Advanced Foundation Engineering

Modification of Bearing Capacity Factors

1. Influence of foundation shapes

— Empirical formula ( De Beer, 1967 )
1
= 4 = CNcgc + qung + EPYBN"/S”,V'

%, %, , & - shape factors (empirical)

for strip footing :

for rectangular footing :

_1.B . N, 1. B _1_n 4B
=14 ] Sl p tand, 3=1-0.47

2. Influence of inclination and eccentricity of the load

(Brinch Hanson)

T, @

444%.—|+4¢44

90° - ¢

- Check :
D Sliding due to inclination
— gliding occurs if P> P,, = Ac,+ @Gans
@ Uplift due to eccentricity 90°-®
— if e>B/4, cause uplift. for safety, e<B/6

@ Bearing capacity for effective bearing area

effectivewidth : B'=DB—2ey
effectivelength : L'=L—2e
effectivearea : A'=B" XL’
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_ TABLE 1
Ultimate Friction Factors and Adhesion for Dissimilar Materials

- Friction Friction
Interface Materials factor, angle,8
tan § degrees

Mass concrete on the following foundation materials:
Clean SOUND YOCKucwcuuannarsosausssnassosesnineane 0.70 35
Clean gravel, gravel-sand mixtures, coarse sand... { 0,55 to 0,60 [ 29 to 31
Clean fine to medium sand, silty medium to coarse

sand, sllty or clayey gravel..eesssssasessacsass | 0.45 to 0.55 | 24 to 29
Clean fine sand, silty or clayey fina to medium

5 to 0.45 | 19 to 24
+30 to 0.35 | 17 teo 19

BANds sesrrr s e R . 0.3
Fine sandy silt, nonplastic Silt.isececsanssssnsnss | 0.3
Very stiff and hard residual or preconsolidated

clay....-.-g..-.........-...-w...---............ 0.40 to 0,50 22 to 26
Medium stiff and stiff clay and 511ty clayeeseeees (0.30 to 0.35 | 17 to 19
{Masonry on foundation materials has same friction

factors.) :

Steel sheet plles against the followlng soils:
Clean gravel, gravel-sand mixtures, well-graded

rock fill with spallsiveesscsesrerssssancennsaan 0.40 T 22
Clean sand, silty sand-gravel mixture, single size ;

hard rock fil].-ocol.-ooo-a--ou'-coo--.n.-llo-n-o!o 0-30 17
Silty sand, gravel or sand mixed with gilt or clay 0.25 14
Fine sandy Silt, nonplastic Silt-o.ucﬁulatoulalloc 0.20 11

Formed concrete or concrete sheet piling against the
following solls: C
Clean gravel, gravel-sand mixture, well-graded
rock fill With 8pallS.csvsesscsnnscscssnscasasns | 0.40 to 0.50 | 22 to 26
Clean sand, silty sand-gravel mixture, single size
hard Tock fill.o-n---oo-;n---n--ooo-oo'oac.-o-o. 0.30 to .40 l? to 22
Silty sand, gravel or sand mixed with silt or clay 0.30 17
Fine sandy silt, nonplastic 81ltu.seesvsconcncones 0.25 14
Various structural materials: )
Magonry on masonry, igneous and metamorphic rocks:

Dressed soft rock on dressed So0ft rocke.eeeessss 0.70 35
Dressed hard rock on dressed Soft TotK.esesessss 0.65 33
Dressed hard rock on dressed hard rockssseesssss 0.55 29
Msgonry on wood (Cros8s8 Eralb)isvv.cessvscesssvense 0.350 26
Steel on steel at sheet pile interlockS..cacvsssce 0.30 17
Interface Materials (Cohesion) Adhesion C, (psf)
Very soft cohesive soil (0 ~ 250 psf) _ 0 - 250
Soft cohesive soil (250 = 500 psf) “ 250 - 500
Medium stiff cohesive soil (500 - 1000 paf) © 500 = 750
Stiff cohesive soil (1000 - 2000 psf) 750 - 950
Very stiff cohesive soil (2000 - 4000 psf) 950 - 1,300
7.2-63
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— Bearing capacity equation for the general case of eccentric & inclined

loading

—Q,=q B xL’
1
4o = C‘]V(:gcg(fi + qs ]ng([gqi+ EVB . 'ygﬁ/fwﬁ

8, S, &y ¢ inclination factor

P m
i =[1- Q+ B L'ccoto
— _ ; m+1
S = [t Q+ B L'ccotd
— &
§ei = gqi* .
N tang

mp

0 & T IT RN,

B L

" 2+L " 2+ B
B ’ L

1+8 1+4

m,= m;cos’0,+mpysin?0,,

- Hanna & Meyerhof (1981)

E FW — (1_%)2
E:z: qi_( _%)2
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3.Influence of embedment depth of foundation

TABLE 4.2 MEYERHOF FOOTING DEPTH AND

LOAD INCLINATION BEARING
CAPACITY MODIFIERS®.

TABLE 4.3 BRINCH HANSEN FOOTING DEPTH

AND-LOAD INCLINATION BEARING
CAPACITY MODIFIERS".

: g
o = NeSeic ot + Ny iyd,q + 7'? Nsjid,
For o< B:
)
d.=1+02, ,'N,E
dy=dy=1 {(¢=0%

D
d,,=d,=i+0.1./N‘E (4> 107

fo=iy=(1—a/90")2
b= {1 —al$)?
Ny =tan? (3w + 1¢)

: ; ¥8 ;
gy = Nes e + Nos i olq + 3 N,s,id,

* Meyerhof (1983).

ForD < &:
fa)
d.=1+04_ (¢ =0°)
B
1-—4d,
de=dy— B (¢ >0°)
N tan ¢
; 2]
d¢=1+2tan¢(1—sm¢)zg
o, =1
mH
oo i e =0°
& Ac(n + 2) te }
1—ig
fo=Fy — 0°
fe ™ fq Netang {¢>0%

=1 ik §
- V + Ac cot ¢

7

. H el
AR [ A —
V + Accot ¢

m=m; cos? B, + mgsin?g,

2+ 8/t

Mg

_2+L/B

S 1+8/L

“Ti1xi/s
3, is the projected direction of load in the plane of the footing,

measured from the side of length £

2 As modified by Vesit {1975).

4. Effective portion of foundation under eccentric loading

(Brinch Hanson)

*0G

Rules : @ The load passes thru the CG of the effective portion

Equivalent rectangle

@ Use an equivalent rectangular shape
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5. Influence of soil compressibility & footing scale 5/7
— Compressibility
Terzaghi : ¢ Z%c ., tang =%tan¢

— Relative compressibility increase with footing size due to
1) Mohr envelop curvature
ii) progressive rupture

iii) presence of weak zone

Homework #5 : What is progressive rupture ? Submit an answer report ( 5-6 pages)
Refs : ICSMFE 6th(1965) Montreal, Vol I. pp 13-17
ICSMFE 7th(1969) Mexico, Vol I, pp 270-272
— Tentative solution assuming that ultimate normal pressure on the sides of
compressed zone is equal to the pressure needed to expand a cavity in the

same soil

ENVAS
POVAS
B AAN

— Calculate the rigidity index

__ G __FE .
I,= ot gtand , G 21+ ) q . average overburden pressure

= compare with I,
I,—1 expl(3.30—0.452 ) cot (45° — )]

if I,>I, use compressibility factor

(3.07 sin®)(log21,)
1+sing

o= exp ((—1.440.6 B )tano) +

[P . B
%cc=€qc—m, if &=0, §w=0.32+0.IZZ+0.6010g17, S ™ Sge
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6. Influence of base tilt & ground surface slope 6/7

q=~vDcosw

a, o : in degree

@ Base tilt
Lp=1%y=(1—atand)?

]._Et

1—2a
'éctz gqt_ thanq) )

n+2

if =0, t,=

® Ground surface slope
1, == (1— tano)?

1—8,

See= S0 N tand ’

1—2a
T+2

it =0, %o , Ny=—2sino, &

g = COSQ, Evg =1

¥ if w)% , slope stability analysis needed

7. Influence of ground water table

Y=+ (2,/B) (v, — )
Vi Iw

T
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* In overall, modification factors are shown in Table 4.4 / 45

TABLE 4.4 MEYERHOF AND BRINCH HANSEN

FOOTING SHAPE BEARING CAPACITY
MODIFIERS.

Go = Netiod e + Nt idog + ?; N id
Mayerho! { Meysrhol, 1963}
2= 4 O.ZN,-:;
S5, =10 {$=0°
Sa=5, =14+ o.w,% (¢ >107)

N,=tan?(ir +§¢)

Brinch Hansen (After Vesic, 1975}
- )

s=14+-=2

¥ LN,

B
5e=1 +-£tan¢

s,=1—0.4£
¢

For circular footing use 8/¢ = 1.

TABLE 4.5 BRINCH HANSEN FOOTING AND
GROUND INCLINATION BEARING
CAPACITY MODIFIERS".

y8
Go = Netcdodebut + Nesodatl by + = Ny5,2,0,5,

Footing Inclination Factors
by=b, = (1 —atang)?

b =1 _1::2 (¢ =0 « in radians)
1-b;
=-h, - : o°
b=, N.wn¢ {¢>0°)
Ground Inclination Factors
Ge=g,=(1—tanw)?  ($>07)
Pe=1- xz-:,z (¢ = 0%, win radians}
11—
= - 0*°
G s (¢ >0°)

Restrictions: o < 45°, @ < 45°, w < .
For ground inclnation uss &, = -2 sin .

* As modified by Vesid (1975).
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