.Illustrative Example 23.1. Determine the ultimate bearing capacity of a strip footing, 1.20 m wide, ang
.8 the depth of foundation of 1.0 m. Use Terzaghi’s theory and assume general shear failure. Take ¢' -

* 1= 18 kN/m', and ¢’ = 15 KN/’ |
Solution. From Eq. 23.25, gu=¢ Ne +yDpNg + 0.5y BNy
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For ¢' = 35° Table 23.1 gives Ne = 578, N, = 41.4 and N, = 424,

Now Qu = 150 x 578 + 180 x 1.0 x 41.4 + 0.5 x 18.0 x 1.2 x 42 4
= 2070 kN/m’

Mustrative Example 23.2. Determine the allowable gross load and the net allowable load for a squay,

footing of 2m side and with a depth of foundation of 1.0 m. Use Tcr;:ngiu; s theory and assume local shegy
failure. Take a factor of safety of 3.0. The soil at the site has Y = 18 kN/m7, ¢' = 15 kN/m" and ¢' = 25°,

Solution. From Table 23.1, for ¢' = 25°
N/ = 148, Nq' =56 and N’f' =32
From Eq. 23.37, taking ¢, = 2/3 ¢' = 10kN/m?
Gy = 1.2 x 10.0 x 148 + 18 x 1.0 x 5.6 + 0.4 x 18 x 2 x 32

= 325 kN/m? _
From Egq. 23.1, Gru = 325 - 18 x 1.0 = 307 kN/m?
Gnu 307 2
From Eq. 23.2, = F =35 = 102.3 kN/m

Net allowable load 1023 x (2 x 2) = 409.2kN

From Egq. 233, : gs = Gu + YDy = 1023 + 18 x 1.0 = 120.3kN/m?

Gross allowable load 1203 x (2 x 2) = 481.2kN
Illustrative Example 23.3. A fJooting 2 m square is laid at a depth of 1.3 m below the ground surface.
Determine the net ultimate bearing capacity using IS code method. Take y = 20 kN/n?’, ¢’ =30°and ¢ = 0.

Solution. For ¢’ = 30°, Table 23.6 gives
Ne = 3014, N, = 184 and N, = 22.4
From Table 23.3, Se =13, 5, = 1.2 and s, = 0.80
From Eq. 23.49 (a), de = 1 + 0.2 (Dy/B) tan (45° + ¢'/2)
: 1 +02 x (1.372.0) tan 60° = 1.23

Il

From Eq. 23.49 (), dy =d =1 +0.1 (Dy/B) tan (45° + ¢'/2) = 1.11
From Eq. 23.48, G = NeScdeic + g(N,~1) Sqdgiy + 0.5 YBN,s, d LW

=00+ 13 x20x (184 - 1) x 1.2 x 1.11 x 1.0 + 0.5 x 20 x 20 x 224 x 0.8 x 1.11 x 1.0 1
oo G = 1000 kKN/m? | :
llustrative Example 23.4. Determine the net ultimate bearing capacity of the footing in Illustrative J

Example 23.3 if

(a) the water table rises to the level of the base,
(b) the water table rises to the ground surface, and
(c) the water table is 1 m below the base,

Solution: (a) W* = 0.50, Therefore, Eq, 23.48 gives '
u =13 x 200 x (184-1) x 1.2 x 1.11 x 1.0 + 05 x 200 x 2.0 x 22.4 x 0.8 x 111 x 05
L = BOIKN/m? |

is also reduced as the cffective stress is reduced, Thus

Qru = 1.3 % (20 - 9.81)x (184 — 1) x 1.2 x 1.11 x 1.0 + 0.5
x 20 x 2.0 x 224 x 0.8 x 1.11 x 0.5

- 50_6 kN/m?

(®) W’ = 0.50. The surcﬁargc q

-
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) yp is obtained by linear interpolation [see Lq. 23.36 (¢)),
‘ Woe0sy 83 x 10
2.0

= (.75

= 1.3 % 200 x (184 - 1) x 1.2 x L1] x 10 + 0.5 x 200
X 2.0 x 224 x 0.8 x L11 x 0.75
= 901 kN/m?

Justrative Exump.le 235 A square column foundation is 1o be designed for a gross allowable total load
50 L. If the load is inclined at an angle of 15° 1 e vertical, ¢

e : ) letermine the widih of the foundation.
4 factor of ;‘ﬂgff)’ of 3.0 and use Vesics cquation. y = 19 kN/m’, ¢' = 35°% and ¢ = 5 kNn, The depth
nduion is 1.0 m.

& alofion. From Eq. 23.45,

=

} ‘ Qu = ¢ Nescdei, + gN,s,d, i, + 0.5y BN,s,d,i
Fom Tible 23.6, Ne= 4612, N,

= 3330 and N.' = 48.03
From Table 23.7, Se = 1 +3330/46.12 = 172
| = 1 + tan35° = 1.70, s, = 0.60
From Eq. 23.46 (a), =1+ 04 x 1.0/8

1+ 2tan35° (1 - sin35%? x 1.0/B
1 + 0.255/B; d, - ;.0 i

o= iy = (1 = 0®/90)% = 0.694
From Eq. 23.47 (b), o= (1 - a®/¢)® = 0327 :
qu =50 x 46.12 x 1.72 x (1 + 0.4/B) x 0.694 + (19 x 1.0)33.3

x 1.7 x (1 + 0.255/B) % 0694 + 0.5 x 19 x B x 48.03 x 0.6 x 1.0 x0.327
= 1022.2 +300.7/B + 8958

E)

g
g

&3

Py

(2,

~

=

.nn" .é" 'IQ' -Dh

]

From Eq. 23.1, G = Gu— YDy = q, - 19 x 1.0
= 1003.2 + 303'7 + 8958
mm Eq. 23_3, q‘ = %m' + 19 x 19
- 3344 + 103'2 + 2988 + 190

Now gross load = g, x B
250.0 = 353.4 5% + 1002 B + 29858 .
08 by trial and error, © B = 0.7m

lustrative Example 23.6. Determine the ultimate bearing capacity of a square footing 2 m x 2m in a

WUR ypjp weight of 18 kN/n?, ¢' = 20°% c = 20 kN/m’. Take the depth of foundation of 1.50 m. Use
| "% equation, .

Solution, From Eq. 23.42,  qu = N,s.d. i+ gN, Sqdaiq + 05 1B Ny sy dy by
% ™m Tahje 23.2, N.=14.83, N, = 640 and N, = 3.54
" Tabe 3.3 S =12, s, =12 and 5 =06
om Tape 234, - - d, =1+03x 1'5/2'0. = 1.225
‘dy = d = 1225, dy = 1.0
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ASi. =i, = 11 1.0,
Qu = 200 x 14,83 x 1.2 x 1,225 x 1.0 + (18 x L50) x 649 ,,
x 1225 x 1.0 + 0.5 x 18 x 2 % 3.54 x0.6 x 1.0 x |

= 728.25 kN/m*
Hustrative Example 23.7. A strip footing of 2 m widih is faundcr{ at a (!(.’{)lh of 4 {:;: ‘f)cfow,r/w sron
surface. Determine the net ultimate bearing capacity, using (a) 'I?.'rzag'lufs' c(].'mllf’m,"( {)) -206]:%!(:!} S cquayl,
and (c) IS Code. The soil is clay (¢ = 0, ¢ = 10 kN/m>). The unit weight of the soil is nr,

Solution. (a) Terzaghi’s cquation

From Eq. 23.25, Qu = cuNe + YDy N, + 0.57 DN,
Taking the values from Table 23.1, Qo= 10 x 57 +20 x 4 x 1.0 + 05 x 20 x 2 x 0.0 = 137
Thercfore, Qu = Qu - 1Dy = 137.0 = 20 x 4 = 57.0 kN/m*
(b) Skempton’s equation
From Eq. 23.53 (), for %f 2 % < 25,
Ne = 50(1 + 02D/B)(1 + 0.2 B/L)

50(1 + 0.2 x 4/2) (1 + 0.2 x 0.0) = 7

From Eq. 23.55, Guu = CuN, = 10 x 7.0 = 70.0 kN/m?
() IS Code
From Eq. 23.56, G = Cu N, S.d. I,
' D
Taking N, = 5.14, Qe = 10 x 5.14 x (1 + 0.2 x (7}‘() fan 45°) % 1.0

= 514 x 1.4 = 71.96 kN/m® :
Illustrative Example 23.8. A square footing (1.5 m x 1.5 m) is located at a depth of 1.0 m in a cl
deposit consisting of two layers. The top layer is Im thick and has ¢y = 150 kN/m® and 1y = 16 kN/nr.
bottom layer has ¢, = 50 kN/m® and 1 = 15 kN/m’. Determine the net ultimate bearing capacity.
Solution. From Eq. 23.59, taking i, = 1.0, ¢q, = ey Nes.d, + g !

From Fig. 23.18, for ¢/, = 1/3 and Z/B = LO/L5 = 0.67, the value of N, is equal to 3.50.

Se =1 + (B/L) N/N) =1 41 x 1/35 = 1.29 |

/
de= 1+ 04 % 1.0/1.50 = 127 (

Therefore, = 150 x 3.5 x 1.29 x 127 + 160 x 1.0 = 876.1 kN/m?

B . . an ecceniricity of 0.2 m along one of the symmctrical dﬂ:’-’h
clermine the factor of safety against bearing failure, Use Vesic's cquation, Take 4 = 2] kN/nd, ¢ =

KN/m®, ¢ = 0, ) ‘?
Solution. Effective widih Bep-2 € =15-2x02=1.Im .
From Eq. 23.45, laking Nr =00, N. = 5,14 and N,, = 1.0, 6,:
_ {
GQu = cN,s.d. |, +qN,s,d, iq .?Sfj

where s, = 1 + (/1) N/N) = 1 4 (1.171.50) x 1.0/5.14 = 1.14 ' '
S =1+ (N/0)tan¢ = 10 4 (L1/1.50) tan 0° = 1,00 j!‘
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L= 04 (DYB) = 1 + 04 x 10/1.5= 197

¢

p =1+ 2and (0 = sind)? DBy =
iy

T = 100 % 5,14 % 114 X 1.27 + 1,0 % (210 % 1.0) % 1.0 % 1.0

= 7442 4 21.0 = 765.2 KN/m?

h - Ge 400
| 3 (a) G = 2 1 4 G2 _ _ 6 % 02
gom Ea. 2363 ( ™ = BL ( B ] 1.5 X 1.5 [' i "Ts""J

Gmax = 320 kKN/m? (@)
l o Qu = 765.2 - 21 X1 = 7442, ]
1 (7442
" erefore, Us = F + 21.0 ()
| B @and B),  744.20F + 21,0 = 320
:!‘l F =249,

glustrative Example 23.10. A square footing
'f;hefm;ring if the depth of foundation is 2 ,
'\ = 2. Take a factor of safety

Solution. From Eq. 23.61,

is required 10 carry a net load of 1200 kN, Determine the
nand the tolerabl

e settlement is 40 mm. The soil is sandy
of 3.0. The water table i very deep. Use Teng's equation.
Ina = 033 N> BW,.+ 1.0(100 + N*) D, W,
I = 033 (12)’B X 1.0 + 1.00 (100 + 129 x 2 x 1.0
9 = 41.5B + 488.0
Total net load, Q, = (47.5 B + 488.0)/3 x B
1200 = (47.5B + 488.0)/3 x B’

_ 1200 = 15.8 B* '+ 162.7 B*
| Solving, by trial and error, B = 2.45m,

! B+03Y
From Eq. 23.80 (b), Gnp = 140 (N = 3) [ 23' ) WyRys
] )
B+ 03 2
q,,,,=1.40(N-3)[ 33 [I+B]x40
B +03Y

Gnp = 1.40(12 — 3)

—

. } x 40 (1 + 0.4/B)

= 126 (B + 0.3)* x (I + 0.4/B)
On = Gnp % B
1200 = 126 (B + 0.3)* (1 + 2/B)

B =190m. Adopt B =2.0m

; 2
n!uslralive Example 23.11. A rectangular foating (3 m X 2 m) exerts a pressure of 100 kN/m on a
Ve soi (Es = 5% 10° kN/m? and i = 0.50). Determine the immediate settlement at the centre, assuming
| efooring is flexible,(b) the footing is rigid.

| I 2
SOIUIlon. From Eq. 23,68, 5i = ab (-l_-—p_} |

olving,

F
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As L/B = 3/2 = 1.5, from Table 23.8, I = 1.36. X
1 - 052 3
~ Therefore, s; =100 x 2 S o x 136 x 107 = 4.08 mm
: x 1

(b) For rigid footing (/ = 1.06), 5 = (1.06/1.36) x s;

= 1.06/1.36 x 4.08 = 3.18 mm .

lustrative Example 23.12. Fig, E-23.12 shows a square footing resting on a sand deposit. The Presy,

at the level of the foundation (q) is 200 kN/m’. The figure also shows the variation of the elastic Mody)
with depth. Determine the settlement of the foundation after 6 years of construction.

’Tmﬁ ™ CNXTANSTES
¥=16 kN/m?

O —o1t—
—m—t [ ]

4
1m{0-8Xx10

1.25

m O-SXIOA
Impoxid*

Lmpa x10°

Sm
— 12x10%

'I:Na'mz.
Es
Fig. E-23.12.
20
5i=C,Cy(q - q) 2 E—z Az
0 i
and g - g = 200 - 24 = 176 kN/m?

1-05 [E—f—q-] = 1 - 05(24/176) = 0932

Solution. From Eq. 23.69,

g= 16 x 1.5 = 24 kN/m>?

O
u

AL
I

1 +0210g;9(+/0.1) = 1 + 0.2 10814 (6 /0.1)}~=_1356

2B
Therefore, 0.932 x 1.356 x 176 > g—‘ . Az
0 I

=2
]

ZBI
-222.424.

o E, Az
2B

'Ihevalﬁcof I./E,) + Az is determi i '
. 20:,(:/ )t Azis ctermined as shown in ic table below, Itiscqualto13.97810-s'
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11Fu\RlNG
-"/,’_
: A (KN/m?) ' h (/Er) - Az
—f’/”—_
0—1.00 10 m 8000 ﬂ—izﬂ - 026 325 x 107
1_0_9.2 ) 5000 0.453 503 x 107
g,o.-;s.o | ' 10000 0.333 333 x 107
3.0._*:.0 ' 11000 0.200 1.82 x 107
/—__4&__ 12300 0.067 0.54 x 107
B X 1397 x 107
Thercfore, Si = 2224 x 1397 x 10°m
or 5i = 3107 mm

Nsteative Example 23.13. Fig, E-23.13 shows the load- setilement curve obtained jrom a plate load test

conducted on a sandy soil. The size of the plate used was 0.3 m x 0.3 m. Deternine the size of a square
column footing to carry a net load of 3000 kN with a maximum setilement of 25 mm.

DQ W40 s® 60 70 o
10}
20} ’
E
E 3
F:
&
= 40}
"
l 50}
Fig. E-23.13,
2
| [ B(B, + 03)
Solution. From Eq. 23.88, 5p= 8 [ B, (B, + 03
2 2
/=B, | | B+ 03
The value of By is found by trial and érror, as shown in the gble below.
——— g
. 0o , sp from Fig. st
By Q=3 Ex. 23.13 By/By from Eq. {a)
3.80 207.7 6 mm | 12.67 20.62 mm
36m 231.5 7 mm 12.00 23.85 mm
- 35 m 238.0 © 73 mm 11.83 - 24.81 mm

Adopt a size of 3.55 m x 3.55 m.

k |
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Hlustrative Example 23.14. Tivo-plate load tests at a site gave the following results.
Settlement

Size of plate Load
0.305 x 0.305 m 40 kN
0.61 x 0.61 m 40 kN

25 mm
15 mm

(a) Assuming Poisson'’s ratio as 0.3, determine the deformation modulus of the soil.
(b) If there are two columns, one of the size 2.5 m x 2.5 m, carrying a load of 2700 kN, and the other

apart.

Solution. (a) For the first test, q, =
QB =

For'lhe sccond test, qz =
928, =

40

0.305 x 0.305
430 x 0305 = 131.1 kN/m?>

40

0.61 x 0.6

1

= 430 kKN/m

of size 3m x 3m, carrying a load of 3900 kN, determine the differential settlement. The columns are 7 ),

2

= 107.5 kN/m?

107.5 x 0.61 = 65.6 kN/m>

Fig. E-23.14 shows the plot between g8 and s.

0.025 /
0.020 =
Eo 015 /
~n. ‘ :
= "
m r
uzj 0.01 / SIope:J"_Eﬁ!_nl-SZXI-OA _
o / S
w1
w o S
0005
oo 50 100 150
gB (kN/m)
_ Fig. E-23.14.
2
From the plot, (1—;1*—] I=15 x 107
¥
From Table 23.8, I =112
As the plate is rigid, I =08 x 112 = 0.89
(1-p%)x08%6 (1-039
Therefore, E, = = 0.896
152 x 107 152 x 10
E, = 5364 kN/m?
. 2700 2
(b) For the first column, QG = 55555 = 432 kN/m
For the second column, g; = 39003 = 433 kN/m?

3 x

— |
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,'Ls the scttlement of the plate (0.305 m x 0.305 m) at a load intensity of 430 kN/m? is 25 mm, it can be

he determination of the scitlement of columns.

ed for |
2.5 x (0305 + 030) |’
. E . 23.88, § - 25 =
Form Eq (s [ 0305 x (25 + 03) 78.42 mm
3(0.305 + 0.30) | 13,0

Sh = 25
(572 [0305 (3.0 + 03)
Differential settlement = 813 — 78.42 = 2.88 mm

Tlustrative Example 23.15. The results of two plate load tests for a setlement of 25.4 mm are given.

Plate diameter Load
0305 m 31 kN
0.6l m 65 kN

A square column foundation is to be designed to carry a load of 800 kN with an allowable settlement of

5.4 mm. Determine the size using Housel’s method.

Solution. From Eq. 23.91 and 23.92,
31.0 = (2/4) x (0.305)* x m + = (0.305) x n

65.0 = (1/4) x (0.61)2 xm + x.(0.61) x n

Eq.(a) can be written as 62 = 2 x n/4 (0305)% x m + 27 (0.305) x n
From Egs.(b) and (c), by subtraction,

. _ 30 = m[1/4(0372 - 0.186)]  or m = 2055
From Eq. (@) 31.0=1.5 + 09577 n or n =3080
From Eq. 23.93, 0 = B? x 2055 + (30.8 x 4B)

o 800 = 20.55 B + 1232B
or B = 393m say 4m x 4m.
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