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BEARING CAPACITY EQUATION

The bearing capacity equation:

qu = cN. + qgNy + %fyBN,y

where N, N, N, = bearing capacity factors — functions of [0)
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Undrained:

Q’LL=(2+7T)S’LL+Q

Drained:
qu = qNg + 37BN,
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The bearing capacity equation:

qu = cN. + qgNy + %fyBN7
where
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BEARING CAPACITY EQUATION

The bearing capacity equation:
qu = cN. + qgNy + %fyBN7
where

N, = exp(m tan ¢) tan”(45° + 1¢)

Ne=(Ny—1)coto

N, =2(N;,—1)tan¢ (EC7)
= 1.5(Ny —1)tan¢  (Brinch Hansen)
= (N, — 1) tan(1.4¢) (Meyerhof)




BEARING CAPACITY EQUATION

Weightless soil:

qu = cN. + qu
where

N, = exp(m tan ¢) tan”(45° + 1¢)
Ne=(Ny—1)coto

This solution is exact (Prandtl 1921, Reissner 1924)
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q = 20kPa

c = 5kPa
¢ = 30°
y=0

10,000 elements (LB/UB) + 3 adaptive iterations (sol time ~ 20 sec):

T N

LB UB (LB+UB)/2 Exact Error (%)
509.5 525.7 517.6 518.7 -0.2%




BEARING CAPACITY EQUATION

Weightless soil:

qu = cN. + qu
where

N, = exp(m tan ¢) tan”(45° + 1¢)
Ne=(Ny—1)coto

This solution is exact (Prandtl 1921, Reissner 1924)
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BEARING CAPACITY EQUATION

Ponderable soil — superposition:

qu = cN. + qgNg + %ﬂyBN7

where
N, = exp(m tan ¢) tan”(45° + 1¢)
Ne=(Ny—1)coto
N,=7

This solution is conservative — provided that N - Is exact
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BEARING CAPACITY EQUATION

B

Exact N —zero cohesion + zero surcharge:

Qu = %fyBN,y
or
24y
N, = 2
4B

100 year search for exact N,
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ARING CAPACITY EQUATION

60 N expressions (Diaz-Segura 2013)

\ B8

Assessment of the range of variation of N, from 60 estimation
methods for footings on sand
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BEARING CAPACITY EQUATION

60 N expressions (Diaz-Segura 2013)

Table 1. Expressions for the estimation of the N, factor.

Author Expression
Terzaghi (1943); fitted expression; limit equilibrium N, = [mz(‘ﬂ 4 §| expltand) | 10] tan(1.346)
Taylor (1948); limit equilibrium N, = Imxﬁ - %l expl tand) - ‘I“’ﬁ + %l
Caguot and Kérisel (1953 it from lcitchon et al. (1003 mathod of N, = lma tart(§ + $expir tant) + 1794 tanir.z7e)
Biarez et al. (1961); equiibriusm limit N, = m[“"‘ﬁ + %}apg.m.u - 1] tand

Feda (1961); empirical N, 0.01exp ({4) (for & < 35% & in degrees)
Meyerhof (1963); semi-empirical based on limit equilibrium N'_[mf(%u, %l"‘l’{"““"“l“"'-“’

Hu (1964); fitted expression; equilibrium limit N, = [1.901 m’(; ' §| explmtand) + -m] tan(1.2854)
Krizek {1965); empirical N, = T‘h'“" < 35% & in degrees)

Hooker (1969 method of characteristics N, = 0.1045 exp(9.64)

Hansen and Chi (1969); fitted expression; method of N, Ia.f{f + %] exple tand) - 1|un (L334)

Muhs and Weiss (1969 (Eurocode 7 semt-cmpirical expression 8, = 2frf(§ + 3 explr and) - 1] anes

Abdul-Baki and Beik (1970); fitted expression: limit equilibrium N, = [1.752 m‘l{ + %]tqug tand) + mas] tan(L324)
B M:r:mli:"ﬂl i-empirical based on Lundg f1953) N, = 1.5[1:-?{1—' ¥ %] explm tand) 1] tand

Davis and Booker (1971); fitted expression; limit equilibrium

z

= [un'(f " §| exp{tand) + zaa| tan{1.3166)

Chummar (1972); fitted expression: semi-empirical

z

= I:’.l.zwﬂt'—: ' %}wmn@u : 55.5] an(0.274)

Vesic (1973); approximation based on Caquot and Kérisel (1953) analysis using N, = 3[;.;4‘{2 ' 9’ explm tand) + 1| tand
the methad of characteristics 42
Chen {1975; upper bound limit analysis N, = zlmlﬁ + %’ expln tand) + qmm{dz + %’
Chen (1975); firted from mechanics two values; upper bound limit analysis N,= [145 ar? %‘laxr{r tang) + Ms«] tan(l.414)
Salengon et al. (1976); fitted expression; limit equilibrium N, = [““fﬁ + é"-’l expln tand) — w] tan(1.4054)
Steenfelt (1977); empirical fitting from N, vahues obtained from N, = [0.08705 + D231 sin(26) ~ 0.04836 sinf(24]]
Lundgren and Mortensen (1953) ||a.n‘[§ + %} exp(L5m umﬂ—l]
Craig and Pariti (1978); fitted expression; limit equilibrium N = [m mw(:‘_' + %]a“. tand) + nzn]nn\ﬁ
Spangler and Handy (1982 approximation from Terzaght's Mechanism Ny = u[uu’{‘;’ + 5] expi tang) 1] tan{134)
Ingra and Baccher (1983); statistical analysis of footing load test data N, = exp(0.1734 — L646) (b in degrees)
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BEARING CAPACITY EQUATION

60 N expressions (Diaz-Segura 2013)

Table 1 (continued).

Auther

Expression

Simone and Restaino (1984); firted expression; method of charadertstics
Hettler and Gudehus (1988); empirical

Saran and Agarwal (1991); fitted expression; limit equilibrium
Bolton and Lau (1993); method of characteristics

Holton and Lau (1993); fitted expression from original values; method of
characteristics

(1993); fitted expression; numerical solution by graphical

Zadroga (1994); empirical expression

and Dasgupta (1995}; fitted expression; finite element
nonassociated flow nide

Bowles (1996); fitted expression from K, values; imit equilibrium
Frydman and Burd (1997); fitted expression; finite difference analysis
Michalowski (1997): upper bound limit analysis

Paolucci and Pecker (1997); fitted expression; upper bound limit analysis

Danish standard DS415 (Danish Standards Association 1998); empirical
fitting from N, values obtained from Limdgren and Mortensen (1953

Soubra (1999); fitted expression; upper bound limis analysis

Coduto (2001f; approximation from Terzaghi's Mechanin

Perkins and Madson (2000); upper bound analysis based on Chen (1975)

Poulos et al. (2001); sohution based on Davis and Booker (1971)
Ueno et al. {2001); ficted expression; method of characteristics

Wang et al. [2001); fitted expression for mechanics one; upper bound
it amadysis

‘Wang et al. (2001); firted expression for mechanics rwa: upper bound
Timit analysis

Zhu et al. (2001); case 1: limit equilibrium

N, = [unﬁ v %}uw tand) II an{13414)
N, = exp[s.7Ultansf™] - 1.0

N, - .;,(% * 152866 - 3452

N,= |uu~[§ + $] expior cand) - 1] ani154)

N, = [Lm tard( + §)ap|- tani) + :«m] tan{1L.367)
N, [Lz un’{;—' + %}exmunﬂ + l.m] tan{L4174)

N, = 0657 expl0.1416) (o in degrees)

N, = [r{§ + 3] expier and) + 3464] canit2798)

) ol
%, = (3 + 5] expiereaney + 1] anirae)

N, ~ exp{0.66 + 5.11 tand) tands

N,= [n.aﬁ + %]zqu-: tand) + 1_0] tan{1.714)

N, Hiun‘]% + 5] expior ang) - w|om}"

N, = [Lm nn‘(%' + %] explm tand) — o.lszinnu.‘hm

.- 2 u.f{%»f%! expir tand)+1ltand

140.4 sin (4.04)
N, = %tan{% v %Hran{f + %] explL5T tand) ;]
T s:?;;:tim;“m{% - %] B m:b] expil.Smtand)
b lanﬁ ' %}W_;" ' 1|
N, = 0.1054 exp(9.64)
N, [nn‘ﬁ + %’]upqw tand) — m] tan{14614)

N, = lJ.Iun‘E + %| explm tand) + 4.s| tan(L4364)
N, = [1_234 wr(f %]apqu tand) + 4.151]nn:1.3s¢¢p

N, = [z mn’ﬁ" + %I expl tand) + 1]uan¢)'-“
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BEARING CAPACITY EQUATION

60 N expressions (Diaz-Segura 2013)

Table 1 {concluded).

Author Expression
Zhu et al_ (2001}: case 2: limit equilibrivm N, - [3 :a,}{% + %]«p;w tand) + 1] tan{Lo7d)
Cassidy and Houlsby (2002); fitted expression; method of characteristics N, [us un‘l% + %I exp{= tand) — ml tanfL7164)
d (2003 firted expression; limit equ - = 3
Torsaght mechanisin N, = [uo2s ar(§ + 3] expttan ) + 2018] anfu3736)
Kumar (3003); fitted expression; method of characteristics N, = [‘195 m-{:_' + %}qp{. tand) + nsns] tan(1.3524)
Kumar fitted ion; bound — both sides fisilu - T o ) plor
:;m m::'!k expression; upper analysis fuiure N, [ms :an'{ -2 3]empc tand) n.ml tan{1.3374)
Ukritchon et al. (2003); fitted expression from lues; lower and - T 4 &) explrr !
“:Prm;“idml mean N, [1_279 :an‘{4 + Z}exp[ tand) ~ 3 057] tan{1.2194)
Hiiaj et al. (2005 lower and upper bownd analysis N, = expl(1 + 3 cangicanes*™
Martin (2005); fitted expression method of charadteristics N,= [m‘(:’ + %}exp{i tand) — m] tan|1.3384]
Smith (2005); method of characteristics N,= 1_75[;3,11‘-" + %, expli075% + & tand] — 1_0] tand
Kumar and Kouzer (2007); fitted expression: upper bound limit analysis N, = [I.0I2 et + £) exptor tang) o.ns' tan(14264)
Lyamin et al. (2007); lower and upper bound analysis N, = [u,fﬁ . %}up(g tan $) - e.sl tan(1.334)
Kumar and Khatri (2008); fitted ; bower bound finite clements - T, 4 -
umar and |no:§ expression: fin N, [un’{‘ . z}txﬁ#lﬂnﬂ m] tan{1.2648)
Salgade (2008); Ny vale Martin {2005} g -
andlwnhnm“wm v N [m(’k N Z}Qq’[’mﬂ m]mlm}
Yang and Yang (2008]; fitted expression; upper baund limit analysis N, = [mxﬁ + f}‘”ﬁ’ tandj + w] tan(l39646)
Jahanandish et al. {2010}; fitted expression; zero extension lines method N = [‘EI{E + g} explm tand) + I_o] tan{1.5)
Kumar and Khatri {2011k fitted expression; lower bound with finite N, = [ % + f}up[f tand) - s_usl tan(15774)

element and linear programming
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ARING CAPACITY EQUATION
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11th Internatlonal Conféfence of IACMAG Torino
21 Glugno 2005 o

Exact bear-_l_ng_ capamty calculations
using the method of characteristics

Dr C.M. Martin
Department of Engineering Science
University of Oxford

http://www?2.eng.ox.ac.uk/civil/people/cmm/download/iacmag05 cmm.ppt
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NG CAPACITY EQUATION

Exact bearing capacity calculations using the method of
characteristics

C.M. Martin
Department of Engineering Science, University of Oxford

Keywords: bearing capacity, shallow foundation, cohesive-frictional, limit analysis

ABSTRACT: This paper discusses the use of the method of characteristics (commonly referred to
as the slip-line method) to solve the classic geotechnical bearing capacity problem of a vertically
loaded, rigid strip footing resting on a cohesive-frictional halfspace. It would appear that, contrary
to popular belief, the method of characteristics can be used to establish the exact plastic collapse
load for any combination of the parameters ¢, ¢, y, B and ¢ — including the infamous ‘N, problem’.
This applies to footings of arbitrary roughness, though only the extreme cases (smooth and fully
rough) are considered in detail here.

http://www?2.eng.ox.ac.uk/civil/people/cmm/download/iacmag05 cmm.pdf
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ACITY EQUATION

N, (6 = ¢) by common formulae: error [%]

¢ [] Meyerhof | Hansen Vesic Eurocode | Poulos et
(1963) (1970) (1975) (1996) al. (2001)
5 -38.5 -34.3 296.3 -12.4 114.9
10 -15.3 -10.2 182.6 19.8 30.0
15 4.4 0.1 124 .1 33.4 10.1
20 1.1 3.8 89.7 38.4 5.9
25 4.2 4.1 67.6 38.8 7.1
30 6.2 2.1 51.8 36.2 8.9
35 7.8 -1.6 39.3 31.2 7.7
40 9.5 -7.0 27.9 23.9 0.3
45 12.2 -14.3 16.0 14.3 -15.3

http://www?2.eng.ox.ac.uk/civil/people/cmm/download/iacmag05 cmm.ppt
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BEARING CAPACITY EQUATION

B

Exact N ~,— Zero cohesion + zero surcharge:

Gu = %fyBN,Y
or
24y
N, =2
" 4B

Exact N ., determined by CM Martin in 2005 using method of characteristics
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BEARING CAPACITY EQUATION

B

Exact N ~,— Zero cohesion + zero surcharge:

Gu = %fyBN,Y
or
24y
N, = 2
" 4B

Exact N ., determined by CM Martin in 2005 using method of characteristics

Analytical expression not available, but still exact
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BEARING CAPACITY EQUATION

B

Exact N ~,— Zero cohesion + zero surcharge:

Gu = %fyBN,Y
or
24y
N, = 2
" 4B

Exact N ., determined by CM Martin in 2005 using method of characteristics

Analytical expression not available, but still exact

Good approximation:
N, = (Ny — 1) tan(1.34¢)
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BEARING CAPACITY EQUATION

Good approximation:
N, = (Ng — 1) tan(1.34¢)

Lot Lo Lo L e

1.1814 1.0763 -8 9
20 2.8389 2.7274 -3.9
25 6.4913 6.3952 -1.5
30 14.754 14.705 -0.33
35 34.476 34.512 +0.11
40 85.566 85.716 +0.18
45 234.21 234.71 +0.21

24



Good approximation:
Ny = (Nq

m

20
25
30
35
40
45

1.1814
2.8389
6.4913
14.754
34.476
85.566
234.21

— 1) tan(1.34¢)

1.0763
2.7274
6.3952
14.705
34.512
85.716
234.71

-0.52
-0.25
-0.10
-0.02
+0.005
+0.008
+0.009
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BEARING CAPACITY EQUATION

Final equation:

qu = cN. + qNy + %fyBN7

where
N, = exp(m tan ¢) tan”(45° + 1¢)
Ne=(Ny—1)coto
N, = (N, — 1) tan(1.34¢)

This solution is conservative!

1To within the approximation of N7



BEARING CAPACITY EQUATION

Final equation:

qu = cN. + qNy + %fyBN7

where
N, = exp(m tan ¢) tan”(45° + 1¢)
Ne=(Ny—1)coto
N, = (Ny; — 1) tan(1.34¢)
This solution is conservative!

General solution: numerical analysis

1To within the approximation of N7



OPTUM G2
[l [_]_l‘. o= m - oFTMEL
N EEEIIITS e m _ EFEERREE
MR pa— I <o 1 [W [ M [P G gk G fe v e

g = 20kPa

10,000 elements (LB/UB) + 3 adaptive iterations (sol time ~ 20 sec):

I N

LB uB (LB+UB)/2 BCE Dev. (%)
915.4 950.8 933.1 783.4 +16%



BEARING CAPACITY EQUATION

Inclined load
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BEARING CAPACITY EQUATION

Inclined load
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BEARING CAPACITY EQUATION

Inclined load

Modified equation:

Vi . : ,
7= cNeic 4+ qNyiy + 57BN i,

where (EC7, strip)

. H ’
g=11-

( V—I—Bc/tangb)
11—,
N.tan ¢

icziq_

(i H i
= V + Bc/ tan ¢
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BEARING CAPACITY EQUATION

Inclined load

Surface foundation, c = 0:

Va
B

3
i — (1 - %) (EC7)

= 3VBNyi,

where
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BEARING CAPACITY EQUATION

Inclined load

Surface foundation, c = 0:

Vu
B
. HY’

by = (1 - 7) (EC7)

5
b= (1-2) oy

= 3VBNyi,

where
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BEARING CAPACITY EQUATION

Inclined load
%
q
lllllll‘_ﬂl_llllllll
g o5
2 2
Surface foundation, c = 0:
%Z%VBN’Y@'Y
where ;
1y = 1—E (EC7)
= (1-7)
5)
b= (-2 oy
However:

iy >0 for H=Vtan¢ (sliding)
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BEARING CAPACITY EQUATION

Inclined load
%
q
lllllll‘_ﬂl_llllllll
g o5
2 2
Surface foundation, c = 0:
%Z%VBN’Y@'Y
where ;
1y = 1—E (EC7)
= (1-7)
5)
b= (-2 oy
Alternative:

- H O\™ __ 406tang
by =1- V tan ¢ , ~ 20.7—8.8tan¢
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BEARING CAPACITY EQUATION

Inclined load
%
llllllll_ﬂl_ﬁlllllllq
VH diagram:
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BEARING CAPACITY EQUATION

Inclined load
%
llllllll_ﬂl_ﬁlllllllq
VH diagram:

or:
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BEARING CAPACITY EQUATION

Inclined load
%
llllllll_ﬂl_ﬁlllllllq
VH diagram:

Ve o o\"
Yu _ 1 BN, |1 -
B 27 ’Y[ (Vtanqﬁ) ]

or:
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BEARING CAPACITY EQUATION

Inclined load

I
- P =2 «——Sliding limit: H = V tan ¢ EC7 |

DNV

0.1 Alternative, G2

0.04

0.02

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
V/V

max
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BEARING CAPACITY EQUATION

VH diagrams using Limit Analysis

1. DetermineV , andV,_,,

012 7

N _ - ]
_
0.1 .- -

0.08 - - .~ i

max
~
o

L 006 ’ . .

o2 - 5 n

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
V/V

max
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BEARING CAPACITY EQUATION

VH diagrams using Limit Analysis

1. DetermineV , andV,_,,

012 7

N _ - ]
_
0.1 .- -

0.08 - - .~ i

max
~
o

L 006 ’ . .

o2 - 5 n

‘? \ | | | | \ \ | | \,
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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BEARING CAPACITY EQUATION

VH diagrams using Limit Analysis

1. DetermineV , andV,_,,

2. Determine H for fixed V in between V. and V,__,

012 7

N _ - ]
_
0.1 .- -

4? \ | | | | \ \ | | i’
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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BEARING CAPACITY EQUATION

VH diagrams using Limit Analysis

1. DetermineV , andV,_,,

2. Determine H for fixed V in between V. and V,__,

012 7

N _ - ]
_
0.1 .- -

4? \ | | | | \ \ | | i’
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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BEARING CAPACITY EQUATION

VH diagrams using Limit Analysis

1. DetermineV , andV,_,,

2. Determine H for fixed V in between V. and V,__,

012 7

N _ - ]
_
0.1 .- -

4? \ | | | | \ \ | | i’
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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BEARING CAPACITY EQUATION

VH diagrams using Limit Analysis

1. DetermineV , andV,_,,

2. Determine H for fixed V in between V. and V,__,

012 7

4? \ | | | | \ \ | | i’
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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BEARING CAPACITY EQUATION

VH diagrams using Limit Analysis

1. DetermineV , andV,_,,

2. Determine H for fixed V in between V. and V,__,

012 7

- - - _
. _
-’ "'-‘_‘_
01r - .
- | &

4? \ | | | | \ \ | | i’
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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BEARING CAPACITY EQUATION

VH diagrams using Limit Analysis

1. DetermineV , andV,_,,

2. Determine H for fixed V in between V. and V,__,

012 7

011 "”' ~~. 7
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G CAPACITY EQUATION
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BEARING CAPACITY EQUATION

Eccentricity
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BEARING CAPACITY EQUATION

Eccentricity

Modified equation:

Vi , . .
o= cNeic + qNyiq + 378 Nyi,

where
B = B —2¢
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BEARING CAPACITY EQUATION

Y
Ll E_Lllllllllq

Modified equation:

Vi , . .
o= cNeic + qNyiq + 378 Nyi,

where
B = B —2¢
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BEARING CAPACITY EQUATION

)
lllllllL;LELLHllllllq

Modified equation:

Vi , . .
o= cNeic + qNyiq + 378 Nyi,

where
B = B —2¢
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Eccentricity
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BEARING CAPACITY EQUATION

Eccentricity

1 \ | T

. Sand, no surcharge |

0.8

0.7
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Eccentricity

e/B = 0.4, weightless foundation
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BEARING CAPACITY EQUATION

Eccentricity

1 | | |

. ~ Sand, no surcharge
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OPTUM G2, weightless foundation | | i
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Eccentricity

e/B = 0.4, foundation weight = 20 kPa




BEARING CAPACITY EQUATION

Eccentricity
e/B = 0.4, foundation weight = 20 kPa
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BEARING CAPACITY EQUATION

Eccentricity

B B
2 2
Undrained, no surcharge:
Vu

where
B = B —2¢
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BEARING CAPACITY EQUATION

Eccentricity
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BEARING CAPACITY EQUATION

Eccentricity

1 T T T

Undrained, no surcharge,
0.9 .
weightless foundation

OPTUM G2
full tension

OPTUM G2
N0 tension

| | | | | | | |
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Eccentricity

e/B=0.4

Full tension at interface

No tension at interface (tension cut-off)



BEARING CAPACITY EQUATION

Eccentricity

e/B=0.4
Tension

No tension at interface (tension cut-off)
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BEARING CAPACITY EQUATION

Modified equation:

V. i . .
I = cNeteSe + quﬁqu + %'YBN’YZWSW

where (EC7)

!/

5q=1+ —sing

I/
N, —1
B’
sy =1—-0.3—

LI
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BEARING CAPACITY EQUATION

| Modified equation:

Vu . : :
A = cNcicSe + qNgigsq + %'YBN’YZVSW

Two families of shape factors:

BI
EC7: sy=1-— O'3f : independent of ¢ and always <1

Meyerhof: s, =1+0.1 tan? (45 + %gb) : dependent on ¢ and always > 1
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BEARING CAPACITY EQUATION

1.8 T
Circular (B’/L =1)
161 ]
1.4 Meyerhof -
w121 _
1 _____________________________________________________________ _
0.8 .
EC7
0-65 slo 3|5 4|0 45
¢ (deg)
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BEARING CAPACITY EQUATION

Two families of shape factors:

BI
EC7: s, =1-— O.BE : independent of ¢ and always <1

Meyerhof: sy =1+ 0.1tan?(45 + 3¢) :dependenton ¢ and always >1
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BEARING CAPACITY EQUATION

Two families of shape factors:

BI
EC7: 5y=1-— O'Sf : independent of ¢ and always <1

Meyerhof: sy =1+ 0.1tan?(45 + 3¢) :dependenton ¢ and always >1

Who is right? —Only one way to find out: OPTUM G2

71

Strip: plane strain (s, = 1) 6 — (u,,circular
y=—"

1 .
qQu = 5YBNyiqys . . .
2 YT Cireular: axisymmetric (v, strip



BEARING CAPACITY EQUATION

1.8 T
Circular (B’/LU' =1)

1.6

1.4 Meyerhof

OPTUM G2

0.8 7

| |
0'625 30 40 45
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BEARING CAPACITY EQUATION

Shape
Hold on: N, should be calculated on the basis of the plane strain angle

That is why s, = 0.7 — both shape and stress states not corresponding to plane strain

OPTUM G3 73



BEARING CAPACITY EQUATION

Shape
Hold on: N, should be calculated on the basis of the plane strain angle

That is why s, = 0.7 — both shape and stress states not corresponding to plane strain

Assume:
qbps = 1. 12¢t'r

and .
(u,strip — §'YBN'Y (prs)

Qu,circular = calculate on the basis of Gir

OPTUM G3 74



BEARING CAPACITY EQUATION

Shape
Hold on: N, should be calculated on the basis of the plane strain angle

That is why s, = 0.7 — both shape and stress states not corresponding to plane strain

Assume:
qs»ps — 1.12¢tr
and :
Qu,strip = §7BN7(¢ps)
Qu.circular = Ccalculate on the basis of @tr
Shape factor:

Qu,circular
Sy = —————
Qu,strip

OPTUM G3 75



BEARING CAPACITY EQUATION

1.6 T
Circular (B’/U' = 1)
14 Meyerhof _
121 i
U‘JEH T et et |
081 -
EC7
0.6 . - OPTUM G2 -
045 30 35 20 45
¢,, (deg.)
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BEARING CAPACITY EQUATION

Shape
Hold on: N, should be calculated on the basis of the plane strain angle

That is why s, = 0.7 — both shape and stress states not corresponding to plane strain

Assume:
qs»ps — 1'12¢t7'
and :
Qu,strip = §’YBN7(¢ps)
Qu.circular = Ccalculate on the basis of @tr
Shape factor:

Qu,circular
Sy = —————
Qu,strip

However: not in triaxial compression everywhere for a circular foundation
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BEARING CAPACITY EQUATION

Matched in TXC and:

Loose <

T gy = 11264
(Kulhawy & Mayne 1990)

|
0.3

| |
0.4 0.5
b

|
0.6

|
0.7

|
0.8

|
0.9

Old Danish:
) ¢ps — 1-1¢tc

Medium < I

New Danish:

I
0.3

I |
0.4 0.5
b

|
0.6

|
0.7

|
0.8

I
0.9

. gbps — (1 + O-lfD)gbtc

Stakemann (1976):

Dense ol

s = (1 + 0.1631p ) pse

TXC PS

OPTUM G3
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I |
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0.7

|
0.8

Data: Lade & Wang (2001)
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TXE
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BEARING CAPACITY EQUATION

FASD Sand

OPTUM G3 79



BEARING CAPACITY EQUATION




BEARING CAPACITY EQUATION

Qsps — 112@1&0 Medium

120 -

100 +
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BEARING CAPACITY EQUATION




APACITY EQUATION

FASD
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BEARING CAPACITY EQUATION

1.6 T
Circular (B’/LU' = 1)

1.4 Meyerhof

EC/

OPTUM G3 (FASD)

0.6

041

25 30 35
¢,, (deg)

40 45

84



BEARING CAPACITY EQUATION

1.6 T
Square (B’/L' =1)

14 Meyerhof
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BEARING CAPACITY EQUATION

Shape

Undrained analysis

TE

Tresca



BEARING CAPACITY EQUATION

Shape

Undrained analysis

TC

uc

<S

ue uc

TE

Generalized Tresca (s, S,.)

87



BEARING CAPACITY EQUATION

Yield surface
Undrained true triaxial tests on NC Edgar Plastic Kaolinite (Lade 1990)
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BEARING CAPACITY EQUATION

Generalized Tresca

Fu — 01 o 03 + (Sue/suc o 1)(01 o 02) o 2Suc

TXC T A

3/4

1/2

TXC

TXE

%
a3
72 N
TXE
o3

Material Material
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Material Model | Tresca v | Material Model | Tresca v |

Color [ B click to change ] Coler [ B click to change ]

Reducible Strength | Ves v | Reducible Strength | Yes v |
Strength Strength

Option | Standard v | Option | Generalized v |
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PACITY EQUATION

Generalized Tresca + AUS
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BEARING CAPACITY EQUATION

Conclusions

+ The bearing capacity equation is pretty good

+ However issues with:

N, (exact solution has been available for the last 15 years)
Superposition (well known + conservative)

Inclined loading (sliding)

Eccentricity — requires some attention to detail (upcoming webinar)

Plane strain = 3D: reconsideration of soil model (MC = FASD, Tresca 2>
GT/AUS)

Proper modelling of embedment rather than via surcharge

All the other well-known limitations — layered soils, increase of strength with
depth, effects of torsion (upcoming webinar), etc
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BEARING CAPACITY EQUATION

Exact N and N are universally accepted, so why not exact IV_?

+ + 4+ + 4+ + + + + o+

Martin’s solution is not exact

Numerical solutions don’t qualify as exact

The concept of exactness is meaningless

It’s complicated, there are so many approximations

What about the flow rule, large deformations, softening, etc?
There are more important problems (e.g. cure for cancer)

The drained case is never critical, hence N7 is not relevant
g-term always dominates, hence N is not important

Our NN, is based on experiments (carried out in the 1950s or 60s)

Long standing practice will be disrupted
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BEARING CAPACITY EQUATION

Exact N and N are universally accepted, so why not exact IV_?

+ + 4+ + 4+ + + + + o+

Martin’s solution is not exact

Numerical solutions don’t qualify as exact

The concept of exactness is meaningless

It’s complicated, there are so many approximations

What about the flow rule, large deformations, softening, etc?
There are more important problems (e.g. cure for cancer)

The drained case is never critical, hence N7 is not relevant
g-term always dominates, hence N is not important

Our NN, is based on experiments (carried out in the 1950s or 60s)

Long standing practice will be disrupted
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ARING CAPACITY EQUATION

Exact N and N are universally accepted, so why not exact IV_?

Martin’s solution is not exact

Numerical solutions don’t qualify as exact

The concept of exactness is meaningless

It’s complicated, there are so many approximations

What about the flow rule, large deformations, softening, etc?
There are more important problems (e.g. cure for cancer)

The drained case is never critical, hence N7 is not relevant
g-term always dominates, hence N is not important

Our NN, is based on experiments (carried out in the 1950s or 60s)

+ + 4+ + 4+ + + + + o+

Long standing practice will be disrupted

There now remains the much more challenging problem of purging spurious N
values from the geotechnical literature
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