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Footing with Inclined Load



Footing with inclined Load:

Inclined loads are produced when footing 1s loaded with both vertical
load and horizontal components of loading.

Such loads are common for horizontal wind load and gravity load on
footings.

Footings with inclined loadings are in rolling equipment (steel mils)
and industrial foundations.

Subjected to horizontal loads from materials going through the
equipment or materials push/pull applied to foundations.

Load inclination results in a BC reductions.

Inclination factors are given in Table 4-3 and Table 4-5b & 4-5c.
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TABLE 4.3

Shape, depth, and inclination facwrﬁnfw
the Meyerhof bearing-capacity equalions
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TARLE 450

Table of inclination, ground, and base factors for the
Hansen (1970) equations. See Table 4-5¢ for equivalent

Vesic cquutiom.
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Notes: 5+ 0 90" (Both f# and 1 have signs (+) shown.)
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TABLE 4-5¢

Table of inclination, ground, and base factors for
the Vesi¢ (1973, 1975b) bearing-capacity equations,

See notes below and refer to sketeh for identification
of terms.
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TABLE 4-4 :
Bearing-capacity factors for the Meyerhof, Hansen, and Vesi¢ bearing-
capacity equations

Note that N, and N, are the same for all three methods; subscripts identify author for N,

& N, N, Nyan Noan Ny N,/N, 2tan (1 — sin p)?
0 S5.04% 1.0 0.0 0.0 0.0 0.195 0.000

5 6.49 1.6 0.1 0.1 0.4 0.242 0.146

10 8.34 2.5 0.4 04 1.2 0.296 0.241

13 10.97 39 1.2 I 26 0.359 0.294

20 14.83 84 g 29 54 0.431 0.315

28 20.71 ) [ Jy SERY 5 R % 68 10.9 0514 0.311

26 22.25 8.0 12.5 0.533 0.308

28 i nd I8 167  0.570 0.299
30, o S 24 0610 0.289
, 303 77 0.653w Lt 0,276
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Kooting with inclined Load
Table 4-3: Seclf explanatory of Meyerhof's factors.

Table 4-5b: Hansen factors.  2< ay <5 for i, iy, [}

Table 4-5c¢: Vesic Equation factors

2+7 2+ =
m=mp=—% m=my=—;
147 1+ 2

Using inclination factors:
* General case of inclined loading:
H=H g parallel to B dimension. If Hp=0, i.5 = izp = i,5=1.0

H=Hj, parallel to L dimension. If H;=0, i;; =iy, =i,,=1.0



kooting with inclined Load:

 H; values are used to compute inclination factors for Hansen
Equation.

Compute i; using Table 4-5b
Compute shape factors for Hansen equation

slp =0.2 2B st = 0.2 2 for g=0
N BlC N LlC
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kooting with inclined Load:
Hansen bearing capacity equation

Quit= cNcSc.Bdc.Bic.B + quSq.B dq.Biq.B +0.5 yB,NySy.B dy.Biy.B
Or
Quit= cNcsc.de.L ic.L + quSq.qu.Liq.L +0.5 yB,NySy.Ldy.Liy.L

N

Use smaller of q,,;-.



Kooting with inclined Load:
Ex. 4-6. Data shown 1n the sketch of load test:

H; ,1:= 382 kN
V,1:.=1060 kN
Required:
* Find out the gq,;; by Hansen method
* Find out the g,;+ by vesic method.
l HB=O
V,,1:=1060 kN
H,=382 kN
{D=O.5m
Dense sand
'=9.43 kN/m?>
Y o /m L=2.0m
Per=43

C=0



Kooting with inclined Load:
Solution:
@ r=43°
Check: = == =4 >2
“KB o5 use @ps
@ps=1.1 @= 1.1x43=47.3°
Pps=1.5 @-17=1.5x43 -17=47.5°

use @ = 47°

Hansen method

From Table 4.4, for ¢ = 47° N =187 N,= 208 N,=347
Ng/N.=1.10  2tan ¢ (1 — sing)*=0.155

Since ¢=0, and b;=g;=1.0

Quit= QN 4s,dg4igs + 0.5yB'N, s, d, i,



Kooting with inclined Load:

Table 4-5a: depth factor
dq= 1+2tan @ (1 — sing)?*k For D/B< 1, use k=D/B=0.5/0.5=1.0
dqp=1+0.155x1=1.155

dq;=1+2tan ¢ (1 — sing)*k D/L=0.5/2.0=0.25 use k=0.25
=1+ 0.155x0.25=1.04

dy;=dyg=1.0
Table 4-5¢: Inclination factor
_ _ 0.5H; o
iq= (1 V+ Afcacot(b) ' 250125
igg=1.0 V=vertical load

c,=base cohesion
H;= horizontal load either Hgz or H;



Kooting with inclined Load:

= (1= 33 j}izicota))al
iqr= (1 — =222)25=0.608
P Gl jfZIZcot(z))dz 250225
iyp=1.0
= (1— 0. 7x382)3 520361
Shape factor Table 4.5a
Squn= 1+ sin(Z)E
Sqp= 1+ sin@ (=2
Squ=1+ sin( L‘V 2k = 1 +sind7 (25 608) =2.78



Kooting with inclined Load:

Shape factor Table 4.5a

Sq(H)™ 1 + SiIlQ)E

Sqg= 1+ s1nQ)(

2x0.608

Sqr=1+ st)( ) 1 +sind7 ( )=2.78
B
Sy(H)™ 1 - 042 =>0.6
syp=1-04-22 =1-0.4 222 —0.723 > 0.6 ok
Liyg 2x0.361
sp=1-04-22=1-0423%—0422< 0.6

use 0.6



Kooting with inclined Load:

Along B,

quit=q (5 VD)Nqu.qu.B iq.B +0.5 VB’NyS‘y.Bd‘y.B i‘y.B
=9.43(0.5)(187)(1.18)(1.16)(1)+9.43(0.5)(300)(0.73)

(H(D)
=1206.9+311.3= 1718.2~1700 kpa

Along L,
Quit=q (5 VD)Nqu.qu.Liq.L +0.5 VL’NySy.Ldy.Liy.L

—0.43(0.5)(187)(2.78)(1.04)(.608)+9.43(0.5)((2)(300)(0.6)(1)(0.361)
—1549.9+612.76=2162.7 ~ 2150 kPa



kooting with inclined Load:
* Smaller Value, g,,;;=1700 kPa

V 1060

Quit=5 1 0.2x2.0 =1060 kPa

 From load test,



Kooting with inclined Load (Vesic’):
Solution:

Vesic’ Equation

P r=43°

L 2

Check: 2 oc =4 >2  use @ps
@ps=1.1 @p=1.1x43=47.3°
Pps=1.5 @-17=1.5x43 -17=47.5°

TN

use @ = 47°

Vesic’ method

From Table 4.4, for ¢ = 47 ° N,= 187 N,= 404
2tan ¢ (1 — sing)?=0.155

Since ¢=0, and b;=g;=1.0

Quit= qN ¢Sqd4i, + 0.5YB'N, s, d i,



Kooting with inclined Load:
Shape factors and depth factors: Table 4-5a

Sq(v) 1+-— tanQ) 1+ o tan47 1.27
Sy(v) 1- 04—> 0.6

=1-0.4x To=0'9 >0.6 ok .

d,= 1+2tan @(1-sin @)k For- < 1, use k=D/B=0.5/0.5=1.0
=140.155(1)=1.16

dy=1.0 for all @



Kooting with inclined Load (Vesic’ equation):

L 2
2+§ 2+E_ 2+4_6_

Inclination Factor m=—2=
147 14 1445

Hp,
V+ Afcacotcz)

ig= (1 — ym

_ 1.2_
=1~ Toeor 0) =0.585

= (1 — H; m+1
y (1 V+Afcacot¢)

— H; m+1
B (1 V+ Afcacotq))

= (1 —1060)*4*1=0.374




Kooting with inclined Load (Vesic’ equation):
Since ¢=0, and b;=g;=1.0
Quit= quSqdqiq +0.5 yB’NYSYinY

Putting values,

qui= qNysqdqig + 0.5 yB'N, s, d, i,
=9.43(0.5)(1.87)(1.27)(1.16)(0.585)+0.5(9.43)(0.5)(404)(0.9)(1)(0.374)
=759.9+320.6=1080.5~ 1080kPa

From Load test, qult_B‘:cL ;(;i(;—1060 kPa




Thanks



