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‘_ load under the essumption of parfoctly elastic load on an alas .

SCHLPICHER'S RoUAPioN BT ! .;nﬂﬂ
Schleicher integrated the stress caused by .& uniform surféce

C %ie isotropic medium where Hookes law holds and E and m (Ybung's
modulus and strain in the lataral direatlonjzspectively) re.
meins constant. He got an expression for ths slastic settlement

of soil as

e et “Jn m.-“:.* E (9) g
. u . | 4 .‘: > ) <
¥ 3 ' . ! .*

another form of this equation taking into &noount ths flexi@le }
:'.alah settlements _ PRy 5 S ik !

—

=3 w Ng Lo w= C;ﬁﬁ;. lbﬂﬂl' ‘f'

4 =

‘then from this last eguation it can be calculated IR A
tolerable settlencnt s ‘ - '; -ul,“'_
the shape coaffic ent w - % e l SN f -
the size A of the loading area ool ,’“
éoil proneftios defined by a constant C L
' This equation is in contradiction with Hbusels statenautuﬁgat
for same settlement the bearing pressure under plates or hwo
‘ different sizes are the same because for this to happan f~*

B kT vy b "l 5 A‘. » vl
;f Y ‘ R T , ; gt 12
w 6.01. < >z « o T

Toz = \, 20 i ' - 2 : l .
whieh shows that contact pressurs is 1n inverse ratio of thg
nzpas of tho bearing plato.That is for Honoel tom-nla to hgb@

;»ff_4§hn ar.as ot platea should be th@ aann ann potznotga- andlq,
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ROPTER'S EQUATION WA

- For' the solution of the bearing capeity problem a rupture line
is dafinad the one an whaich the shear stesses defined by eq(2)
" is not satisfied.We can tgke the limitinz case which Z is equal
N %a shear stresses elong the rupture iine as the starting point. ¥
‘ Hohr circ!.e can be used teo define the state of stress at any

p}oint. From £ig (1) it is seen that two different rupture lines

L m pass Through the same point making angles 9¢ - o  with each
other The lines of principal streﬂs bisect the mla! beMen

“_ ‘blm rupture lines. -

e gy |

0y {_':EI’,,«;;

L - e}

P g > 2 B
|\: j , p A : ¥ \ . .F|8_z' | .“
ﬁ\ TR % ) . ,

n u 2. My b - t ] ‘ . I | :
L .'_\  b+ e s % ("»-G“)-*ﬂtna [@h"almf *2‘%‘?} M\) 'q:

1}}_‘_r | l-%? *%g | %g_+ Zo .y _mz ._:

i uning anall earth element with posit.ivo direction of y is ‘down 3 H

m& e omus-o above equations %o get @, 9y, Ty

a.t. +z(tt«¢ +¢mﬂﬁt *:mwm:o qy

g

izn th:l,s egwltiona 8. are longth of ruptura llu. For cohoaion '

, -,.._.’

& [

-y hsa nﬂila the equation becomes . = R :T'J":--{_"J
:i :";" ,‘ﬂ _.._'j«“n_. , x‘ g_ 5 2taa'f g + ¥ win (v ")20 "‘A.:}i ({”ﬁ?{w', 1
=y fm cahguiw solls with sangle of m@ttan is BOXO ,:,‘ {f"”;. "
R g . .!.IL..,- - g. _4. t.-mt\tuﬂw_. &z ‘ ':if'-':‘ il

r._L'_ | ‘:\ 7_‘ ¥ & J _,_H7 : - - . _‘_-___“
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T e I G PRANDTL'S ' THEORY

! » l’randltl. s‘lmdild the penetration, of a hard body into a softer
e 4@.“1 mtemla].. He aaaimed a puncher of wid.th 2o appl.ted on the

“3"‘1

o e lmrxm of un infinitely extending body.Hs used the fallowing

‘-J",‘ £

11:;@ of renaoninga aince the elastic defomation.a of ' most mahe
H-
&L-V_ % .r:i_,lll are very amall eompared %0 plastic deformations they can

L ta!:ély be mglected and the parts of the body undergoing elastic

rrFrH.

m&xecmn are taken as & rigid bodysBut it is also true in a

pop Ry
\‘1_‘|| S

uw. tho plasﬁc atrains areé very .small and therefore they cem
i $~ ?nd'f; Guuu an:r change of shape.So under the assumption of no elas

-

4

"ff ﬁ tip dezma‘(:ton and ZRTQ volume change the fallure in the softer

J 1
i mnﬁtarial oceurs by sliding. A study of the fig(3) will reveal
h_ Mm m:.owang . fhen tha wedes B0 1's Sudhed inte ¥hS. satedinl
“,: fg}m tﬂﬂg‘les ADF and BEG would be transloeated and and pushed

1‘1 out bﬁ' @sctors ACD and TCE. The pressures coming from tnangles

«' .EOG and BOC are transferred to triangles ADF and BE( respectl

i WJ,:' end the gtress conditons ars given in fig(4) by Mohr circle.

.tn Abe thare is a umiform stress conditon. There exisb vertica
3 :_j oally a puneher stress and horizontally, a lesser reactive stroas.
g | 'I!hc vieight of mterial in ABC ( £ig 3 ') is neglected.ARC acts as
% a- r:t.gid bnd;r and it moves domavard with the puncher.This zone

¥ :..- jm -be canaidered as & zone of active preasura‘q A un:lforn stress

o, ?mnﬂﬂnn prcu.ils in ADF and BEG ,There the vertical stress is

: “"*‘m a:nd.onlzr eqmpreasiva stresses ex:!.sth.ADF and BEG will slide
F&W ﬂm! W ‘ard oF like a rigid bod;y' and can be comsidered
.r" \.g?i s ‘

’; ‘ﬁ*.?mh ;“g Q‘f Mive prasgure,
ot M ‘hm trianglu there are two sector Iike alen.nrg
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_ral are at the points A and B and the radii in both sectors are
%w0. by a surface emenating from the pole and having aé.n.glo

. any radius vector stress is constant but changes with different
‘ radius vector, The plastic zone is also calledd gone of radiak

. from MNohr theory of stress and Alry's strass function,cbtained
' & differential eqvation of the second orde@ which pives anslyti
eal expi.‘esaioq for the ultimate stress .,

- ntqn.ﬁ '
Ll s - & (12K ¢ - 1) s
. where ¢ = sin ¢ 1n these formulas ¢ and 4 are tékon
¢ =Coos p as physical constants of the lﬁ’eax‘m

' #his ultimate stress G on AG snd 5O is the tltimstc bearins csps
_oityat abghe surface AB of the punched material. For o.hqv_!e soly
] ‘t::laqs gy 1s assumed to be of hydrosbatic nature.

'-: In thaae ¢ealculations one is alsb 1nterasi:ad in the ex't:en‘l: of F

: .ﬁ-oa the toe ‘Bo the failure surface, _

whieh are sections of a logorithmic spiral.The poles of the sp!.
gliding or rupbure surfaces,.The plastic sector is divided into

of 2« with the spiral.These sectors deform plastically. Along

shear, .

Prandtl ecnsidsrs the plastice equilibrium of sectors assuming
that the stress on AC is meximum and it is the same stress act_
1;ng on AD also;'rakingﬁinqr princi;'pal.atres_ses equal t¢ zero,he

the minus sign indicates the nature of stress ( P ewﬂ*

o Ay a:,(ﬁ—.'c%‘e““"- ) {
e nkﬁﬂ' OElYyi- 4
6= 5 [(tqu{q.a,g,)) ] |

failure surface that is the ratio of base b frem the disia m ,».
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From figq 3
RF
RD
Al

HE
AB

- AC

RP

AF

Prandatl obtained this

=2 AP cos U‘]‘. 4_)

= RC twh

=2 RC s~ g)

o (28 BEenF cosln - £ n

ZAC sin (L -.ﬂ.,
- Lg\%(% 1) o tanp

= g =
Cas .ﬂ_

= s Qwhuﬂ ;
s &r <ns (Nly = ,fzj‘

(1)

solution fcn? the cabé of metals but ':ﬂ' 9

.

 aninfinitely long strip footing)with & base width &f 2b.The sof

b

J fo = dafl
and meqrding to the stress thecry _
S Us' o A-sine ok Sl T e
G T Arsing TR ")_a LR Vg
.!'. . : YO
G = 93Kp . : P

an in the praendetl systenm.,

all directions(assuming Pascals law holds),also the iniékial s‘tre;sﬁ

. on thiés face is given

nan be extended %o soils.In that case,the puncher 1s ‘thought as

ten material is the aoi?_(&nd when the shaarim streng‘bhn of the_‘:r
i‘:he soil exceeds a certain valug%he feilure of the. socil ocml.
with the expulsion of two sided sectors according to the nodo 2t

Apzlica’cion of the theory to the ease Q soq,s-

- The bearing pressure in the wedge is transmitted undiminished in

pi distribubes. itself hydrostatically.Therefore the pressure int
tensity «, on the face AC is given

2 : (19

Assumine the face is of unit length,the total compressive force
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.+ 0= B Aike =T ()
The passive pressure ancAD
; Fp == Gp [ = (&6 +7 )% e“"b"‘")
["P — P p el-'“‘"”
o= 4

' Pa = Pp Fer force equilibnhm
‘ (% +R)= P Kp e EHF
For  moment ec‘m\&m'um

Bl o P ) Voloiip SN Y(oF Sane )

?-
o

éblﬂng this ecquation for we obtain prandatl ‘s solution for
the case af soils as g 2
: |8 2
0 = [l""‘ (‘2' +4) e 70 4] (20).

‘but 2 survey of the above squations show that for cases w here -

assumption of weightless material forms the weakness of t:he thoo
several pdopla starting from this point and by addingmiﬂ '
. mm or nald.ng some simplifying azmnptions tried to inptm

..+ above wenknsua of the problem. a;hi ‘and Meyerhoff (whou ‘theo
4 pies to be discussed later) started from this point and by sono

assnlpﬁons arrived a feirly good sclutions of the problen.how
. » mr we shold stress here that t:heae solutions sre not rigerous
Iﬁ is of interest t« nobe here the _corrections mtroducbd, by

43 é ahaut t‘ha m which these correctionz are o’otaincd..

1

e 2 theben'ing capacity diminishes.This fact 'cogethar with vu |

mlor homver it is a regrettable fact that no- acoount is. gh'en-.
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PERZAGHI 'S THEORY
OF BrARTNG cAPACiTY

. General Definitions :

. When & soil is loaded it settles, we can measure these setllement
 -and we can plot them against the load czusing this settlement.
J ' S\.‘lch a plot is called the settlement curve.This curve usually
| . lies between the two limiting curves of fig (5) .Curve E£.shows
.~ ‘the trend for a dense soil whereas curve C,shows the trend for
‘ 'Iooae soil.The area on which we applied the lcad is called '&hé
> baaring area and the load which caused the failure of the soil
aﬁppart under this are is ealled the ultimate 1oad or “ultinatt
%fnf'* bearing capaeity of s0il."Terzaghi agsumes that mechanical pro
. perties of tihe goil, the size of the loded ®ma the shape of the
‘VFW Itm 1ons‘l:‘.|son bf the load with respect to the surface m "the
;”f;' factors governing the beaping cepacity of soil.Tn all his wunkj
A nq;l is assumed to be homogeneous from the surface toﬂdepth far
bﬁlDW‘thm base of the footing.A continious footing is +the one
f.—'f In which the length is very large compared to the width of the
"5k o :fbntiyéiihnreas in spread footings the length to width ratie

M‘

- around one bwo-two.
. mypes of failures :

P 1- the load applied to the séil the stete of elastic equilib

'1--riﬂn of the BSoil ‘changes and with the inorease of load state of

v pIaatic equilih:iun is established.Tn the transition $hase from
ilnstle to plastic state the soil reactions over: the base of

em} ‘foo*bing also changes,resultins in the oftentation -of pri.nei

4 oot
-r",

l

e oape ) Dy N
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pal stress planes.These chenges first begins at the base and -

- at the outer edges.If in this state the plastic strains are small,
that is the if the s&ttlement ;ﬁrve is nearer to (C4) the footing

. does mot sink untill the cendition of ﬂ.g (6) oegeurs. The failure
_oecurs by sliding as shown on fig (6). def is one of these aliding
surfaces and it consists & cérved part de and a plane ef .Suech
tmée of failure is called the general shear failure,

£ | ni'l?ﬂ s ' X
r’f’ ‘

Fig-7- Zones of F!aah:.fbm :
Real soy) rough base

' 3n the usual practicewe § don't get plastic plastic equilib_r_im _
within the enftire upper part of zone aef , and gones of failure

I: are given for real soils in fig(7.

1 e - i T ,ﬂmﬂd‘“&“

R-pl‘astic flow of the soil is preceded with s very high streins
u can assume thet failure occurs st a certain inclination of

tihe taaghnt to the failure curve,In this case the lcad settlonmt

m is. naa:car to curve C, and such type of failures are qalhd

faﬂﬁre by loeal shear, | '

- ., ™9 -
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| bese of the fooking is zero we can get the zones shown on tigtu
In case of & smooth base due to lack of seil friection 301111;1111

-|rthg frictioh below the base restrains the movement of thq aoil

chear failure of soil support of shallow eontinious fooings 2

A shallowr footing is defined as the onme in which depth of foobting
below the surface of soil is equal of less than the wi@ith of the

footine,Under these conditions the neglection of shear forges in

soll above the foundation level 1is a good approximation and the’
error is an the safe side. "hen the shear forces are negldctad s
the soil above can be replaced by a surcharge egqual to the weight
of scil ebove thidlevel. If ¥ is the unit weight and dspth is Dy
the surcharge ig given .

q =¥ D : (11] J
and if we further assume that the friction and adhesion a'l: thp F

spreads laterally and me gek Lig Bh .2u% in case of a i'ough base

a+d then soil acte as a unithnd it moves together with ths toot_
ing. {15 B5) :

e 7 Fig 8b - '.JHLQML.B@.&\I‘
base 3 archu_;e,

In thoae figurés the zones of plastiec equilibrium is rspmentod
by 'bha avea ffede can be sudivi ded into a wedge shaped zone {I)

¥ . _' ——
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.the changes 1n ﬁ and ¢ | The values obtalned by thls method is
'”1n good agreement with the values obtained by other methods ﬁ%ﬂd

Calculation of bearlnE canac1ty of a; strln foundatlon

To calculate (to estzmate rather) the bearlng caoaalty of a strip N

-‘”foundatlon located at a depth D'below the surface: cfthe ground ,
.jthe parameters (B po, S. ) must be compatlble w1th the D 1n :

| 5”;the formula bdow :1'. The autnor glves an approx1mate formula;:.u
i %@ for depth assuming that the ground level passes throuﬁh ‘the

~;vntersect on of the fallure surface and the eoulvalent free sur MR

'iface.l

. e _ ‘s[n 3 CO$¢ eetqné Bf e . |
D= Z =in(45 - ¢/7.)Cos(g+¢) (50) .

Qcosé'

'-all th variabies-as definednbefore.

' :mhe free surface stresses can be calculated from the ﬁnown value.“

of adhe51cn-force' C. and thrustlfg acting on the.foundatlonvs ‘-

shaft. |
Ca = Ca D
Ps - psD -
= !}Jhere |
Ps ._avarame unlt earth pressure on shaft w1th in fallure ‘
' o . (zone
2 K; = c’oefficient Of'“ S TIR TEEE B ) oom LI A L L

C unlt adhe81on

71t 1s to be noted that R;denends on the mechanlcal propertles Es

”acelv*he 5011 ann the phySlCcl propert as of the foundat*on.‘f'”~'

BTy
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‘°7%:tloned before The equatlon,ls given ERBRECEE S
e ' i 27

o T’“é&ﬁ o | )

v».“-':_'where PP is the Wh&e normal component of the pass:.ve earth press

Peuz 'g*(cKpc-qupq)

'.‘.'l:ure on a plane contact face with a helght H.o( is ’che slope angle

“i.Of the same face and K&,qu,and Kpgare coefflents whose values

-c_fj;are independent of - q anda.. If ;
‘ &% B%nn¢ - 480 ¢ 5‘ ¢ Cd=c»'of,

.PP.,; Pea. = Pea- ; ; v
Y c088 cosp .
QD 2Bc (C ’¢ +ﬁaa¢)+2&j cos'n}; ’f'XB (hﬂ¢ - ’,) (Zg)

fﬁ;j@hga gqmbxawnx These equations are valld only: for fallures by
’f?general shoar.‘“lg‘wu shovs a contlnlous footing w1th a rough
ngase. mun1¢ Oiwe get a clrcle with radlus the 1ogarithmlc:é<
"i?sp1ra1 turns 1nto a clrcle In this case the slldlng surface 15: ‘
andependent of cohe51on and surcharoe In casezLOthe failure

ﬂoccurs alons deﬁ and de is a logarithmlc Splral V‘th center atf

ib“giVen by the eouatlon

Q”Qq 26:( s +*°“¢)*”‘l ’?(2'155'?1 1
e » _'_‘-__Qsc( fuc-)--_ +zsq(wq) i
?afor thls case the factors We and Nq are . dependent oﬁ ang1e¢5
‘ii{and g ven by coulomb equatlon. p %

ﬁiFor cases of a soil w1th Heighy%hlle cohe31on anﬂ surchanpe i s

fzero the curved part 1s not rigornnsly sdved but it 1s falrly

faell known that dezis above dq ”he crltlcal load whlch causes‘

5fa11ure along def is glven,

Buw.k;\ UN\VEBSWES\ Kmummesx ;

<for cases where soil h«s cohe31on surcharge and located below
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Efthe sur ace of the 301m the fallure surface is glven-by “fhe llf,
‘?;?surface def whlch 11es as seen in flg@Mbetween def, and deiL.Théaf\
ffresults of many numerlcal computations shor that the critical ‘
,:',""f}load 9 is slightly greater than the sum of the loads 8. and oq
'}?yg'which are obtalned from different failure surfaces.Therefore ;,'
4fwe can assume w1th a good accuracys that | L .
e Qp—'Qc.;Q.“-Qx—ZBc Nc+25qu+28 w, oy .
Ifwhere 2B 1s the w1dth of the footlng,and substltutlng q —‘ngcf:
” ,' e Qp Qc+9,,+aq_ 28( e +KD{Mq+YBNx) St
7than the coefllcients N;,Nq and N are known as bearlna caoa
iclty factors, and the values are given graphxcally. The value sf.

lare obtalned fromtthe fallow1nr formulas W

e = cob et ] ‘f-'(3‘4‘4)‘:}*-:{_{*
: Ngu ¢ [26m¥(4:-+q%) _:1 l;‘g Ll i
Nq : N Ay RS A il »(.31 -b) .
G NTeR s R Y L
. : i 643“" —Baydeas (31c)
ithese formulas are obtalned rigorously from Airy s stress func4'f

ttion.by trandatl and Reissner.:"vj'

fcase Of: inclnned loads

jTerzaghl do not glve analytlcal express1ons for the evalua

iftlon of bearimo capacity includlns the effects of 1ncllned loads.

*fTHe states that for loads Wlth small 1ncllnat10n the bearlnO ca

fpac ty is not effected and can be treated as a symetrical case. |

?For larger 1nc11nat10ns no. account 1s alven.-

'”ondltlons for 1ocal shear failure~"

?The stress conditon for a cohe51ve soil at Iailure is given by

h’ equatlon,'fuw‘

“(4 ’-) coati{sg) (3) i




THESIS

BEBEK ISTANBUL

“5fquired to snread plastlc eouillbrlum is greater than the later

’“ii{assumptlons concern’ng the shear forces above foundation level.,
yjqf?;In thls case the fallure occurs 1n radial directlons unllke the
'ﬁ;iicase O, contlnlous footln?s in "hlch the movement is in parellel

V:T}dlrectvons By the same 11ne of reasoning the bearlng capacity-'

lwhere 1¢ major Pr1nc1pa1 stress ¢ andpas befere .

Gh_.mlnor prlnclpel stress _t“

;fal compre551on produced 1n s nklnp. ln this case s01l falls by

1?100&1 shearf‘In order to ootaln the mlnlmum véue of bearlng ca f
f_ipacity for thls case the settlement curve 1s replaced by an (ﬂsa)
f;,ldeal plasc10 curve Ocd The curve reoresonts a materlal w1th :

.a.smaller cohe31on C and smaller angle of 1nternal frlctlon f'.ﬂ

C (2/3)c. .'.. ton¢ 12/3) f:aa¢
55and us:ng thls lact in the prev1ous eq (&1 we get

QD_ 23(2‘-ch+‘60{ Nq +xBNx) (33)

the bearlng capaclty lies between 0 and O .Un@S) .
,QBearlne Capacity of Shallow or Clrcular ootinns: P

?Ewe can use the previous defnitions of shallow footlngs and the

";of a. foundatnon w1th a radius R g F
' ' s Q i ﬂR[cm_ TXD; nc, +TRﬂg) SR
in“thls eouatlons nc,nﬁ ahd nx‘_are pure numbers dependent on

‘;only. But due to mathematlcal dlffucultles the factors are

pRk ROBERT COLLEGE 'GRADUATE SCHOOL " “ ' page ‘g =

when the soil is in 1ts loose state the laterel comnre551on relfi‘f

cmrom practlcal results it 1s safe to assume these reduced valuesi

where Nc Nq"f aud ng are correspondlnv bearin ,capaclty factors.,

Tor sowls w1th settlement curves 1ntermediate between Cx and Cz 51
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'“bflaﬂotﬂevalﬁated' rivorously From the results of tests and fram ex

3 j;perlence the fallow1ng prov1s~onal eqatlon can be Plven

G-k, RS Me +YOF Mo 1 06 RN} )
’j*fuhere N N and N are the bearlnﬁ capacity factors for contlnl
ﬁ;ous footmngsb w1th the same arguments and vlth the same deflclen j
gcles the bearvnm‘capa01ty for square.f'lootﬁngs are glven .
e Qo-4f>qol 45‘(43ch+Yu;Nq+ousNg) : (36)

ln case of

ffbe used If qo is the bearlnO capacity for-general shear failure

by local shear occurs a% 1. 3 qo for c1rcu1ar footings on clay

.fo_6 qofor footlnvs on: sand.ﬁv""'

loose SCll the factors for 1oca1 shear fallmre shouldf”

L s :.i‘f;?AGE.l‘-ftfzai‘.“ %
o BEBEK ISIANBUL B e P e

e ae. e e a5 e
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erlved in terms of p.,B so It is also more convenient vto e 'ress 1

q c N q-c-fz N‘(‘\




2 ii*s‘i‘ﬁ, ,j°.

4

(1 ’f‘ Sln—ﬁ) e

29 ‘b'an_ ¢'

‘sn.n ;5

+Po

sa.n ZZU .,«. Q)

l?Sinde

- sing- S_:lvnj__ 2{, : Py

29 'bangf |




ROBERT CQLLEGE GRADUATE scuom. e e ey
: BEBEK ISTANBUL L R

LT PAGE .{9"5‘”

Values 01 Ncand N§ are ca&culated and given in the form of graphs
.‘an 1nvest1gat10n o*° these values sho".' that the variation of m
between zero and one do not effect the results for practlcal pug

;poses Therefore we can.treat ﬁ and ¢ as varlables._The values

,.datlon 1s 1n close afrreement mth the values found by Relssner

and Drandtl (ng no)t}* !

Calculatlon of NY.':?;L' e

;obtalned for13— @ and m- O which is the case 6f a surface foun f?

T,

~ 3 wh <t
ey T T N TRV R N Y e T U LT oI




<

ANGLE “oF ‘WTERARL: FRETION. B

Ay

Hemer

Ve,

ﬁv

: {-:BE BRI




it .ff':THESlS
ROBERT COLLEGE - GRADUATE scuoou,._
: BEBEK lSTANBUL : )

goodag;reement : wl’ch the values obtalned by other method ( a\h)

To calculate (to estlmate rather) the bearlng capamty of ‘a 'str:bp ;

f:oundatlon 1ocated at a depth D below the surface of‘ the ground

‘the parameters (B p, 5. ) mus’c be compatlble with the D 1n7_:",

:'bhe f ormulavf be\ow 'I‘he author gives an a.ppro:d.ma’ce formula

Am for »deﬁthv assumlng that thp o*round level passes through the z

,nterso‘ctﬁ on of ‘bhe failure surface and the equlvalent free s, '

j';;aﬁ Y eet‘““‘” B
: 2=m(4:> ¢/g_)(.os(g+¢) S

(zone.:v
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‘I‘he- usual. co;ﬁﬁutatlons give | satxsfactory results for q’ e‘qtual




ﬂ/a-i

."'the lower one







b

In-the case %E a clrcular.foundation the‘plastlc flow occurs An:

&

orlzontal and vertical dlrections.Hbop stresses act normal to

to. adial planes'They are equal to mlnor princlpal stresses aﬁa

"are_ln accordance5w1th tqe coulombjfmohr fallure crlterea hork

o) ’Hencky showed.that the plastiQJZOnes 1n rad1a1 planes and.thel
comn051te failure surface 1s 31mllar in shapeﬂbut smaller'ln
extentfto that of under 1n strip fooblngs.fbr;an}approxlmatlon

h solutlon\of the problem the two surface .,f

*f”=TR(1+acesB/ 0080)




AT
A LA




iHESlS

ROBERT :COLLEGE! GRADUATE SCHOOL
5 BEBEK ISTANBUL

B In that case we assume & founda
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"and deformation characteristlcs of the material 'bhe stress stral

1story or' : the ground and the me’bhod of installation o+‘ the foun

'atlon;It hab a value between the ;pa351ve andacatlve earth pres

_ ntsfand cah only be determined from the f:.eld test

In cavsjgé;;féiiié're”the :soil 3.s submerged the eq. (66) 15 to be modlfle
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: THP BARIN(‘ CA.PACITY OF romqmmrons
" _“;_U“IDER “‘CCENTRIG AI\TD iNCLINED Lo,ms .

A:foundatlonﬁshen subjected to eccentric load 1.e. a load plus
?a'bendlng moment 1t tllts to 1n the dlrectlon of applied bendiné
;moment.Tithln theéange of safe workmng loads%e assume that the ?
cotact pressures under the footlng vary linearly from the maxi
mﬁs_at the tllted edge to a mﬂnlmum at the other edge.But for
-¥ zfeot1ng loaded near to the fallure load the pressure distribu
7tlon 1s entlrely dirferent In that respect Meyerhoff makes the

;assumption that same state of pressure prevalls below anecentrl
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dation one needstto add.the skin frlcion on the shaft.,npis 1s?;

E 'c":iz)‘

The rocedure\outllned above can be extended to cases of indivi

dua' foqtlngs w1th”eccentrlclties on one or on two dlrections.

5sei:tloﬁ”of that prdblem depends on flndlng maximum effect

E 1} v' area 'f contact whose centroid coincldes w1th the load then

u51ng;th shape factor ﬁ we can obtain the bearlng capaclty for

C73)
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l‘(footlng is hor:.zon’bal ) Flgs. 4?-4,5 . illustrates 'chis condi

Horizontal Foundatlon :fﬂw:w

'Vith a load 1nclﬁned to the»

ﬁ”ﬂ;f.ie;f{f vertlcal we have as in flg

an elastlc shear zone ABC

a radial shear zoanDC and
a mlxed zone ﬁD@F As in ot
her cases the':equivalent

*Cfggvj"l{ff?ff*'surface stresses ‘D and S'f

can be found from the resul
tant forces acting on AF and‘
adding to thls the Iorce on

L“',Z“Z“L,;a}.;n ) AE “Jhlch is the load due to
G the weight of the 5011 wedﬁe_

AWP..e should note that the

plane AE makes an angle

To the horizontal we can.rep_

resent the bearlng capacity

by O and we can take its ho v

e
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.f@'whenever 1t 1s possible._;jﬂiefff'

i Bearine capacity of a.foundatlon w1tn eccentrlo 1nclined\1oad7?n

_"In that case one can always superimpose the above results to
'-ﬂofind the resmltant bear1ng capa01ty.le can deflne three magor'

f?types of problem and 1ndioate the solutlons’v

til) T“oundan;ion:ls w1th a horizontal force and~afmoment in the d re

A':,Edlrection 01 the force.;«:f'

2.) woundations (rectangular or square); ogdeqfwith}abload;“

efa moments in two directlons.‘;;Y'”

‘ff3 ) Poundations Wlth a horlzontal forcefand a‘moment ac.lng i

.fprocedure 1s followed w1th a proper shape factaﬁ"\

. capaclm :
(three)the ?oundatlonAls estimated for(both effects an th

5?[value of the bearlnp capac*tv ls usued.

”.fngperlmental ev1dence

“TfttTests on clay

The test results show that the avarase b 'ring
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ﬂforvincrease 1n eccentrlcities(es/ B) O 5 but for é ”lven ec

cerrlrlcty 1n one dlrectlon an lncrease ;of the eccentrlclty
1H5the other dlrection decreases the bearlng capaclty linearly.
For large eccentrlcltles the experlmental values are somewhat
greater than the predicted values due to th robable 1ncrease
fofvansle of internal frnction w1th the 1ncrease in pressure.
”The lastj!mportant experlmental ev1dence to note 1s that the

,mrdaleﬂthlrd rule 1n case of fallure 1s arbitrary and it 1s a

'UI.TIMATE BEARING CAPACITY or
- ,01.? SLOPES

For foundations onfslopes the plastlc zones are dlsturbed and

they are: greater ongthe 51de of the slope Fbr that case the

streSS;dis4r1butlon ”Lshown on fig (25) The stressed reg:ons

arelbgain.d1v1ded inro zones of plane and radial shear.Then the

load;on'AFP‘can be represented by a combination of eouivalent

free surface stresses p,,s actlng on plane AR making an angle

‘afto the‘horlzontal‘we again assume that the coulomb lbhr eri

tera of alluralholdsAtrue 1n thls case also. Then as always

‘c?capa01ty is given 1ﬁ +erms Of the bearlno

sase the': valueM{?, 51 zina given for dlfferent (D / B) ratlos
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(whﬂre D 1s the foundatlon denth and B foundatlnn w1dth x 1/2 )

slooe angle ﬁ and the angle of 1nterna1 frlctlcn d rlgs ZQQJOB
#hzy cover the casas of coheslve and cohesionless materlals.,
=yThe examinatlon of the values of N"shows that wt decreases w1th
;reater incllnatlon of the sldpe and becomes mlninlmmm for 3 90
;hls mlninmum in sandy s01ls iséeached when J waever thls:
shculd be noted that at thts angle cohesionless 5011 becomes :

unstable For normal cases 1n which 5‘-30 bearlnD capac1tv of

clays do not chanoe appreciably but for sands and gravels thls
change is cons1derable,,because 1n thﬂs case the bear*ng capa _
clty'decreases parabollcally for such slones.s-*'“

Tbﬂ foundatlons below a stﬁionary water table we can use 3’ Y
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,:.}Béal_:fi‘ﬁs‘:‘é@é[oi’igﬁ TFor a '.;Fbundation»"i on Top ofa SLope : . -

: \-'

Flg on page shows the zones of plastic flow for a foundatlnn

iloaded to fallure and whlch is 1ocated at the top of a slope.jﬁ_g

7The_above analysis may again be repeated for a foundatlon m‘;ff

freferred above.. The bearing capaclty factors for this case is

4

;glven on,fig (21) These factors decrease rapldly with the 1ncli
ffation oﬂ%he slope but increases Wlth dlstnce b fnnm the slope
iand as b ~(2-6)B (de;oendlnr~ on the angle of shearlng fe31stance
iof the 5011 andLD / B ) ratio )the bearlng capacity becomes in

5dependent of the slope and can be calculated as a usual case

ff a foundatlnn on long horizontal surface.{;f}fﬁ_{¥77f“

iIn case Vof W1de foundatlons ( 1n whlch B,Z H slope height )
“Neyerhoff uses Janbu s work and 1n the equdnn,of bearlng cap
ykthe factor is assumed to depend on ( ) b g3,and.ﬁ

”stability factor deflned by

The examlnatlon of flgﬂshows that thvs stability factor 1ncreﬁ,fs

fases from mlnlmnm in slopes of smalll height to a max1mum in_f?f-

‘slooesi;f very vreat helghts. That is the fallmre of foundaq;;g?

her than the bearlng capacity fallure In case of purely cohes%vi
So(

;uncer the action of ground'water and w1th a crack we should use

_ions onfthe latter typeéof slopes are due to slope fallure rat {
|
|
4

alreduced crhesion factor given by
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' oN BF‘A.RING CAPACITY or GLAYS

Qhenqa foundatlon 1s constructed there are some settlements due
3to two maln effects.'fhf‘{’i;h:_ffff”'“' P '_. ,H' ,
;lil Immediate settlement due to deformatlon of 3011 taklng place
gwlthout change 1n water content S - IR
;2{) Consolidatlon settlement due to a volume reductlon caused X
itt‘extru81on of some pone water from the SOll Because of flne'

}partlcles of clay,for 1mmed1ate qkloading‘”'the elastlc settle

?nts play the maaor role. But there 1s 1n all cases a small dec
.ease in: thehoisture content of the soil beneath the foundatlon
vhlch w1ll causss a small 1ncrease 1n strength.Neglectlon.of this
Lphenomena is conservative and leads to a great 51p11ficatlon of::
ﬁ“aring'capacity calculation most clays are found in saturated‘
on:nearly saturated condlton and they behave as purely cohe31ve

:{dgnon—frlctlonal materials,‘under anplied 1oads."herefore thel

%angle_of 1nternal frlctnon sﬁ Q .QK’

ssumptlon of ¢ C)forms the basis of the theory and only 1n”'
specla ,cases o with prolonged loadlno or w1th very s1lty claysf

such an assumptvon 1s not valld and needs more eleborate analy f

Ultimate bearint capacity of clays & '

As”a;general'case the bearln0 capaclty can retresented in termsf
| ’1capaclty factors ‘as’ ”y B et ‘ l,, ; 8 o
o ""q Lc Nc. tﬂ;(”q 1) —t—&BNx)/L + Pt (8_5) "

\-';fN genaral bearinp capaclty factors cohes1on
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'-effectlve overburden pressure at foundatlon level
p_total overburden pressure at foundatlon level

xiidensity of 5011 beneath the foundatlon ]7'

u51ng the condltlon of ﬂ—-O the factors N and Né reduces to

unity and zero reSpectively and the—bearlng capac1ty is given j,

on he corestobtalned fnom the holes. It 1s to be noted that tri
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strength‘at 2' % B depth should be taken.But thls rule gives

'jSAtlsfactory results 1f the streneth does nct vary more than

‘;507 withln the ﬁpt depth requlred for measurement of o o 175f1€i;i

Derivation of « Neis ' i iinnoo ol

In strict sense thls 1s not a derlvatlon but a comparlson,but 1t ‘
?fls called "derlvatlon" by the author (a.*W Skempkon )'1L fﬂ{;f.‘
The analy31s of Brandatl work glves H for a continlous foot1ng |

at the surface a value of 5 14 and Meyerhof us:LnO the same theormT

but vﬂth some modiflcatlons gets a vaue far NL as8 3 These velue%@
cah be con51dered as limlts of YC.By tne same argument for CIr f:
cular footlngs 1t wass found out that the upper and lower llmlts

are 5 68 and 6 3 o

Glbson extended the large straln theory of Swalnger assumlng

that;the nenetratlon of a footing at fallure load 15 equlvalent to

to expandlnLn a spherical hole in clay of diameter equai to the

dlameterlol the footlng With these assumptlons the bearing ca

uacitv factor 1: given as /“f=‘ et ,4,-‘,' ‘nl* -
A SE AT TORE NC [Ioae .___ + 1] x 1 (88)

"being the Ybung s modulus for clay. Slnce the pract1ca1 limlts '

‘ 'iﬂgésebfﬁﬁE}ﬁakes: 1n hls work the fallure load

"""’""’f s:mele rules are given mth a graphlcal flgure.jl
b 2 i . ﬂg 22- ;
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Nc b (rectangular) [4 + 0.2 3/1_] Nc(s*np)

of- :
T05
O

4,00
4,56
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" BFARING OADACITY C&LCULATIONS e
BY GENERALIZ“D PROGDDURB or. SLICES '

7The princlpal con31derations upon whlch the formulas are basede

wall it is used only for 111ustration ,the procedure can be ap'

on of the wall or the foundatlon.

SR (F.% 9_3) : .
hg: Eouilibrium of_the whole sllding mass

'-ze/dt-?}

Lejd[—‘ EA

acto' of safety If the shearlng re81stance 1s given by

7-c+€&n¢

h?is given w1th reference to flg.mS’whlch shcws the notatlon andjﬂﬂw

Acendltlons of equillbrlum.Although_the flgure shows a vertlcalj.‘;gﬁ
§§11ed to any desired shape of slip surface,regardless of the coni;}:
Vef*'cal o&W +dP+d T s Jina +a~cm ,,(8,9?\
Hu@dﬂ —vdE dQ "—-dSme.+au5m4 1;  gg@ﬁf~?¢; e
MDMQK*@M Td;( 4y E d%t _'_ JQE "dE}Lé ~_ [_9‘() \

/C—décoso( —Hfﬂ/s,nd) Eb Q A (93)
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anc remembemng , the abbre\rlations

+.(/°+"—‘ "a)zlan ¢€
4 A"i"‘iano{ {:an ¢e :

"’nal forces and b”undary condltons

ol Tcesy

If we elimxnate dN g

because of ‘no simpl:.f:.e&; assumptions are made the

e

@02)

eoua‘bl ons above B

¥
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aamm capac:lty

Eb / ac/y Q+ 2;*6 ~q]& cov’¢]ém(4 ¢e}£/;(/£Cefas¢e ‘I‘d (403)

,:___ ZTLos Ak R L ek
—“-‘Q—-.Ebﬂ'"Z(P*éJtandvdx__‘ AL A et

"*njf‘ 4+-&nd ﬁn14¢ L I

‘I‘he value of 'b 1s indetérmlnate and we need to flnd out by

suco sive approx1ma‘b10n usu:g equatlons 93 and 400 ‘ '[n this
and T As a. flrst aprommatlon t O and mth

Eand ([‘o

value of ‘b fr>mreq 89 and 400

is found out than o E

(m)
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4

Csec(p it idL f;-'-}i«ié).ﬁsnfsﬁe;

E;‘-'écm (ﬂ -+l ¢e} n faﬂ ¢e

_has,a‘ value close to

the one iven by Terzap;hi. :
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LATEST SOLUTION. OF BEARING

u‘ﬂffissue of the ASCE aournal of

_hﬁKTheedlscu351on on' the article - ;-_

As hown n the flg (zs |







“‘Siven by j’ F;‘ +'j?z[ Fz,[g- + éan¢]F7. +
Ty '5", +—g—- FIS —{—(.D- +éan¢:j'j' -:'
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Class‘ alfand Modern.methods used for the solutlon of bearlng
apacity}pmoblem, is‘presented in this thessis Allmost "éil j
»eth'ds:are based on plastic analysis 31nce the fallure of soil

;can;be'described much better than any other method.The elastic
-an lysis methods described at the beginning of bhi- the31s does

fot glve*the éolutlonnof the bearlng capa01ty problem.But if

ffailure is assumed for a certaln settlement to occur than by

:these methods we can_find the load Lor this specified settlement.:

Thewbearlng capacity problem 1s verJ hard to solve.Soll 13 not

ogeneous ,1sitropicfand does not obey nookes Law.The solutlon 5

‘which will takebinto account all the above conditons will be

ery_involved and the',esults ( if obtalned ) will be very

mﬁlethfﬂénply"i Vpractice. Slnce no attemptfls made for such

olution”and since'Such a soluiton w111 bevunpractical we

mist be satlsfie; w1th‘51mpler solutions,”fftwo dlmen51ona1
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otte';derived an eouation for the stress distributlon.along a
*rupture line acoording to Coulomb -Mohr failure crlterea. Coenan.
{recently Z1948 ) showed that if the equatlon 1s applied to an

uapproximate rupture surface the resultlng stresses are also app

%rupture surfaces.lﬂi;ia, | | .
iToﬁtplastlc methods the correct rupture surface ms a surface v

which is statlcally and kinematioally possible .Statical p0351

irea is maximum alongélhe'rupture surface Whlch 1s 1n statical

‘qulllbrlum..Kinematical possibll:ty 1mp11es that movement of

oxim“ﬁe solu‘lon. The two solutlons make use of Prandtl'

;roximate. Needles to say that the stresses are exact Ior correctvj

'blllty 1mplies thau¢all the stresses deflned by a failure crlte i ¥

”{earing'capaclty calculated in, thls way Will be close to -?fw
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of 'appii catl on

.; is very limi'bed

T e -
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-the;bearing fapacity calculatlons except for the very smmple

ot known and no attemt is made to solve for the bearinp caffﬁ

;practice”But SOllS near failure exhlblt oroperties similar to

clays Skemtonsé

of the problem w1th practlcal valué

~émplrlcal solutions

¥

‘jon modelS to evelve a theory Whlch can‘be applled to

ROBER: COLLEGE  GRADUATE SCHOOL - S o pace FY

icasesﬁsuffer from’simpllfying assumtions to the degree that th;eﬁﬁ[i
fulting solutions are only appnoximately correct The shape of?iﬁl
ruptur:-surface is known deflnitely only ‘x 0 The ngture sur;;{;
acés;used by Meyerhoff and Terzaghi are not kinematlcally pOSiﬁi~‘

_1blefToday even for thp case of a two dimenslonal problem NX'JEAL

1ty:,of three dlmen81ona1 nroblem.whlch is frequently met 1n}f'Q

work and for sand beerhoffs work can be sug ﬁ
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