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AIMS:
For vertically loaded footings on dense sands,

predict using simple techniques and CPT
measurements:

« Ultimate bearing capacity (q,)
« |_oad-displacement response

Designer primarily concerned with estimating
settlement (s) of footing under working stress
conditions (choice of appropriate Young’s modulus)
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Ultimate bearing capacity

Qi = 0.5 ByN,S, + YDN,S, (uncemented sand)

— but main uncertainty lies in choice of friction angle to
determine bearing capacity factors N, N,

— Use CPT to determine friction angle

— Bearing pressure (q) normalized by CPT end
resistance (q,), after Randolph et al. (2003)

d/d. = 0.09-0.16, s = 5 % foundation diameter
g/q. = 0.13-0.21, s = 10 % foundation diameter
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qe = 2950 kPa at s =21 mm
Load—settlement response linear-elastic for g < 1000 kPa
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L_oad-displacement response

Choice of appropriate E’ value

A) Linear-elastic method
B’ g = 0 0, (Lunne & Christoferson, 1985)
with oo = 5 for over-consolidated soil, g, < 50 MPa
= E’esign = 75 MPa for this site — using g, = 15Mpa




Actual E' response of test footing derived from
measured pressure and settlement response (see figure)
using:

s=[r qD (1-v¥)]/ (4E")

where g = applied pressure, B0

v (poisons ratio) typically 9

0.2 for drained material, zz _

E’ = Young’s modulus E (MPa) 40 -

30

20 \\\
E’ drops off rapidly, for example 1o
54 MPa ats/D = 1.7 % 0
to 18 MPa ats/D =12 % 0 5 10

axial strain (%)

Linear elastic approach unconservative



B) Hyperbolic models:

S = Q. L (Mayne 2000)
D.E, [1-(Q/Qyu°~]

where Q; = ultimate capacity,

., = displacement influence factor,
E,=2G,(1+v)

Qui: = 9y X Footing area, with g,,,/q, = 0.20
need to determine G, values



Measurement of G,
» CPT based method

G,=b3q.0'p, (Robertson, 1997)
where b varies from 140 to 280, ', = In-situ vertical
effective stress, p, = atmospheric pressure

« For comparison, G, measured In-situ using
geophysics

Shear wave velocity profiles using Multi Channel

Analysis Surface Waves (MASW) method (Park et al.
1999) at the test site

Gpax = P-V5?

V. = shear wave velocity (m/s), p = density (kg/m?3)



Gmax (MPa)

10 12 14 16 18 20
O 20 40 60 80 0 0 O O O O

0
AR
1.5 I:I:H?\

2

—8&8— SASW Profil

2.5 1
— Equation 5
3
—O0— SASW Profilg
3.5 2
4
4.5 \
i \
5.5 L]
6 u *

CPT and MASW in agreement, use CPT method in practice
= G, = 82 MPa at 0.5 m founding depth



Linear-elastic prediction after Lunne & Christoferson (1985)
Hyperbolic prediction after Mayne (2000)
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Conclusions

For vertically loaded footings in dense sands,
From CPT end resistance (q.):
» Ultimate bearing capacity = 0.2 x g,

« Accurate settlement predictions under
working stresses using hyperbolic model
(after Mayne 2000) and G, predictions from
measured CPT (. (after Robertson, 1997)



