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The ultimate bearing capacity, g,. of the foundation now can be obtained by consid-
ering the equilibrium of the triangular wedge ACD shown 1n Figure 4.6. This 1s shown on

2b > (q.)(2D)(1) = =W + 2Csin ¢’ + 2P,

2bq, = 2P, + 2bc’ tan ¢" — vb? tan ¢’

P

b
qu=f+ c' tan ¢’ —H:; tan ¢’
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] 2 f r r
P, = > y(btan¢')° K, + c'(btan ¢")K, + q(b tan ¢')K,

Figure 4.8 Passive force distribution on the
(c) wedge face CD shown in Figure 4.7:
Note: H = b tan &' (a) contribution of soil weight v;
) 1 42 (b) contribution of cohesion ¢';
=—+HK "HK HK,
Pr=5 v+ CHRe T4, (c) contribution of surcharge g.
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Bearing-capacity factors for the g, e W 2 e oo
Terzaghi equations = ')J‘ 6)‘)“ ""‘.*.an Qﬁh‘

Values of N,, for ¢ of 0, 34, and 48° are original
Terzaghi values and used to back-compute K,

¢, deg N, N, Ny Kpy

0 5710 00 108
5 73 1.6 05 122
10 9.6 27 12 147
15 12.9 44 25 186
20 17.7 7.4 50 250
25 25.1 12.7 907 350
+ 33
30 372 225 197 520 _ 2 4
34 526 365 360 Kpy = 3.tan®(45 + > )
35 578 414 424 820
40 957 813 1004 1410
45 1723 1733 2975 298.0
48 2583 2879  780.1
S0 3475 4151 11532 8000

R ————— i —— — S —————

*N,. = L.57 + 1. [See Terzaghi (1943), p. 127.]
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WSS dwloo o0ld LS (o po (o e (Bl gy Hesliw 1L 1 (qy) (sld 62, cud b (JLo

q,=13cN_+gN_+0.4)BN, a0 (e d3gLh )51

@=20° — N.=177 N, =74 Ny=5.0

Qe = (1.3%x20%17.7) + (1.2%173) * 744+ 04 %173 %3 x5

qu = 717.6 kPa Q. = 717.6 kPa * 3 x 3m* = 6458.4 kN = 645.84 Ton
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Example 4.1

A square foundation 1s 2 m X 2 m in plan. The soil supporting the foundation has a
friction angle of ¢’ = 25° and ¢’ = 20 kN/m?. The unit weight of soil, v, is 16.5 kN/m".
Determine the allowable gross load on the foundation with a factor of safety (FS) of 3.
Assume that the depth of the foundation (D)) is 1.5 m and that general shear failure

occurs 1n the soil.
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Solution
From Eq. (4.17)
q, = L.3c'N, + gN, + 0.4yBN,

From Table 4.1, for ¢’ = 257,

N, =25.13
N, = 1272
N, =834

Thus,
g, =(1.3)(20)(25.13) + (1.5 x 16.5)(12.72) + (0.4)(16.5)(2)(8.34)
= 653.38 + 314.82 + 110.09 = 1078.29 kN/m*

So, the allowable load per unit area of the foundation is

q, 1078.29 5
= = = 3505 kN/
Gan S 3 9 m

Thus, the total allowable gross load is
0 = (359.5) B* = (359.5) (2 X 2) = 1438 kN o
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Example 4.2

Refer to Example 4.1. Assume that the shear-strength parameters of the soil are the
same. A square foundation measuring B X B will be subjected to an allowable gross

load of 1000 kN with ES = 3 and Df = 1 m. Determine the size B of the foundation.

Solution
Allowable gross load 0 = 1000 kN with FS = 3. Hence, the ultimate gross load Q, =
(O)FS) = (1000)(3) = 3000 kN. So,

Q. 3000
Gu — E — Bz (El}
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gy — ]--SCFN{- + qu + D4’}"BNT
For ¢’ = 23°, N. = 25.13, Nq = 12,72, and N, = 8.34.
Also.
q = TDfZ (16.5)(1) = 16.5 kN/m?

Now,

g, = (1.3)(20)(25.13) + (16.5)(12.72) + (0.4)(16.5)(B)(8.34)

= 863.26 + 55.04B (b)

Combining Egs. (a) and (b),

3000
= 863.26 + 55.04B (c)

B

By trial and error, we have

B=17/m=18m m



