location of these roads is influenced by the nature of the soil,
Regions of shallow bedrock increase the cost involved for excevetion.
5ilts are subjeoted to frost action and ocause damage to roasde during
frost heave, In steep slopes, slide and erosion will affect the road,
particularly in dowmward dipping strata., Subgrades reguire good soil
for support. Subgrades sre affected by high water table, Olayey ma-
terial is not suitable as it is very poor in drainege charaoteristios,
In such regions, roads sre demsged due to swelling end shrinkage of

the soil,

Knox Oounty Soils in Relation to Residential Housing

The USDA Soil Survey Report of Knox OQounty furnishes information
as to soil morphology., The humid and temperate climate of Knox County,
with long warm summers, and o relatively high rainfall throughout the
year, has caused intense leaching of the solls Since the soil is fro-
zen for only short periods and only to shallow depths, the amount of
veathering and translocation of materials is intensified. Oonsequently,
the soils developed from the various psrent materials have many proper-
ties in corrmon. These soils have been grouped into three categories,
alluvinl deposits, recent local fluvium, and weathered residual materi-
ols from limestone, sandstone, and shale,

Alluvial deposits are water transported materiala formed on first

bottoms of sireams and rivers., The deposits are very young soils with
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no properly defined horizons. The soil matericls have originated from
limestone, sandstone, shele ond micuceous rocks, The s8oils are found
in heterogeneocus stratified layers on terraces or as flood plains with
nearly level surfaces, The flood plains are usually subjected to in-
termittent flooding. But, in Knox Oounty, this flooding has been re-
duced by the dams construsted in the region. However, such areas ore
not necessarily free from floods, The interndl drainage and surface
run-off in these areas are generally slow. The area cccupied by allu-
vium is 10 percent of Knox County,.

Soil materials deposited by gravity and water are fluvial depos-
its, vhich are generally found on foot slopes and along drainage val-
leys. The fluvial materials are derived chiefly from weathered lime~
stone, sandstone, and shale, The terrain is generally undulating to
rolling, but some soil materials are formed on the level surfeces in
sinkholes in limestone valleys and cherty ridges. Because of the de-
pression of sinkhole regions due to caverns in limestone bedrock, ade-
quate draincge is a problem during precipitation. Such areas may be
flooded during wet seasons. This is intensifled if the permeablility
of the soil is poor, Fluvial materials are widely distributed in
Knox Oounty, covering 14 percent of the county.

Residual soils with well-defined soil profiles have formed over
limestone, sandastone, shale, and interbedded shale and sandstone,

The soils occupy 76 persent of Knox County on uplands and have a wide
range in characteristios. About 20 percent of the reglon is on steep

slope of more than 25 percent, Large areas are shzllow to bedrock.
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8o0il meaterial on steep slopes over interbedded strata, perticularly in
regions of shale interbedded with sandstone or limestone, tend to be
unstable, Failures of slopes in such areas are not uncommon. The
soils in ‘he residuacl group are generally recognized by their red and
yellow color. These soils huve good drainage characteristies,

The So0il Survey Report of Knox Oounty presents important charact-
eristics of each of the soils in the ccunty related to apgricuitural
purposes. Among the many characteristics, soil profile, topographic
position, and drainage and permecbility conditions may be related to
problems of residential housing, Drainesge and permeability data allow
one to study soil with reference to individual field absorption sewage
disposal systems., Five drainage olassificetions, very slow, slow,
medium, rapid and very rapid; and seven permeability sategories, very
slow, slow, moderately slow, moderate, moderately rapid, rapid, and
very repid, are defined in relation to hydrologie positions., As sug-
zosted by the titles of the sategeries, very slow, slow, and moderately
slow drainage and permeability conditions are unfavorocble for individual
field absorption systems. The other classificutions may be favorable.

(n the basis of the soil characteristics provided in the Knox
County 80il Survey Report of each soil type, it is possible to sub-
divide the thmee categories discussed above into units possessing sig-
nificantly different engineering characteristics as followvs:

Alluviel deposits -
1, Alluvial soils on bottom lands.

2¢ Cld alluvium on stiream terraces.



Recent looal fluviums -
1, Recent locul fluvium in drainheads znd
¢rainage valleys,
2« Fluvium on relctively high foot slopes
below ridges.
3¢ S0ils in sinkholes in limestone valleys
anc cherty ridges,
Yeathered residual meterials from limestone,
sandstone and shale -
1, Upland scils shallow to bedrock.
2+ Upland soils deep to bedrock.
and Unclaseified soils.
The cotegorization in the above groups is based on the criteria
that each group is recognisable by:
l. Topogrophiec position and field reconnaissance,
2+ General morphology of the land,
3« Some engineering characteristics and considerations
related to residential housing.

Alluvial soils on bhottom lands.

Alluvial soils on botiom lands are those scile located on the
nearly level surfaces slong flood plains normally associcted with re-
cent alluvial ceposits. These raterials are heterogeneous materials
verying in texture and properties. The bottom loands are subjected to

intermittent flooding. Fresh alluvial deposits may be anticipated
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during such floodss The woter table in bottom lands may be very high
or at the surfrce in places. Soils of this group in Knox CQounty are
Humtington, Lindaide, Melvin, Roane, Staser, Hamblen, Prader, Congeree,
and Ohewaela., Due tc the poor hydrologie position of the area, these
soils are unsuiteble for residential locations.

0ld alluvium on siream terraces.

Soils on sirec:: terraoes are formed a few to nany feet shove the
bottom lands. The deposiis in Xnox Qounty are old alluvium formed in
three different terrcces. Cumberland, laynesboro and Noliechucky are
on high stream terracess These soils vary from silis to sandy clay.
Permeability ranges from moderate to moderately rapid., Terrasin condi-
tions ore unculating to hilly. 7Tyler and CLtowah cre formed on moderate-
ly high stream terraces, Tyler is an alluvium fro: shale, sandstone
and linzestone having clay subsoils The terrain is nearly level with
very 8slow permeability. Ltowah is strongly influenced by limestone
debris. Permeability is moderate, The alluvial soils on low stream
terrnces are iolftever and Sequatchie. The compact silty clay subsoil
of lVolftever malres the peormeebility very slow., Sandy c¢lay loam of
Sequatchie is moderate to variable in permeability. All the soils
in the group are favorable for residential locations exeept Tyler and
Yolftever, whose slow permeability is unfavorable for the efficient
funetioning of the field absorption type of sewage disposal system.

Regent local fluvium in drainheads snd drainage valleys.

Regent local fluvium is found in Knox County in drainhesds and

drainage volleys. This fluvium is material deposited by gravity or
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local vash or by erosion, The thiclness of the material in some loca-
tions is as litile as six inches., 4s the soils are in drainheads and
drainage valleys, they 2re subjeoted to seasonably high water tzble
and seepapge, Areas in natural drainage basins may be flooded for a
considerable length of time, Future socil deposition should be antioei-
poted, Emory, Greendale, Oamp, Cotaco, Lezadvale, thitesburg, and Neu-
bert are the soils in this groupe The profiles of these soils do not
have normal development. The poor hydrelogie position of this group
of soils makes them unsuitable for the location of resicdential housing.

Fluvium on relatively high fool slopes below ridges.

Cld fluvium is the alluvial and colluvial materials deposited far
enouzh in the past {o allow soil profile development by pedologic pro-
cesses, Jof{erson and Alcoa goils form this group in Knox Countye.
Their drainage condition is medium and their permeability moderately
slow to moderates These properties and the topogrophie position zre
favorable for the location of residential wmits, Hovever, shallow
bedrogk conditions in Jefferson soll makes it unsuitable for sush
location,

Soils in sinkholes in limesione valleys and cherty ridpes.

Sinkholes are depressions in limesione areas formed due to a soil
mass ginking in the ocavernocus regions associcted generally with lime-
stone creas. The rezstion of limestone with underground water is the
cause for the removal of material, forming eaverns. Soils formed in
sinicholes in Enox County are Abernathy, Coltewah ond Guthrie. The

terrain is nearly level uith very poor surface run-off characteristiecs.
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Internal draincge is also slow. During vet seasons, the crea ray be
waterlogped for long periods. A high water table is also common in
wet months, These poor hydrolosie conditions malze the soil areas un~
suitable for the loecation of residential housing.

Upland soils shallow to bedrook.

The uplend soils are formed on limestone ridges and velleys,
shole hills and valleys, sandy shaly ridges, and sendy ridpes. The
rogk formations are generally folded end faulteds Armuchee, Dendridge,
Montevallo, Muskingum, Bland, Colbert, PFarragut, Sequoia, and Talbdbott
ore the solls grouped in this category. The soils have well defined
horlizons., Bedrock is met with at less than three feet from the sur-
face, Excavations in such regions for basement foundations is often
not economical. Also, installation of sewerapge systens and veter meins
are problems in shallow bedroclk regions, Effisient functioning of in-
dividusl absorption field systems for sewage disposzal is not possible.
The construction of ascess roads is expensive, Differential settle-
nent may occur vhen the foundetion is plcced portially on rook. Hence,
the ococurrence of shallow bedrock is a disadvantage even though it is
favorable from the standpoinmt of supporting strength.

Upland soile deep to bedrogk.

This group contains soils with the bedrock position generally
greater thon six feet from the surfuce, The disadvantages found in
shallow-to~bedrock regions are cvercome by the greater depth of soil.
Decatur, Dewey, Bolton, Fullerton, Clarkaville, and Tellloo soils

come under this groupe They are found in upland regions of Knox
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County wvith unculating to steep slopees OSince the scils ore zonal soils,
they have vell defined horizons. The subscils of all the soils except
Tellico are s8ilty clay. Tellico has sandy subsoil. Although the solls
are classed as cloy soils, tests condueted on Decatur, Dewey, Fullerton,
and Tellico indicate the soils sre not dangerous from the swell chur
aoteristics of their clayey subsoils. The swell index of the tested
subsoils are within the non-eritical range. Besement location is no
problem in such regions. The permeability of the soils ranges fronm
mocerate to moderately slow. Deep to bedrock and favorable permeabili-
ty for absorption field systems for sewage disposal mal-es this group

of soils favorable for the location of residential housing, It must

be renlized, however, that & small percentage of Dewey, Decatur, and
Tellico soils occurs on slopes of greater thon 25 percent, which may

be umstable,

Unclassified soils,

Gullied lend, limestone rocicland, stonyland, and rmade land of
Knox County are not designated in the Knox County Soil Survey Report
with series type and names, but are indicated by their deseriptive
naces, as they have little agriecultural walue. These areas are com=-
posed of various soil associations vith veriable characteristies that
cannot be properly deseribed in the above categories. In vieuw of this
and the absence of informuation to the contrary, it is safe to consider
this group of soils as unsuitable for residential housing locations.
The area covered by this group is about 11.6 percent of the total area

of the county.
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The suitcbility rating of each of the pedologic soil types of
¥nox Qounty for residentizl locations is presented in Table 7. Ratings
of 1) favorable, 2) conditional, and 3) unsuitable are cdopted in this
clagsificotion aceording to criteria referred toc ebove and outlined in
Table 8. "Favorable" refers to the soils suitability for foundations,
functioning of individual absorption field sevage disposal systems, and
location of sccess roads, A "conditional® rating refers to the scils
suitability for foundotions and access roads, but irplies that the suit~
ahility is larrely undetermined due to scil choracter or lack of de-
cisive informotions This roting does not preclude the occurrence of
s80il acseptable or unacceptable for abscrption field sewsge disposal,
but in places the soil is generally less ceceptable than that rated as
fovorables An Munsuitable® rating refers to foundsticns, cecess roads,
and the efficient functioning of individual sewnge dispossl systems,
and is usunlly assigned due to topographie, hydrelogic, or geolopic
conditions.

Information contained in the Scil Survey leport and maps ond con-
siderations discussed above ore the bases for these ratings., The Soil
Survey leport is prencred by the USDA largely for agrieultural purposes
or: the basis of data furnished by soil scientists and field surveyors.
Although the chiracteristies of each soil type is for the use of apri-
eulturists, they are herein interpreted in terms of engineering proper-
tiess Huch interpretation might lecd to errors in rating. In soils
of doubtiul character, the rating is buased on test results, Lrrors

nicht have been introduced in interpretation of Soil Survey Report,
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TABILE 7

Rnting of Seils of Knox Qounty, Tennessee,
According to Suitability for Housing

Relotive Suitability (2)
Foundations for Seccncary Damestio Jewage

Map Residentiel Roadvay Disposal
Soil Series Symbol (1)  Buildings Subgrades Fields
Alcoa Aa > c F
Ab U U U
Armuchee Ac U u u
Ad U U 3}
ne U U U
Bland Ba U U u
Bb U U U
Be U U U
Bd U U U
Be v U U
Bolton Bf e c g
Bg F F 0
Bh U U U
Bk 0 ¢ e
Bl P F c
Bm U U U
Qemp Oz u U u
Chevwzola Chb U U i
Clorkaville Co o 0 c
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TABLE 7 {cont?d)

Relative Suitability (2)
Foundotions for Seccndary Domestic Beveage

Hap Residential Roedvay Disposal
Soil Series _ Symbol (1) Buildings Subgrades Fields
Clerksville Gd F F F
Ce U U U
cf ¢ 0 c
Og F F F
Ch U 4] U
Ck u U U
Cl U U Y
¢ U U U
On U U u
Congaree Co U U U
Cp U Y 4]
Cr U U U
Cs U U U
Curberland ot 0 0 c
Cu c e o}
Ov o) c c
Ou c c e
Ox o 0 c
Cy c e )
Dandridpe and Da U 4] U
Litz
Db U U U



TABLE 7 (oontfd)

Relative Suitebility (2)
Foundations for Secondary Domestlic Sewage

Map Residential Roadway Disposal
Soil Series Symbol (1) Bulldings Syberades Fields
Dandridge and De L H U U
Litz
Dd U u )
Dandridge De U [ ]
of U U U
g U U U
Desatur oh F F c
14 F P c
Dl 0 ¢ 0
in V) c g
Dn c o o
Do 0} e o)
Dp Y ) 8
Devey D F F ¢
Ds F F ¢
ot 0 ¢ 4]
Du F F o
Dv U U U
Dw F 3 ¢
Dx C ] c
Dy F F ¢
Emory and Ea U U U
Abernathy
Emory Eb U U u
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TABLE 7 (oont'd)

Relative Suitability (2)
Foundations for Secondary Domestic Sewvage
¥ap Residential Roadway Disposal
Soil Series  Symbol (1) Buildings Subgrades Fields

Emory Eo U U
Etowah Ed

Ee

= " Q 3

Farragut Fa

Fullerton Fd

QO O o O
Q Q O © aa O < O 0o c Q@ g ad o a = "=z o =

oo O G " G o 9 Q a3 g @ @& O =mom Q9 '

oo G Q" QO o = QG

Fo
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TABLE 7 (oont'a)

Relative Suitability (2)
Foundations for Secondary Domestic Sevage

Yap Residential Roadway Disposal
Soil Series  Symbol (1) Buildings Subprades Fields
Fullerton Fp 0 0 0
Fq F F 0
r F P ¢
Fs e ¢ e
R F F c
Fu F F g
Fv ¢ 0 o}
Fu F F c
Fx F F o
Fy 0 8 ¢
Fz F F c
Greendale Ga 1 U U
Gb U U U
Go U U u
Gd U U U
Gullied land Ge U U u
Gt L H U U
Cg U u U
¢h U U u
Gk U U u
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TABLE 7 (eont'd)

Relative Suitability (2)
Foundations for Seocndary Domestic Sewage

Hop Residential Roadwny Disposal
S80il Series Symbol (1) Buildings Subgrades Fields
Guthrie Gl U u U
Homblen Ho U U U
)3 1+) U U u
Hmtington He U u U
Hd U v U
Jef{erson and Ja U U U
Hontevallo
Jb U U U
Je ) U U
Jofferson Jd U U 4]
Leadvale and La U U ]
Jotaco
Lb U U U
Leadvale and Lo 4] U U
hitesburg
1d U U L H
{imestone in U U U
Rockland
Lt U U U
Lindside g U U U
Made lond Ma U U U
Melvin M U U U
Hontevallo Yo U U U
Mc U U U
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TABLE 7 (eont'ad)

Relative Suitability (2)
Foundutions for Secondary Domestic 3ewnge

Hap Residential Roadwey IZsposal
Soil 3eries Symbol (1) Buildings Subprades Fields
Hontevallo Me U U U
.54 U U U
Mg U U U
Yusldingun Mh U U U
oné Lehew
Mk U U U
M1 U u U
¥n U U y
Huskingun Hn U U U
Neubert Na U U U
Nb U U U
Nolichuoky Ne F F F
Ooltewrh Ce U U U
Prader Pe u U U
Roane Ra U U U
Sequatehie Sa F P F
Sequoia-Bland 3b U u U
Se U U u
8d U U U
Se 4 U U
sf U [¢] U
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TABLE 7 (centtc)

Relative Suitability (2)
Founiaticns for Secondary Domestie Sevage

Map Residential Roadway Disposal
Soil Series Symbol (1) Buildines Subgraces Fields
Sequoia 3g U U u
h U v v
Sk U U U
31 U U y
S U U U
3n U U U
taser 30 U U U
8n U U it
Sr U U U
Stony Land 9s i U U
a5t U U U
3u U U U
Telhott Ta U v U
™ ¢ c U
Te U U U
Td U U U
Tellioco Te U U U
ey ¢ e F
Tg U U U
Th 0 c ¢

-3
:
Q
aQ
<



TABLE 7 (cont'd)

Relative Suitability (2)

Poundctions for Seeccndary

Domestic Sewege

Map Residential Roadway Disposal
20il 3Series Svbol (1) Auildings Subrrades Pields,
Tellico T1 U U U

T g c 0

T™n e g F

To u U U
Tvler Tn + c U
laynesboro | c g o

jEi o o c

e 0 2 o)

Td e a e
Yolftever Yo F F U

ue F F U

(1) From the Soil Survey Report and Maps of Knox County,
Tennessee, USIA, 1955,

(2) F - Favorable; G - Gonditional; and U - Unsuitecble,
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TABLE 8

Criteriz for Suitability Rating of Soils of Knox Oounty, Tennessee,

for Residential Housing

Individual Absorption

ield
Foundations Access Roads Sevage Disposal System
Criteric F g U F ¢ U F Q U
Hydrologie High gh High
Fosition water water vater
table table table
and and and
inter- inter- inter-
mittent mittent nittent
flocd~ flood- flood-
ing ing ing
Permeability Yod. Slow
slow
Bedrock >6t F6 <3t 6 3160 <3 >3 <3t
Depth
Slope 0-12% 12-257 >25(0 0-12% 12-25% >256h  0-15% 12-25% > 2504

F - Pavorable; O - Oonditional; and U ~ Unsulitzble.
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wvhioh contains information on soils only to a depth of 5 to 6 feet
from the surface. Ailso, such Reports and Maps may not be sccurate in
evory detuil, although all precoutions have been teken by the field
investigotors,

Frost action and its efTeots on the location of residential houses
are not considered in this study, as Knox County soil is seldom frozen
to a depth of more than two inches from the surfroe and rarely remains
frozen for more than a few hours (USDA, 1955).

The rating provided in this study is neant to assist in the pre-
liminsry planning and investigotion of residential housing locations
prior to detailed investigation of field and soil conditions at the
proposed sites, Ailso, it is hoped that it will allow engineers to use
rore efficiently the published Soil Survey Reporis and Maps of Knox
Jounty, Tennessee, arezs and help in the preparation of engineering
soil maps for the mrea, Further, it is hoped that this demonstration
of the application of Soil Survey information to engineering use will

esteblish some guide lines for future work of this nsture,
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The Soil Survey Reporte and Maps published by the USDA for agri-
cultural purposes furnish information that ean be used for engineer-
ing purposes, The Soil Burvey Report and Mape of Knox Oounty, Tennes-
see, are interpreted in this study in terms of engineering for the lo-
cation of residential housing in Knox County. Based on the published
information available, field investigations were conduoted vith the
aid of enpineers and soil scientists, Soil samples were obtained and
tested in the laboratory for particle size distribution, liquid limit
and plastie limit, and potential volume change properties.

On the basis of characteristiecs desoribed in the Knox County Soil
Survey Heport for each soil type, the scils are divided into eight
groups possessing significantly different engineering characteristios,
The eriteria for grouping are that each group is recognizable by its
topographic position and by field reconnaissance and thet the general
morphology and certain engineering characteristiocs and considerations
releted to residential housing differ emong groupse.

The information relating to the hydrologie, topographic and geo=
losic poasitions, depth to bed rock, and drainage and permeability
characteristios ag defined by the Soil Survey Report and that gathered
by field investigations and laboratory test results acre used in the
interpretation of the suitability of the various soils for the loca~
tion of residential housing., Out of eight general groups recognized

for the Knox Jounty soils, alluvial soils in first bottom positions,
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recent local fluviwm in drainheads cnd drainage volleys, anc soils in

sinzholes are considered as unsuitable for residential housing becouse

(o]

of their poor hydrolozie position. UJoils shullou to bedrock end un-
clagsif™Med soils ore also congidered 2s wnsultcoble due to their poor
=eolopic and topogrephie positions, The renuining groups, fluvium on
reletively high fool slopes below ridges, old slluvium on sireom ter
races, and scils deep to bedrock are oonsidered s generally fovorable.
liovever, » asr2ll portion of the goils in thsse favorable pgroups, due
to poor permeability, steep slope, draincge character, or shallowness,
sre wnsuitcble for residential housing loentions. Theoe sultability
rotings of "faovorable®, "conditional®, and Mumsuiteble® are made with
reference to feundations, access rocds, and individuzl absorption
field sewnge dispcsal systems, Frost action is not telen intc con-
siderction 28 it is not a problem in Knox County.

The ratings provided in this study encble the planning and pre-
liminary lceation of residential housing areas nrior to detailed in-
vestirations in the field of soil cenditions at specific sites, It
is hoped that this application of soil survey infornaticn tc engineer-

ins use will ssiablish some guidelines for future work of this nature.
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ENGINEERING OLAS3IFICATION OF PEDCLOGIC SCIL GROUPS
IN KNCX OCUNTY, TENNESSEE, FOR RESIDENTIAL H(WUSIKG
Abstroot

The proper lccation of residential housing sites within large areas
requires preliminary investigations of soil conditions, It is possible
to process for engineering purposes the information contained in geo-
logic 2nd pedologic maps and reports. In this wny, adverse site ocondi-
tions, such as flooding, frost action, expansion and shrinkage of soils,
which are currently ecausing widespread failures in residential develop=-
nents, might often be avoided,

This study is concerned ith the rating of the soils in Knox Coun-
ty, Tennessee, 28 to their suitability for residential loontions based
on information contained in & 3oil Survey Report of Knox County, field
investigations, and lahoratory testinge For this, the scils of Knox
County are grouped into eight proups; nemely, recent alluvial soils,
0ld alluvial soils, rccent locel fluvisl soils, old lceal fluvial soils,
goils in sinlzholes, scils shallow to bedroel:, soils deep to bhedrock,
and unclassified soils, Bach of these groups possesses chareccteristie:
enineering fenrtures. The poor hydrologic nosition of elluvial soils,
rceent losal fluvium, and scils in sinltholes renders them unsultable
{for residential housinge In acddition, the soils shallow to bedrock
end the unclassificd soils core considered as beingz of limited sultabi-
lity. Other groups are penerclly favorable Tor the losztion of resi-
dential housing. Eaech of the soils in each of Lhe srouns is rated as

te its sultebility with resnsct to foundations, access roads, a2nd



individual absorption field sewnge disposal systems. This rating is
baged on soil properties and test results. Suitablility ratings of
*favorable®, ¥conditional®, end “unsuitable® are adopted for rating
the Knox County soils, but the pedologic names and map symbols are
retained for the identification of eash scil umit. This enables the
encineer to interpret the Soil Survey Reports and Maps for engineer-
ing purposes, to loocate engineering soil boundaries from those on

redologic nmeps, and to prepare engineering scil maps,
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