® Correction for sut
Correction for overburden pressure

¥ In granular soils, value of N is affected by effective
overburden pressure a,,’

v For that reason, value of N,, obtained from field

exploration under different effective overburden en
F, be changed to correspond to a st ndard
value of o,/ | RO

| (N)g = Cp\u :

(N = value of N, corrected to a standard value of a,’
(100 KN/m* (2000 Ibvii?))
Cy = correction factor
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Correction for overburden pressure
v In granular soils, value of N is affected by effective

overburden pressure g,
v For that reason, value of N obtained from field

exploration under different ‘

pressures should be changed to ¢

valueofa,”
BT () = C N

v Several correlations have been developed over the years
for the correction factor, Cy p_—
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where g, = effective overburden pressure in kKN'm
p . = atmospheric oressure (= 100 kKN'm)




Cy = -~ (overconsolidated sand)
£ N
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where g,," = effective overburden pressure in kN/m?
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v In very fine, silty, saturated sand an appi =
resistance occurs {

¥ Terzaghi and Peck have recommended use of an
equivalent penetration resistance (N, in place of
actually observed value of N, when N is greater than |5

(N = 15 4= (Nyy-15)
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and Bieganousky (1977), which can

4 4

- 075 22N, + DIf = THOCR = T8 ;—‘*-5’1(

MCre

D, = relative density

. = effective overburden pressure
C, = unformity coefficient of sand

. preconsolidation preasure.o !

OCR = |
diective overburden pressure . o,
= dmospheric preseure
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D (%) = ~ (100)
CPC.-ICOCR

e

where

-

Cp = grain-size correlations factor = 60 = 25 logDe,

C , = correlation factor for aging = 1.2 = 0.05 log(TU_O)

Coc = correlation factor for overconsolidation = OCR*™
D, = diameter through which 50% soil will pass through (mm)
r = age of soil since deposition (years)
OCR = overconsolidation ratio




between (N,),, and ¢’ in 2 Wh‘f ﬁ e
approximated as (Wolff, 1989)

o' (deg) = 2.1 = 03N, )y = QL00SKN G




where

N, = field standard penetration number

o, = dfective overburden pressure

p, = amospheric pressure in the same unit as o,
&' = soil triction angle




» Following qualifications should be noted when standard
penetration resistance values are used in preceding
correlations to estimate soil parameters:




» Following qualifications should be noted when standard
penetration resistance values are used in preceding

correlations to estimate soil parameters:

® Equations are approximate
# Because soil is not homogeneous, values of

obtained from a given borehole vary widely
® In soil deposits that contain large boulders and
gravel, standard penetration numbers may be
atic and unreliable




Where

Pa ™ atmospheric Pressure (same unjs

st




Althoue “nnroximate.

standard penetration test provides 2
soil properties

» Primary sources of error in standard penetration tests are

® Inadequate cleaning of borehole

® Careless measurement of blow count

® £ ccentric hammer strikes on drill rod

#® Inadequate maintenance of water head in borehole



¥ Vane shear test (ASTM D-2573) may be used during drilling *
operation to determine in situ undrained shear strength (c,)
of clay soils - particularly soft clays

v Vane shear apparatus consists of four blades on end of a rod

v Height, H, of vane is twice of diameter, D

v Vane can be either rectangular or tapered

v Vanes of apparatus are pushed into soil at bottom of a
borehole without disturbing soil appreciably

v Torque is applied at top of rod to rotate vanes ata standaul’
rate of 0. l°lsec

v Rotation duce failu

.'-‘
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Rectanguie vane H = measured height of vane in cm




HEE T =f(c.H,and D)
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clays R
v’ Sources of significant error in field vane shear test are poor
calibration of torque measurement and damaged vanes

v Other errors may be introduced if rate of rotation of vane is

not properly controlled
v For actual design purposes, undrained shear strength values
obtained from field vane shear tests [cywsr)] are too high,
and it is recommended that they be corrected according to
following equation
Cu(corrected) = /lcu(V.ST)

of
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¥ Most commonly used correlation for
Bjerrum (1972), which can be expressed

"

A= 1.7 - 0.54log[P1(%)]




/ Most commonly used correlation for ] is that given by
Bjerrum (1972), which can be expressed

1= 17— 054log[PI(%)]

/ Morris and Williams (1994) provided following correlations

A = | |8e” ")+ 057 (for P1 > 5)

1= 701e” L) 2 057 (where LL 1s in %)




a enetrauvio

T

/ Cone penetration test (CPT), originally knOwWR a5
penetration test, is a versatile sounding method

/ Can be used to determine materials in a soil profile and

estimate their engineering properties

/ Test is also called static penetration test, and no boreholes
are necessary to perform it

v In original version, a cone with a base area of 10 cm’ was
pushed into ground at a steady rate of about 20 mm/sec, and
resistance to penetration (called point resistance) was
measured
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" rane recictance (a.) to penetration
e 'cone, which qual to vertical force a
divided by its horizontally projected area
® Frictional resistance (f.) which is resistance
measured by a sleeve located above coné with local
soil surrounding it
/ Frictional resistance is equal to vertical force applied to
sleeve, divided by its surface area - actually, sum of friction
and adhesion
/ Generally, two types of penetrometers are used toO
measure q, and /,
#® Mechanical friction-cone penetrometer
® Electric friction-cone penetrometer
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roas

¥ Tip is first advanced about
40 mm, giving cone
resistance

¥ With further thrusting, tip

engages friction sleeve

v As inner rod advances, rod
force is equal to sum of

vertical force on cone and
sleeve

v Subtracting force on cone
gives side resistance

-

enetrometer
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/Wires from transducers are threaded through center
and continuously measure cone and side resistances




Electric ft'iction-tf&ﬁ“é 1€ v O ot 2 o
/Tip of this penetrometer is attached toa string of steefrodfs |
/Tip is pushed into ground at rate of 20 mm/sec

/Wires from transducers are threaded through center of rods
and continuously measure cone and side resistances

!




Lone penetromete

(electrictrniction-con



rniction ratio
/ Friction ratio is defined as

; fncuonal resistance

cone resistance {q.

/In a more recent study on several soils in Greece,

Anagnostopoulos et al. (2003) expressed as
}r"&' - l"s 5 I ‘h l“gl)q, ‘C‘L‘L{nk U‘n\"

F.(%) = 07811 - 1.611 logDy, ( mechanical cone )

= size through which 50% of soil will pass through

where DSO
(ranged from 0.001 mm to about 10 mm)




- N —r ,.j% O haaw 3 sand |

- . - Y hdgas wamd
;1 " Teea” oHdiwmiwnd  Relationship between
- o T Hidnwe vune waml

als D. and ¢ (Based on
T £ .+ t a1l 1 AW T WS :

Lancellotta, 1983, and




D,(%) = 68} log

\ h; L

p., = almosphenc pressure (= 10U N/
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(1982), and
Robertson and Campanella
(1983) recommended empirical
relationship between vertical

effective stress (o, ), relative

density (D,), and ¢, for
normally consolidated sand

»Baldi et al
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WSO OCR™ % e
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In thus equation

OCR = overconsohidation rato
P, = .nmmphcm pressure

(/. = compressibility factor
The recommended values of (. are as follows
Highly compressible sand = 091

Moderately compressible sand = 1.0
Low comopressible sand = | (9




' 'cansohdated quartz sand -
/ This relationship can be expressed as (Kulhawy and Mayne,
1990)

d' =tan”' 01 + 035 log| —

v Based on cone penetration tests on soils in Venice Lagoon
(Italy), Ricceri et al. (2002) proposed a similar relationship
for soil with classifications of ML and SP-SM as
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correlation between ¢', q., and
stress (g, ) in form
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General range of variation of /N, for various types of soil
After Robertson and. Campanella (1983 )
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obertson and Campanella
(1983) provided correlations
between ¢, and friction
ratio F. to identify various
types of soil encountered in
field
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Nk
where

o = total vertical stress

"L

N, = bearing capacity factor

Ny = 11 to 19 for normally consolidated clays
= 25 for overconsolidated clay

» According to Mayne and Kemper (| 988)
Nx =lS for electric cone




Ny = 17.2 for electric cone e
= 18.9 for mechanical cone

» These field tests also showed that

¢ = —— (for mechanical cones)
i I.’ﬁ

¢, = [, (for electrical cones)
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where g, anda,’ = total and effective stress, respectively




v Ithasalso been adOpted by ASTM t Designation 4719

v Menard-type PMT consists essentially of a probe with three cells

/Top and bottom ones are guard cells and middle one is
measuring cell

/ Test is conducted in a prebored hole with a diameter that is
between 1.03 and 1.2 times nominal diameter of probe

v Probe that is most commonly used has a diameter of 58 mm and
alength of 420 mm

v Probe cells can be expanded by either liquid or gas

v Guard cells are expanded to reduce end-condition effect on
measuring cell, which has a volume (V,) of 335 cm’

¥ Following are the dimensions for probe diameter and diameter

of borehole, as recommended by ASTM




v Process is continued until soil fails or t
device is reached

v Soil is considered to have failed when total volume of
expanded cavity (1) is about twice volume of original cavity




¥ Process is continued until soil fails or until pressure
device is reached

v Soil is considered to have failed when total volume of
expanded cavity (1) is about twice volume of original cavity

v After completion of test, probe is deflated and advanced for

testing at another depth
Probe Borehole diameter
rehole
(mm) Nominal (mm) Maximum (mm)
<3 45 1 :
SX ) 0
74 76 N9
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(a) Pressuremeter; (b) Plot of pressure versus total cavity volume
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vortion during which soil around : | |
borehole is pushed back into initial : '

state (ie., state it was in before | \
drilling)
v Pressure p, represents in situ total | |
horizontal stress e Py
v Zone Il represents a pseudoelastic | -

zone in which cell volume versus cell
pressure is practically linear

»

¥ Py pressure represents creep, or
yield, pressure

v Zone marked Il is plastic zone

v Pressure p; represents limit pressure



( —j{-) = Slope of straight-line plot of Zone [l

- T | = cell volume corresponding to
Ap = p;, - p, pressure p, (that is, cell pressure
Av=v, -0, corresponding to beginning of Zone II)

i, = Poisson’s ratio (which may be assumed to be 0.33)

¥ Limit pressure is usually obtained by extrapolation and not
by direct measurement




(’: - ()"Sp,

where o, = preconsohidation Pressure

= On basis of cavity expansion theory, Baguelin et al. (1978)
proposed that

c .‘p!_po' _a
.\" | _,

=5to |2(average §.5)
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Correlated £ with field
\ Vo for sand and clay as follows:

Clay: E_(KN/m*) = 1930N%

Sand: E_(KN/m*) = 908N L™




® Driller's name

® Job description and number
® Number, type, and location of boring

® Date of boring

® Subsurface stratification, which can be obtained by visual
observation of soil brought out by auger, split-spoon
sampler, and thin-walled Shelby tube sampler

® Elevation of water table and date observed, use of casing
and mud losses, and so on

® Standard penetrationresistance and depth of SPT
® Number, type, and depth of soil sample collected
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and appropnatelaboratmw R
After all required information has been compiled a soil
exploration report is prepared for use by design office and
for reference during future construction work

Although details and sequence of information in such reports
may vary to some degree, depending on structure under
consideration and person compiling report

Exploration reports should be well planned and documented,
as they will help in answering questions and solving
foundation problems that may arise later dunng design and
construction




» Each subsoil exploration report should include following items:

® A description of scope of investigation

® A description of proposed structure for which subsoil
exploration has been conducted

® A description of location of site, including any structures
nearby, drainage conditions, nature of vegetation on site
and surrounding it, and any other features unique to site

® A description of the geological setting of site

® Details of field exploration - that is, number of borings,
depths of borings, types of borings involved, and so on




» Each subsoil exploration report should include following items:

® A general description of subsoil conditions, as determined
from soil specimens and from related laboratory tests,
standard penetration resistance and cone penetration
resistance, and so on

® A description of water table conditions

® Recommendations regarding foundation, including type of
foundation recommended, allowable bearing pressure,
and any special construction procedure that may be
needed; altermative foundation design procedures should
also be discussed in this portion of report

# Conclusions and limitations of investigations
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“ Lowest part of a structure generally IS Te
foundation T—

¥ Transfers load from superstructure to footing
FOOTING

¥ A footing is a foundation unit constructed in brick work,
masonry or concrete under base of a wall or a column for

purpose of distributing load over a large area of soil on
whichit rests on

~ In simple words, foundation means legs and footing means
foot of leg




v Spread footmg/lso!atw |
® Square footing
® Rectangular footing
® Circular footing
® Strap footing
® Combined footing
¥ Mat foundation

» Deep foundation (Depth/width > 4)
¥ Pile foundation
¥ Drilled shaft
v'Well foundation or Caisson
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¥ According to how they transmit their load ir 0 SUu

can be divided into two categories:

® Fiction piles - superstructure load is resisted by shear
stresses generated along surface of pile

% End-bearing piles - load carried by pile is transmitted at
its tip to a firm stratum




¥ According tc
can be dividi

®Fictio
stress <5
®Endb
Is tip
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"’Cﬂ‘% may be left In PhC --‘—":J" y D€ witharawn © |
placing of concrete B _—

/ Generally, diameter of a drilled shaft is much larger than that
of a ple

/ Distinction between piles and drilled shafts becomes hazy at
an approxmate diameter of | m (3 ft)







“ These are constructed such that water can be sumped ou
keeping the working environment dry and in
construction work may be carried out under water




nment dry and in which
%999 d out under water




w_ell foundation

P s







»To perform satisfactorily,
two main characteristics:
Y They have to D€ safe against

ail that

overall shear failure in s

supports them
placement, Of cettlement

degree oOf settlement
erations)

ey cannot undergo excessive dis

s relative, pecause

( (e X cessive
ds on several consid

allowed tor a structure gepen

ULTIMATE BEARING CAPACITY
nac - . '
Load per unit area of foundation at which

s0il occurs is ¢
soil occurs is called ultimate bearing capacity

shear failure n




MODE OF SHEAR FAILURE OF SOIL
® Ceneral shear failure
® Local shear failure
® Punching shear failure




GENERAL SHEAR FAILURE
¥ Failure surface in soil will extend to ground surface
¥ Occurs in a dense sand or stiff cohesive soil

/If aload is gradually applied to foundation, settlement will increase
7At a certain point - when load per unit area equals g, - a sudden
 failurein soil supporting foundationwill takeplace
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v When load per unit area on foundahon equals gy(1) Movement
oﬁuunmonwﬂl heammpamﬂbysudden jerks _f
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LOCAL SHEAR FAILURE
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Pressure

(a)

(b)

y
;

(c)

(¢)
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Modes of failure: (a) general shear, (b) local shear, (¢) punching shear



=8 7 " : o ~ | ~ . ' ™~ > ' - o ; ¢ 1 »
.‘ A 7 d . \ ar I . B ! _,’ | . { ! ! . J ‘ ] ‘. AT h & : ] I. -

¥ Terzaghi (1943) was first to present a comprehensive theory
for evaluation of ultimate bearing capacity of rough shallow
foundations

¥ According to this theory, a foundation is shallow if its depth,
is less than or equal to its width

v Later investigators, however, have suggested that
foundations with equal to 3 to 4 times their width may be
defined as shallow foundations




¥ Terzaghi suggested that for a ontinuous, or strip foundation
(width to length ratio approaches zero), failure surface in soil
at ultimate load may be assumed to be similar to that shown
in Figure (case of general shear failure)

v Effect of soil above bottom of foundation may also be
assumed to be replaced by an equivalent surcharge,
g = yD, (wherey is unit weight of soil)




v Failure zone under foundation can be separated into three parts
® Triangular zone ABJ (Zone I) immediately under
foundation (elastic zone)
#® Radial shear zones AJE and BJD (Zone II), with curves JE
and JD being arcs of a logarithmic spiral
® Two triangular Rankine passive zones AEG and BDF

(Zone [II)
v Angles BAJ and ABJ are assumed to be equal to soil friction

angle ¢




v With replacement of soil above bottom of foundation by an
equivalent surcharge ¢, shear resistance of soil along failure
surfaces Gl and FH was neglected

¥ Equation of arcs of the logarithmic spirals JD and JE may be
given as

/
=g 15ond




“ If the load per unit area, ¢,, is applied to footing and general
shear failure occurs, passive force P, is acting on each of faces
of soil wedge ABJ

¥ This concept is easy to conceive of if we imagine that AJ and BJ

are two walls that are pushing soil wedges AJEG and BJDF,
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v In this case, 8’ should be equal to angle of friction of soil, ¢’
Because AJ and BJ are inclined at an angle ¢’ to horizontal,

direction of Pp should be vertical




v Now let us consider free-body —
diagram of wedge ABJ as shown in 1 o |4
Figure ) | oy !

. . ' - _ i _ = D

¥ Considering unit length of the cliess ™ [." ey
footing, we have, for equilibrium v S
g/ Py

(9.)(2b)(1) = =W + 2Csind’ + 2P,

where b = B/2
W = weight of soil wedge ABJ = yb (an &
C = cohesive force acting along each face , AJ and B/, that is equal (o
the unit cohesion tmes the length of each face = ¢'B(cos &)




v Now let us consider free-body — 2 —
diagram of wedge ABJ as shown in TR IS
Figure t | s !

Sl i -

v Considering unit length of the "-""’.:{-"\,T ' {\""“"J:I

' F A
' | 4

footing, we have, for equilibrium

¥ The passive pressure is sum of contribution of weight of soil
y, cohesion ¢’, and surcharge g, and can be expressed as
»




.




v Now let us consider free-body |
diagram of wedge ABJ as shown in L 3 ¢ 4
Figure it
¥ Considering unit length of the (=7 :T
footing, we have, for equilibrium ;

¥ The passive pressure is sum of contribution of weight of soil
v. cohesion ¢’, and surcharge g, and can be expressed as

P, =3y(btan¢')’K, + ¢'(btan ¢')K, + q(b tan ¢')K,

/

Where, K, K., and K, are earth-pressure coefficients that are
functions of soil friction angle, ¢’

2ed | |
g, = C .\‘ + q‘\q + -’-‘)/B\‘




N.=und(K, + 1)

SR ’
,q-Aﬂmé

N,=3und' (K tand’ = 1)

-




N‘ =tand(K_+ 1)
N, = K, tan ¢’

9

N.=5und'(K tand’ = 1)

Y
v' N, N, and N, are, respectively, contributions of cohesion,

surcharge, and unit weight of soil to ultimate load-bearing
capacity

v It is extremely tedious to evaluate K, K, and K,

v For this reason, Terzaghi used an approximate method to
determine ultimate bearing capacity, g,




= an &'(K, + 1)
= K, tan ¢’

>
I

! ’ '
N,=3tand'(K tand" = 1)
¥ N, Ng, and N, are, respectively, contributions of cohesion,
surcharge, and unit weight of soil to ultimate load-bearing
capacity
¥ Itis extremely tedious to evaluate K, K, and K,

v For this reason, Terzaghi used an approximate method to
determine ultimate bearing capacity, q,

v Principles of this approximation are followings

If ¢ = 0and surcharge (¢) = 0 (that is, D, = 0), then
B 9 = 4, = 1YBN

'




N, =and'(K, +1)
N, = K, tan ¢’

N, =3tand'(K, tand’ = 1)

v N., Ny, and N, are, respectively, contributions of cohesion,
surcharge, and unit weight of soil to ultimate load-bearing
capacity

v Itis extremely tedious to evaluate K, K,, and K,

v For this reason, Terzaghi used an approximate method to
determine ultimate bearing capacity, q,

v Principles of this approximation are followings

If y = 0 (that is, weightless soil) and ¢ = 0, then

qll = qt e b Ck\;




¥ By method of superimposition, when effects of unit weight
of soil, cohesion, and surcharge are considered, we have

- -

Qu=9q.+q,+q,=c'N .+ gN, +3yBN,

v This equation is referred to as Terzaghi’s bearing capacity
equation

v Terms N, Ny, and N, are called bearing capacity factors

|
g, =c'N_+ gN, + -;yB.\'y

d ; Shear -
Contribution of: Surcharge ¢ i gelf
Strength Weight




q“ — “’;V‘ + qu + -;YB‘V)' | StrinOOting '

g, = 1.3c'N_ + gN, + 04yBN  Square footing

g, = L.3c'N, + gN, + 03yBN, Circular footing

(s

Equations were derived on assumption that bearing
capacity failure of soil takes place by general shear failure




Yim/d=&'[2)an &

¢

N, = cot ¢’ -1 |=cotd'(N, - 1)}

- Bl
r @&
2cos’| — + —
E g -2 i

e!( Sm/4=d&" /2 tan &'

N. =

J - :
2 cos (4€+ib-)
K,
N =-%( - —l)tangb’

where K, = passive pressure coefficient
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» In case of local shear failure, we may assume that

and  fan ¢’ = 3 tan ¢’

F . IR0 ’ ] '
qu = ¢'N; + gN, + 3yBN, Strip footing

qu= 13N, +gN :, + 0.4yBN ; Square footing

q, = L3'N. + gN :, + 0.3yBN ;, Circular footing

substituting ¢’ = tan™' (3 tan ¢') for ¢’




¥ No sliding between footing and soil

¥ Soil is a homogeneous semi-infinite mass

v Failure plane angle is equal to ¢’

v Not applicable forinclined load & rectangular foundation
v No resistance of soil above the level of base of foundation




¥ In developing bearing capacity equations it is assumed that
groundwater table is located at a depth much greater than
width, B of footing

v However, if groundwater table is close to footing, some
changes are required in second and third terms of bearing
capacity equations

v Three different conditions can arise regarding location of
groundwater table with respect to bottom of foundation




Groundwater table -
—————————— o - - Case [l

Yo = saturated

case | unit werght

v If the water table is located so that 0 < D, < D, factor ¢
in bearing capacity equations takes form

g = effective surcharge = Dy + Dy(y — Vi)

where ¥’ = vy, — ¥,, = effective unit weight of soil

v Also, unit weight of soil, y, that appears in third term of
bearing capacity equations s?\ould be replaced by y’




Groundwater

P e e— c— —

—— e —— e —— - Case ]
You = saturated
unit weirght

Fora water table located so that 0 <d<B
ig > YD{

In this case, factor y in last term of bearing capacity equations
must be replaced by factor

Casell

F=v +<(y-y)
}’YB'YY




Case lll

v"When water table is located so that d > B, water will
have no effect on ultimate bearing capacity
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gross ulﬂmate beanng capacity, or

¢
Ju = FS_

However, some practicing engineers prefer to use a factor of

safety such that

. ~ netultimate beaning capacity
Net stress increase on soil = =




v If difference between unit weight of concrete used in
foundation and unit weight of soil surrounding is assumed to
be negligible, then

qnct(u) -~ qu - q

where
Joey = Net ultimate bearing capacity
q = yD,
du — 4

so qil“‘ net) o FS
ned should be at least 3 in all cases

-
ll
« o= s
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4. = C'NchchdFm + qN F, Fqu: + %YBN ' FYJFﬂ

9" 9" q Y ys
In this equation:

¢" = cohesion
q = effective stress atthe level of the bottom of the foundation
Y = unit weight of soil
B = width of foundation (= diameter for cireular foundation)
P By, F., = shape factors
Fope Fyy Fy = depth factors
Fo By F, = load inclination factors
N.N,. N, = bearing capacity factors




N = (an-'-(45 + %)e’”‘“’“" (Reissner, 1924)

q

N. = (Nq — 1)cot " (Prandtl1921)
Ny — 2(Nq + 1)tan @’ (Vesic, 1973)
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L‘:F‘J == N tan &'
D,

F*,= | + 2tand (| -smcb')‘(-s—)

Fu=1



For & = ()

| ey
F,=1+04 tn ‘(-5-)

llhﬂ!
Fu=1
For & > (0
l""‘Fw
’:‘J': Fﬂ-

N tand

D,
- ‘ -' ': -' | —
Fizlf-ll.’ln¢‘| sind’ )” tan (8)

¢ mbans

Fou=1




- _‘_3_) Meyerhof (1963); Hanna and
Meverhof (1951)

B= inclination of the load on the
foundation with respect to the vertical




A square foundation 1s 2m X 2 m 10 plan. The soil supportng the foundation has a
fncuon angle of & = 25° and ¢ = 20kN/m’. The umit weight of soil. y, is
165 kN/m". Determine the allowable gross load on the foundation with 3 factor of
safety (FS) of 3. Assume that the depth of the foundation (D, ) is 1.5 m and that general
shear failure occurs i the soil.










A square foundation (B X B) has to be constructed as shown in Figure . Assume

thaty = 16 5kN/m’, yo = ISSSKN/m’. &' = 34°. D, = 1.2 m.and D, = 0.6 m.
The gross allowable load, Q. with FS = 3 is 667.2 kN. Determine the size of the

footing.

'U(ilm

Groundwasy bl ———————— — e e e
1 22m
Q 667.2
Qu = -E‘f- = Tk.\!/m' ...................... (a)
- q. - l ’ ’ ’ -
q.[.: - "F'§ = ?(q\ "Fd * -Ey B,\,F,,FH) (with ¢’ = )




B
F,,-: | +—tand' =1 +1an 34 = 167

L
F,,=l-0.4(-g-)=|-0.4=0.o
D,
Fu=1+2tand'(1 —sind’)y —
' 4 1 .05
=1+2 - sin M) — = —_—
tan 34( | qu)B | + a3

Fu= 1



g = (061)(165) + 0.61 (18.55 = 9.81) = 154 kN/m’




Uent e of sinl = y |

p i
Ve é
Oy J———-————— l -———&-——- Covamie aov AL
L Q-
-
- x

Civen:
y =100 b/ft3, ysar = 120 Ib/ft*. ' = 0,0 =30°, Dy =5 fi
Quu = 40,000 Ib, and FS =3

Determine size of footing when:
(i) h=01
(if)h=2 1t
(in)h=35H











































Inclination
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v In most instances, foundations are sub
addition to the vertical load as shown below

v In such cases distribution of pressure by foundation upon soil 1§
not uniform

The efMective
width is now,

B'=R-2¢

whereas the
elfective length is
Sull

L'=L







separation between foun ‘ f':* i

¥ Nature of pressure dlstnbutnon on soﬂ will be as shown
Figure

tore > Bl6




- One-Way Eccentricity

~ Following is a step-by-step procedure for determining
ultimate load that soil can support and factor of safety
against bearing capacity failure:
Step 1. Determine effective dimensions of foundation:
B" = effective width = B — 2e
L' = effective length = L
“ Note that if eccentricity were in direction of length of

foundation, value of L' would be equal to L - 2e and value
of B" would equal B

* Smaller of two dimensions (i.e., B'and L) is effective width
, u Skt

of foundation

=




-One—Way Eccentricity

~ Following is a step-by-step procedure for doterminne
ultimate load that soil can support and factor of safety

against bearing capacity failure:
Step 1. Determine effective dimensions of foundation:

Step 2. Use ultimate bearing capacity equation:
u =€ ‘NFoFeaFa * q\fledF v -78 V,F,,F,‘F,
v To evaluate F,_.,, F;,s and l;,, use relananslups W earlier







- One-Way Eccentricity
£ e

~ Following is a step-by-step procedure for determinfng
ultimate load that soil can support and factor of safety

against bearing capacity failure:
Step 1. Determine effective dimensions of foundation:
Step 2. Use ultimate bearing capacity equation:
Step 3. Calculate total ultimate load foundation can sustain:

Step 4. Determine F5 against bearing capacity failure:

o
FS o




fe—
! y = 16 kN/m’
¢ =0
I2m é'= W
j! BxB _!w.auuc
Yo = 19 KN/Mm'
¢ =0
















measured from bottom of foundation

v However, average increase in pressure may be approximated
by

Ao, = i(Ao! + 4A0’, + Ac))

where Ag,', Ao,’ and Ag,’ are, respectively, effectiv
pressure increases at top, middle, and bottom of clay lay
that are caused by construction of foundation




v A plot of deformation agamst Ioganthm of tlme dunng |

secondary consolidationis practically linear

———

Void muo, ¢
' 4







f

with natural moisture content
(w) ot several soils, from which it appears that

Mesri (1973) correlated C,
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Maximum and minimum super-elevation

v Depends on (a) slow moving vehicle and (b) heavy loaded
trucks with high CG a maximum super-elevation of 7
percent for plain and rolling terrainis recommended

v On hilly terrain 10 percent and on urban road 4 percent
v Minimum super elevation is 2-4 percent for drainage

purpose, especially for large radius of the horizontal cug




L e I i o e e = e

superelevation

Rotation about center line: Pavement is rotated such that

Rotation about inner edge: Pavement is rotated raising outer
edge as well as centre such that outer edge is raised by full
amount of super elevation with respect to inner edge

=~ '
P " outer edge rotate about crown
Crown shifted outwards (dlagonal crown method)




Rotating outer edge about crown: Outer half of cross slope is
rotated about crown at a desired rate such that this surface

falls on same plane as inner half

Level of

Eoutcr edge 2

zomeudgc
Outer edge rotate about crown




Shifting position of arown: (also known as diagonal crown

method)
Position of crown is progressively shifted outwards,
L wﬁﬂ'ﬂfiﬂﬂﬁ'hﬂ‘fdmsm WOE GG

Position of crown

Crown shifted outwards(diagonal crownme




Rotation of pavement cross section to attain fu
superelevation

S i SRR T

N A Ny
Jam i -+ " »
¥ b J % '
o - . P
N

Rotation about center line: Pavement is rotated such that
inner edge is depressed and outer edge is raised both by half

total amount of super elevation, i.e., by g with respect to
centre ’

Rotating about centre line



2 < _..:.’ "'",.:q;.-. i S T SN i “f . = --:_,‘ . |
- - . . - ]
Rotation of pavement cross 1 to attain full

superelevation

Rotation about inner edge: Pavement is rotated raising outer
edge as well as centre such that outer edge is raised by full
amount of super elevation with respect to inner edge

¢ Outer edge
\

-t-—""""‘-

Rotating about inner edge




. aximum corr
radius of curve

v Although it is possible to design curve with maximum super
elevation and coefficient of friction, it is not desirable because
re-alignment would be required if design speed is increased in
future

¥ Therefore, a ruling minimum radius R,n, can be derived by

assuming maximum super elevation and coefficient of friction
2
v

Rruung - g(e +f)
v Ideally, radius of curve should be higher than R,ing

' ¥ Very large curves are not desirable because Setting out large
curves in field becomes difficult, it also enhances driving strain
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" required on a straight alignment
v Object of providing extra widening of pavements oOn
horizontal curves are due to following reasons

® Off tracking

-
~~~
----.---------_” .
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requured on a straight allgnment
v Object of providing extra widening of pavements on

horizontal curves are due to following reasons
® Off tracking

® Transverse skidding due to excessive speed
® Towing vehicle

Tendency of driver to follow outer side of curve
Greater clea{krance between crossing or overtaking vehicle
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» Required extra widening of pavement at horizontal curves

depends on
® Length of wheel base of vehicle
® Radius of curve negotiated
® Psychological factors (function of speed and radius)

¥ It has been a practice therefore to provide extra width of
pavement on horizontal curves when radius is less than
about 300 m
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0.4
0.6
1.0
02
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0.82
0.72













of soil with depth, and Iocation of rigid layrs at B Iimfted
depth
v To use Mayne and Poulos’s equation, one needs to determine

equivalent diameter of a rectangular foundation, or
e WRIE
'4BL
B.=\—— B = width of foundation
L = length of foundation

ilar foundations, B = B
where B = diameter of foundation
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Rigrd layer

.

Depeh. 2
v Modulus of elasticity of compressible soil layer can be given
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Rigid layer
r
Depth.

¥ Modulus of elasticity of compressible soil layer can be given
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¥ Foundation rigidity correction factor can be expressed as
T !
" = -4 3
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v Foundation rigidity correction factor can be expressed as
v Similarly embedment correction factor is

Ilzl_

B,
35 expl 1.22u, 04)(-—— + 1.6)
D,









pressure for foundatlons with standard penetrat
resistance, N,

v Net pressure has been defined as
qaa - q o )'D ’
where g = stress at the level of the foundation

¥ According to Meyerhof’s theory, for 25 mm (I in.) of
estimated maximum settlement

Goee{ KN/m") 36!03 (for B= 1.22m)

Neo [ B+03 .
q.(kN/m')-—l—g( 5 ) (for B > 1.22 00




pressure should be mcreased b)’ al:mur O
v Bowles (1977) proposed that modified form of bearing
equations be expressed as

Ne (S
l}-dL\/m)'-'-o—‘;;F q) (for B=< 122 m)

woNa (B+O3Y 5) o 199
Gues | KN/ ) Il).l'lx ( B ) P‘(?S_, (foe B> 1.22m)

where
Fy = depth factor = | + 0.2 3«D,/Bb

B = foundation width, in meters °
S, = settlement, in mm



. - : A IJ K 5' =l t‘

" pressure shioukd be mcreasedbyra out 50%

v Bowles (1977) proposed that modn"ed form of bearing‘
equations be expressed as

Fuesl KN/m") == Yo F,( ) (for B = 1.22m)

w [ B +03 (i) s 55
Gues [ KN/ ) = ”m( 5 )F‘_lﬁ, (for B> 1.22m)

5 (mm) = i .5q.,(kN/m )
mm) = - —_—

3 kN 1) B 2
S.(mm) = «q_’(";m (m') (for B > 1.2 m)

(for B = 1.22 m)
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Pressure should be mcrezisedb? bout50%
v'Bowles (1977) proposed that modified form of bearfng
equations be expressed as

kN/m?) =i‘9-F i (for B < 122 m)
Gouel 0.0 “\25/ 3

kN =z — B+ 03 Fi) for B> 122
o KN/m*) 008 7 | 75) (for 22m)

- N, referred to in preceding equations is standard penetration
Jmﬁsmce between bottom of foundatlon and 2B below




Pressure sheiok be mcreasedhv L T
v Bowles (1977) proposed that modiﬁed form of bearing
equations be expressed as

. Ng 3 | -
Jac{ KN/m") "a'“;f'}(g (for B = 122m)

+ 03 \
Goet | KN/’ ) = 0(; (B 5 ) F,(;‘;) (for B> 122m)

i3

Ny, referred to in preceding equations is standard penetration
| reﬁstame between bottom of foundation and 2B below
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7 Cruden and Varnes (1996) dassified’
following five major categories
% Fall




1t can fail in vart

v Cruden
followir,

This is detac

So:l and rock “fall” In a slope (Courtes oi

I










where K = factor of safety with respect to strength
Ty = average shear strength of soil

r,= average shear stress developed along potef
failure surface

v Shear strength of a soil consists of two compone
cohesion and friction, and may be written as

rr=c +o'tang’ e
where ¢’ = cohesion

¢' = angle of friction o

o' = normal stress on the potential failure surfac









» Fallure of slopes take place mainly dueto

® Action of gravity force

® Seepage force within soil

® Excavation or undercutting of foot

® Gradual disintegration of structure of soil
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v Shear strength of soil may be given by

T,=C +o'tand




s £} -.I-, ..,-“\‘ ™A Y
11,'? "I.'t'"\“ : A 8 A\"A W |

"% Mass procedure: In this“case, 1ass of s
sliding is taken as a unit ‘

T e
5 \‘ u‘“

v This procedure is useful when soil that forms slope is

assumed to be homogeneous, although this is not case in
most natural slopes

® Method of slices: In this procedure, soil above surface of
sliding is divided into a number of vertical parallel slices

¥ Stability of each slice is calculated separately

¥ This is a versatile technique in which nonhomogeneity of soils
and pore water pressure can be taken into consideration

¥ It also accounts for variation of normal stress along pot
failure surface

|
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‘\/ Undrained shear strength of soil is assumed to be co sta
~ with depth and may be given by T = Cu :
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!
Radius = r ,
!

. W,
oy Lw——_-_l%—' Unit welght of soll = y
L v- f.._
N, (normal reaction)

v If ¢, is cohesion that needs to be developed, r
| '."?""“‘ fordesaboutO Ry, = (AED)(1)(r) = cﬂ
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v AC is an arc of a circle representing trial failure surface

v Soil above trial failure surface is divided into several vertical slm
¥ Width of each slice need not be same

v Considering a unit Iength perpummm
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v P and P, are normal force_sthz;t act on sides of slice
v Slmllarly, shearing forces that act on sides of slice are T,

Insa T
s! Far sumphaty, pore waterpressur&is»assu _!_ul-_d __n obezero 4

MMrNny
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- For equilibrium of trial wedge ABC, moment of driving force
about 0 equals moment of resisting force about 0, or

n=p n=p l “! -
SWosina= 3, o-( ¢+ =R “‘“d")m.,,)tr) |
n= | nw=| ‘i b o .

. —— | |
sl zf(c'x.\L" + W, cosa,tand’) ALn IS dapprox
T equal to (b,)/(cl
o . where b, = width

1Y S an—
B ’ - - -

-

W, sin a,
n=|
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itf Substitution of T, and N, into previous equation gives

S (c'b, + W,tan &' + AT tan ¢')

n=p
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I \\./ B __f & \ o, .
—mya R = W, \
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‘o A

v Substitution of T,- and N;. into brevious equation gives

n=p
S (c'b, + W, tan ¢’ + AT tan ¢')—— |
r = ne=| ﬂl,(.) '

n=p

> W, sina, R




-'11' -

S sim
method is pi _
e 43 - 01— g
h'\ ']] v
l '\.‘\‘,. .';____ g By |

\/
‘ e
H "
4. [1”{’!1‘ _-;,
-__-‘_#: I,
Hr;,‘
com
- I[,]J"’. o




