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SHEAR FAILURE OF ©S0ILS
by

P, C. Rutledge
Professor of Soil lechanics, Purdue University
Lofayette, Indiana

In 1773 a theory for the shearin; strensth of soils as apnlied to
earth wressure on retaining walls was voublished by Charles Avguste de
Coulomb.<1>* In this theory he assumed that shearing strength con be divided
into two components, one of which denends directly on the normal pressure
acting on the nlane of shear hile the other is indenendent of normal pres—
sure. BExmressed mathematicelly the theory becomes the now familiar Coulomb
equation or formula

S = ¢+ {tanfé (1)

it

in vhich S shearing strengsth ver unit area.
¢ = The cormonent of shearing strength ver unit area vhich is
indenendent of normal nressure, commonly called the "cohesion!
or Munit cohesion',
J = normsl stress ner unit area on the vlane of shear.
tan ¢; = coefficient of nrovnortionality between normsl stress and that
portion of the shearing strength vhich devends directly on
normal stress, sometimes called the M"coefficient of friction'.
¢; - the angle of internal friction for the soil.

When ¢ = 0 in equation (1) the soil is called "cohesionless", a common con-—

dition for sands and sravels, Other soils are cohesive and, according to

* Tumbers in nerentheses refer to references in bibliogranhy at end of this
NENEeT .




Covlomb, their shearing strensth is exnressed by equation (1) with ¢ having
a pogitive value. Later writers haove internreted §; to e the angle of
repose of the soil which it is not and vhich was not intended by Coulomb,
In the one hundred and sixty-nine years since the publication of
Coulomb's theory, and particularly in the last twenty rears, much resesrch

and many rvavers heve been devoted to the shearing strength of soils. In this
nase of materiel there arve many significent results but none of them ccmpare
in importence with Coulombls conclusions expressed by equation (1). The evi-
dence for this stetement is found in the foct thet most existing theories

for bearing cepacities of footings, earth nressures on walls and abdbutments,
and stability of cubs, fills, and earth dams are based on equation (1). The
nost significant recent modifications heve becn concerned with the effects

£

of more vater pressures on 4 ant the effects of previous stress history of

the soil on ¢ in the basic Coulomb equation.

The irvortance of the applications of equation (1) cannot be deniecd.
Bearing canecities, earth pressure and stability snalyses inclule the most
economically important wnroblems in earthwork engineering. Safety of cagineer—
ing structures and economic utilization of materials and labor require not
ornly confirmation of pressure and siability theories by field observations
but also careful checking in the field and in the laboratory of the shearing
pronerties of soils used in these theories.

Coulomb's equation 1s limited to the shearing strength of soil at
the point of failure. It does not apoly to shearing resistances less than
he maximum strength. In spite of many hypotheses for the relative magni-

tudes of the cohesive and frictional commonents of shearing resistance before

failure occurs, no definite evidence is yeb available for a division exceot



at failure. Therefore Coulomb's equetion is the statement of a theory for
the failure characteristics or the limiting conditions of stress in soil.

Soil is g natural materizl differing from other engineering meterials only

e

in that it is useld as found in nature, its degrec of resistance to stress is
less, end 1t usuelly consists of a mixture of minercl grains end water, each

of which resists stress in a different way., The 1liniting conditions of

or other engineering materials have been stndied extensively. These

o

conditions, with the fundamentel concepts of applied mechanics vhich can be

i

evn~licd to failure conditions, form & rational basis for snclyzing the

limiting conditions of stress in soils.

REVIEW OF PRIVCIPLES OF FAILURT

Elementery evwnlied mechanics has demonstrated that the stresces in
any material in stetic ecuilibrium rmust fulfill cerisin conditions which are
indevendent of the material and of the meznitudes of the stresses. This
theory can be reviewed by considering a static condition of nlane stress
(stresses in two dimensions only) at a moint in o solid. If the shtresses
acting on any two perpendicular planes passing taroush the noint in question
can be determined, the stresscs acting on any pilane thwrovgh this point and
inclined to the assumed cooriinate plancs can be calculated from the equations
of statics. The results are shown in Pig. 1. From equaetion (4) for {f = 0,
it cen be seen that on two perpendicular planes passing through the point

the shearing stress is zoero. These nlanes are called principal nleones and

the corresponding normal siresses acting on these olanes are calles »nrincipal
streasses.,
If the coordinate axes for the prismatic clement in Figz. 1 are

rotated to o position such that they coincide with the principal planes,



equations (2) and (3) in Pig, 1 are simplified because no shearing stress
will now cxist on the coordinate planes. The sirmplified equations are shown
in Fiz. 2, with the normal stresses acting on the principal plenes designated
by, andidy . Equetions (5) and (6) cen be illustrated graphically by a
method developed by Otto U hr(z) vhich is now known as HMohr's stress diecgram

lohr!'s circle of stress. In this method valucs of ¢ are plotted along

O
3

a horizontal axis and velues of 4 pervendicular to this axis. Then, if d)

and. J, plotted con the horizontal axis fron an origin 0, determine the
\.)‘

diemeter of a circle, ifs radius will be (¢ - P Yo Also the distonce
from the origin to the conter of the circie will be %(Af] + 63 )o Tius
e distances marked ¢ and 7 on Fig. 2 ore gravhicel revresentatives of
equations (5) and (6).

All combinations of normel and shearing strous acting on any oplane
nassing through the point, in the case of »nlane stress, will be represented

by pmointe on the circumfercnce of the circle passing throuch points ¢ ond D.

Thras of all the normal stresses acting on mlanes passin the noint

9

a, will Dbe the largest and 5 the smallost. ¢, is therefore known 28 the
2

major priacinal stress ond 513 ig known as the nminor wrincinsl stress, Every

other wlane pasving throusgh the voint will have acting on it not only normal
siress but elso shearing stress.

If stresses in three dimensions are considered, it is found that

=1

cn a third principal vnlane, which is perpendicular %o the other two planes,

there will be zerc shearing stress. The normal stress acting on this plane

Tt

is ‘mown as the intermediate nrincional stress, designabed by 6% s and may

have any value between ¢, and J, o Stabical anelysis in three dimensions
! 2
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Ceveloped Dy Westergoe rﬂ<3) hag denonstrated tha stress diagram for



a three-dimensional condition of strecs consists of three circles with

diamebers (d}

- a3 )o (0, =<7 ), end (dz - a5 ) on the horizontal
axis. Every combination of stress on any plane passing through 2 poiat in
a static solid is represented on the stress diasgrem by e point which fells

within the area bounded by the three stress circles, s ghown in Fig. J.

If the intermedinte principsl stress is equal to elther the mejor

or the minor mrincipal stress, all vnossible combinations of normal cnd sacar—

ing strese will agein he renresented by polints on the circumference of a
circle defined by the major and minor w»rincinal stresses as shown in Fi:g. 2.
In most cases in materials testiny, eilther the mejor or the minor »rincipsl

stress is the result of zpnlied load while the intermediate and the renaining

ad

princinal stress, on the Dasis of externally ondlied loads, are enusl to

zero., Iu the gpnlication of Soil lechanics to the solution of verious prob-
lems, the intermesdiate wnrincipal stress can frecuently be assumed equal to
the mejor or minor vrincipal stress. In other »roblems in vhich axial sym-—
metry does not exist and in which mlane stress cannot be assumed, the inter—
mediate principal stress mey fall anyvhere between the major and minor »Hrin-
cival stresses.

Mohr's stress diagram has seversl advantases as meaans of inveshi-

gating and showing graohically the limiting conditicns of stress in materials.

It is dependent only on the existance of staftic equilibdrium. IT the true
internal orincipal stresses in a materisl at the moint of failure are known,
the corresvonding Mohr's stress circle renresents deflnitely the limitin:
stress conditions for the warticuler tyvwe of loodinz, Other tyvmes of loeding
vield other limiting stress circles and the envelone of all such circles,

1

knovn as the line ol runture, includes all possible stress combinatlions which



the material cen sustain. Such o diagram is shown in Fig. 4, with compres—
sive and tensile normel stresses Hlottel to the right and left resvectively
of the axls for zero externally apnlied normal stress.

The properties of this diegram should be noted well, Tiormel
stresses are plotted on the horizontel axis. In the case of hydrostetic

pressure only normal stresses exist. Since there are no shearing strosses,

all three nriancipal stresses must be eqgual and the Mohrts SchmL cirveles ig

a point on the Lorizontal exis. Conversely, in & material walch has no
resistence to shearing forces ot rest (a licuid) the stresses in 21l dirvections

must be ecuwal, If, in 2 case of static equilibrium, normal stresces in
various directions have different masnitudes, shoaring stresses must exist.
The magnitude of the maximum difference betwecn the rejor snd minor principal
stregsses will depend on the ability of the meterial to resist shearing
stresses, in otiier words, on its shearing strersth., Tests by Brideman(4,5,6)
on materisgls under hydrostatic nressures of 200,000 to 300,000 pounds ner

A

sqgurre inch have shown thet hydrostatie vwrescures far in excess of normal
compressive strengtins do not cause runture or mlistic yleldias. In fact

Bridgmen found that the volume cheunse of most raterials under larse hydro—
static pressures is almost nerfectly elsevic., Therefore o limit on the com—
pression side of the normal stiress axis is not probarle,

Testing materials under hydrostatic tension ie not feagsible,

e ol & very

17

although Bridgmen fouand that, in sn acecilental sudden releas
large hydrostatic »nressure, the suddenly annlied revound hydrostotic tension
reduced a glass sphere to an "impalpable vowder'', There ave many other test
indications that a definite limit exists for all materials on the tension

sicde of the normal siress axis., The stress reuvresented by the distoence



between this hypothetical hut mrobeble tensile 1linit and the origin for
externally aopplied normsl stresses may be called the Mintrinsic vnressure"

of the material.* It depends on the physical end chiemical constitution of

N

the material, its crystalline structure and intermolecular attractions

a2

In »lotting normal siresses on Mohr's stress diagram twe Doints
of view nay he taken, TFirst, the orizin for normal stresses nay be tolen

at the noint where exbternally epnlied stress is zero, cormressive stresses
beins vlotted to the right of the origin and tensile stresses to the left
of the origine. Or sccond, in the same nlot it moev be considered that all
stresses in the meterinl are compressive and that the oriszin for externally
ennlied stress is the intrinsic mwreseure, assuning 1t to Ve coual in all
directions. From the second point of wview tension vill result orly in a
redcction of the intrinsic pressure and the actual stress will be commres—
sion of a smaller magnitude. Thus, if a cylinder is loeded in compression
in the z-direction, the najor princinel siress will be equal tc the apnlied
5e and minor wrincinal

stress mlus the intrinsic oressure. The intermedia

-
SU

resses in the x- and y—directions vill be ecunl to the intrinsic »ressure

¥ In connection with the resigtence of retrls to failure the velue referred
to here as Mintrinesic »ressure® is callad the or "tech~
nical cohesive gtrensth" as onnogsed to the theoretics strength of
pure netal crystals, It is defined as the ultimate resistonce of the metal,
to trisxial or hydrogtatic tengsion and o8 beon apvroximated by static ten-
sion tests on notched spccimens in which the aotcao~ vary in denth andangla
The gtresses 1n the metal immediatelyr ingide the bege of the noitch
hrdrostatic tension as the sharoncss and relative centh of noteh inereases.
(Sec W. Tuntze, "Kohesionsfoshi-ieith, Iittelungon Jer deuschen eterial-
nrufussanstalten, Sonderieft XX, Julius Soringser, ZBorlin, 1932, and '"Sym-—
nosium on Significance of the Tension Test ¢f HMetels in Relation to Design',
voe 501-609, Proc. Am. Soc. T. M., v.40, 1940, particularly ». 515 of »aper
Ly Cw We llacCGregor and »e 539 of meper by F.o B. Sec In conncetion with
failure of soils the term ”1ntrimsic srogsuve’ is UrgfefubWC te avold con-
fusion with the well esteblished usege of cohcsion in Coulemb's eguation as
tic shearing strength under zero normsl vressure.

AN
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minus the stresses created by lateral deformation of the cylinder as it
decreases in length, If this seme material is londed in tension in the
z-direction, the major and intermedirte princivel stresses will be equal
to the intrinsic pressure vlus the stresses due to laterzl deformation
while the minor »nrincipal stress will be egual to the intrinsic nressure
minus the aonlied stress. Thus two extreme conditions in the variation
P . o ; s m vl 2 (7)
of the intermediate principal stress are obtained, Tests by von Karman )

Béker(8), and Richart, Brandtzaeg, and Brown<9) o1 merble and ccacrete

ot

indicate a difference of apnroximately 15% between lines of rupture for
these two conditions, neglecting the siresses due to lateral deformation.
Thelr data are insufficlent to evrluate the stresses due to lateral defor-
metions but 1t 1s easily vossible that, if true internal stresses were
knowm, a single line of rupture would be obtained.

Zxisting theories for limiting conditions of stress in materials
have been applied primarily to tests on metals, They can be grouped as

5

follows: maximum stress theories (Rankine's %theory ond variations) which
ascume that feilure results from normal stresses exceeding = liniting
velue; maximuwn strain theories (St. Venent's theory and variations) which
assume that failure results from lonsitudinel or shesring strains erceeding
a limiting value; maximum energy theories vhich assume that some function
of the energy of distertion limits the stresses vhich material can carry:
and shear theories (including Coulombl!s thecory, Guest's maximum shear
theory, and Mohr's seneral shear theory) vhich assume that failure is
governed by limiting values of shearing stress or of 2 combinstion of

shearing stress and normal stress. These theories, as applied to metals,

have been discussed in detail by Westergaard(lo) and Marin<1l) and some



of their immlications have heen snalyzed by Gensamer.(12>

The maximum stress theories do not take into account Bridgman's
tests at large hydrostatic wressures. Maximum strain theorlies cannot de
conlied to runture beceuse many tests have shovn that strain at rupture
in a siven material varies widely with the loadins conditions. laxinun
encrgy of distortion theories were developed to account for observel
deviations from the other theories of the results of torsion and combined

torsion and tension tests. Mohr's genersl shesr theory, vhich conforms

(6]

hegt with existing ftest results for all materials, has always hecn aprlied
to stresses ot Tailure due to external loads, neglecting completely the
internal stresses ceoused by deformetions wmrior to fallure.

The theory which is most generally apnlicedle to all meterials is
a nodification of liochr'!s general shear theory. It has, in ciiect, been
oreseated in the vreceding nazes. The two basic nodifications of lohr's
theory are as follows:

he failure stresses nlotted in lohr's runture diagrem rmust

—~
-t
e
=

include internal stresses dve to lateral deformetion prior
to failure (modifica*ion oroposed by tho suthor).
(2) Tailure is zoverucd bHoth b a liniting combinction of normal
and. shear stresscs, as nronosed By liohr, and by a limiting
tensile stress or tensile strein. (llodification proposed by
Bolzer and Brendtzoeg. )
o

Tho first of these modifications axclains sirmply and dircetly the

W

L

observed deviations boetwcen the rosults of torsion tests on steoel and
liohr's theory, in vhich only stresses due to externsl loads arc considered.

Sucficient test date cre not yob available to wrove that this modification
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accounts completely for observed dilscrepancies caused by the two cxtreme

conditions of the intermedicte nrincinal stress in tension and blexial com-—

nression tests as compared with commression and trisxiel commression tests.
The second modification, vhich includes the intrinsic pressurc

o
i

hypotheels described in the nreceding masges, accounts for mony observed
phenomena in the failure of brittle materizls like cast iron, notural
gstone, coacrete, and natural cemented sands. It is a cormon ohservation
thot verticel teamsion cracks ennear on the circumferential surface of a
concrete cylinder immedistely nrior to fallure in simple comnression,
These crrcks arc coused by the circumfcerential sireins and stresses vhich
accormany the increase in diamcter of the cvlinfer es it decreases in longth.
Their result is Drittle fallure at avmroximetely one-heli ner cont strain.
Toste on marble, sandstone, and concrete (references 7, 3, and 9) show that
these moterials, wvhich are brittle in simple cowpression, can sustain axial
gtreins of three to seven per cent in trisxiel compression vithout disinte-
gration, Concrete specimens in these tests Tulged laternlly without run—
ture and, vhen retested in simple compression, susteincet an avorage of
sixzty-nine por cent of the moeximum Joad corricd by undeformed specimensa.
The reason for the chenge from brittle to vlastic “ehavior in triaxmiasl
cormrossion is found in the lateral »nressure. This prossure, added alge-
braically to the radial and circumforential tonsions resulting fron dofor—
netion, prevents internel lotoral stresses from resching the limiting ten-
silc strengsth.

Precisely the same nheonomena arc obhserved in compression and
triaxial commression tests on natural clays and on scil mixtures, Hany

[,

naturel clays vhich fail by rusture olong Cofinite shear nlancs in uncon-
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fined cormression tests become progressively more plestic in triaxial com—
pression vwith increasing latersl pressures and decreazsiug rates of deforma-
tion, The results of triaxial commrescsion tests on sand ond grevel mixtures

ro almost dunlicates, at a different scale, of the results of similar tests

5]

on concretes., Therefore the modified genersel shear theory secms well adaoi-
ted to the study of soil t2st results. Coulombls tieory for ths shearing
strensth of soils is & speclel cesc od the modified gencral shear theory in

that ecuation (1) represcnts e rupture linc which is a straight linec.

RISULTS OF TESTS ON SOILS AND OTEER
FUGINEERING MATIORIALS
The cntent of apilicability to soils of the Coulomb theory, as a
special casc of the nodified <senersl shear theory, depends on how well it
fits fest rosults and field bchavior of soils. Other cormon cnginecring
noterials vhich exhibit failure phenomena similar to soils ~re less complex
in choracter, sre familiar to 211 engineers, and have beein thorougaly investi-

geted, Thercfore a review of rosults of tests on such materials provides a

Ly

closc warnrllel to soil test rosults and a »nreliminary survey of th: aoynli-

N

cabillty of Coulombls theory and the modificd mener:l shear theory to o1l

F.

engincering materials, These test results are oresented in torms of stresses
duc to cxternally annlied loads bhecsuse the dats arce not sufficiently comnlete

to cveluote the additional stresses causcd by dedormaticns nrior to feilure.

"

The most complote tests evaileable on brittle meterials have been

4

nreviously mentioncd (reoferences 7, 8y, 9). Fige B and 8 show the results of

(3)

~2

-

inm
tests on marble and sandstone by von u4fﬂ8n( ) and. on merble by Dokoer

Pig. 7 shows tho results of tests on three concrete mizes by Richert,

&y

Brondtzaez, and Brown(9>. Tech circle of stress in these figures revresents



ne test or, in the case of Fig. 7, the

Hh
o]
3
o
=

the stress conditions % failure
average of Four identicel tests. Tho effect of correctinz the circles of
stress for the zdditional stresses ceused by deformetions wrior to fallure
would be, for cachk tost, a decrease in the minor principal stresc and on
increase in the diameter of the stress cirele. The changss in disaeter

would be neilther equal nor nrovortional to the dismeterc but would lescnd on
the lateral straing end the relation between strain znd decreasing comwres-—
sive stress or tensile stress. For unconfined comprestion testc and tests
under smell lateral wmressures ther would He limited by the intrinsic preéssurc.
Thus the shape, nosition end inclinetion of the line of runiture fov each
cronn of tests would be affected., The results of the tesits on concrete indi-
cate that Coulomb'!s cauation wrovides a reasonsble onmdroxim~iion for the
stress conditions at failure. Coulomb'!s ecuation cannct be espnlied to the

f the toets on marble end sandstone as presented in Filg. 5 and 6

16 not conflict vith the nodificd gencral shear theory.

While the resistence of stcel to avnlicd stresses is unlike that

—s

of soll, it 1s a materisl femilier to 2ll cnpginecrs. Fig. showvs resulis

ee]

.
. 1< » « . -
by Secly and Putnam( “7 in which strcsses »t the yield

neint rother than at rupture are mlotted, The full line stress circloes arve

plot in terms of externally apolied stresses shovinr hov the results of

ok
)
o

torsion tests do not conform vith lMohr'!s theory. The sanme results are shown
by dash lines with the tensisn and com»ression test results corrected for
letoral ctresses due to deformation. The torsion test results then coincide
exactly with the compression and tenslon test results, viich agein substan-

tiates the modified cenersl shear theory. The shanc of the rupturc line for

stecl beyond the 1linmits shown is not known.
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RISULTS O TESTS O SATURATID SOILS

At the Fourth Texas Conference on Soil liechanics znd Foundation
Engineering last year, Van Auken(15) nresented the results of tests on satu~
rated cohiesionless solls in which pressures in the weter filling the soil
voids were veried in arbitrary veys ond vere neasurct. Thls work develoned
from an analysis by Casagrande<l6) of the possible effects of large morc
waber prossures on the sheering resistence of cohesionless soils. Pressure
in static woater is equal in all directions. I weter in the voids of a satu-
rated, stressed mass of soil is under pressure, the effective normal stresses
carried Dy the minersl grains (sec refercace 17) will be equal to the
stresses due to externally cpvlied lcads reduced ecuslly in all directions
by the anount of the vore rater nressure. In terms of the liniting circle
of stress for a specific loading condition, ecual reduction of all normal
stresses nmeans moving the stress circle for externally apnlied stresses
toverd the orizin by the amount of the stress corried by the vater. IFeilure
occurs then the stress cirele correcteld for the stresses carried by tho

vater becomes tangent to the line of rupture for the material determined

deo not exist. Ven Auken's tosts

by tests in vhich pressures in nore b

34

ead others have substontiated the conclusion bhet water filling the voids of

o~

cohesionless soil has no otlier effect on 1vs shearins strensth. Thereiore,
if pore wolter mHressures in saturated cohosicnlcess soils can be meeasurcd or
determined by some other meocans, tost results cen be corrected to ~ive the
true limiting conditions of stress., Sinilerl; the limiting conditions of

1

stress can e used in design analryges 1f

o

the nreossures in the nore ratcr can
be anticipated. The conclusion is, therefore, that Counlomble theory apnlied

to cohcsionless soils is not affected by saturetion, provided correctlons are

0



nade for vpore water nressures.
An analosous situstion exists with resnect to saturation of clays

£

but, due to the ilmpervious character of most cohesive soils, pore water

pressures have not been neesured successfully and are doubly important
bceausc of the tendency of such soils to compress and transfer stress to
nore wvater under normal as well as shearing stresses. Fig, 14 shcws thoe

results of two sets of consolidated cuick triaxisl compression tests on com-

~

nacted clay used for earth dam construction. The first set of tests, shown
by dash lincs, wves vcrformed on snecimens 859 satursted. The sccond set,

o

shorm by full lincs, was performed on saturated sonecimens. The observed

Q

nore veter, for

reduction in strength is duc portly to the stresses in the
which no correction was made, and nartly to the eliminastion of cevillary
forces by saturetion. Similer rcsults were shown by Van Aukcn<18> for con-
nacted soils uscd in the Denison Deam.

The resualts of tosts on a netural saturetcd clay arc shown in
Fige 15. These tests on undisturhed serplos, cach set of tests belug per—
Tormed at a different rate of gtrain., The uncorrected results are shown by
the full line circles and lines of rupture in Fig. 15. The results show
that the slower rates of sirain, vhich nermit more water to flow out of the
consolidating clay snd thus reduce pore water wressures, produce larger
resistances to stress. These test results have been corrected aporoxinetely

for pore vater pressures by commparing the trisxial commression test void

retios with the void ratio—pressure relotionships obtained from narallel

e

consolidation tests., This approximate method of correction was devised by
He H. Ku<l9> uncer the author's supervision. The corrected results are

—

showvn by dash line circles end lines of runture in Fig. 15. The average



corrected line of rupture for all five sets of tests 1s showm by sitraislib
dot-dash lines on the disgram for caclhi set of tests in Fig. 1B5. The results
have not been corracted for the radial ancd circumferential ftensions cauced
by deformations of the specimens prior to failure,

+

If results of the tyne shown in Fig. 15 ere to be gpnlied to Hrob-

lems iuvolving the shearing resistence of natural undisturhed clayrs, anotiaor
»

complicetion enters., The average natural voild ratio of this clar is 0,739,

The void ratios st maximum stress corrvesponding to each test circle of stress

¢

are showva in Fig. 15. Table 1 shows complete averaze data for the quich and

slow tests in this series. Doth the void ratios ~% one per cent strain end
et naximum stress in these consoliceted triaxial comwression tests arc
decidedly smaller than the average initisl vold ratic, Some of the increase
in strength with incressing luteral nrescure is caused by the lateral siress
and some by the decrease in voild ritio. Ab present it 1s inwossible to
senarate the effects of these two factors,

If the chenzes in void retio are neglected, the results in Fig. 15
snow that Coulomb's equaticn degcribes the shearing strength of astural clay
with mrectical accurncy. Because of the chanses in void ratio under teat
and becsuse of inevitable pore voter pressures in large masses of natural
cley, Terszaghl has recommended repeatedly thet Coulombl!s equation be apnlied
to clays assuming ?3 = (0. This reconmendation assunes that all normal
streszses in clay due to apivlied loads arve transferred to the oore water and
that the line of runture is perallel to the horizontal axis. The siaearing
strength of the clay is thus deternined by the results of an unconfined com—

pression test on a good undisturbed sample. Terzaghi's recommendation hes

been confirmed bv field observations.
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has not considered the efrfects of nrevious siress

the very inmortant influences

20). The resisiences of meterials

strosces less than thelr end the relotiong hetreon
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TABLT 1

AVZRAGE RESULTS OF TRIAXIAL COMPRESSION TIZSTS O UMDISTURRID CHICAGO CLAY

Wote: All specimens were prepored from one 12" cubical undisturbed somple
cut out by hand in Chicago Subway excavation.
All specimens were fully consolidated before

o

test.

]
Yatural void . ~ o X N ]
ratio 0,762 0,762 | 0754 0.755 | 0,743 0,758 | 0,732 0.760 1 Cu708 G777
1
Hydrostatic !
pregsure O O 0.5 On5 loO l.O l 2.0 2.0 4..0 ‘.1:¢O
Quiclk Slow ! Quicl: Slow

*Deviator !
0.720 0,572 10,722 0.762

strocss

\,\
N

e
(@3]
<
(@]
A}
~3
1

L.10 0,90

Modulus of
defornation

20.7 R27.5 54,0 €7.,2 72,2 70.83

*Void ratio 0.762 0.762 [0.708 0,385 12,387 0.5890 ‘0,808 0.655 1 0,570 0.575

|

f

!

[

!

|

|
Tyve of test 1Quiclk Slow !Quick Slow |Quicl: Slow

|

(

|

|

[

|

|

|

i

;
*Poisson's _
refio SAC —— e 0.46 0,31 | 0.47 C,31 ! 0,48 0.32 ) 0.47 0.28
*¥Stress in

porc wober

1

i

i

!
O
L ]
[9)]
T
(@]
-
1
(@]
O
L]
[e}]
Re]
(@]
.
83
it

1.09 0.78 1 1.74 1.29

*Latorel eoil . S ) . i .
StI'eS'E = G\% m— m——— l""OoO.'J 0.0u H U-()l OnSD On./)l 1.82 1-20 6071

—— e 0.52 0,67 1,05 1,15

2,01 2.12 . 3.88 4.34

Modulus of

eloaticity = B 114 134 176 282

126.7 27.5 54 &7 75 90

0,46 0.42 | 0,73 0,92 | 1.26 1,50 | 1.62 2.64 1 3,13 5,31

stress

Void ratio at

max. stress 10,762 0,762 [0.703 C.670 10.672 0.630

|
|
J
{
]
|
Max. Deviator f
|
!
{
i

l
n
|
10,587 0.575 {0,533 0,512
il

t
ALl stresses are given in kilogrems per square centimeter.
¥ Indicates velues from test rosults at 1.0 wer cent stonin.
iledulus of defornetion = slonme of ldeviator siress—axicl strain curve.

L
Hodnlus of clasticity commubted <Trom
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LIMITATION OF ©HE TFIZID ILCADIUG TXIST
by

Raymond F. Dawsor
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ineers are continuaelly asking "het is the bearing power of

o~

this s0il?! end hondbookg and building codes ave full of rccommended boar—
ine canectisics for differvent tymes of scils, Yet 17 you ask these same
enineery how mueh lead a 129, BO 1h., I-beam vovld carry, aad ive nothing
as to the lenzth of gnan, suphorts, or conditios of loading, ther would
thiniz it absurd. It is even nore absurd to anl: for the bearing power of a
soil for in the case of the I-bean, you at leust have o uniform material.

Soils are soldom wniforn in eibther choracver of raterial, stiruc—

ture, or noigsture content. If the I-besm vas a heterogeneous

mass of stecl, wood, concrete, and stone, rou vwould certainly hesitate to
eonly rour standord desipgn formmlae, yet sueh a conslomeration is nothing
worse bthon is often encountered in soils. Still engineers who spend wecks
and montis designing o suporgiructure or stesl or reinforced concrete will

aslkt for & simple test to deternine the bhecrying capacity of the soil and

g in less than three deys.

<t

want the regsul
Tais desire for a simole test led to the csteblishing of the

field loading test vhich consists of loadin~ o rclativc small plate on the

sitc of the foundation., Reams lave becn writiten about motlods of maliing

these tests, incenious devices have been contrived to load ant mecasurce the



sottlenents, Mut olmost nothins has been said cbout cnalyzing the dnte and
ubilizing the rosulis. TUnless you ~ain sonc useful informetion from the
Sesty, about the only excuse Tor conducting it is to imaregs

clicnt with your Msciontific! gtudy of hig problem ent o

vhe feaxling that ho is zetting sonethinz in roturn for rour

Personally, I bholicve thet in vrovortion to the information ohtoined, tlere
heg Doon nows noney vastod on the field loading fost then on any othor tost

recTs.

dovisael by ons
r e oof value in o Tow linited cascos and

*‘:1.' T LA 4o -
Fheld loadin: tosts ne

cven then ate.  In the

cogsc of cohesiorloss veotericl like sand and

olnost indonondoent of

gulie Trow viie ficld lealing

mabtoriel is not wunderlain D oa bod of soft clay. Hovover, sotiloment of a

structure o sond and gravel ig uwsueslly rather siell and mueh of it talcs
place durir; construction sc the Ticld loedin~ tost mey be of 1ittle sctual
veliue ovren thourht thoe rosulis arc gatisfactory,

I7 cohesive soils wrere c¢lastic, honoroncous neterisls, 1t vounld
bo woseidle to rork out a rclation Detween the size of the loaded arca end
sebtlonent using the thoory of olesticity. Tt clarys ~re not porfectly

e S )

elastic or lQomogoncous, thircfore, the scttloncnte obteined by applring a
io of this choracter will probably be veory nislesding. If solls were

poryeetly clastic and honosoncous, the ratico of sottlenent of two a:
HAM pnd MaM, loaded with causrl unit londs vould be YA/a . This velue vill

be uscd in casco cited lator to show 1ts unrveliability.

To 2n cngineer vhe is thorvouzily faniliar wit
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hig locality, the field loadins tegt can
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comparine the resulits with those obtained
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Thizs sand will consoli-

g

lowly. This mate of consoli-

e consolidaticn
eg orne inch thick usvally

Progsaures

tader & loaded arece ic effective to 2 Conth equal to evnroximately tvice its
vidth end from the thoory of consolidation, e know that the rates ol com-
»rension of two loyers of the seme materisl under the same Dressure con-
ditions vary dirvectly vith the squarc of the thicknosses or the layers.

From this we calculete thet the field loading tests on a clay soil using a
nlate onc foot sguarc should telre fronm o to three ronths to comwnlete the
privary ccnsolidation under each load vhile a two foot square platc wvouléd
talze from ninc to twelve months. Since loads cre ravely ever left on the
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wlatTorm over o fow days, they o not meesure 11 or The consolidetion of

the soil. Beceusce of the lock of rofirenent in thoe uonsuring device, settle—

rient ig net obscrved and the load is increascd.

As siated before, the oressure bencath o Teobting is elffeehivs to

jmn

lrovs Delow o valuc of svorerimatcly 0.2 tong mur

. 1 - oy = ey " T ¥
. There nre many ocxemmlos
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A AT ey e e = RN - 2 nnes g L ok ey . A
no cettlomesnt dbeeause of a firm anrfoce stratur, but soit strota bolow hove
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canseld crcoasive scthloment of the structures. Sr. Torzach reorsns the

olloving emempyle:r M"Po o depih of 28 fect bencoath the bagse of the fow do-

. o

tion, the soil consists of Cense in bturn, rosta on

2 ghtretun of sofv cler, B0 feot thicikzs At the hose ol the footb!

“apy o M A PR B Lo J. D Tun L KR
reazes betveoen three and feour Yons wmor sc,ft. In o loading

-

tcet which ves norformed on en sros of one sceuore foct, a soll »Hressure of
Tour tong wrodvced o settleoment of not norc then o Jraction of wun Incil

the struetvre undor—

P AT - B N > s
sovorticloss during the fosty years of its

U)

went uneouald setilement ronging botwecen 12 and B2 inchos W Cosce D in the

exerdles is alno en excellent 1llustration of this ;e of setiloment.

heve passed the wltinate bes o wower of the soil. The wmossibility o

Rag
) I

sheer foilure demends on the deopth and width of the foundstions. The doecper

he Jooting or the groator its widih, the loss is the denger of shonr fnil-

ure, Since ficld locding tests ore made on smell nlotes and usuoll;

ﬂ
O
3
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5
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surfree of the ground or ot *the botitom of & »nit with no surcharge of soil

)

rocecdings Am, Scc. C. E., October, 1932, p. 15368,
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next to the comprossion moot, there is a greater poscibility that the field
loading test will excsed the ultimate bearing power of the soil than will
the siructure 'vith its wider ~nd deeper foundetion. In a fallure of this
tyues, you mey ve abls to see the bulsing of the soil =2round the plate
esnecinlly in the cese of lerze settlements. Recaune of the rether freonent

b4

feilures cansed b lateral flow of the soll, the Amiricen Society of Jivil

Zngincers, Besring Value of Soils for Foundativns, in

o reconnended wrocedure for malting field lecading teats nudblished in 1950,

be uscld beneatl the compresscion wlate and

resist tone natural tendency for scueeze oub from uncer tho

cormressicn plate, Here we have & condition vhere the field lo-ding %tect

5

getile excosgively vhile fthe structurs will heve rol-tive snell settle—

an eremple of thls cheracter,
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Swmminzg un the relationsghi between the field loading test and

gettlcenert of the struchure, e Tind that:
(1. The efiect of size of loaded arce veries all the ey from O

e

to the ratio MA/a & the cherocter of the soil,

J.

(2¢ The ordinnry f£icld looding Ses’

49,

anount oxF settlement likely to sccur fror the corsolidation of the soil.

b LT

To corplete the primery consolidation under ecch load vould wsunlly recuire

of leost two months on o clay soil.

(5. The field loadins test on a relnti—e obtiff upper stratun will
not indlcate the nresence of a gsolt lower strotws thet may couse detrinental

settloments of tho structure. Cae nust Lave cormlets information rolative

to the chersctor and condition of the soil for s denth equal to twice the

L

width of the structure nnd if it is not uniform Jor the entire dopth, there



can be no relation between resulits of the loading tests and the nressures
developed under the Toundation.
(4. Because of tho size of plate and condition of loadinz, there

L mn

is a2 nuch greater possibility of shecy foilure in the field looding test
thar under the Toundation.

that in neterianls vhere ve have ne conshant relotion
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ures i the case of the field

hay

with lerge congolidation settlemoents and no leoterel flouvin of the noll
. \ - W . s (2) .
uncer the Toundeticon. In 1891, Cellingood™’ shated
insigted upon by exnerimenters thrt ebsolutely certein resulis conn only be
roc ched vhen the crea tested is approximetely the serme as that to be Hulld
wyon. ¥ Cempletely dieresarding these differences anc 3iis werning, eongineers
still incist on loading o one sq.Tt. vlate to deferiiine the settlemeny of

a 10,000 go.ft., Tounlrition,.

Exammles showing the resulits of Mield loalin:; tosts

comnared tec actucl setilencnts.

CASE A
This is ¢ rocord of the rosults in o sondr goll vhere settlonent

is clmos®t indenendent of the loaded arca. Hovcver, ¢uc to leyers of clay

and s:ndy clay, the structure hasz settled nore then vould occur hed the

foundation becn on dense sand., "In 1922, the A.5.C.E.'s Speciel Comnittec

on Bearing Velue of Soils and Foundstions, ete., pudlished the rosulis of
J

loading tests werformed on o bHuildia~ lot in Sen Froncisco, Colifornia. A

(2) In-inecring Tews, Vols. 25-06, Februory 14, 1391,



stratum of soft, clean, or sticky sand, with occasional layers of sandy clay
and yellow clay was encountered. It was tested at six different points.
Under a load of 4,800 pounds ncr sq.ft.,, the settlement of the bearing plate
;anged between 0,04 and 0.17 inches, averaging 0.10 inches. TFor the past
few years the lot has been occupied by a 22 story building, placed on a raft
foundation, 218 by 252 feet, exérting a pressure of 4,300 pounds per sc.ft.
(dead load only) on the soil. According to Equation (2), the settlcment of
the building should amount to 152 x 0.10 in. = 15.2 in. H, J. Brunnier,
M. Am. Soc. Ce E., Designing Engineer of the building, has found that the
total settlement to date amounts to approximately 2 inches., During the
first year; the settlement was quite rapid, but the rate has been less each
succeeding year.“(z)

CASE B:

This is the record of a structure in the coastal area of Texas.
The soil consista of a layer of gray clay about 20 feet thick which contains
a one foot stratum of sand. Under the gray clay is a *ough red clay extend-
ing dowvm more than 10C feet below the surface. Tuwo ficid loading Vests were
made on this gite, No. 1 using a plate with an area of 2 sq.ft., and Wo. 2
with an area of 4 sq.ft. The results of these tests are shown in Fig. Wo. 1,
According to the theory of elasticity, Plate Io. 2, (the larger one) should
have settled 1.4 times s much as Plate Ho. L. Actuelly Flate Vo, 1 settled
more then Plate No. 2. This may have been cavsed by & very small amount of
lateral flow under the ‘smaller plate.

The building rests on a mat apnroximately 125 feet square and the
total dead load on the soil is 5,100 pounds per sq.ft. Under this load,

(3) "The Science of Foundations," Dr. Kerl Terzashi, Trans. Am. Soc. C.E.
Vol. 93, 1929, p. 275,



Plate Wo. 1 (2 sq.ft. area) settled 0.107 inches =nl Plote Fo. 2 (4 sq.ft

area) settled only 0.062 inches. From the elastic theory, ire would exvect

L%

the structure to settle 9.5 inches.using the results from Plate Fo. 1 and

3.9 inches from Plate No., 2. After aboub six years, the average sebilement

1

3

s about 3 inches and since then the setitlement has bsen very smell. Last
vecr Dr. Terzaghi exemined the settlement record of this structure ond
xoressed the opinion that the settlement was essentielly the result of
elastic deformetion rather than consolidetion. The results obtained from
Plote Fo. 2 confirm this oninion as they comware favorebly vith vhat has
actually taken place. The smaller plate, however, iundicatcd & sctilement
fer in excoess of what hoe actually occurred, and with o settlement of only
0.107 inches, we are in no position to say that therve was o shear failure.

CASZ C:

This is an isolated structure in the ®ulf cocstal vlace resting
on a thick bed of joint cleay. Rorings show about 90 feet of tough red and
rellow clay, underlain by 30 feet of red clay with sond stiesks, Under
thisg 1s 20 feet of sand followed by wmorc clay vwith streaks o
foundation of the building is a conerete mat spoHroxinately 125 feet square.
The uvnit dead load on the soil is 4,700 1bhs. ner sc.it,

FTive field loading tests wvere made on the silte and consclidation
tests were made on undisturbed samples before constroction. For o »ressure of
4,700 1bs. mer sq.ft. the Tield loading tests geve settlenents renzing from
0,08 inches to 0.22 inches. The test ziving the hizhest value frilcod under
2 load of 6,500 1lbs. wmer sg.ft. in what ves cvidentl; a shezar foilure, there-
. -

fore this test wvas not considered in the study., Tho cther four tosts zave

an average settlement of 0,10 inches for a load of £4,700 1lhs, mer so.ft.



Figs. 2a gives the results of a typicel field loading test, and the wredicted
settlement of the wlate from the consolidation test data. Curve (1) is the
predicted totel settlement of the nlate if the soil wvere pernitted to com=—

nletely consolidnte under each load while Curve (2) is the prediction cor-

o}

rect2d for the time the nlate vas actuslly loaded., Curve () is only shout

10 hizher thean the average scettlement of the nletes for a load of 4,700 1bs,.

>

- L

ver s¢.ft. These curves verify comclusion (2. vhich stated the orlinary

field loading test docs not measure 211 of ths settlemont likelr to occur

.

Tron the consolidetion of the soil.

A
TTie SN L3 K . - - R g » et Pt - P I SR SN
Jsing the rotilo \A/a ent the ~verae of the field loaling tost

nts, ve would cxpeet the structure to settle 9 inches. Tovrever, if
the soil were mernitted to corwmlotely consolidrte under the field loading
test, the cileculated sebtloment wvould e 17 inches.  From i

congolicetion test we vredict a total settlencnt of 5,7 inchaos and to date

1

. . 2
H

the ecotucl settlement hes been slightly over § inches. TFig.

[AY]
o

; ~ives the

rosults of the wrodicted sottlement from the couasolidadion test cormared

2}

Ea - [ SOV
e structurc,.

vith the actuel setbtlonont of
From Cases 3% and "CW weo ligrn thel ve cannot doenend unon the

of clanticity to debtcermine the vriio of settlement of two srcas loaded

~t

theor

Q,

vith ecuel wnlt loads unlcoss wo multinly the retio by somo focltor X, which

7

R T , oo 7 [
mey very oll the ey from C.32 to 0,83 for

the some soll.  Some onainecrs

be made on various size

have sur o series of ficld loading teets

nlates in orxder that X may he detormined for the soil under considoration.

There is the nossibility that such o foetor mer be influcnced by o ¢light

ks

anount of latcral flow undcr the smeller pletes which wrould nielie such a

factor uttorly uscless, In Cose "B" cny attompet to defermince such o Factor
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from the two ficld loadings tosts would rcsult in nredicting a scttlement of
prectically O for the structure. Also such a Tactor will not show the
influence of a deep soft stratum as illustrated in Case "DM.

CASE D:

Case "DM" is an oil tenk in the Culf coastal reglon which illus—
trates the effect of & soft stratum of soil below the surface. Fiz., 3a
gives the soil conditions under the foundation. On this chart has been
plotted the vressure mrofiles for the center of the field loading nlate
and also the center of the foundation slab. These nressure proiiles were
cormyuted by the Boussinesq equation whiclh assumes a perfectly elastic, iso-
tropic material. Since we have just pointed out that soils are aot per—
fectly elastic or isotronic, we cannot therefore exnect the charts to iive
an accurcte picture of how the stresses very in the coll, However, since
in Fig. 3a we are compmaring stress distributions in the same materials,
they should give relative values., These pressure profiles are for the

center of the loaded areas and are therefore meximum conditions, The
average stresses in the soil should e somewhet less than those indicabed
by the curves.

From Fig. J3a wve sec thot by the time we rescch the soft blue nuck,
the pressure under the center of the field loading nlate is about 0.1 ton

per st.ft. while under the foundation slab, it is above 0,9 tons mer sa.ft.
Duc to this condition, we would expect the soft blue muck to have little
effect on the settlement of the field loading plate while it would con-
tribute the major portion of the settlemcent of the foundetion slab.

Fig. 34 is the result of the field loading test on a 2! x 2!

plate. The load on the soil from the tonk and foundation amounts to 820



- 11 =

pounds per sq.fts For this pressurc the Tield loading test gives a scitle-
ment of 0.1 inche. Using this value and the ratio from the theory of elas-
ticity, we would exnect the slab to settle 0.9 inches. Fron Fig, 3c ve
find that the foundetion has actvally settled from 2 to 4 inches, and con-
tinues to subside at a uniform rate. The field loading test is certainly
misleading under these conditions.

CASE E:

This is a situation wheve the field loading test exceeded the
ultimate bearing canacity of the soil resulting in a lerge settlement of
the plate. The structure is loecated in  Torth Texss and the soil consists
of a medium cley which extends well below twice the width of the footings.
The foundation consists of a series of snot Tontings located so that there
is no overlepoing of stress except thet from cne adjsining footing as may
be seen in Fig. Mo. 4b, At the site of the field loading test the footing
is 12 feet below the surface. A roin shortly before the excevetion was
cormsleted, softened the surfoce soil and made it appear so wealr thet o
field loading test was ordered. This test wes nade on a 1 sa.ft. plate at
the bottom of excavatlion as showm in Fig. 4d. Contrary to the usual nro-
cedure Tor field loading tests, the totsl load of 9,000 1lbs. per sqgeft. was
nlaced on the platform in as short a time as nossible. The settlement of
the wlate is shovm in Fig. 4c. Because of the larse amount of settlement
(3-7/16") end the observed bulge (Fig. 4d), it is cvident that the ulti-
nete bearing capacity of the soil was cxceded.

Having determined the shearing strensth (Fiz. 4e) from undistur-
bed samples of soil telten only a few feet from the site of the loadlng

teost, thesc deta were used in computing the critical loads for shellow



o -
feotings using curves derived from the log-spiral method. Thos
are for a genersl failure of a strin load vhich we do not heve
of the squere boaring nlate, However the gcenerel results for a
inz 1 foot wide checlt very closcly to the results obtained from
plate vith orne sq.ft. area, so the goneral cese wes used for th
sons. Svoen though the calculations are in errvor by 2

it vould not 2lter the conclusions.

following table shows how increasing the width of

13

plate increascs the ultimete bearing cavecity of this soil when

L,

ig nlaceld on the suriace of the ground.

e results

in the case
striv load-
o cirenlar

e coimari-

considerable arount,

the »nlate

Width of Loading Beering Cenecity of
Striv in Teet Soil, Lbs./sc.ft.
1 %5y 750
2 7 @50
4 Ty ux)O
8 D 3 1420
10 354530

Applying the conditions of the Tield loading test, we Tind tae
beoring ecepacity of the goil to be 3,750 lbhs. por so.ft, Since this velue
is below the unit load used in the tzast, we shorld cxmect o shenr foilure.
In Tact, the 10 fect wide footing would heve feiled under the tost losd had
it becn placed on the surfacoe.

If tho comdrossicn plate is below the surface of the ground, the
weizht of the soll above the loadiny plene will incrcasc the ultimete bear—
ing power. In the case under consideration, this surchorge has o greater
influence o the bearing cavacity then thic width of the nlate. The coffect
of the denth of surcharge surrovnding the comniression nlate is as Tollous
for a 1 so.ft. arca:
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Depth of Surcharge Beering Capacity of
in Pect Soil, Lbs./sq.ft.
0 3,756
1 4,410
2 5,070
4 8,390
8 §,030
10 10,350

Wow 1t is interesting to obsecrve Fig. 4b end d. The commression
nost wras placed near the pgrtﬂ wvall of the pit and it will be notcd that
the flow of soil was on the opposite side of %he plate from this wall, indi-
cotiag that the weight of the surcharge on the anorth sidce may have cssis-

ted i nrevenbing a shear Toillure even tliongh it was gwroxinatcely 2 foet

from thc wost.

Jith o footing 10 feet vide and 12 feot below the suricces the
colenlated ultinate bernring cepacity is 13,450 pounds wer sg.ft. As the
totel dend ond live load on the soll amounts to only 4,00C nmounds por st.ftes
we havs o factor of safoety of O against o sheor feiluroe, thus melzing 1t
inconsistent Yo attach any serious importence to the shear failurc under
the loading test.

From consolidation tests made on undisturbed semples, thc foot-
ings were designed to keen the averagse settlerment Helow 1 inch. Due %o
specinal conditions, however, it was enticiveted thet this footing would
settle 2.5 inchoes.  About on nonth after the art of construction vhen
the totel dead load hed reachoed 2,500 1bs, oo sc.ft., the footing had
settled only 0.10 inch.

Heving reached the conelusion tiat the field loading test moy De

very misleading, you mey ask how e can costimste the scttlement of a struc—

turc. First we must have complete kinowledge of the goll conditions for a



depth at lcast equal to l% to 2 times the width of the structure. This is
cssentisl even though you do not ecxpcet to meke any tosts bocausc a soft
stratum at considersble depth below the footing may caume detrimental
scttlement. In the case of deep boeds of uniform cohesionless materiels
(sand and gravel), a field loading test will give reasonsble indications
of the settlement of the structure since in these metcrials the rotc of
scttlement is almost independent of the loaded arco.

If the so0il is a cohesive material, it is necegsary that undis-
turbed sammles be troken of each stratum for leberatory tosts and onzlyscs.
Fron the consolidation tests, we con calculate the smount and ratc of
sctilement liltely to occur from the cormression of the soil. It is cssen-
tial thet consolidation tests be made on ecch differend tyve of soil and
that cnouch teats be made to got o fair averczo of ecch type, The rolia-
bility of thesce »nrodictions will depend on the uniformity of the soil, the
carc used in selccting the semples so thot the test specimens arc ropre-
sentative of the cxisting soil, and vmether or not enough specimens ore
tested to obtain o reliable averase. Errors of 10 to 20 per cent arec con-
sidered exceptionally good cetinmotos and vwe cannot expect to checl: as
clogscly as we did in Case "C" even though the soil is uniform in choracter
over the cntirc area. The difficulty of ep-lying ~nd interpreting lobora-
tory tests becomes very great vhen the site is underlain by irregular
lenges of varying and diverse solls, perticularly vhen these lenses are

lergely composed of mixtures of sand and clay., Hovever 1f the cstimetes

were off 100%, the predictions would still be much closer than you would

ct

probably obteln from o field looding tce

w2

If there is denger of lateral flowing of the soil, its ultimate



1
ot
(W7 ]
4

beoring capacity should be calculated nnd the unit losd kept below this volue,
In order to celculate the ultimate hearing cepacity, it is necessary to know
the sheesring strength of the soil. Shearing strengths on undisturbed soemples
ney be determined by the direct shear test, unconfincd compression test, and
tri—-axial compression test. Although investigators agreec that the bost
results are obtained from the tri-axial comression test, they arc not in
accord as to vhich is the more woractical test to use. On cohesive materials
it takos a long tine %to comnlete the tri-sxiel commression test; therciore,
it is not renerclly uscd excent on large structurces such as the Denison Dam

or in “ional work, It is belicved thet the average of a number of

tests vhich require a minimum of time to make, 11111 give a cleeorer nicture
of the soil conaitions than will a few of the mere accurate tests. Dr.

M

Terzazghl profeors a large number of the unconfined commression tests end h

©

does not consider 25 or 30 tests o lorge number. In general, only shallow

foundations writh relative smell besring arecs arc liable to shear fallure

ng
exceot 1n the case of extremely soft soils. Tor large berring aveas, portic-
ulerly ot somc denth and in plastic soils, the safe loading vwill be limited
by permissible scbtlonment rather than by soil strength.

It requires at least two wecks to melze o consolidation tost and
althouch & numbor of tests may be run sirmultencously, soversl wvecls ore
nccessary to completc & sorics of tests cnd the celewlations. The omonnt
of time involved in determining the shearing strength of the soll dopends
upon the test used, but in any case, it will recguirc en =dditional soveral
weclts time.  Since borings and undisturbed sampling ore also slow procedures,
it is cssecntial that you start the foundation investigotions at theo carlicst

datec nossible - even before you start your architcctural and structural



designs, and nrcfcerably before the gite is wurchesed. OFfton a foundation
investigation will disclosc that certain sites arc not dosirablc or cconom—
ical for the provnoscd typo of siructurc, and s substantial saving nay be

mode 1f this 1s Imovm Dbefore the building site is wurchased.
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