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Example 5.1
A strip footing of width 3 m is founded at a depth of 2 m below the ground surface in a (¢ — ¢) soil
having a cohesion ¢ = 30 kN/m? and angle of shearing resistance ¢ = 35°, The water table is at a
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depth of 5 m below ground level. The moist weight of soil above the water table is 17.25 kN/m°.
Determine (a) the ultimate bearing capacity of the soil, (b) the net bearing capacity, and (c) the net
allowable bearing pressure and the load/m for a factor of safety of 3, Use the general shear failure

theory of Terzaghi.

Solution
For ¢ =35°,N,=578,N,=414,and N, = 42.4

From Eq. (5.6),

] PZNNY AP NN\N AANNN AN AN
T B B=3m
2m
Sm AI,
¢ =35°
y=17.25 kN/m’
¢ =30 kN/m’

149 / 821

Fig. Ex. 5.1
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126 Advanced Foundation Engineering

depth of 5 m below ground level. The moist weight of soil above the water table is 17.25 kN/m?>.
Determine (a) the ultimate bearing capacity of the soil, () the net bearing capacity, and (c) the net
allowable bearing pressure and the load/m for a factor of safety of 3. Use the general shear failure

theory of Terzaghi.

Solution
For ¢ = 35°,N,=57.8,N,=414,and N, =424

From Eq. (5.6),

SANN ANNEIZNNN PZaSNWZ S SY
T B=3m B
2m
Sm l
b=35°
y=17.25 kN/m’
¢ =30 kN/m’

>
2

gy = N, +yDyNy+ = yBN,

1
30 x 57.8+17.25x2x 414+ Bk 17.25 x 3 x 42.4 = 4259 kKN/m?

Tuy = @y~ D= 4259 - 17.25 x 2 % 4225 kN/m’

4225

3 = 1408 kN/m?

Iy, Qg
na F;

I

Gua B = 1408 x 3=4225kN/m

2,

Example 5.2
If the soil in Ex. 5.1 fails by local shear failure, determine the net safe bearing pressure. All the other
data given in Ex. 5.1 remain the same. -
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Shallow Foundation 2: Ultimate Bearing Capacity 127
Solution

For local shear failure:

tan~' 0.67 tan 35° = 25°

0.67¢ = 0.67 x 30 = 20 kKN/m?

From Table 5.1, for ¢ = 25° N, =25.1, N, = 12.7, N, = 9.7

Now from Eq. (5.12)

G e
Il

1
g, = 20x251+1725x2x 127+ 5 x 17.25 x 3 x 9.7 = 1191 kN/m?

Gpu = 1191 —17.25 x 2 = 1156.5 kKN /m?

1156.50

Ta = 3 =385.5 kN/m*

Q, = 385.5x3=1156.5kN/m

Example 5.3

If the water table in Ex. 5.1 rises to the ground level, determine the net safe bearing pressure of the
footing. All the other data given in Ex. 3.1 remain the same. Assume the saturated unit weight of the
50il Yeg = 18.5 kKN/m?, ' :

Solution
When the WT is at ground level we have to use the submerged unit weight of the soil.

Therefore Yy = You — Yo = 18.5 — 9.81 = 8.69 kN/m?

The net ultimate bearing capacity is

1
G = 30 % 57.8+8.69 %2 (41.4 - 1) + = x 4869 x 3 x 42.4 = 2992 kN/m?

2992
Gna = —3 =997.33 kN/m?
Q, = 997.33 x 3=2992 kN/m

Example 5.4

If the water table in Ex. 5.1 occupies any of the positions: (a) 1.25 m below ground level or
(b) 1.25 m below the base level of the foundation, what will be the net safe bearing pressure?

Assume Y, = 18.5 kN /m?, y (above WT) = 17.5 kN/m". All the other data remain the same as
givenin Ex. 5.1.

Solution
Method 1
By making use of reduction factors R,,; and R, and using Eqs (5.20) and (5.23), we may write

1
Inu = CNC +YD)'(NQ -1) Rw] + 5 YBNYRH'Z

Given: N, =41.4, N, = 424 and N,=57.8
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Assume y,,, = 18.5 kKN/m”, y (above WT) = 17.5 KN/m". All the other data remain the same as
given in Ex. 5.1.

Solution
Method 1
By making use of reduction factors R,,; and R,,, and using Eqs (5.20) and (5.23), we may write

1
G = oNe + YDy (Ng = 1) Ry + 5 YBNy Ry

Given; Nq =414, NY: 424and N,=57.8
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Case 1: When the WT is 1.25 m below the GL
From Eq. (5.24), we get R,,| = 0.813 for D,,, /D= 0.625, R,,, = 0.5 for D, /B=0.

By substituting the known values in the equation for g,,,, we have

1
Gra = 30 % 578+ 185 x 2 x 404 x 0.813 + = x 18.5 %3 x 424 x 0.5 = 3538 KN/m?

3538

Ga= 3 = 1179 kN / m?

Case 2: When the WT is 1.25 m below the base of the foundation
R, = 1.0 for D, /Df= 1,R,,=0.71forD,,/B=042.

Now the net bearing capacity is

1

G = 30X 57.8+ 185 x2x 404 x 1 + = x 18.5 x 3 x 42.4 % 0.71 = 4064 kN/m?
4064

Gna = —3— = 1355 kN/m?

Method 2
Using the equivalent effective unit weight method.

Submerged unit weight v, = 18.5
Per Eq. (5.25), the net ultimate be

1
@...= cN.+%.. De(N.= 1)+ ~v.» BN..
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Example 5.5

A square footing fails by general shear in a [cohesionless soi] under an ultimate load of O, =
1687.5 kips. The footing is placed at a depth of 6.5 fi below ground level. Given: $=35° andy=110
Ib/ft3, determine the size of the footing if the water table is at a great depth (Fig. Ex. 5.5).

Solution
For a square footing Eq. (5.17) for c=0, we have

qy = 1 DyN, + 0.4y BN,
For ¢ = 35° Nq=41.4, andN.r=42.4 from Table 5.1.

_Qu 1687.5x10°
WG T 5

By substituting known values, we have

1687.5 x10°

22 =110%65%x41.4+04x110x424B

= (29.601 + 1.866B) 10°

Visit : Civildatas.blogs

Visit : Civildatas.blogspot.in

130 Advanced Foundation Engineering

[VZNNEPZNSY PZNNPZ NN
0., = 1687.5 kips
1 $=35%¢c=0
6.5 ft y =110 Ib/f’
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—-—

ZZNSNIZN\N ZZ-NNNPZN\N
Q. = 1687.5 kips
hEN 0=35%¢=0
6.5 ft y=110 Ib/f’

Y

<~ BXB

Fig. Ex. 5.5

Simplifying and transposing, we have
B3 +15.8638%-904.34 =0

Solving this equation yields, B = 6.4 ft.

Example 5.6

A rectangular footing of size 10 x 20 ft is founded at a depth of 6 ft below the ground surface in a
homogeneous cohesionless soil having an angle of shearing resistance ¢ = 35°. The water table is at
a great depth. The unit weight of soil y= 114 Ib/ ft3. Determine: (1) the net ultimate bearing capacity,

(2) the net allowable bearing pressure for /. = 3, and (3) the allowable load O, the footing can carry.
Use Terzaghi’s theory (Refer to Fig. Ex. 5.6). '

-

PZNSTIZZNNN ANSIZASSS

$=35°
y=114 b/

c=0 6

Solution

Using Eqs (5.19) and (5.20) for ¢ = 0, the net ultimate bearing capacity for a rectangular footing is

expressed as
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Shallow Foundation 2: Ultimate Bearing Capacity 131

= ! 1 028
QMM_TDf(Nq“'1)+EYBNT B I
From Table 5.1,
N, = 41.4, N, =424 for ¢ = 35°

By substituting the known values,

1 10
Gy = 114 %6 (414 1)+ = x 114 % 10 x 424 1—0.2><% = 49385 Ib/ft?

49385
Gna = —3 = 16462 Ib/ft?

0, = (BxL)g,,=10x 20 x 16462 = 3292 x 10° Ib = 3292 kips

Example 5.7

A rectangular footing of size 10 x 20 ft is founded at a depth of 6 ft below the ground level in a
cohesive soil (¢ = 0) which fails by general shear. Given: Y, = 114 Ib/ft, ¢ = 945 Ib/ft2. The water
table is close to the ground surface. Determine g, g, and g,, by (a) Terzaghi’s method, and
(b) Skempton’s method (use F = 3).

Solution
(a) Terzaghi’s method

Use Eq. (5.19)
For¢ = 0°, N, =5.7,N, =1
B .
q”=cN‘_ ]+0.3XZ +YbDf

Substituting the known values,

i

10 )
G = 945 5.7 |14 03X | + (114 - 62.4) x 6= 6504 Ib/ i

Gnu = (@ —Yp Dy) = 6504 — (114 — 62.4) x 6 =6195 Ib/ft*

Gua 6195 3
= 4 = ——= =2065 Ib/ft
qﬂﬂ F.; 3

(b) Skempton’s method
From Eqs (5.22a) and (5.22b), we may write
qy = CNcr + Df

where N, = bearing capacity factor for a square foundation.

B
N, = (0.84+0.16><E} * N

where N, = bearing capacity factor for a square foundation.

From Fig. 12.9, N, = 7.2 for D;/B = 0.60.
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where N, = bearing capacity factor for a square foundation.

From Fig. 12.9, N, = 7.2 for D;/B =0.60.
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Therefore

N = (0.84+0.16><%] x72=6.62

cr

Il

Now g, = 945 x 6.62 + 114 x 6 = 6940 Ib/ >

Gnu = (q,—7Dy) = 6940 — 114 x 6 = 6256 Ib/ft*

~ Gm 6256 B 2
Gna F, 3 2085 Ib/ft

Note: Terzaghi’s and Skempton’s values are in close agreement for cohesive soils.

Example 5.8

If the soil in Ex. 5.6 is cohesionless (¢ = 0), and fails in local shear, determine: (i) The ultimate
bearing capacity, (i) the net bearing capacity, and (i) the net allowable bearing pressure. All the
other data remain the same. ' ; '

Solution
From Eqs (5.15) and (5.20), the net bearing capacity for local shear failure for ¢ =0 is

== 1 _ B
Gnu = (qn_YDf):TDf (Nq' l) + EYBN.Y (]—DEXI)

where ¢ = tan~' 0.67 tan 35° = 25°, Ng = 12.7, and ﬁ? =9.7 for ¢ = 25° from Table 5.1.

By substituting known values, we have,

1 10 _
G =4 %6 (12.7 = 1) w2 —0-2><—J = 12979 1b/ ft?

20
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=455 kN/mz and F =3, we have
=455%3 = 1365 m/m2
Now cquaung. we have

1365=q, = 1239+3—Z§

‘E"432
or 76 m

Exampla 18.13 :
localedata dcpthofl 5 m below thc,groundsurfwe in ca w

uare footin

vt:niqcs a columng load of 1280 kN. ’l'hcsoxllssubmerged having an effecti
- 11.5 kNIm’and an angleofdmngmutxnce of 30°. qu thes:zeofﬂu;
'i,-3bywstheoryo genal!dmrfulm 3
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Example 5.10

Refer to Ex. 5.6. Compute by Meyerhof’s method the net ultimate bearing capacity and the net
allowable bearing pressure for /= 3. All the other data remain the same.

Solution

From Ex. 5.6, we have B=10ft, L=20ft, D;=6 ft,and y= 114 Ib/ft>. From Eq. (5.27) for ¢ =0 and
i=1, we have

| 1
Inu = Gu—YDr=YDr(Ny—1)s,d, + EYBNTS?d?

From Table 5.3

1+0.1N (EJ—GOH 2(45"+£)(10J 1.185
4 eyt 2 )\20) ~

5 =

SY=Sq=l.]85

d = 1+01 Mo 2L] =1 +01t (45° 35)(£J—1115
e” T TTINTe B e 2 )\20) "~
d = d,= 1115

From Table 5.2 for ¢ = 35°, we have N, = 33.55, Ny=37.75. By substituting the known values,
we have

Il

1
G = 114 % 6(33.55 1) x 1185 x 1115+ = x 114 x 10 x 37.75 x 1.185 x L.115

29,417 + 28,431 = 57,848 Ib/ft?

57,848
Gia = —3 =19,283 Ib/ft?

By Terzaghi's method g,,, = 16,462 Ib/ft2.
Meyerhof’s method gives a higher value for g,,, by about 17%.

Example 5.11

Refer to Ex. 5.1. Compute by Hansen’s method: (a) Net ultimate bearing capacity, and (b) the net
safe bearing pressure. All the other data remain the same.

Given for a strip footing
B =3m,D;=2m,c=30kN/m?and y=17.25kN/m>, F,=3.
From Eq. (5.27) for i = 1, we have

1 ;
nu = qu_YDf=CNcScdc+YDf(Nq_ ])Sq dq+ EYBNTS?dY

From Table 5.2 for Hansen’s method, we have for ¢ = 35°
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Example 5.9

Refer to Ex. 5.1. Compute using the Meyerhof equation (a) the ultimate bearing capacity of the soil,
(b) the net bearing capacity, and (c) the net allowable bearing pressure. All the other data remain the
same.

Solution

Use Eq. (5.27). For i = 1 the equation for net bearing capacity is

1
= Gu—VDp=cN s d. +YDp(Ny— 1) s,d, + Y BN, s, d,

From Table 5.3

B
5. = 1+0.2N, [z] =1 for strip footing

B
5o=1+0.1N, (E) = 1 for strip footing

D L 35)(2
d.=1+02 Ny (?f} =1+02tan [43°+7)(3] = 1257

Dy (e 35)(2 |
d, = 1+0.1 Ny [?)=1*0.1tan [45 +TJ[5J=1.129

dy=d,=1129 :
From Ex. 5.1, ¢ =30 kN/m?, y= 1725 kN/m®, D;=2m, B=3 m.

From Table 5.2 for ¢ = 35°, we have N, = 46.35, Nq =33.55, Nv: 37.75. Now substituting the
known values, we have

Gy = 30 X 46.35 % 1 x 1257 + 1725 x 2 % (33.55— 1) x 1 x 1,129
I
+ 5 X 1725 x3 %3775 x 1 x 1129

= 1,743 +1,268 + 1,103 =4,119 kN/m?-
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