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Introduction

Shallow foundation must have two main characteristic :

1.

The foundations have to be safe against overall shear failure in

the soil that support them
This foundations can not undergo excessive displacement or

settlement

The load unit per area of the foundation at which shear
failure in soil will occurs is called Bearing Load Capacity
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POLA KER UHAN TERZAGHI

Failure zones under footing.
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1) A strip foundation with a width of B resting on the surface of a dense
sand or stiff cohesive soil. If a load gradually applied to the foundations,
settlement will increase. At a certain point — when the load per unit are
equals qu — a sudden failure in the soil supporting the foundation will
take place, and the failure surface in the surface in the soil will extend
to the ground surface. When such sudden failure in soil takes place, it is
called general shear failure.
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(2) If the foundation under consideration rests on sand or clayey soil of medium
compaction, an increase in the load foundation will also be accompanied by an increase in
settlement.

Loadfunit area, g

Settlement

The failure surface in the soil will gradually extend outward from the foundation. When the
load per unit area on the foundation equal qu(1), movement of the foundation will be
accompanied by sudden jerks. A considerable movement of the foundation is then
required for the failure surface in soil to extend to the ground surface. The load per unit
area at which this happens is the ultimate bearing capacity, qu.

Beyond that point, an increase in load will accompanied by a large increase in foundation
settlement. The load per unit area of the foundation, qu(1), is referred to as the first failure
load. A peak value of q is not realized in this type of failure, which is called the local shear
failure in soil.

If the foundation supported by a fairly loose soil, the failure surface in soil
will not extend to the ground surface. Beyond the ultimate failure load, qu,
the load-settlement plot will be steep and practically linear. This type of
failure in soil is called the punching shear failure.
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Terzaghi’s Bearing Capacity Theory

1
q,=c'N, + gN, + ETBN«, (Strip foundation)

Local
Shear ¢, = 1.3¢'N, + gN, + 0.4yBN, (square foundation)
Failure
g, = 1.3¢'N, + gN, + 0.3yBN,  (circular foundation)
¢’ = cohesion of soil (kN/m?)
Y = unit wight of soil (kN/m?3)
q=y Df
where N,, N, and N, = bearing capacity factors.
7
=
B FS
- ! Table 4.1 Terzaghi's Bearing Capacity Factors—Eqgs. (4.15), (4.13), and (4.11).*
eg=yhe .
Yy b ¥ tﬂf’i ¢ N, N, N2 @ N, N, NP
Pty 0 5.70 1.00 0.00 26 27.00 14.21 .84
& soi 1 6.00 110 0.01 27 2024 15.90 11.60
Unit weight = ¥ 2 630 1.22 004 28 31.61 17.81 13.70
Cohesion = ¢’ 3 6.62 1.35 0.06 29 3424 19.98 16.18
Friction angle = ¢/ 4 6.97 1.49 0.10 30 37.16 22.46 19.13
1 5 734 164 0.14 31 40.41 2528 22,65
J— — . .
Gy =c'N.+ qN; + 3 ¥YBN,,  (Strip foundation) 6 773 1.81 0.20 2 44.04 2852 26.87
7 8.15 200 027 ) 48.00 3223 394
Local 8 8.60 221 035 34 5264 36.50 38.04
_ 0 . 9 9.00 244 044 33 5775 4144 45.41
Sh_ear 4, = 1.3¢'N, + gN, + 04yBN,  (square foundation) 10 9.61 2.69 0.56 36 63.53 4716 54.36
Failure 1 10.16 298 0.60 37 70.01 53.80 65.27
12 10.76 3.29 0.85 38 7750 61.55 78.61
, . . 13 1141 3.63 1.04 30 85.97 70.61 95.03
g, = 1.3¢'N, + gN, + 0.3yBN,  (circular foundation) 14 12.11 402 1.26 40 95.66 81.27 11531
15 12.36 445 152 41 106.81 9385 140.51
16 13.68 492 1.82 42 119.67 108.75 171.99
¢’ = cohesion of soil (kN/m2) 17 14.60 545 2.18 43 134.58 126.50 211.56
= unit wight of soil (kN/m? 18 15.12 6.04 2.5 44 15195 147.74 261.60
Y =unit wight of soil (kN/m?) 19 16.56 6.70 3.07 45 172.28 173.28 325.34
q=yDf 20 17.69 744 3.64 46 196.22 204.19 407.11
. . 21 18.92 8.26 431 47 224.55 241.80 51284
where N,, N;, and N, = bearing capacity factors. 22 2027 9.19 5.09 48 258.28 287.85 650.67
3 2175 10.23 6.00 49 208.71 344.63 831.99
G = Hu 24 2336 11.40 7.08 50 347.50 41514 1072.80
“ FS 25 25.13 12.72 8.34
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A square foundation is 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, y, 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 in the soil.

Solution

From Eq. (4.17)

q, = 1.3¢'N, + gN, + 0.4yBN,

From Table 4.1, for ¢' = 25°

N,=2513
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

g, 107829

" Fs 3
Thus, the total allowable gross load is
QO = (359.5) B’ = (359.5) (2 X 2) = 1438 kN

~ 359.5 kN/m?

anl

Referto Example before  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 FS = 3 and D; = 1 m. Determine the size B of the foundation.

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

Q. 3000
©W=p="p (@)
From Eq. (4.17),
g, = 1.3¢'N, + gN, + 0.4yBN,,
For ¢’ = 25°, N, = 25.13, N, = 12.72, and N, = 8.34.

Also,
g =vyD;= (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
Combining Egs. (a) and (b),
3000
-— = 863.26 + 55.04B (c)
B
By trial and error, we have
B=17Tm=18m [ ]
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A square column foundation has to carry a gross allowable load of 1805 kN
(FS =3). Given: D;=15m, y=159 kN/m’, ¢' =34° and ¢ =0. Use
Terzaghi’s equation to determine the size of the foundation (B). Assume general

Problems

shear failure.

Table 4.1 Terzaghi’s Bearing Capacity Factors—Eqs. (4.15), (4.13), and (4.11).

. & N, N, ne & N, w, N
=o' + + — i ; 0 5.70 1.00 0.00 26 27.09 14.21 9.84
% =¢'Ne +aN, 2 BN, (Strip foundation) 1 6.00 L10 0.01 27 20.24 15.90 11.60
2 630 L2 004 28 3161 17.81 13.70
3 6.62 1.35 0.06 2 3424 19.98 16.18
— 1 3 : 4 697 1.49 0.10 30 37.16 22.46 19.13
4, = L.3¢'N, + gN, + 0.4yBN,, (square foundation) : o e o 1 S b o
6 793 1.81 0.20 32 44.04 28.52 26.87
7 8.15 2.00 0.27 33 48.09 3223 31.94
, . . 8 8.60 221 0.35 34 52.64 36.50 38.04
~ qu=1.3¢'N, + gN, + 0.3yBN, (circular foundation) 9 9.00 244 044 35 57.75 4144 45.41
10 061 269 0.56 6 63.53 47.16 54.36
11 10.16 208 0.60 37 70.01 53.80 65.27
¢’ = cohesion of soil (kN/m2) 12 10.76 3.20 085 38 77.50 6155 78.61
. R . 13 11.41 363 1.04 39 85.97 70.61 95.03
Yy = unit wight of soil (kN/m3) 14 1211 402 126 40 0566 8127 115.31
q=vDf 15 12.86 445 152 41 10681 93.85 140.51
16 13.68 4.92 182 42 119.67 108.75 171.99
where N,, N,, and N, = bearing capacity factors. 17 14.60 545 218 43 134.58 126,50 211.56
18 15.12 6.04 250 44 151.95 147.74 26160
q. 19 16.56 670 3.07 45 172.28 173.28 325.34
== 20 17.60 744 364 46 196.22 204.19 407.11
Fs 21 18.02 8.26 431 47 22455 241.80 51284
22 20.27 9.19 5.09 48 258.28 287.85 650.67
23 21.75 10.23 6.00 49 208.71 344.63 831.99
24 2336 11.40 7.08 50 34750 41514 1072.80
25 25.13 1272 8.34

TASK #1

Problem No 1

Rekayasa Pondasi |

Shallow Foundation
(duration of task ; 3 weeks)
Lecture - Sherly Meiwa ST, MT

Please explain about Terzaghi's Bearing Capacity Equation
Please explain about Meyerhaffs Bearing Capacity Equation

Problem No 2

Ground
water table o

e

Case 11

turated
unit weight

Yt

A square foundation is B x B m in
plan. The soil supporting the
foundation has a friction angle of
¢ and c. The unit weight of soil v and
saturated unit weight of soil ye
Assume that the depth of foundation
is Dy and that general shear failure
accurs in the soil
B=15,17520m,

¢ =207, 22, 24°,

c =14, 15,16 kN/m*.

v=17.2,17.4, 176 fN/m*

and 7. = 19 kN/m*.
Di=1.12515m

Determine the allowable gross load on the foundation with a factor of safety (FS) of 4

using Terzaghi's Bearing Capacity Equation, if-

a) The ground water table is located in Case Il with d = 10m.
b) The ground water table is located in Case Il with d = 1m
c) The ground water table is located in Case | with Dy = 0.5m
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