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The problems of soll
mechanics can be divided
Into two principal groups
stability problems

Karl Terzaghi, 1943
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foundations are generally grouped into two
categories:

foundations are designed to transmit load from the
structure they support to the soill

1.Shallow Foundations
2. Deep Foundations
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General Shear Failure
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The following are some characteristics of general shear failure:

|
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v'Occurs over dense sand or stiff cohesive soil.

v'Involves total rupture of the underlying soil.

v" For general shear failure, the ultimate bearing capacity has been defined as the

bearing stress that causes a sudden catastrophic failure of the foundation.

v" As shown in the above figure, a general shear failure ruptures occur and
pushed up the soil on both sides of the footing (In laboratory).
However, for actual failures on the field, the soil is often pushed up on only one

side of the footing with subsequent tilting of the structure
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Local Shear Failure
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The following are some characteristics of local shear failure:
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v'Occurs over sand or clayey soil of medium compaction.

v'Involves rupture of the soil only immediately below the footing.
v'There is soil bulging on both sides of the footing, but the bulging is not as significant
as in general shear. That's because the underlying soil compacted less than the soil in

general shear.

The failure surface of the soil will gradually (not sudden) extend outward from the

foundation (not the ground surface) as shown by solid lines

v'Because of the transitional nature of local shear failure, the ultimate bearing capacity
could be defined as the firs failure load (qu,1) which occur at the point which have the
first measure nonlinearity in the load/unit area- settlement curve, or at the point where

the settlement starts rabidly increase .

vIn this type of failure the value of (qu) it’s not the peak value so, this failure called (Local
i 8
Shear Failure).
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The following are some characteristics of punching shear failure:
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v Occurs over fairly loose soil.

v'The soil outside the loaded area remains relatively uninvolved and there is a
minimal movement of soil on both sides of the footing.

v'The process of deformation of the footing involves compression of the soil
directly below the footing as well as the vertical shearing of soil around the
footing perimeter.

v'Beyond the ultimate failure (load/unit area) (qu,.), the (load/unit area)-

settlement curve will be steep and practically linear.
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Ultimate Bearing Capacity (q,)

It’s the minimum load per unit area of the foundation that causes shear
failure in the underlying soil.

Allowable Bearing Capacity (q,p)

It’s the load per unit area of the foundation can be resisted by the underlying
soil without any unsafe movement occurs (shear failure) and if this load 1s
exceeded, the shear failure will not occur in the underlying soil till reaching
the ultimate load.
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2. The foundation is considered to be strip or continuous if (B/L — 0.0). (Width to
length ratio is very small and goes to zero), and the derivation of the equation is
to a strip footing.

Terzaghi’s Bearing Capacity Theory

0o poF<0

1. The foundation is considered to be shallow if (Df < B).

3. The effect of soil above the bottom of the foundation may be assumed to be
replaced by an equivalent surcharge (q = y x Df). So, the shearing resistance of
this soil along the failure surfaces is neglected (Lines ab and cd in the below
figure)

4. The failure surface of the soil is similar to general shear failure (i.e. equation
is derived for general shear failure)
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Unit weight =y
Cohesion =

Friction angle = &'

gu = cNc + qNg + 0.5ByNy (for continuous or strip footing)
gu=1.3cNc+ gNq+ 0.4ByNy (for square footing)

gu=1.3cNc+ gNq+ 0.3ByNy (for circular footing)
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Angle of shearing resistance, ¢ (degrees)
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(deg) N, N, N7 (deg) N, N, n;
0 5.70 1.00 .00 26 27.04 14.21 9.54
1 6.00 L.10 0.01 27 29.24 16.90 11.60
2 6.30 1.22 0.04 28 3l.6l 17.81 13.70
3 6.62 1.35 0.06 29 3424 19.98 16.18
4 6.97 1.49 0.10 30 37.16 22.46 19.13
5 7.34 164 0.14 31 40.41 2528 22.65
6 1.73 1281 0.20 32 4404 2852 26.87
7 8.15 2.00 0.27 33 4809 32.23 31.94
8 8.60 221 0.35 RE 52.64 36.50 8.4
9 9.09 244 0.44 35 57.75 41.44 4541
10 9.61 2.69 0.56 36 63.53 47.16 54.36
11 10.16 2.98 0.69 37 T0.01 53.80 65.27
12 10.76 329 0.85 38 77.50 61.55 T8.61
13 11.41 363 L.04 39 8397 T0.61 95.03
14 12.11 4.02 1.26 40 95.66 81.27 116.31
16 12.86 4.45 1.52 4] 106.81 0385 140.51
16 13.68 4.92 1.82 42 119.67 108.75 171.99
17 14.60 545 2.18 43 134.58 126.50 211.56
18 15.12 604 2.59 44 161.95 14774 261.60
19 16.56 6.70 307 45 172.28 173.28 325.3
20 17.69 744 .64 46 196.22 204,19 407.11
21 18.92 8.26 4.31 47 224.55 24180 512.84
22 20.27 919 508 48 258.28 28785 650.67
23 21.75 10.23 6.00 49 208.71 344.63 831.99
24 23.36 11.40 T.08 50 347.50 416.14 1072.80
25 2513 12.72 5.34

TABLE (1)
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local shear fallure

:

2
qQy = ECN;: + gNg + 0.5ByN;, (for continuous or strip footing)

qu = 0.867cN¢ + qNg + 0.4ByN,, (for square footing)

qu = 0.867cN¢ + qNg + 0.3ByN;, (for circular footing)

Ne,Ng, Ny, = Modified bearing capacity factors

E.zainab asaad 17



(1)
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{deg) N N n, gl N N, N,

0 570 1.00 000 26 16.53 B08 250
i £.90 1.07 004 27 16,30 BS54 1R
2 G.10 .14 003 25 17.13 T1.07 ix
3 630 1.2 (k4 29 15.03 T.66 i'Ta
4 651 1.30 0055 30 18.99 g.31 4.39
5 674 1.39 0074 31 003 003 4.8
3 6.97 1.49 .10 32 21.16 982 £.51
7 732 1.50 012% 33 39 10,60 B2
8 747 1.70 .16 34 pk By v 11.67 7.0
o T.74 1.582 020 A5 1518 11.7% g.35
10 8002 1.94 .24 36 26.77 13.97 .41
11 %32 208 030 37 s el 1632 1050
12 %63 32 i35 3% 043 16.8% 1275
13 #.04 138 Crad 39 1243 18.56 14.71
14 931 2.5% .48 40 .87 20.50 17.02
& 067 273 0.57 41 i745 230 19.75
16 1006 292 06T 42 4033 ) | 2250
17 10,47 113 0. 76 43 4354 2E.06 1615
18 1090 1.36 .88 44 47.13 3134 30,40
19 1136 i.61 1.03 45 £1.17 A%l Af00
0 1185 188 1.12 4h 551 30,48 41.70
21 1237 4.17 1.35 47 B0.91 44,54 40,30
i) 1292 4.48 .55 4% B6.R0 5046 4025
i 1351 4.8 1.74 49 Ti545 5741 T1.45
4 14.14 £.20 1.97 50 £1.31 hi5.60 #4575
25 1480 .60 228
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¢mndiﬁed.general = tan™' (E tand)l-:}ca]) ‘

For example: Assume we have local shear failure and the value of ¢ = 30°

1. By using Table (2) N¢, Ng, Nj =18.99,8.31,and 4.9 respectively

. _ 2 o a
2. By using Table (1) d)mndiﬁed.genera] =tan™! (5 tan30 ) = 21.05 -

N¢, NE“ N,;, = 18.92,8.26,and 4.31 respectively

E.zainab asaad 19
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General Bearing Capacity Equation A2 e ddal }
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(Meyerhof Equation)

Qu = CNcFcsFcdFci + gNgFgsFqdFqi + 0.5ByNyFysFydFyi

Fcs, Fgs, Fys = Shape factors
Fcd, Fqd, Fyd = Depth factors

Fci, Fqi, Fyi = Inclination factors

E.zainab asaad 20



Shape Factors:
e R
B
Fgs =1+ (E) tang

B
Fys=1—04 (E)

E.zainab asaad
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Depth Factors: PRy

o
N1 T1 7
9
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1. For$ =0.0 2.For¢ > 0.0
D¢ 1—F
Fd=1+0.4(—) F.=F ,— ad
’ B cd ™ 7ad N tand
qu=1
F]fd=1

w9 . _1(Ds
Fqa =1+ 2tang (1 —sind)” tan (E)

radians

F*fd=1

E.zainab asaad 22
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1. For¢ =0.0

D
Fq=1+04 tan™?! (Ef)

radians
qu == 1
de — 1
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2.For > 0.0

1—-F.4

F,=F,— a

cd ad N.tang
F =142 | — sind)? tan-? (X
gda =1+ 2tand (1 — sind)” tan B
h radians ”
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Inclination Factors:

oy 2
B
Fci = Fqi = (1 —_ %

Bn
F*f'i —_ (1 - F)

B° = Inclination of the load on the foundation with respect to the vertical

E.zainab asaad
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'0“-" Hr ”ﬂ Nr "‘ N: ”ll N'.r
0 514 100 (.00 26 2225 11.85 1254
1 538 1.0% 0.07 7 2394 13.20 14.47
2 5.63 1.200 015 28 2580 14.72 1672
3 590 1.31 .24 29 2786 1644 19.34
4 6.19 1.43 .34 30 .04 1540 22.40
5 049 .57 045 3l 3267 20.63 2599
6 651 1.72 0.57 32 3549 2318 N2z
7 716 I.E& 0.71 LX) Igod 26.09 a5
B 753 2.06 (.36 24 4216 2944 41.06
9 7.92 2325 .03 35 46.12 3330 48.03
10 B35 247 1.22 36 50.59 375 5631
11 8.80 271 .44 k¥ 35.63 4292 a6 1%
12 928 297 l.69 38 6l.35 48.93 TR.03
13 951 3126 1.7 39 6787 5596 9225
14 10,37 3.59 229 40 75.31 6420 109.41
15 10.98 394 265 41 231.86 73.90 130.22
16 11.63 4.34 3.06 42 93.71 B5.38 155.55
17 12.34 477 153 43 105.11 99.02 186.54
18 1310 5.26 4.07 44 118.37 115.31 22404
19 1393 580 468 45 133.58 134.88 27176
20 1483 .40 5.39 46 15210 158.51 33035
21 1582 7.07 6.20 47 17304 187.21 403.67
22 1688 7.82 713 48 199.26 22231 496.01
23 18.05 E.66 .20 45 22993 265.51 6l3.l6
24 1932 Q.60 9.44 30 26689 31907 76280
25 20.72 1066 I0.88
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Modification of Bearing Capacity Equations for Water Table

The values which will be modified are:
1.(q for soil above the foundation) in the second term of

equations.

2.(y for the underlying soil) in the third (last) term of

equations .

Case |. The water table is located so that 0 < D1 < Df

g =Dixy+ D2x (ysat— yw)

A
Y D;
-——=—Y¥__ 1 __ _Casel
Ysat
DZ
—
Ysat
Y = Ysat — Yw

(For the soil under the foundation)

a0 o L)
_g
[ | —

|
[EFE | 7)
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Case Il. The water table is located sothat 0 <d < B

[t ™t

-y v_ _ Case 11

The factor ,q, (second term) g =Dsxy
dx(y—v)

The factor , vy, (third term) Y=Y + :

Case I11. The water table is located so thatd = B

L ot L)

il |

| |
|

|
|
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in this case the water table is assumed have no effect on the ultimate bearing capacity

E.zainab asaad
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Ultimate Bearing Capacity under Eccentric
Loading—One-Way Eccentricity

Eccentrically Loaded Foundation

! BxL BxL
B
Case L. (Fore < EJ:

__Q (1+6j
Umax = 55T B

_Q(lée
Qmin = 55T _EJ

If eccentricity in (L) direction:

(Fore -::%):
Qmax = _(1 + 6_E
BxL L Gnin
Q

_ 16e
qm“_BxL( L) =

PaB<

ST Y|
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CaseIl. (Fore = %):

PO

_ 9 (1 + 68)
qma){ - B * L B
Q
Qmin —Bfol—lJ =00
If eccentricity in (L) direction:
(Fore = %]:
_Q ( 6&)
Amax = g5 \M ¥ T
Qmin = Q (1-1)=0.0 Gmax
min B >< L

Case I1I. (For e > %):

I{LﬂamﬂEW'__:gL{B _rze)

If eccentricity m (L) direction:
(Fore > %):

e ~}-(Br2-e)-~
|
|
|
|
|
|
|
|
|
|

4Q
qmax,new - SB(L _ EEJ

Gmax Umax,new

QO]

E.zainab asaad
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Ultimate Bearing Capacity under Eccentric

Loading—One-Way Eccentricity
Effective Area Method:

ST Y|

_

E.zainab asaad
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1. Determine the effective dimensions of the foundation:

|
[EFE |

effective width = B' =B - 2e
effective Length =L'=L

Teass

If the eccentricity were in the direction of
(L) of the foundation:
Effective width = B' = B Effective Length =L'=L - 2e

B/ cecq = min(B’, L")
Lyseq = max(B’, L")
2. If we want to use terzaghi’s equation The value of B (in last term) will be B’

3. If we want to use Meyerhof Equation The value of B (in last term) will be B’
In calculating of shape factors (Fcs, Fgs, Fys) use B’ and L'
In calculating of depth factors (Fcd, Fqd, Fyd) use the original value (B)

4. If there is a water table (Case Il), we need the following equation to calculate
dx(y—v')

(v) in the last term of equations (Terzaghi and Meyerhof): Y=Y +—

The value of B used in this equation should be the original value (B)

E.zainab asaad 31



Safety Consideration

Calculate the gross ultimate load:
Qu = gy X (Lyseq X Bygea) (A" = effective area)

ﬂi’
The factor of safety against bearing capacity 1s: FS = S—" =3
all
Maximum Applied Load < Q,; = E;
The factor of safety against q, ., 1s: FS = - =3

The value of q,; should be equal or more than Q.4 Qan = Qmax

The value of q,y;, should be equal or more than zero: q,;, = 0.0

E.zainab asaad
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Bearing Capacity of Layered Soils
1. Stronger soil Underlain by Weaker Soil:

Case [: If the depth H is relatively small compared with the foundation width
B (upper layer can’t resist overall failure due to its small thickness), a
punching shear failure will occur in the top soil layer, followed by a general
shear failure in the bottom solil layer so the ultimate bearing capacity in this
case will equal the ultimate bearing capacity of bottom layer (because
general shear failure occur on it) in addition to punching shear resistance

from top layer
pe—B —]

|
| 9u

b

b Stronger soil

Weaker soil
) )
b5

.I
CH

E.zainab asaad
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gu = gb + Punching shear resistance from top layer (gpunching)

for strip or continuous footing

2c, X H

2D K¢t
f)x s an¢1

m B -y1 XH<q,

qQu =9y + +Y1H2(1+

for square, circular and rectangular footing use:

2ey»H

Qu=ap+(1+7) x =

B 2D K. tan
ot x (14 5) (13 « S0

7 -y1 XH=q,

PO

il |

ono=
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Case |I: If the depth H, 1s relatively large (thickness off top laver 1s large),

then the failure surface will be completely located 1n the top soil layer and
the ultimate bearing capacity for this case will be the ultimate bearing
capacity for top layer alone (q,).

— B —>|
+ 9u
Dy RER
Y
Stronger soil
H Y1
o
c1
Weaker soil
V2
b5

’
(&)

qQu = q¢ = €4N¢(1y + q Ngy + 0.5By; Ny (4

Ne(1y, Ngqay: Nyqay = Meyerhof bearing capacity factors (for ¢, )

E.zainab asaad
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Combination of two cases:

qr = c1NeyFesery + 9 NgayFgscry + 0.5By1Ny(1yFys(p
q = effective stress at the top of layer(1) = y; X D¢

ab = C2Ne@)Fesz) + 4 Ng2)Fgsz) + 0-5By2Ny(2)Fys(2)
q = effective stress at the top of layer(2) = y; X (D¢ + H)

¢, = adhesion between concrete and soil along the thickness H

Ks = Punching shear coefficient

qz Ca qz
K =f(—, )and—=f(—)
° d1 P €1 di1

Calculating of q, andq, 1s based on the following three main assumptions:
1. The foundation is always strip foundation even if it’s not strip

2. The foundation exists on the ground surface (D = 0.0) and the second
term on equation will be terminated.

3. In calculating q, we assume the top layer only exists below the foundation
to a great depth, and the same in calculating of g .

d; = ¢Negry +0.5By; Ny(q)

qz = €2N¢z) + 0.5By;Ny ()

E.zainab asaad
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2.\Weaker soil Underlain by Stronger Soil

E.zainab asaad
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Stronger soil

i Case |

b

’
(%)

B

‘Weaker'
71
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soil
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H : : : :
Casel: (H<D-=-=<1) The failure surface in soil at ultimate load
will pass through both soil layers (i.e. the ultimate bearing capacity of soil
will be greater than the ultimate bearing capacity for bottom layer alone).

H Hy?
For(H=D--<1) qu=qt+(qh—qd(1—ﬁ)

H : G
Casell: (H>D=- 5> 1) The failure surface on soil will be fully located
on top ,weaker soil layer, (i.e. the ultimate bearing capacity in this case is
equal the ultimate bearing capacity for top layer alone).

H
For(H>D - =>1) Qu = Q¢
Qeweak = C€1Ne)Fescry + 4 NgyFgsery + 0-5Byy NyyFysry
i:;l‘l::-..'strlung = CZNC[E}FCS(Z} +q Nq(E}Fqsfzj + [}'SB}'lNY(E}Frs{Z]

Important Note:

D = B (for loose sand and clay)

D = 2B (for dense sand )

E.zainab asaad
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Bearing Capacity of Foundations on Top of a Slope

AR -y
B A

< \b >

o—>

p)

H = height of slope
B = angle between the slope and horizontal

b = distance from the edge of the foundation to the top of the slope

qQu= CNcq + OSBYNVq

E.zainab asaad
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For purely granular soil (¢ = 0.0):
qu = 0.5ByN,q

For purely cohesive soil (¢ = 0.0):
qy = :::Nm1

Calculating of N :

1. Calculate the value of (%).

2. ]f(%) = (0.0 — use solid lines on the figure.

3. If(%) = 1 — use dashed lines on the figure.

4. Calculate the value of (%) which the horizontal axis aof the figure.

5. According the values of (¢, B and factors mentioned above ) we can

calculate the value of N, on vertical axis of the figure.
Note:

If the value nf% is in the following range: (D < % < 1) do the following:
v’ Calculate Nyq at (%) =1.

v Calculate Nyq at (%) = 0.

v Do interpolation between the above two values of Ny to get the required
value of N 4.

E.zainab asaad
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T Meyerhof’s bearing capacity factor N,
for granular soil (¢ = 0)
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Calculating of N:

. Dy
1. Calculate the value of (E)'
2. If(%) = 0.0 = use solid lines on the figure.

3. If(%) = 1 — use dashed lines on the figure.

4, Determining the horizontal axis of the figure:

v If B < H — the horizontal axis of the figure is (E)

v If B = H - the horizontal axis of the figure is (E)

5. Calculating the value of stability number for clay (N.):
v If B < H — use Ng = 0.0 in the figure

v'If B = H — calculate N from this relation Ng = % to be used in

the figure.
6. According the values of (¢, f and factors mentioned above) we can

calculate the value of N4 on vertical axis of the figure.
Note:

Dy . . . Dy
If the value nfE is in the following range: (l] <3< 1) —

Do interpolation as mentiond above.

E.zainab asaad
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N, =10
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Meyerhof’s bearing capacity factor N, for purely cohesive soil
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Problems

1 The square footing shown below must be designed to carry a 2400 KN load.

Use Terzaghi’s bearing capacity formula and factor of safety = 3.
Determine the foundation dimension B 1n the following two cases:

1. The water table is at 1m below the foundation (as shown).
2. The water table rises to the ground surface.

2400 kN

I oy RN
¢ =32
C = 50 kN/m?

2m Ya = 17.25 kN/m?
3m
~ =] -
1 h 4

Ys = 19.5 kN/m?

E.zainab asaad
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Solution

1.
qu = 1.3cN. + N4 + 0.4ByN,

Qan
Q=quxFS  (@Qm=7—_ ., FS=3)

Applied load < Q, = Qu = 2400kN

Qui _ 2400 3 x 2400
- - = — T —
Qan = Frea = TBZ ¢ Gu B2
¢ = 50 kN/m?

q(effective stress) = y X Dy = 17.25 X 2 = 34.5 kN/m?

Since the width of the foundation 1s not known, assume d < B
-, dx(y=Y)
Y=y=y + — =B

Y = Ysat = Yw = 19.5=10 =9.5kN/m®* , d=3-2=1m

_ 1x(17.25-95) _ 7.75
- y¥=95+ 5 —1’}"=9.5+—B
Assume general shear failure
Note:

Always we design for general shear failure (soil have a high compaction
ratio) except if we can’t reach high compaction, we design for local shear

For ¢ = 32" - N, = 44.04, N, = 28.52, N, = 26.87

E.zainab asaad
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7200 7.75
——= 13X 50 X 44.04 + 345X 2852 + 04 X B X (9.5 : T) X 26.37
7200
—— = 3923.837 + 102.106 B

Multiply both sides by (B%) - 102.106 B® + 3923.837B% — 7200 = 0.0
- B=133mv.

2.

All factors remain unchanged except q and y:
q(effective stress) = (19.5 — 10) x 2 = 19 kN/m?
y=y =195-10 = 9.5kN/m?3

Substitute in terzaghi equation:

7200

B =13x50x44.04+ 19 x 2852+ 04 x B x 9.5 x 26.87

0
= 3404.48 + 102.106B

EZ
Multiply both sides by (B2) — 102.106 B® + 3404.48 B — 7200 = 0.0

= B=142mv.
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2  For the soil profile is given below, determine the allowable bearing capacity
of the 1solated rectangular footing (2m x 2.3m) that subjected to a vertical
load (425 kN) and moment (85 kN.m), FS=3.

425 kN
85 KN.m
AL NN
b = 20°
C = 35 kN/m?
19m Yq = 16 kN/m3
- 2.3m | woewr
qD _ 2!5“ =
C=10
Ys = 19kN/m?
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Solution
M _ 85 oo
€=Q 225 ™

B'=B=2m- , '=L-2e->L1=23-2x%x02=19m
hseq = min(B,L)=19m , L 4=2m

Effective Area (A') = 1.9 x 2 = 3.8 m?
Water table 1s at the bottom of the foundation = y =y =y, — v,
—»y=y =19 —-10 = 9 kN/m?

For ¢ = 25" = N, = 20.72, Nq = 10.66, N, = 10.88

Shape Factors:

F.=1+ Busea | (N does not required (b = 0.0
s = At quired (because c = 0.0)
C

used

Fgs =1+ tang =1+ (—) X tan25 = 1.443
used 2
f

B 1.9
Fyo=1—0.4 (,”—“-‘d) =1—0.4 X (T) = 0.62

used
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Depth Factors:

Df 1.5
—="=075<1 and ¢ =25> 0.0 >——

B 2
1—Fgq
cd™ "ad N tand
: Dy
Fqa = 1+ 2 tand (1 — sing)? (E)
=1+ 2 tan25 x (1 — sin25)? x 0.75 = 1.233
F}'d =1

Inclination Factors:

does not required (because ¢ = 0.0)

The load on the foundation 1s not inclined, so all inclination factors are (1).

Now substitute from all above factors in Meyerhof equation:

Qu =24 x10.66 x1443x1.233+05x19x9x1088x062x1

- q, = 512.87 kN/m?

q, 512.87
qa]] _——_— = — 1?':]95 kamzf

3 3

Now, we check for 4 = Qmax < an

L 23 L
—=—=038m—=e=02<-=0.38 =—
6 6 6

_ Q (1 6e
max = 5T +T)

425 6 %02
Amax = 57 2.3( 23

) = 140.6kN/m? < g, = 170.95 kN/m?

So, the allowable bearing capacity of the foundation is 170.95 kN/m? v".
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3 For the rectangular foundation (2m x 3m) shown below:
a) Compute the net allowable bearing capacity (FS=3).
b) If the water table 1s lowered by 2m. What effect on bearing capacity
would occur due to the water lowering?

T00 kN |
|
|
607\ |
AL | S k}ﬁm
— 3 I -
i _____ YaZISMN/mI) L Wewr
1.5m |
|
|
\ - 3m .
¢ =25
C=00
Ys = 21 kN/m?

Solution

The load on the foundation s considered inclined when this load is applied
directly on the foundation, however if the load does not applied directly on
the foundation (like this problem), this load 1s not considered inclined.
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The analysis of the inclined load (700 KN) on the column will be as shown
in figure below:

T0O sin{60) 806 2 kN

350 x1.5=525kN.m
TOD cos(60)

P e, AR
0.5m
e o _WowT

T

I

|

|

|

i
3m Bfn

PO

I S — o wewT

The inclined load on the column will be divided mto two components
(vertical and horizontal):

Vertical component = 700 X sin60 = 606.2 KN

Horizontal component = 700 X cos60 = 350 kN

The horizontal component will exerts moment on the foundation in the
direction shown in figure above:

M=350x15=525kN.m
Overall moment 525

Vertical Load =~ 606.2

= 0.866 m
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a)
_ du =19
qa]]_.l'lEt - FS
Qu = N FeeFeaFes + QNgFosFqFqi + 0.5BYN,F,F, 4Fy;

Note that the value of (c¢) for the soil under the foundation equal zero, so the
first term in the equation will be terminated (because we calculate the
bearing capacity for soil below the foundation) and the equation will be:

qu = qNgFqsFqaFq + 0.5BYN,FysF qFy,
q(effective stress) = 18 x 0.5 + (21 — 10) x 1 = 20 kN/m?

Calculating the new area that maintains q, uniform:

Note that the eccentricity in the direction of (L=3)

e = (.866m

BP=B=2m- , '=L—-2e—-L=3-2x0.866=1.268m
Buseq = min(B’,L') =1.268m , Ly =2m

Effective Area (A') = 1.268 x 2 = 2.536 m?

Water table is above the bottom of the foundation = y = y' = ys — y
—»y=y =21-10= 11 kN/m3

Bearing Capacity Factors:

For ¢ = 25" — Ne = 20.72, Ny = 10.66, N, = 10.88
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Shape Factors:
As we explained previously, use B} .4 and L ;.4

B, N
Fe=1+ HSEd (—q) does not required (because ¢ = 0.0)
I.lSEd Nc

BLSEd 1.268
Fes =1+ tan¢—1+( )xtan25=1.296
LuSEd
B 1.268
Fps=1-— -:]4( ““d)=1—u.4><( )=u.?45
used 2
Depth Factors:
As we explained previously, use B not B .4
D 15
Eszn'?S{I and ¢ = 25> 0.0 =»—--
Feg = Fog ——— g d (b 0.0
od %4~ Notan o oes not required (because c )

D¢
Fqa = 1 + 2 tan¢ (1 — sind)? (B)
=1+ 2 tan25 x (1 —sin25)2 x 0.75 = 1.233
FTd =1

Inclination Factors:

The load on the foundation is not inclined, so all inclination factors are (1).
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q, = 20 x 10.66 x 1.296 x 1.233 + 0.5 x 1.268 x 11 x 10.88 x 0.746

— @y = 397.29 kN/m?

qu—q 397.29 — 20

Gallnet = g 3 = 125.76 kN/m? v .

Now, we check for umax = Qmax < dan

397.3
2707 1324 kN/m?2
FS 3

To calculate g, We firstly should check the value of (e = 0.866m)

L 3 L
—=—=D.5m—re=ﬂ.866:ng=ﬂ.5—r—r

Qan =

6 b6
4Q
Qmax = Umaxnew = m
4 x 606.2

= 318.7kN/m? > q. = 132.4

Qmax,new = 3 % 2 X (3 — 2 % ['.'86'5)

So, the allowable bearing capacity of the foundation is 132.4 kN/m? is not
adequate for q,,,, and the dimensions of the footing must be enlarged.
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This case is shown in the below figure:

6062 kN

350 x1.5=525kN.m

FELEEE R

1.5m

All factors remain unchanged except q and y:
q(effective stress) =y x Dy = 18 x 1.5 = 27kN/m?

d = 1m < B = Zm — water table will effect on q, —=—

o dxi—y) , _ _
Y=Y=y + — 5 (Use B not B .4 as we explained previously)
Y =Ysat —Yw =21=10=11kN/m?® , d=1m, y= 18 kN/m® -

1x(18—-11)
=11+ > = 14.5 kN/m?

Substitute in Meyerhof equation:
g, = 27 X 10.66 x 1.296 x 1.233 + 0.5 X 1.268 x 14.5 x 10.88 x 0.746

-, = 534.54 kN/m?
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4 The figure below shows a continuous foundation.

If H=1.5 m, determine the ultimate bearing capacity.q,,

PO

il |

P SN
Sand
Y1 = 17.5 kN/m?
1.2m by = 40°
Cl = ﬂ

e T )

Yz = 16.5 kN/m?
b, = 0.0
C, = 30 kN/m?

Clay
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Solution

q1 = CINC{U + GSB?lN}.U} (Cl = ﬂ':]) —+ Q1= {ISB‘FIN'}'[l]
B=2m , y, = 17.5kN/m?

For ¢, = 40" > N,y = 109.41

—-q,=05%x2x175x109.41 = 1914.675 kN/m?
4z = ;Nez) + 0.5By;Nyzy (b = 0.0) = gz = c;Ng(yy

¢; =30kN/m? , For¢, =0 - Ny, =5.14
qz = 30 X 5.14 = 154.2 kN/m?

q; 1542

q, 1914.675 — The top layer is stronger soil and bottom

layer is weaker soil.

1. For strip footing:
2c, X H
B

—v1 XH<=q

2D K. tan
Qu=qh+ f)x - ¢1

H? (1
+ Y1 + T m

q: = CINC{I:] +q Nq{lj + GSBYINY{I}
c, =00, q=y,;xDf=175x%x1.2=21kN/m? , B=2m
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For ¢, = 40" - Nyy = 75.31,Ny(y) = 64.2,N, ;) = 109.41

Qe =0+21x 642+ 0.5%x2x17.5x 109.41 = 3262.875 kN/m?

Qp = €zN¢(z) + 4 Ng(z) + 0.5By; Ny (5
¢, =30 , q="Y1 x (Dg+H) =17.5x% (1.2 + 1.5) = 47.25 kN/m?

For ¢, = 0" = Nz = 5.14,Nyzy = 1,Ny ) = 0

qp = 30 X 5.14 +47.25x 1+ 0 = 201.45 kN/m?

Calculating of c.:

L _p08 » 2=07-¢,=07x0=0
q:1 !

Calculating of K. :
92
41

qu = 20145 + 0 + 17.5 x 1.52 (1 +

=008 SK,=24

—175x%x 15

2 X 1.2) « 2.4 tand0

1.5 2
qu = 278 kN/m? /.
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For the soil profile shown below, determune the ultimate bearing capacity of

the continuous footing.

1

{ i 1.25m 3m
Y T 450 FAEELLE e,
y = 20 kN/m?
e C = 25 kN/m?
¢ =0.0
1
Solution

From the figure: B = 3m,b = 1.25m,H = 2.5m,D; = 0.0m,p = 45"
qy = CN¢q + 0.5ByN,, butdp = 0.0 = q, = cNq

¢ = 25 kN/m?
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Calculating of N¢q

.2 o lid li f
—_— T — —
= =3 use solid lines on figure
b 1.25
B = 3 > H = 2.5 — the horizontal axis of the figure is (ﬁ) =5 = 0.5
yxH 20x25 _
B=3>H=25—=useN, = =—>z = 2 in the figure

From the figure, the value of N(qy =3 - q, =25x3 =75 kN/m? /.
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6 For the so1l profile shown below, determine the ultimate bearing capacity of
the continuous footing.

PO

il |

I |
45 xz’x‘lif" "

[

' 2.5m
Sm _ - 2.5m- -]
/ y = 17.5 kN/m?
C = 40 kN/m?
E— b = 0.0

Solution

From the figure: B = 2.5m,b = 1.25m,H = 5m,D; = 2.5m,[f = 45
Qu = €N¢q + 0.5ByN,, butd = 0.0 —» g, = cN¢q

o

¢ = 40 kN/m?
iy dashed li f
—_— —— —F
2 =7 use dashed lines on figure
b 1.25
B = 2.5 < H = 5 - the horizontal axis of the figure is (E) =<z = 0.5

B=25<H=05 - use Ng = 0.0 in the figure
From the figure, the value of N, = 5.7 = q, = 40 X 5.7 = 228 kN/m* V.
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