Advanced Foundation Engineering Week #2

Foundations 1/9

1. Purpose

: To prevent strength failure of soil & large deformation

2. Types: Shallow/Deep
1 ) Shallow foundations - include all those types which are designed to spread
the building loads over a sufficient area of soil near ground surface to

secure adequate bearing capacity & small deformation

@ Spread footing ﬂ
- single(independent) footing
- strip(or wall or continuous) footing

- combined footing

@ Raft(mat) foundation

[

2 ) Deep foundations - used in case where the soil near the ground surface are

incapable of supporting mat or single footings.

@D Piles : installed by driving, vibration as well as by excavation or
drilling

@ Piers(drilled) : always installed by excavation or drilling

@ Caissons : may be defined as a large water-tight box that is used to
exclude water and semi—fluid material during the excavation of
foundations & ultimately becomes an integral part of the substructure

(types — open, pneumatic, box caissons)

Homework #2 : Study the Caissons in depth (Submit 6pages report)
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Advanced Foundation Engineering Week #2

3. Requirements of satisfactory foundations 2/9

1 ) Must be properly located with regard to any future influence which could
adversely affect its performance
- frost action : 3/4 of the max. frost penetration or thaw line
- adjacent structures
- scour and undermining by river currents & wave action
- ground water level
- underground defects such as faults, caves, mines

-soil volume change(h/o)

TABLE 7.14 RELATION OF SO!IL INDEX PROPERTIES
AND PROBABLE VOLUME CHANGES FOR HIGHLY
PLASTIC SOILS.

Estimation of
Probable

Data from fndex Tests® Expansion®
Parcent Toral
Colloid . Volume Change
Content Shrinkaga {Dry o
(Percent minus Plasticity  Limit, Saturated Degree of
8.001 mm) indax Parcent Condition) Expansion
>28 >35 <11 >30 Very high
. 20-31 25-41 7-12 20-30 Higt\: ¢
13-23 15-28 10-16 10-20 . Medium
<15 <10 >15 <10 Low

a8
All three index tests thoyld be considered in i
astimatin i
Properties, i rexpang
galad on & vértical lcading ot 1.0 psi as for concrata canal lining,
ar highar loadings the amount of expansion is reduced, depending
an the Ipac and an the clay characteristics,

Homework #3 : Treating Expansive Soils, ASCE magazine, Aug.1987

Summary Report (3-4 pages)

2 ) Safe against bearing capacity failure

3 ) Not settle enough to damage structure
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Advanced Foundation Engineering

4 ) Factor of safety

@ Total Safety Factor (FS)

Quit

Qo — F—S

TABLE 4.6 MINIMUM SAFETY FACTORS FOR

DESIGN OF SHALLOW FOUNDATIONS”.
Prefiminary note. The selection of safety factors
for design cannot be made properly without
assessing the degree of reliability of all other
parameters that enter into design, such as
design loads, strength and deformation charac-
teristics of the sail mass. etc. In view of this,
each case is to be considered separately by the
designer. The following table may be used as
a guide for permanent structures in reasonably
homageneous soil conditions.

Soif Exploration
Characteristics
Category Typical Structures of the Category Complete Limitad
Railway tridges Maximum design
Warahouses load likely to
A Biast furnaces occur aften; 2.9 4.0
Hydraulic consequenceas
Retaining walls of failure
Silos disastrous
Highway bridges Maximum design
Light industrial icad may cceur
B and public accasionally; 28 3.5
buildings CONsSeqUences
of failure
serious
Apartment and Maximumdesign
C offica load unlikely 2.0 3.0
buitdings 1o 0ccur . '

*Vesié {1975) .
Ramarks: .
1. For temparary structures, these factors can be reduced to 75 percent of

2.

the above values. However, in no case should safety factors lower than
2. be used.

For axceptionally tall buildings, such as chimneys and towers, or generaliy
whenever progressive bearing capacity failure may be feared, these factors
should be increased by 20 to 50 percent.

. The possibility of flooding of foundation scil and/aor removal of existing

overburden by scour of excavation should be given adequate consideration.

. It is advisable to check both the short-term {end-of-construction) and

lang-teern stability, unless ane of tha twa conditions is clearty {ess favorable.

. It is wnderstood that all foundations will be analyzed also with respact 1o

maximum tolerable tota! and differential settlement. If settlamant governs
the design, higher safety factors must be used.

Week #2

3/9
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Advanced Foundation Engineering Week #2
@ Partial Safety Factor 4/9
European approach:
(factored strength approach)
Resistances l Load effects
Unfactored  Factored Factored Factored
strength (i.e. Reduced) resistance (i.e. increased) Characteristic
parameters strength for design, = Load effects, load effects, S
parameters d Sq
Sd
Mode _____ e — S
Coo |+t fyl =lcr .0 —=
L

Where (¢¢,0;) < (c,

o)

Toad [™
factors,| x

North American approach:

(factored resistance approach)

Unfactored Unfactored

Resistances , Load effects

Factored Factored o
strength (nominal) (i.e. reduced) . (i.e. increased) ?har@;i;mﬂc
parameters ~ resistance, resistance = load effects, ¢ 1n0c11né oo
{c.9) R, for design for design, Soa s

n
R,
Model — The—n. S
C Resistance Load T—3y"
@ X fa%t)or, « |factors, :j
o

Figure 2.3, LRFD (North American) approach vs partial factor (European) approach {Becker, 1996).
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Advanced Foundation Engineering

TABLE 4.8 VALUES OF MINIMUM PARTIAL FACTORS".

Week #2

5/9

Category

ltem

Load Factor

Resistance Factor

Loads

Shear strength

Dead loads

Live 1oads, wing or earthquake

Water pressutes

Cohesion (¢)

( stability; earth pressures)
Cohesion (¢) {(foundations)
Friction (tan ¢)

{f,) 1.25 (0.85)
(115
{f.) 1.25 (0.85)

(f.) 0.85
(.} 0.5
"(£,) 0.8

Note: Load factors given in parentheses apply to dead loads and water pressures when their effects are
beneficial, as for dead loads resisting instability by sliding, overturning or uplift.

“ Mevyerhof (1984).

Table 10.5.5.2.4-1 Resistance Factors for Geotechnleai Resistance of Drilled Shafts.

(I.lpliﬂ:), ¢up{aad

Method/Soil/Condition Resistance Factor
[ Side resistance in clay a-method 0.45
(O 'Neill and Reese, | 260)
Tip resislance in clay Total Stress .40
{0 Neill and Reese, 1999)
Side resistance in sand '| B-method 0.55
(O 'Neill and Reese, 1995)
. Tip resistance in sand O'Neill and Reese (/999) 0.50
Nominal Axial = : _
Compressive Side resistance in IGMs (’Neill and Reese (1999) 0.60
Resiilag:?l;lf Tip resistance in IGMs O’Neill and Reese (1999) 0.55
:::fﬁ :' tp:,, ed Side resistance in rock Horvath and Kenney (1979) 0.35
O'Neill and Reese (7999}
Side resistance in rock Carter and Kulhawy (/988) 0.50
Tip resistance in rock Canadian  (Geotechnical  Society 0.50
(1985)
Pressuremeter Method (Canadian
Geotechnical Society, 1985)
O’Neill and Reese (F999)
Block Failure, gy, Clay Q.55
Clay a-method 0.35
Uplift Resistance of (O ’'Neili and Reese, 1999)
Single-Drilied Seod p-method bR
Shafls, ¢, (O 'Neill and Reese, 1999)
Rock Horvath and Kenney (/979) .40
Carter and Kulhawy (1988)
Group Uplifi Sand and clay 045
Resistance, ¢,
Horizontal All materials 1.0
Geotechnical )
Resistance of Single
Shaft or Shaft
Group
Static Load Test | All Materials Values in Table
(compression), Qs 10.5.5.2.3-2, but no
ater than 0,70
Static Load Test | All Materials 0.60
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Advanced Foundation Engineering Week #2

Shallow foundations 6/9

1. Modes of failure

@D General shear failure - dense sand (Dr > 90%) or stiff clay(O.C. clay)

® Local shear failure - medium soil

® Punching shear failure - loose sand (Dr: 20~30 %) or soft clay

Load/unit area, q

9u

Settlement
Load/unit area, g
Gu(1)
1
| W—
T
R qu
Settlement
Load/unit area, g
Qu@r) O
[y
Tu g G
Failure
surface Surface
(©) 1 footing
Settlement
Relative density of sand. D,
o 02 04 05 08 10

T T

Ceneral shear

Local shear

Punching shear

Relitive depth of Toundation. /8*

| I ! 1
B*= B for a square or circular footing
B*= BL[2(B+L ) for a rectangular footing

Fig. 3.10 Modes of failure of madel footings in sand, (After Vesic,
1963a, as modified by De Beer, 1970.)
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Advanced Foundation Engineering Week #2
2. Bearing capacity estimation 7/9

@ Field test
- Plate load test, CPT, SPT, DMT

Base pressure, Ib/ in?

0 10 20 30 40 50 &0 .70 80
+ 4 ] | 1 1
0.5 -
Ultimate ioad
10+ —
&
F—
|41
i
2 L5k -
g
L
g -
20 Circular plates onsand ]
Base diameter, & in
Tests at surface
Test No. ¥g» ibjft? D, |
25 6l 61 96.2 0.78
62 930 Q.66
62 63 91.7  0sl
|64 : 634 | P 64I 85.? 0.32

3.0 . .
Fig. 3.11 Wtimate load eriterion based an minimum slope of 1oad-gattlament curva. {After Vasid, 1963a.}

Homework #4 : Estimation of B.C. of Circular Footings on Sands Based on CPT.
ASCE. J. of GT & GE Vol.131, No.4, pp. 442-452

Summary Report (3-4 pages)

@ Analytical method( c, ¢, y known)

-computes the ultimate bearing capacity with field data
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Advanced Foundation Engineering Week #2

3. Computation of Ultimate Bearing Capacity (Terzaghi) 8/9

.K B — ¢, &, ¥y (known)

Real situation

Q _
=00

ﬂ o~y-D : surcharge

B 45°- /2

I I I : Active Rankine Zone

[l IO : Radial Prandtl Zone

II : Passive Rankine Zone
Ideal situation

¥ To be determined is the maximum unit load ¢,(= gi) which this foundation can

support (@, acting in a vertical direction at the centroid of the foundation)

SNU Geotechnical and Geoenvironmental Engineering Lab.



Advanced Foundation Engineering Week #2

Assumptions & simplifications 9/9

@D The soil mass is of semi-infinite extent and homogeneous

@ The load acts in a vertical direction at the center of foundation.

@ Shear strength properties are defined by a straight line Mohr envelop with
strength parameters( ¢, ¢ )

@ Rigid plastic stress—strain relationship — assume general shear failure

® The footing length (L) is assumed to be large compared with the width (B)

of the foundation — plane strain
¥ if L/B>10, justified, L/B>5, practically accepted
® The overburden soil is replaced by a uniformly distributed surcharge, ¢, (=YD)

— the friction of ab,bc is neglected

Solutions : Analytical solutions are found only for special cases.

case 1) y=0 : q,=cN,+q,N,

¢ . cohesion

g, + surcharge

« _mtan® 2 1 2
Ny b et an® (o)
N, @ (N, — 1)cot®
case 2) ¢c=0, ¢=0 : qo=%yBNY

N, ! can be evaluated numerically only or approximately N,~2(N,+1)tan¢

¥

General case : ¢#0, ¢,#0, 7#0

1 . . .
q, = cNe+q,N,+ gyBNr — Buisman - Terzaghi Equation

* This superposition is not strictly correct, however, it leads to errors which are on the

safeside, not exceeding 20%. for, ® = 30° ~40°, while if ®=0, equal to 0.
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