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Review of shear strength of soil

The shear strength of a soil determined according to Mohr—Coulomb failure criterion , defined in
terms of effective stress, as :

s=c +o tan @
where

o' = effective normal stress on plane of shearing
¢’ = cohesion, or apparent cohesion
¢’ = effective stress angle of friction

v’ the shear strength parameters of a soil (i.e., ¢’ and @") are determined by two standard
laboratory tests:
» the direct shear test and
» the triaxial test.
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Direct shear test

Dry sand can be conveniently tested by direct shear tests. The sand 1s placed in a shear box that 1s
split into two halves (Figure a). First a normal load 1s applied to the specimen. Then a shear force
1s applied to the top half of the shear box to cause failure in the sand. The normal and shear
stresses at failure are (Figure b):
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Triaxial tests

Triaxial compression tests can be conducted on sands and clays (Figure a).
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Triaxial tests, cont’d

Test consists of placing a soil specimen confined by a rubber membrane into a lucite chamber and then applying an
all-around confining pressure o3 to the specimen by means of the chamber fluid (generally, water or glycerin). An
added stress Ao can also be applied to the specimen in the axial direction to cause failure (Ao = Aoy at failure).
Drainage from the specimen can be allowed or stopped, depending on the condition being tested. For clays, three
main types of tests can be conducted with triaxial equipment (see Figures below):
1) Consolidated-drained test (CD test)

2) Consolidated-undrained test (CU test) o

3) Unconsolidated-undrained test (UU test). stens
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Unconfined Compression Test

The unconfined compression test (Fig. a) is a special type of unconsolidated- undrained triaxial test in which the confining
pressure g3 = 0, as shown in (Fig. b). In this test, an axial stress (Ag) is applied to the specimen to cause failure ((i.e., Ao
= Aaf). The corresponding Mohr’s circle is shown in Fig. b. Note that, for this case,

Major principal total stress = (Aaf = qu)

Minor principal total stress = 0
The axial stress at failure, Aoy = qy,, is generally referred to as the unconfined compression strength. The shear strength of

saturated clays under this condition (@ = 0) is :
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Final comments on shear strength parameters (@ and c)

U For sands, the angle of friction usually ranges from 26° to 45°, increasing with the relative density of compaction. A general
range of the friction angle, @', for sands is given in the Table.

State of packing Relative density (%) Angle of friction, ¢’ (deg.)
Very loose <15 <28

Loose 15-35 28-30

Compact 35-65 30-36

Dense 65-85 36-41

Very dense >85 >41

O The value of ¢’:
v’ for sands and normally consolidated clays is equal to zero.

v'for overconsolidated clays, ¢’ > 0.

U Sensitivity:
For many naturally deposited clay soils, the unconfined compression strength is much less when the soils are tested
after remolding without any change in the moisture con- tent. This property of clay soil is called sensitivity. The
degree of sensitivity is the ratio of the unconfined compression strength in an undisturbed state to that in a remolded

state, or :
S, = Julundisturbedsol)  he sepsitivity ratio of most clays ranges from about 1 to 8

qu (remolded soil)

Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq 7



Bearing Capacity (Allowable stress) of the soil for shallow foundation

The most important considerations in foundation design are to ensure:

1. The safety of the foundation against soil failure (ultimate limit state), 1.e. shear failure.

2. The functionality of the foundation and the structure above by minimizing the foundation
movement and distortion (serviceability limit state), 1.e. failure due to settlement.

3. The safety of the foundation against structural failure.

The items (1) and (2) above are of the geotechnical concept, while the 3 item is of structural
concern.

Mainly, two types of foundation:
1) Shallow Foundation ( Spread, strip and wall footings, combined and raft (mat) foundation).

2) Deep Foundation (Pile foundation)

Here, 1n this course, the bearing capacity of shallow foundation will be covered.
The flow chart 1n the following slide shows the steps that should be followed for this purpose.
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Bearing Capacity (Allowable stress) of the soil for shallow foundation,
cont’d

Structural information and expected loading
conditions at the foundation level
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What is the Ultimate Bearing Capacity (q,) ?

Ultimate Bearing Capacity. the load per unit area of the foundation at which shear failure in soil
occurs.

In the Figure (a) shows a cross-sectional view of a shallow strip foundation subjected to a vertical
load. It 1s obvious that the settlement of the foundation will increase with the applied vertical load.
When the vertical load 1s increased to certain level, the foundation will collapse due to shear
failure of the soil supporting it. To ensure stability in foundation design, i1t 1s most important that
for a given soil condition, 1t should to predict or estimate the level of load, Q,, at which the
foundation collapse would occur, and the corresponding pressure (Q, divided by the foundation

area) 1s referred to as the ultimate bearing capacity q, (Figure b).

Applied vertical
(2) load (b) lQu
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Df< B \\\ q S ny ll ll q = ny ,// Df

Unit weight = y
Cohesion = ¢
Friction angle = @

Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq 10



Types of shear failure:

1) General Shear Failure:
Characteristics of general shear failure:

Occurs over dense sand or stiff cohesive soil.
Involves total rupture of the underlying soil.
There is a continuous shear failure of the soil
from below the footing to the ground surface
(solid lines on the figure).

The ultimate bearing capacity has been defined as
the bearing stress that causes a sudden failure of
the foundation.

As shown 1n the figure, a general shear failure
ruptures occur and pushed up the soil surface on
both sides of the footing.

(a) surface
in soil

Load/unit area, g

-
>

\ 4
Settlement
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2) Local Shear Failure:

characteristics of local shear failure:

* Occurs over sand or clayey soil of medium compaction.

. . . . B Load/unit area, q
* Involves rupture of the soil only immediately below the footing.

>
v o

* There is soil bulging on both sides of the footing, but the bulging is 2 Ju)
not as significant as in general shear. N —A Y - ™N g
* The failure surface of the soil will gradually (not sudden) extend Y //
outward from the foundation (not the ground surface) as shown by Failure
solid lines in the figure. (b) surface \

Settlement

* So, local shear failure can be considered as a transitional phase
between general shear and punching shear. o
Because of the transitional nature of local shear failure, the ultimate |
bearing capacity could be defined as the firs failure load (q ;) which
occurs at the point which have the first measure nonlinearity in the
load/unit area- settlement curve (open circle), or at the point where
the settlement starts rabidly increase (q,) (closed circle).

* This value of (q,) 1s the required (load/unit area) to extends the
failure surface to the ground surface (dashed lines in the above
figure).

 In this type of failure, the value of (q,) is not the peak value so, this
failure called (Local Shear Failure).

* The actual local shear failure in field is proceed as shown in the
figure:




3) Punching Shear Failure:
characteristics of punching shear failure: B

Occurs over fairly loose soil.
Punching shear failure does not develop the distinct shear

Load/unit area, g

qu(l)'L

surfaces associated with a general shear failure. e A 3

The soil outside the loaded area remains relatively

uninvolved and there is a minimal movement of soil on both

sides of the footing.

The process of deformation of the footing involves (c)
compression of the soil directly below the footing as well as
the vertical shearing of soil around the footing perimeter. |
As shown 1n the figure, the (q,)-settlement curve does not i
have a dramatic break and the bearing capacity is often i
defined as the first measure nonlinearity in the (q)-settlement | 4

Failure
surface

curve(qu,1). S
Beyond the ultimate failure (load/unit area) (qu,1), the

Surface
y footing

Settlement

qu

qu

>

(load/unit area)- settlement curve will be steep and
practically linear.

The actual punching shear failure in field is proceed as
shown 1n the figure:



Relative density, D,
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Types of shear failure, cont’d

A proposed relationship for the mode of bearing capacity
failure of foundations resting on sands. The Figure shows this '’ Punching shear | Local shear | General

failure shear

relationship, which involves the notation: failure failure

D, = relative density of sand
D, = depth of foundation measured from the ground surface

~ 2BL
B B+

where

B = width of foundation
L = length of foundation

(Note: L is always greater than B.)
For square foundations, B = L; for circular foundations, B = L = diameter, so

B"'=B
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Terzaghi’s Approach (Solution) for Bearing Capacity

Terzaghi (1943) first analyzed the problem of determination of bearing capacity of the soil using
the limit equilibrium method in which the contributions from:

v soil cohesion (¢c"),

v' Surcharge ((y D) or ¢), and

v soil unit weight (y)

are superimposed.

According to Terzaghi, the failure surface under loading subjected to a shallow foundation 1s as
shown 1n the Figure:

E Soil
Unit weight = y
Cohesion =c'
Friction angle = ¢’
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Terzaghi’s Approach (Solution) for Bearing Capacity, cont’d

The failure zone under the foundation can be separated into three

parts (see the Figure above):

1. The triangular zone ACD 1mmediately under the foundation,

2. The radial shear zones ADF and CDE, with the curves DE and DF being arcs of a logarithmic
spiral, and

3. Two triangular Rankine passive zones AFH and CEG.

The angles CAD and ACD are assumed to be equal to the soil friction angle @'.

The ultimate bearing capacity, g, of the foundation now can be obtained by considering the
equilibrium of each element of the failure zones, and then it can be written as in the following
expression (equation):

g, = ¢'N. + gN g T E‘YBN y where, N,, N,, and N,, are the bearing capacity factors

The bearing capacity factors N, NV, and N, are, respectively, the contributions of cohesion,
surcharge, and unit weight of soil to the ultimate load-bearing capacity.



Terzaghi’s Approach (Solution) for Bearing Capacity, cont’d

Bearing-capacity factors for the Terzaghi equations

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

¢, deg N, N, N, K,,
0 5.7* 1.0 0.0 10.8
5 73 1.6 0.5 122

10 9.6 2.7 1.2 14.7
15 12.9 4.4 255 18.6
20 17.7 7.4 5.0 25.0
25 25.1 12.7 9.7 35.0
30 37.2 225 19.7 52.0
34 52.6 36.5 36.0

35 57.8 41.4 42.4 82.0
40 95.7 81.3 100.4 141.0
45 172.3 173.3 297.5 298.0
48 258.3 287.9 780.1

50 347.5 415.1 1153.2 800.0

*No. = 1.57 + 1. [See Terzaghi (1943), p. 127.]

N, = .
7 acos2(45 + ¢/2)
q = O75T-¢Dang
N, = N, — 1)cotg
_tand ( K,
Ny == cos? ¢ :

17
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Terzaghi’s Approach (Solution) for Bearing Capacity, cont’d

Table 6.1  Terzaghi's Bearing Capacity Factors—Eqs. (4.15), (4.13), and (4.11).2

¢ N, N, N, ¢ N, N, N,
0 5.70 1.00 0.00 26 27.09 14.21 0.84
1 6.00 1.10 0.01 27 29.24 15.90 11.60
2 6.30 1.22 0.04 28 3l.61 17.81 13.70
- | 6.62 L35 0.06 29 34.24 19.98 16.18
4 6.97 1.49 0.10 30 37.16 22.46 19.13
5 7.34 1.64 0.14 31 4041 25.28 22.65
6 .13 1.81 0.20 32 44.04 28.52 26.87
7 8.15 2.00 0.27 33 48.09 32.23 31.94
8 8.60 2.21 0.35 34 52.64 36.50 38.04
9 9.09 2.44 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 70.01 53.80 65.27
12 10.76 3.29 0.85 38 77.50 61.55 78.61
13 1141 3.63 1.04 39 85.97 70.61 05.03
14 12.11 4.02 1.26 40 95.66 81.27 115.31
15 12.86 4.45 1.52 41 106.81 03.85 140.51
16 13.68 492 1.82 42 119.67 108.75 171.99
17 14.60 5.45 2.18 43 134.58 126.50 211.56
18 15.12 6.04 2.59 44 151.95 147.74 261.60
19 16.56 6.70 3.07 45 172.28 173.28 32534
20 17.69 7.44 3.64 46 196.22 204.19 407.11
21 18.92 8.26 4.31 47 224.55 241.80 512.84
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 23.36 11.40 7.08 50 347.50 415.14 1072.80
25 25.13 12.72 8.34
*From Kumbhojkar (1993)
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Terzaghi’s Approach (Solution) for Bearing Capacity, cont’d

Terzaghi’s theory 1s based on the following assumptions:

1. The foundation 1s considered to be shallow 1f (D, < B).

2. The foundation is considered to be strip or continuous if (B/L—0.0). (Width to
length ratio 1s very small and goes to zero), and the derivation of the equation 1s to a
strip footing.

3. The effect of soil above the bottom of the foundation may be assumed to be
replaced by an equivalent surcharge (q = yDy). So, the shearing resistance of this soil
along the failure surfaces 1s neglected (Lines GI and HJ 1n the figure)

4. The failure surface of the soil 1s similar to general shear failure (1.e. equation 1s
derived for general shear failure) as shown in the figure.

5. The foundation 1s rigid enough to resist the
structural failure. (=
6. The base of foundation 1s rough so that it

insures the interaction between soil and foundation
7T Tha arnnliad 1Aaad A FAarividastaviy b havaiihiarcrtad yroart1callxs




Terzaghi’s Approach (Solution) for Bearing Capacity, cont’d
Note:

1. In recent studies, investigators have suggested that, foundations are considered to be shallow
if [Dy <(3—4)B], otherwise, the foundation 1s deep.
2. Always the value of (q) 1s the effective stress at the bottom of the foundation.

o
Yo
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Skempton’s equation
The first direct strength equation was proposed by Skempton (1951);

v" The problem of the undrained ultimate bearing capacity of a shallow foundation on a fine-

grained soil.

v" The equation makes use of the average undrained shear strength s, within the depth of

influence below the footing.
The equationis:  qy = N¢ Sy + ¥y Dy

Where:
N, 1s the bearing capacity factor (the Figure) proposed by Skempton,

Y 1s the total unit weight of the soil above the foundation depth, and
Dr 1s the depth of embedment (depth of foundation).

Note that N, 1s higher for square footings than for strip footings.
The N, values for the square footing and the strip footing are related by:

NC(square) =1.2 NC

10.0

9.0

Bearing capacity factor, N,

5.0

(strip)
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Skempton’s equation

1) Why does N, of square footing greater than that of strip footing?

2) From the figure, it 1s noticed that N_ increases gradually with embedment ratio, why?

3) S,1n Skempton equation for undrained fine soil, 1s it equals to C,?

4) C, determined by uniaxial compression (unconfined compression) test = Qupconfined’ 2> SO 18 1t
correct that the net allowable bearing capacity when FS = 3 equals, approximately, the
unconfined compression pressure for square footing with embedded ratio =07



Example (5-1)

A column load of 2000 kN 1s to be supported by a square spread footing on a very stiff clay.

Recommend the size of the footing after addressing the 1ssue of bearing capacity. s, = 100 kPa
and y = 18 kN/m?>:
Solution:

Here, 1t can be assumed that the depth of foundation equals to 0.5 m, so, DB = 0
So, N, = 6.3 from the figure of Skempton finding.
Qu= N.S, tyDf=6.3x100+ 18 x 0.5 = 639 kN/m? 00

Square

q. = q,/ FS =639/3 =213 kPa
A=Q,/q, =2000kN/213 kN/m?*=94 m>=B x B

B=VA=319.4=3.07m=~3.1m

Bearing capacity factor, N,

1 1 1 |
1 2 3 4 5
Depth to width ratio, p /g
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Eccentrically Loaded Foundations

In several instances, as it was shown with the base of a retaining wall, foundations are subjected
to moments 1n addition to the vertical load, as shown 1n the Figure. In such cases, the
distribution of pressure by the foundation on the soil is not uniform. The stress will be due to
compression exerted by the concentrated load (Q) and the stress due to moment so that the

MC
stress equation will be in the form: g= j + — - P .2
Q —>» e |€—
Here, M = Q*e; ¢ = B/2 or ¢ = L/2, depending T M T
on the direction of moment and on the axis CrRp ol
that affects on.; I 1s the moment of inertia g I R e B P B
and also it may be about B axis or about TP —E el '
B XL

L axis. For rectangular, I, = B°L/12 | - o )

F B/6
or Iy (L) — L B/12 e A A A
Q QXeXB Q 6eQ Jmax
= + - q= + —)q:
BxL ™~ 2B3XL B x L~ B%L
For e > B/6
12 \
. Q (1+6e)G | Equati qu
q =51 (1+ 5 ) General Equation
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The nominal distribution of pressure is:

) 6M
Qmax — 5 2
BlL. B-“L
and
_ @ _ 6M
qmin B L B2 L
where

O = total vertical load

M = moment on the foundation

In the Figure below shows a force system applied on the foundation. The distance 1s the

eccentricity and it equals: ey e
M T ™ ]
e= — S
gy o e
So that Fig. (b) is the equivalent loading - ®)
system of that loading due to Moment and Q. qmmmq
For e > B/6 =
(a)w
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Substituting Equation of (¢) into Egs. of q,,,, and q,,;, gives

0 6e
==(1+—
qmax ( B)

) 6e
Qmin — 5 1 ——
BL B

Note (See the next slide)

1) These two equations are valid when the eccentricity e < B/6.

2) q,,, 1S zero for e = B/6.

3) q,;, Will be negative when ¢ > B/6, which means that tension will develop. Because soil
cannot take any tension, there will then be a separation between the foundation and the soil
underlying it. .

‘ The factor of safety for such type of loading against bearing capacity failure can be evaluated as:

o | where O, = ultimate load-carrying capacity.




%ax,new

e> B/6 R =i
X —-
B . .
When e > = this 1s unaccepted
8
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Ultimate Bearing Capacity under Eccentric Loading:

One-Way Eccentricity : Effective Area Method

step-by-step procedure for determining the ultimate load that the soil can support and the factor of safety
against bearing capacity failure:
1) Determine the effective dimensions of the foundation as shown in the Figure : B = effective width =B "= B- 2¢

L = effective length = L . Jl e — _>i ¢ —
T (N i (9

Note that if the eccentricity were in the direction of the length of the foundation, ! H

the value of L' would be equal to (L - 2e). The value of B' would equal B. The smaller of ] | |

The two dimensions (i.e., L and B) is the effective width of the foundation. ST \U\LL !
l«—B — 2¢—>] _T_“ LL

2) Use the same equation for determination of ultimate bearing capacity by Meyerhof,

v

But, only substitute B by B’ that was found by step (1) in above. =5 ’ ®)
_ 1 + :k \E\\ N Note: qu(e)=m—_ze)
q; _ C,NchchdF quFqu Fqi + i‘yB’N-yFysFde'yi }\\\:\\\\\\\\ ’
L=L’ -—————J\i\\w——\{—w
3) The total ultimate load that the foundation can sustain is L
A, Y K\ i \\\\\\\:\\
2= LD o
q. [<B'=B — 2¢>|

where A’ = effective area.
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4) The factor of safety against bearing capacity failure 1s: FS = %

0 a et i ee: It is important to note that ¢, is the ultimate bearing capacity of a foundation of
width B’ = (B-2e¢) with a centric load as in the Figure (a). However, the actual distribution of soil

reaction at ultimate load will be of the type shown 1n Figure (b). sl e -
. . . . EE ‘ Qu
In Figure (b), ¢,,., 1 the average load per unit area ot the foundation : H
Thus: B | 4
, q’u A A A A A A A A A
 gl(B - 2¢) s
Due) = B B
=8 ®)
T :k w: Note: qu(e):q;(B; 2€)
L N N
W
(a) l«B'=B — 2¢>|

10
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Example: A continuous (strip) foundation 1s shown 1n the Figure. If the load eccentricity 1s 0.2
m, determine the ultimate load, O, per unit length of the foundation. Use Meyerhof’s effective

area method.

d\,

150 0 [ "d>' —40°_{
X -,_*— 165 kN/m

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq

Solution i
For C’ = 0, Eq giVGS: qL’t Fququ sill= Y’B,NyFysFdeyz

where g = (16.5) (1.5) = 24.75 kN/m?

For ¢’ = 40°, N, = 64.2 and N, = 109.41. Also,
—(2)(0.2)=1.6m
Because the foundation in question is a continuous foundation, B’ /L’ is zero. Hence,
Fo=LE,=L
F,=F,=1

q i

) ) ,ZDf 1S
Fu=1 + 2 tan ¢'(1 — sin ¢’) EZ 1+ 0214 7 = 1.16

Fog='1
and
q, = (24.75)(64.2)(1)(1.16)(1)
S (;)(16.5)(1.6)(109.41)(1)(1)(1) = 3287.39 kN/m?
Consequently,

0, = (B")(1)(g,) = (1.6)(1)(3287.39) = 5260 kN i

11



Thank you
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Bearing Capacity (bearing load) of Soil (6)
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Ultimate Bearing Capacity under Eccentric Loading:
Two-Way Eccentricity :

(a) eyt M

¥ B ><L

(b) (c) (d)

Figure 4.24 Analysis of foundation with two-way eccentricity
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M about the x- and y-axes can be determined as M, and M,, respectively. (See Figure 4.24c.)
This condition is equivalent to a load Q, placed eccentrically on the foundation with x = e
and y = e, (Figure 4.24d). Note that

M)’
€p = Q_u (4.65)
and
M,
eL — E (4.66)
If Q, i1s needed, it can be obtained from Eq. (4.52); that is,
Q.= qA

where, from Eq. (4.51),
q; = C’Nchchd quFqu Fqi + %YB'NyFysFdeyi
and
A' = effective area = B'L’
As before, to evaluate F,, F, and F.,; (Table 4.3), we use the effective length L’ and
effective width B’ instead of L and B, respectlvely To calculate F, F 4, and F;, we do not

replace B with B’. In determining the effective area A’, effective W1dth B’, and effective
length L', five possible cases may arise (Highter and Anders, 1985).
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A continuous foundation is shown in Figure Estimate the inclined ultimate load,

E Xamp le (6— 1 ) Qi per unit length of the foundation.

|
! Qu(ei)

\12/20"
¢l=350
e
0.15m
|<_1.5m4>|

Solution
From Eq. (4.81) with ¢’ = 0, we have

’ 1 ’
qu = ququFqi + EYB NyF‘deyi
g = yD;= (16)(1) = 16 kN/m*

and
B =B—-2=15-(2)(0.15=12m
From Table 4.2 for ¢’ = 35°, N, =33.3,and N, = 48.03, we have

D 1l
F,=1+2tan¢'(1 — sin ¢')2(Ef) =1+ 2tan35(1 — sin 35)2(—> — L1

15
Fyd = l 1
o o g, = (16)(33.3)(1.17)(0.605) + (5)(16)(1.2)(48.03)(1)(0.184) — 461.98 KN/m?
F _—— 1 — —_— 1 —— — 5
- ( 900) ( 90> 0.605
and
B°)2 ( 20)2 4B —2¢)  (461.98)(1.2)
F,=(1-%) =(1-2) =0.184 _ _46199)1.2) _ oo _
e ( é = =" sp o = S89.95KN ~ 590 kN/m
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Skempton’s equation

1) Why does N, of square footing greater than that of strip footing?

The reason is that the square footing can develop a relatively larger failure surface, because the failure surface can develop in
four directions, whereas the failure surface for the strip footing is confined to only two directions.

1) From the figure, 1t 1s noticed that N, increases gradually with embedment ratio, why?

Nc gradually increases with the relative depth of embedment, due to the gradual increase in the length of the failure

surface with embedment.

1) S,1n Skempton equation for undrained fine soil, 1s 1t equals to C,?

Yes, in Mohr envelope equation (S, = ¢’ + ¢’ tan ¢),tan ¢ = 0, where ¢ = 0 for fine-grained undrained conditions,

so S, = Cy.

1) C, determined by uniaxial compression (unconfined compression) test = Qupconfined’ 2> SO 18 1t
correct that the net allowable bearing capacity when FS = 3 equals, approximately, the

unconfined compression pressure for square footing with embedded ratio =0 ?

*6.3 *6.3
Cu= Quncor/2> Ga (ney= Aw/3 = (CNe+q =0)/3 = (Quncon/2 * 6.3)/3 == = et 22 o o
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Terzaghi’s Approach, cont’d

Terzaghi solution has been extended to obtain the ultimate bearing capacity (q,) of

square foundation and circular foundation by adding factors known as shape
factors. This extension presented in the table:

Type of Foundation | Equation of Ultimate bearing capacity (q,) | Notes

Strip qu= C¢'N.+qN,+0.5YyBN, B/L—- 0

Square q,=13c' N, +qN q +'\()—;fl\7‘ YBN,, B = Side length of square
Circular qQu=1.3c'N. + qNg +'\()._;’;,‘VBNY B = Diameter of circle




Allowable bearing capacity (q,)

The gross allowable load-bearing capacity of shallow foundations 1s the gross ultimate bearing
capacity divided by factor of safety (FS), 1.e.:

_ Yue)
Qa(® = Tgg

Usually the net allowable bearing capacity 1s almost used for checking of stability of foundation
against shear failure, so, the net ultimate bearing capacity defined as the gross ultimate stress in
excess of the surcharge pressure (yDy) or (q).

__ Yu (net) _ 9u—q
Qa(net)“ FS FS

CN¢+qNg+0.5yNy—q
FS
_ cN¢+q(Ng—1)+0.5yNy
B FS
Mostly, the factor of safety (FS) equals (3).

FOTSUipbeﬁngaQa(nmj -




Examples:

1):

A square foundation is 2 m X 2 m 1n plan. The soil supporting the foundation has a
friction angle of ¢’ = 25° and ¢’ = 20 kN/m”. The unit weight of soil, vy, 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.

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

¢’ N, N, N} & N, N, N, F E

0 570 1.00 0.00 2 27.09 1421 9.84 f Om q R

1 6.00 1.10 0.01 27 29.24 15.90 11.60

2 630 122 0.04 28 31.61 17.81 13.70 _ ]

3 6.62 1.35 0.06 29 34.24 19.98 16.18 q — 1 3C N + qN + O 4")IBN
4 6.97 1.49 0.10 30 37.16 22.46 19.13 u ¢ ¢ q ¢ 3 4
5 734 1.64 0.14 31 40.41 25.28 22.65

6 773 1.81 0.20 32 44.04 28.52 26.87

7 8.15 2.00 027 33 48.09 3223 31.94 ' o)

8 8.60 221 035 34 52.64 36.50 38.04 —

9 9.09 244 0.44 35 5175 41.44 4541 Fr om Table 4-1, for (b - 25 ’

10 9.61 2.69 0.56 36 63.53 47.16 54.36

11 10.16 2.98 0.69 37 70.01 53.80 65.27

12 10.76 3.29 0.85 38 77.50 61.55 78.61

13 11.41 3.63 1.04 39 85.97 70.61 95.03 s

14 12.11 402 126 40 95.66 81.27 11531 — .

15 12.86 445 1.52 41 106.81 93.85 140.51 C

16 13.68 492 1.82 4 119.67 108.75 171.99

17 14.60 5.45 2.18 43 134.58 126.50 21156

18 15.12 6.04 2.59 44 151.95 147.74 261.60

19 16.56 6.70 3.07 45 172.28 173.28 N pu— 12 72
20 17.69 7.44 3.64 46 196.22 204.19 q .

21 18.92 8.26 431 47 224.55 241.80

2 2027 9.19 5.09 48 55 650.67

23 21.75 10.23 6.00 49 344.63 831.99

24 22 26 1140 L 4 5

25 25.13

“From Kumbhojkar (1993)

12.72

415.14 1072.80 N,y — 8 ° 34



Solution of Ex.1, cont’d
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 :
_— 3 359.5 kN/m

Thus, the total allowable gross load is
0 = (359.5) B> = (359.5) (2 X 2) = 1438 kN

qan
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Example 2

Refer to Example 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 FS = 3 and Dy = 1 m. Determine the size B of the foundation.

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

0, 3000
W= p =~ g (a)
From Eq. for square foundation:
q, = 1.3c'N, + gN, + 0.4yBN,,
For ¢’ = 25°, N, = 25.13, N, = 12.72,and N, = 8.34.
Also,
q = yD;= (16.5)(1) = 16.5 kN/m?

Now,

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

= 863.26 + 55.04B



Example (2), cont’d

Combining Egs. (a) and (b),

By trial and error, we have

= 863.26 + 55.04B

B>

B=17Tm=1.8m

Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq
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Water table effect

Determination of ultimate bearing capacity of the soil for shallow foundation were done without

considering the existence of ground water, 1.e. the ground water table considered at deep level out

of the effective zone under the base of foundation. Here, the ground water should be considered in

this calculations:

Three cases:

1) Case I: When the level of ground water 1s above the level of base of the foundation and it is at
depth (D)) from the N.G.L. 1.e.0 < D;< Dy, as in the Figure below:

q = effective surcharge = Dy + Dy(Veae — Vs Rz N.G.L
where '
Y.« = saturated unit weight of soil BT : .. Groun dwa ter ;. D
vY,, = unit weight of water D )l K P v ool 1
Also, the value of vy in the last¥¢rm of the equations has to be replaced by, ¥’ = Yot — Varr - — Sl _ [ & — _ __::-—_ _ E% — Case I
E- = g

, ]
gy =C N, g, + EVBNY

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 2



Water table etfect, cont’d

2) Case II: When the level of ground water 1s below the level of base of the foundation and 1t is at
depth (d) from the base of the foundation 1.e. Df < d < B, as in the Figure below:

In this case, the factor y 1n the last term of the bearing capacity equations must be replaced by the

factor ¥ as in the equation : d
TR / =, s /
ARE B~ ¢ ol —
Where: y' is the submerged unit weight =y, — Vi )
Dy |
and q =y Dy, here y is the unit weight of the soil above | |, B J
The base of the foundation t % |
— ! 1 ' Depth of effective zone =|B d
Gy =¢N; T gh, g + E’YBN y v Groundwater table ——
B e e G R e — S e asc
Yeur = Saturated
3) Case I11: When the water table 1s located so thatd > B, | unit weight

the water will have no effect on the ultimate bearing capacity. 3
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Example -1-

A square foundation B x B has to be constructed as shown 1n the Figure. Assume that y = 105
Ib/f3, yoqr =118 Ib/f83, @' =34, Dy =4 ft, and D=2 ft. B = 4.5 ft, Determine the gross and net

allowable bearing pressure, take FS=3. i

Solution: I 1;1 Water LRI
Depth of water table (D,) = 2 ft, Depth of foundation (D) =4.5 - -¥--L-22¢ L~
ft. Dy ;t

For @' = 340, and from the table: 34 52.64 36.50 38.04 l c'=0

* N,=36.5, Ny = 38.04 Wy

Because of ¢’ =0, so the cohesion term = 0 B X B

qu=+qN +0.4yBN,

Quee) = [105 %X 2 + (118 — 62.4)x 2)] X 36.5+ 0.4 (118 — 62.4)4.5 x38.04 = 15530.8 — =

qau(g) Jdy / FS =15530.8/3 = 5177 Ib/ft?
Qu (net) = Quig)—94 = 15530.8 - [105x 2 + (118 — 62.4)x 2)] = 15209.6 Ib/ft?
all (net) = Qu(net) / FS = 15209.6/3 = 5070 Ib/ft?



Example -2-
Solve the example -1-, when the level of ground water table (D,) 1s at 6 ft below the ground
surface, and all the remaining data are the same:

Solution:

The effective zone depth under the base of foundation =B =4.5 ft

The depth of this zone from N.G.L =D+ B =4+ 4.5 = 8.5 ft.

So, the ground water table level = 6 ft 1s more than D, and less than the level of effective zone,

so here the case II should be applied:
d=D,—-Df=6-4=2m

_ d
y=7 + 5 =) =(118-62.4) + 2/4.5X(105 — (118 — 62.4)) = 77.6 Ib/ft3

qu=qN4+ 0.4 yBN, =4X 105X 36.5+0.4x77.6 x4.5x38.04 =20643.4 Ib/ft?

Qall (g) = 20643.4/3 = 6881.1 Ib/ft?
Ou (net) = Ou (g — 0 = 20643.4 — 4 x 105 = 20223.4 Ib/ft?

dall (net) = 20223.4/3 = 6741.1 Ib/ft?
6741.1-5070

5070

For comparison, x 100 = 33 % is the increase of allowable bearing capacity when the level of W.T

decreases.



General Bearing Capacity Equation ( Meyerhof Approach)

To overcome the shortcomings that was appeared 1n Terzaghi equation, Meyerhof (1963)
suggested the following form of the general bearing capacity equation.
This ultimate bearing capacity equation can be applied to:

» the case of rectangular foundations (0 < % < 1),

> It takes into account the shearing resistance along the failure surface in soil above the bottom of
the foundation (the portion of the failure surface marked as G/ and HJ in the Figure).
» Meyerhof equation includes the inclined loading may experience by foundation.

- B -

//’ \\\ //’ \\\
/ J\\ : 8} A 7 //I \
' N I‘ D, . 9= 7’\Df e I‘
AN v\

. AN 72— - - o TSR AN A— i i
N S o H ’ v v _7 /
~=-45-¢'12 45— ¢/ 45 =P R~=-~-
T Soil
Unit weight =y
Cohesion =c

Friction angle = ¢’
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General Bearing Capacity Equation ( Meyerhof Approach),cont’d

g, = ¢'N,FF F, + qN,F FF,; +5yBNF F F.. (MeyerhofEquation)

qy 45 Ny

g, = c'N, +gN, +% yBNy. (Terzaghi Equation)
In this equation:

¢’ = cohesion

g = effective stress at the level of the bottom of the foundation
v = unit weight of soil

B = width of foundation (= diameter for a circular foundation)

F ., F,, F. . = shape factors
F 4 F4, F.; = depth factors
F .. F . F_. = load inclination factors
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Table 4.2 Bearing Capacity Factors for Meyerhof Equation

¢’ N, N, N, ¢’ N, N, N,
0 5.14 1.00 0.00 16 11.63 4.34 3.06
1 5.38 1.09 0.07 17 12.34 4.77 3.53
2 5.63 1.20 0.15 18 13.10 5.26 4.07
3 5.90 1.31 0.24 19 13.93 5.80 4.68
4 6.19 1.43 0.34 20 14.83 6.40 5.39
5 6.49 1.57 0.45 21 15.82 7.07 6.20
6 6.81 1.72 0.57 22 16.88 7.82 7.13
7 7.16 1.88 0.71 23 18.05 8.66 8.20
8 7.53 2.06 0.86 24 19.32 9.60 9.44
9 7.92 2.25 1.03 25 20.72 10.66 10.88
10 8.35 2.47 1.22 26 3905 11.85 12.54
11 8.80 241 1.44 27 23.94 13.20 14.47
i3 9.28 2.97 1.69 28 25.80 14.72 16.72
13 9.81 3.26 1.97 29 27.86 16.44 19.34
14 10.37 3.59 2.29 30 30.14 18.40  22.40
15 10.98 3.94 2.65 31 32.67 20.63 25.99
32 35.49 23.18 30.22 42 93.71 85.38 155.55
33 38.64 26.09 35.19 43 105.11 99.02 186.54
34 42.16 29.44 41.06 44 118.37 115.31 224.64
35 46.12 33.30 48.03 45 133.88 134.88 271.76
36 50.59 37.75 56.31 46 152.10 158.51 330.35
37 55.63 42.92 66.19 47 173.64 187.21 403.67
38 61.35 48.93 78.03 48 199.26 222.31 496.01
39 67.87 55.96 92.25 49 229.93 265.51 613.16
40 75.31 64.20 109.41 50 266.89 319.07 762.89
41 83.86 73.90 130.22
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Table 4.3 Shape, Depth and Inclination Factors [DeBeer (1970); Hansen (1970); Meyerhof (1963);

Meyerhof and Hanna (1981)]
Factor Relationship Reference
Shape B\/N, DeBeer (1970)
F.=1+
L JAN.
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Table 4.3 Shape, Depth and Inclination Factors [DeBeer (1970); Hansen (1970); Meyerhof (1963);

Meyerhof and Hanna (1981)]
Dy
Depth Dy -1 E > 1 Hansen (1970)
B For ¢ = 0:
For ¢ = 0:
Dy F,=1+04tan’ o
F,=1+04 (—) % ’ B
B S
F.=1 radians
Fu=1 qu _q
Fyd = vd
For ¢’ > 0:
For ¢’ > 0: | — F
A l_qu FCd:qu_NtanI'
cd — 4 qd than (bl g

i
F,=1+2tan¢’ (1 —sing’') B

D
F,=1+2tan¢’'(l —sin¢’)*tan™" (Ef)

L —
radians

F.ydzl
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Table 4.3 Shape, Depth and Inclination Factors [DeBeer (1970); Hansen (1970); Meyerhof (19¢

Meyerhof and Hanna (1981)]
Inclination B° \2 Meyerhof (1963); Hanne
Fao=Eg=|1— 90° Meyerhof (1981)
1B
o\2 1
F, = (1 o B_’)
¢ /

B = inclination of the load on the
foundation with respect to the vertical

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 11



Example (3):

Resolve Example (1) 1n previous section (2), using the general equation of ultimate bearing

capacity.
Solution:

From the Meyerhof e%latlon the solution is:

qu — C

Since the load is vertical, F,; =

L
c cs cd ci NF F F +_7BNyFysFdeyt

2

F, = F.,, = 1. From Table 4.2 for ¢" = 25°, N

N, = 10.66, and N, = 10.88.

Using Table 4.3,

o)

F,=1- 0.4(

¢’ N, N, N, ¢’ N, N, N,
]& =1+ 2 10.66 = 1514 0 5.14 1.00 0.00 16 11.63 434 3.06
- i 1 538 1.09 0.07 17 12.34 477 3.53
N " 2/\20.72 2 5.63 1.20 0.15 18 13.10 5.26 4.07
3 5.90 1.31 024 19 13.93 5.80 4.68
4 6.19 1.43 0.34 20 14.83 6.40 5.39
B 2 5 6.49 1.57 0.45 21 15.82 7.07 6.20
6 6.81 1.72 0.57 2 16.88 7.82 7.13
F g = 1 + tan =1+ tan 25 = 1.466 7 7.16 1.88 0.71 23 18.05 8.66 8.20
9 L 2 8 753 2.06 0.86 24 19.32 44
9 792 225 1.03
10 8.35 2.47 1.22 26 2225 1185 1254
1 8.80 271 1.44 27 23.94 1320 1447
2 12 9.28 2.97 1.69 28 25.80 1472 1672
=1—04l—1=06 13 9.81 3.6 197 29 27.86 1644 1934
L 9 14 10.37 3.59 2.29 30 30.14 1840  22.40
15 10.98 3.94 2.65 31 32.67 2063 2599
Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 12
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Table 4.2 Bearing Capacity Factors




Example (3): cont’d

Fy=1+2tan¢’' (1 — sm(l))2(3)

= 1 + (2)(tan 25)(1 — sin 25) ( ) = 1.233

FomFoy— W _ g [ 121233 |
cd = Tad Ny ¢ anqb (20.72)(tan 25) '
Bg= 1

Hence,

= (20)(20.72)(1.514)(1.257)(1)
+ (1.5 X 16.5)(10.66)(1.466)(1.233)(1)

; %—(16.5)(2)(10-88)(0-6)(1)(1)

= 788.6 + 476.9 + 107.7 = 1373.2 kN/m*

q. 1373.2
— — — 4 . 2
G = =3 = 57.7 kN/m

Q = (457.7)2 X 2) = 1830.8 kN

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Examples

1) A square foundation B x B has to be constructed as shown in the Figure. Assume that y = 105
Ib/ft?, ysqr =118 Ib/ft?, @' =34, Dy =4 ft, and D=2 ft. B = 4.5 ft, Determine the gross and

net allowable bearing pressure using the general (Meyerhof) equation, take FS=3.

Solution: —
For @' =34°,N,=29.44 and N, = 41.06 By - Wele i s ¢ =0
q=[105x2 + (118 — 62.4)x 2)] = 321.2 Ib/ft N Gaaet SEE  BE e
F o=1+22un34°=17 O &
95 4.5 LS c’'=0
Fys=1-042=0.6 1
B X B

2 , _
E<1andq§ > 0:

Fea=1+2tan ¢’ (1-sin (j)’)Zﬂ =1+ 2 tan 34 (1- sin 340)21%5 =112 Fu=1
B .

F vl = 1, Fqi =1
Quig=321.2x29.44x1.7x1.12x 1+ 0.5x 4.5 x (118-62.4) x 41.06 x 0.6 x 1 x 1 = 21086.4 |b/ft?



Examples

2) A square foundation B x B has to be constructed as shown 1n the Figure. Assume that y = 105
Ib/ft?, ysqr =118 1b/ft?, @' =34, Df =4 ft, and D;= 6 ft. B = 4.5 ft, Determine the gross and net

allowable bearing pressure using the general (Meyerhof) equation, take FS=3.

Solution:
For @' =34°,N,=29.44 and N, = 41.06
q=[105 x 4)]= 420 Ib/ft?

Fo=1+=21an34° = 1.7
4.5

B / d !/
as Y=y +§(v—v)
4.5

= (118- 62.4) +
2 2/4.5 X(105 — (118 — 62.4))
e < 1land ¢’ > 0: = 77.6 Ib/ft3

P

D1=

Df=4ft

B XB
d=[2 ft

4.5 ft

Fea=1+2tan ¢’ (1-sin (j)’)Zﬂ =1+ 2 tan 34 (1- sin 340)21%5 =112 Fu=1
B .

Fy|=1,Fqi=1

OQuig= 420x29.44 x1.7x1.12x1+0.5x4.5x 77.6 x 41.06 x 0.6 x 1 x 1 = 27844 1b/ft>




3)

Examples

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 in 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 WA
¢ =32
C = 50 kN/m?
2m Yq = 17.25 kN/m3
3m

-

Ys = 19.5 kN/m3
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qu = 1.3cN; + qNg + 0.4ByN,

Qan
qQu = qan X FS (dan = Are; g FS = 3)

Applied load < Q. = Q. = 2400kN

Qui _ 2400 3 x 2400
= — =5 - =
Qall = 3rea = B2 Qu B2

¢ = 50 kN/m?
q(effective stress) = y X Dy = 17.25 X 2 = 34.5 kN/m?

Since the width of the foundation is not known, assume d < B
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dx(y—Y')

Y=Y=Y+ =
Y = Vsat — Yw = 19.5—10=95kN/m3 , d=3—-2=1m
B 1x(17.25-9.5) _ 7.75
-y =95+ - yY=95+—
B 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
(medium compaction).

For ¢ = 32° - N, = 44.04, N, = 28.52, N, = 26.87
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Now substitute from all above factors on terzaghi equation:

7200 7.75
—7— = 1.3 % 50 X 44.04 + 34.5 X 28.52 + 0.4 X B X (9.5 + T) X 26.87
7200

BZ
Multiply both sides by (B2) -» 102.106 B? + 3923.837B% — 7200 = 0.0
- B=133m/.

2.

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

Substitute in terzaghi equation:

= 3923.837 + 102.106 B

7200

52 =1.3X50%Xx44.04+ 19 %x2852+0.4xBXxX95x26.87
7200

32 = 3404.48 + 102.106B

Multiply both sides by (B2) - 102.106 B> + 3404.48 B> — 7200 = 0.0

- B=142m/.
Note that as the water table elevation increase the required width (B) will
also increase to maintain the factor of safety (3).
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Bearing Capacity (bearing load) of Soil (7)
1 Local shear failure
1 SPT method (N blows): Part (1)
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Local Shear Failure

When the soil failed by local shear failure, the shear strength parameters should be reduced. This
1s because the status of soil 1s of moderate properties between compact (dense) or cohesive soil.
So, ¢" and ¢’ equals :

¢'*=tan"! (0.67 tan ¢")

¢ =0.67c’

The reduction of the values of effective cohesion and the effective angle of internal friction was
proposed by Terzaghi. The same equation derived by Terzaghi used, just the new parameters used
for solution.



Example:

A strip footing 1 m wide and its base 1s located at a depth of 0.8 m below the ground surface. The
properties of the foundation soil are: y = 18 kN/m?* and

@ = 20 °and C = 30 kN/m? . Determine the safe bearing capacity, using a factor of safety 3.
Use Terzaghi’s analysis. Assume soil’s local shear failure.

Solution:

1) Find C' *=0.67 x 30 =20.1 kN/m?, @’* = tan’! (0.67 tan 20°)=13.7 °

2) Enter the table of bearing capacity parameters to find them using @ *=13.7 °

3) Substitute all data in the equation of bearing capacity by Terzaghi to find q,.

4) Divide q, by FS to get q, .

Table 4.7 Terzaghi’s Bearing Capacity Factors—Egs. (4.15), (4.13), and (4.11).*

@’ N, N, A @’ N, N, NS
o 5.70 1.00 0.00 26 27.09 14.21 9.84
1 6.00 1.10 0.01 27 29.24 15.90 11.60
2 6.30 1.22 0.04 28 31.61 17.81 13.70
3 6.62 1.35 0.06 29 34.24 19.98 16.18
4 6.97 1.49 0.10 30 37.16 22.46 19.13
5 7.34 1.64 0.14 31 40.41 25.28 22.65
6 7.73 1.81 0.20 32 44.04 28.52 26.87
7 8.15 2.00 0.27 33 48.09 32.23 31.94
8 8.60 2.21 0.35 34 52.64 36.50 38.04
9 9.09 2.44 0.44 35 57.75 41.44 45.41
10 9.61 2.69 0.56 36 63.53 47.16 54.36
11 10.16 2.98 0.69 37 70.01 53.80 65.27
= = it 38 77.50 61.55 78.61
13.7 39 85.97 70.61 95.03
40 95.66 81.27 115.31
.80 4.4 s 41 106.81 93.85 140.51
16 13.68 4.92 1.82 42 119.67 108.75 171.99
17 14.60 5.45 2.18 43 134.58 126.50 211.56
18 15.12 6.04 2.59 44 151.95 147.74 261.60
19 16.56 6.70 3.07 45 172.28 173.28 325.34
20 17.69 7.44 3.64 46 196.22 204.19 407.11
21 18.92 8.26 4.31 a7 224.55 241.80 512.84
22 20.27 9.19 5.09 48 258.28 287.85 650.67
23 21.75 10.23 6.00 49 298.71 344.63 831.99
24 23.36 11.40 7.08 50 347.50 415.14 1072.80

“From Kumbhojkar (1993)
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Bearing Capacity by Standard Penetration Test:

The Standard Penetration Test (SPT) is widely used to determine the in-situ properties of soil. The test is especially suited for
cohesionless soils as the correlation between the SPT value and ¢ 1s now well established.

Field SPTN Value, N>

v _ EyCpCsCpN

Correction for Field Procedure ~ |==—p>

60 —
[ Na_ | %60
Cohesionless Soil Type Cohesive
\ \/ \ 4
Cn= Overburden presSsurc |&== Overburden Pressure Correction No (corm)
correction factor Fine sand/silt and
Below water table (Ny)so corm) /

and (N1)50>15

1
DiIatancv/Wate:l:abIe Correction === (N1)6O (CORR) —_— 15 -+ E [(N1)60 = 15]

/ (N1)60 (CORR) /

Flow chart of different types of correction of SPT (N value)

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 4



Correlations between SPT N values and Different Parameters of Soil

Table (1): Penetration Resistance and Soil Properties on the Basis of SPT (Cohesionless Soil: Fairly reliable) (Peck et.

al. 1974; Bowles, 1977)

SPT N-value 0Oto4 4 to 10 10to 30 | 30to 50 >50
Compactness
P very loose medium dense very
loose dense
Relative Density, D, (%) OtolS | 15t0o35 | 35t065 | 65t085 | 85to
100
Angle of Internal Friction,@(°) <28 28t030 | 30to36 | 36to4l >41
Unit Weight (moist) pcf 95 to 110 to 110 to
=100 125 130 140 =150
kN/m’ 149t0 | 17.3t0 | 17.3to
=l 19.6 20.4 2o | 204
Submerged unit weight pef <60 55t065 | 60to70 | 6510 85 >75
kN/m’ 9.4 to 10.5 to
<94 8.6-10.2 11.0 134 >11.8
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Table (1): Penetration Resistance and Soil Properties on the Basis of SPT (Cohesive Soil: rather unreliable)
(Peck et. al. 1974; Bowles, 1977)

SPT N-value 0to2 2to4 4to8 8tol16 | 16to 32 >32
Consistency very soft medium stiff very hard
soft stiff
Unconfined Comp. | Ib/ft’ 250to | 500to | 1000to | 2000 to
Test 010250 | 500 1000 | 2000 | 4000 | 3000
kP
a 0t025 | 25 to 50 510050 133 g" zgggo 400
Unit Weight pef 100 110 to 115 120 to
(Saturated) <1001 5120 125 | to130 | 140 | 130
kN/m’ 157t0 | 173to | 18.1to | 18.8to
<15.7 18.8 19.6 20.4 no | 204
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Example on correction of SPT (N values)

Find out the corrected SPT N-value.

N frace
J [ACC

Given: Field N-value = 15, Depth = 6 m below ground level, Soil Type: Fine sand witl

mica, no water table was observed within this depth. Standard penetration test was performed

with standard split spoon sampler and hand dropped donut hammer. Bore diameter was 100

Solution

Step 1: Correction for Field procedure is made for all types of soil

Ex = Hammer efficiency (Table 1.1) = 0.60
Cs = Borehole diameter correction (Table 1.1) = 1.00
Cs = Sampler correction (Table 1.1) = 1.00

Cr  =Rod length* correction (Table 1.1) = 0.85

*total rod length = depth-+legth above borehole (typically 1~2m; let 1.5m) = 6+1.5=7.5m

N = Measured SPT N-value in field =15
_ EyCgCsCrN B 0.60 x 1.00 X 1.00 X 0.85 x 15 EP—
607 060 0.60 e

Step 2: Soil type is cohesionless, overburden pressure correction must be made. For
overburden pressure correction effective overburden pressure and hence unit weight of soil

must be known. Assume average unit weight of soil from N-value as follows

Ymoist = 16.0 + 0.1Ngo (kN/m3) = 16.0 + 0.1 x 13 = 17.3 kN/m3
0o =yz=17.3%x6 =103.8 kN/m?

oy =0y —u = 103.8—0 = 103.8 kN /m?

Where u is pore water pressure. Here no water table is observed at 6 m.

2000
(N1)60 - CN X N60 - 0.77 log T X N60
0

2000
(N1)60 = 077 log (

= U. =~ <
103.8>><13 0.99 x 13 ~ 13 < 2Ny,

Step 3: Since soil in not under water table and (N;)eo < 15 hence no need for dilatancy

correction.

Neorr = (N1)60 =13 (Ans)
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Thank You
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Bearing Capacity (bearing load) of Soil (8)
1 SPT method (N blows): Part (2)
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Allowable Bearing Capacity from N-value for Cohesionless Soil

It 1s difficult to collect undisturbed sample 1n cohesionless soil hence extensive research have
been made to find out the allowable bearing capacity of shallow foundation in cohesionless soil
from SPT N-value.

To obtain the allowable bearing capacity of sands 1s presented empirical correlations between
standard penetration resistance, width of footing and the bearing pressure limiting maximum
settlement to 25mm (and differential settlement to 75%o0f maximum settlement).

If the sand at foundation level 1s saturated, the pressures obtained from Figure should be reduced
by one-half i1f the depth/breadth ratio of the footing 1s zero, and reduced by one-third if the
depth/breadth ratio 1s unity.

Peck proposed that linear interpolation should be used between a reduction of 50% if the water
table 1s at ground level and zero reduction 1f the water table 1s at depth B below the foundation.
Thus the provisional value of allowable bearing pressure obtained from Figure should be
multiplied by a factor C,,, given by:

D,
D+B
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Allowable Bearing Capacity

References

Originally in graphical form
/ 1 S
qo(kPa) = 12N (— for B <1.2m

\ CwCq \25.4

P _81\,(3.2813+1)2 1 ( s ) s 4.3
9o (kPa) = 3288 ) cye, \zsa) [T e

qq(kPa) = 8N

(2;—4) for raft

€ Cil
Where
cq = Depth factor =1 + 0.25 %f—
cw = Water correction factor

=2 — Z—Z < 2 for surface footings

=2 — Z—; < 2 for fully submerged footing d,, < df

s = tolerable settlement (mm)

B = width of the footing (m)

D¢ = depth of footing (m)

Dy~ depth of water (m)

N = Lowest (average) uncorrected N-value from depth of footing

to D¢etB every 0.76m (2.5ft). water table correction suggested.

Terzaghi and
Peck (1948)
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700 | T

Max. settlement 25 mm

|
|
‘.\\
600~ |
| \
o 500 | e 50
E T\
% | \1\.
2 5 ___.: .\ﬂ_“—’.so
3 1\1\ £
< 200 =11 — %
I B LRt 20 B
' T 0
|
100——— e i Z
|
I
l 5
1 2 3 4 5 6
1.2 m for linear portion of curves 4—| Yooy loofing, Biym)

Figure Relationship between standard penetration resistance and allowable bearing
pressure.
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S
q,(kPa) = 12NF, (25 ) forB <12m

3.28B + 1) ( S

Pa) = 8N B>12
dalika)=is ( 3.28B 254)f0r > L.em

S
qq.(kPa) = 8NF, (25 4) forraft
Where
F4 = Depth factor =1 + 0.33 %f <1.33

s = tolerable settlement (mm)
B = width of the footing (m)
D¢ = depth of footing (m)

N = Average uncorrected N-value from depth of footing to D¢+B.

Only water table correction suggested.

Meyerhof
(1956)
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Example :

A footing of 3m in width is to be located at a depth of 1.5m in a sand deposit, the
water table being 3.5m below the surface. Values of standard penetration
resistance were determined as detailed in Table. Determine the allowable bearing
capacity using the various desigh methods.

Depth (m) N o’ (kN/m?) Cu N,

0.75 8 —~ - -

— .55 7 26 2.0 14

2.30 9 39 1.6 14

— 300 13 51 |.4 18

3.70 12 65 .25 15

__ 445-15m+BGm)|6 70 1.2 19
5.20 20 —~ -

(—av. 16)
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Terzaghi and Peck recommended that N values should be determined between foundation level
and a depth of approximately B below the foundation;

in this example N blows taking between depths of 1.5 and 4.5m: the values at depths of 0.75
and 5.20m are therefore superfluous.

The measured N values are corrected using values of effective overburden pressure are
calculated (using y = 17 kN/m?3 above the water table and y = 10 kN/m? below the water table)
and the corresponding values of Cy determined. The average of the corrected values (N )gq 1S
16. Then referring to Figure, for B = 3m and N=16, the provisional value of allowable bearing
capacity is 165 kN/m?. For the given water table level the provisional value should be

multiplied by the factor Cw ,where:

S, | o BT EL Be s
G =K = - = ().8Y
4.5

The allowable bearing capacity is given by : ¢, = 0.89 * 165 = 150kN/m?
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Allowable Bearing Capacity from N-value for Cohesive Soil

Due unreliability of determination of bearing capacity by SPT for cohesive soil, so 1t will be not
considered here 1n this course.
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Bearing Capacity (bearing load) of Soil (9-a)
(1 Bearing capacity for stratified soil:

» a- Bearing Capacity of Layered Soils: Stronger Soil Underlain by Weaker Soil (C' — @’ soil ).
» Bearing Capacity of Layered Soil: Weaker Soil Underlain by Stronger Soil.
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Bearing capacity of stratified (non-homogenous) soil

General:

v" The bearing capacity equations presented in the previous presentations involve cases in which
the soil supporting the foundation 1s homogeneous and extends to a considerable depth.

v" The cohesion, angle of friction, and unit weight of soil were assumed to remain constant for
the bearing capacity analysis.

v However, in practice, layered soil profiles are often encountered. In such instances, the failure
surface at ultimate load may extend through two or more soil layers, and a determination of the
ultimate bearing capacity in layered soils can be made in only a limited number of cases.

v This section features the procedure for estimating the bearing capacity for layered soils
proposed by Meyerhof and Hanna (1978) and Meyerhof (1974) in a (C'— @’ soil).
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Bearing Capacity of Layered Soils: Stronger Soil Underlain by Weaker Soil,
(C' — @ soil).

The figure shows a shallow, continuous foundation supported by a stronger soil layer, underlain
by a weaker soil that extends to a great depth. For the two soil layers, the physical parameters

. o
are as follows: Soil properties e
Dy YAy
Friction a | b Stronger soil
Layer Unit weight angle Cohesion et | Y ;11
Top 7 ¢! ci II 55%* i %@ ik
Bottom Y2 o3 &) & L i
Two cases: . >
1- H 1s so small, that cause punching failure in top layer (stronger) and general shear failure @ &
in bottom layer (Fig. a) —B—>]
: 9u
R
2c¢'H 2Dy\ K, tan ¢ i
s + + H2 1 + S _ H < Strong?r soil
Weaker soil
%
& $3

)
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40 -

10 =
30 0.9 -
—* 0.8
" 20 :
0.7 -
10
0.6 I [ I I |
0 0.2 0.4 0.6 0.8 1.0
| q
0 | | | q—?
20 30 40 50
1 (deg) Variation of ¢',/c’; with ¢,/q, based on the theory of Meyerhof and Hanna (1978)

Meyerhof and Hanna’s punching shear coefficient K|
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1. Top layer is strong sand and bottom layer is saturated soft clay @, = 0.

2D¢\ K, tan ¢
H B

B (. B

1
T YD < ViDNoF gy + 5 ViBNywF s

where (3, 2y = undrained cohesion.

For a determination of K
@ CupNewy  3:-14c,p)
q1 %VIB]\’)/(I) 0.57,BN, )
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2. Top layer is stronger sand and bottom layer is weaker sands (C{ =0 and C, = 0)The ultimate
bearing capacity can be given as:

1
qdu — |:71(Df + H)Nq(Z)Fqs(2) = 5 YZBNy(Z)Fys(Z):|

ryi1+2 1+2Df K, tan ¢ H<
Y1 I H B Y111 = {g;

where

1
9 = NPNaFosy 5 ViBNyaFysa)

Then

& 7¥:BNyo) Yoy
9 %leNy(l) Y1lNya)
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3. Top layer is stronger saturated clay (9= 0) and bottom layer is weaker saturated
clay (@,= 0). The ultimate bearing capacity can be given as

- B B\[2cH _
qg,=|1+0.2 z 514c,p + |1 + z B + viDr < g,

where
B
qt — 1 + 0.2 z 5.14Cu(1) + 'lef

and c,(;y and c, ;) are undrained cohesions. For this case,

q» B 5.14Cu(2) Cu(2)

qi - 5.14¢, N Cu(1)
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Example (E 9.1)

Refer to Figure 5.9a and consider the case of a continuous foundation with B = 2 m,
D;= 1.2 m, and H = 1.5 m. The following are given for the two soil layers:

Bottom clay layer: _
v Weaker soil

Unit weight y, = 16.5 kN/m’ v
¢ =0 fé
Cuy = 30 KN/m? ©

Top sand layer: SR
Unit weight y; = 17.5 kN/m’ D, i S .1
a ' b tronger soi
¢i — 400 N i g «
i — all | | a (bi
C1 = 0 H‘ - - : ¢
o' [ : | 5’
l P”% ! NPP

Determine the gross ultimate load per unit length of the foundation.
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Solution (E 9-1)
For (bi — 400, from Table 42, N'y = 109.41 and 9> cu(2)1Vc(2) . (30)(514)

= = = 0.081
g1 05yBN, (0.5(17.5)(2)(109.41)

B B 2Dy\  tan ¢

~ 25 = [1 + (0.2)(0)](5.14)(30) + (1 + 0)(17.5)(1.5)*

(2)(1.2) tan 40
X |1+ 2. a ([17.9)(1l.2
[ o 29T+ 175012

= 154.2 + 107.4 + 21 = 282.6 kN/m?
Again, from Eq. (5.26),

1
4 = YPNoF sy + 5 ViBNyayFysay
From Table 4.2, for ¢} = 40°, N, = 109.4 and N, = 64.20.

From Table 4.3,
B !
18y = e Z tan ] = 1 + (O)tan 40 = 1
and
B
e 0.42 =1-—(04)0) =1
so that
1
$, (deg) q, =(17.5)(1.2)(64.20)(1) + (5) (17.5)(2)(109.4)(1) = 3262.7 kN/m?

Hence,

Meyerhof and Hanna’s punching shear coefficient K| .
g, = 282.6 kKN/m

0, = (282.6)(B) = (282.6)(2) = 565.2 kN/m
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Example (E 9.2)

A foundation 1.5 m X 1 m is located at a depth, D, of 1 m in a stronger clay. A softer
clay layer 1s located at a depth, H, of 1 m measured from the bottom of the foundation.
For the top clay layer,

Undrained shear strength = 120 kN/m?
Unit weight = 16.8 kN/m’

and for the bottom clay layer,

Undrained shear strength = 48 kN/m?
Unit weight = 16.2 kN/m’

Determine the gross allowable load for the foundation with an FS of 4.
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Solution (E 9.2)

. B B\(2c,H
qu = 1 022 5-14Cu(2) S Z T + ’)/1Df

B

Given:
B=1m H=1m D=l
L=15m v, = 16.8 kN/m?

From Figure » Cuy/ Cuy = 48/120 = 0.4, the value of ¢,/c,q) = 0.9, so
c, = (0.9)(120) = 108 kN/m?

b= [1 + (0.2)(12)] (5.14)(48) + (1 +

= 279.6 + 360 + 16.8 = 656.4kN/m*

1 )[(2)(108)(1)
1.5 1

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq

] + (16.8)(1) o, -

1
q,= [1 - (0.2)(E)] (5.14)(120) + (16.8)(1)
=699 + 16.8 = 715.8kN/m?
Thus g, = 656.4 kN/m? (that is, the smaller of the two values calculated above) and

G, 656.4

—— = 164.1 2
q.1 ES 4 6 kN/m

The total allowable load is

(ga) (1 X 1.5) = 246.15 kN

1.0

0.7

0.6
1.0

11



Thank you
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Bearing Capacity (bearing load) of Soil (9-b)

(1 Bearing capacity for stratified soil:
» b- Bearing Capacity of Layered Soil: Weaker Soil Underlain by Stronger Soil.
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Bearing Capacity of Layered Soil: Weaker Soil Underlain by Stronger Soil

When a foundation 1s supported by a weaker soil layer underlain by a stronger layer (The Figure
a), the ratio of ¢,/q, defined by will be greater than one. Also, if H/B is relatively small, as
shown 1n the left-hand half of the Figure a, the failure surface in soil at ultimate load will pass
through both soil layers. However, for larger H/B ratios, the failure surface will be fully located
in the top, weaker soil layer, as shown 1n the right-hand half of Figure 2a. For this condition, the

ultimate bearing capacity (Meyerhof, 1974; Meyerhof and Hanna. 1978) can be given by the
empirical equation:

H 2 > | o “ T 1 i : " o ‘?.VV'e.a.ker’soll
9= 4+ (@~ a)\ | =4 P ;
\IL , "“T ———————— va
where — l/Z‘//H
S&ongef soil B }
D = depth of failure surface beneath the foundation in the thick bed of the upper weaker e |
soil layer ) AR 2
g, = ultimate bearing capacity in a thick bed of the upper soil layer T Songer sl
q, = ultimate bearing capacity in a thick bed of the lower soil layer @ é
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, 1
q: — ClNc(l)ch(l) 25 71Dqu(l)Fqs(1) e EleNy(l)Fys(l)
and

: 1
dr = N )F s2) T YszNq(z)F s T 572BN7(2)F ys(2)

where

N1, N1y, Ny, = bearing capacity factors corresponding to the soil friction angle ¢/
N, N, N, = bearing capacity factors corresponding to the soil friction angle ¢,
F .y, F 51, Fysqy = shape factors corresponding to the soil friction angle ¢,

F o). F 5. Fy2) = shape factors corresponding to the soil friction angle ¢,
Meyerhof and Hanna (1978) suggested that

D = B for loose sand and clay
D = 2B for dense sand
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Example (E 9-b-1)

Refer to Figure a. For a layered saturated-clay profile, given: L = 6 ft, B = 4 ft,
De= 3t H = 21,7y = 110 Ib/ft’, ¢y = 0, c,;y= 1200 Ib/ft*, y, = 125 b/ft’, ¢, = 0,
and c,(,) = 2500 1b/ft>. Determine the ultimate bearing capacity of the foundation.

Solution (E 9-b-1)

@ - Cu(Z)Nc . cu(2) B 2500
91 c,N. ¢ 1200

=2.08>1

B
qt - (1 + O.2Z)Nccu(1) + 'YlDf

4

= [1 + (0'2)(8)](5'14)(1200) + (3)(110) = 6990.4 + 330 = 7320.4 Ib/ft’

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



B
q, = (1 + 0.2 Z)Nccu(z) + 'Ysz

= [1 + (0.2)(%)](5.14)(2500) + (3)(125)

= 14,563.3 + 375 = 14,938.3 Ib/ft’

q,=q,+ (g — q,)(g)

D
D=RB
5] 2
q, = 7320.4 + (14,938.3 — 7320.4) (Z) ~ 9225 Ib/ft> > g,

Hence,
q, = 9225 1b/ft?
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End of part 9-b
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Foundation Engineering (1), 4t stage, Civil Engineering
Dept., College of Engineering, Al-Muthanna University,
2020-2021

Instructor: Professor Dr. Hussein M. Ashour Al.Khuzaie (Ph.D., Civil
Engineering, Foundation Engineering and Structures);

e-mail: hma@mu.edu.ig

Bearing Capacity (bearing load) of Soil (10)
1 Uplift Capacity of the soil
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Uplift Capacity of Foundations
Foundations may be subjected to uplift forces
under special circumstances. During the design
process for those foundations, 1t 1s desirable to
provide a sufficient factor of safety against
failure by uplift.

The relationships for the wuplift capacity of
foundations 1n granular and cohesive soils.




Foundations in Granular Sotl (¢ = 0)

Figure Ul shows a shallow continuous foundation that i1s being

subjected to an uplift force. At ultimate load, Qu the failure surface in
so1l will be as shown in the figure. The ultimate load can be expressed

1n the form of a non-dimensional break-out factor, P:] or':

F _ Qu s .

. - Y ‘aw $ M
rfa. ' S EE
: Sand

Unit weight = y
P, Friction angle = ¢’

where 4 = area of the foundation. .

The breakout factor PZI is a function ;f
of the soil friction angle ¢’ and D,/B.

Toe
—— i — -— ————— —— —— s -
- - p—
. Lt

1 Figure Ul

===l
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For foundations subjected to uplift:
Shallow foundation : DB < (D»B),.,.
Deep foundation: DB > (DyB),.,

The break-out factor can be found by the following two expressions

F:? =1+ 2[1 + m 'E (E‘) utand’ a:

(for shallow circular foundations)

=1 {1 n(3) 1)+ )7 Joms

(for shallow rectangular foundations)

where

m = a coefficient which is a function of ¢’
K, = nominal uplift coefficient

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq

10



For rectangular foundations, Das and Jones (1982) recommended that

D
(25) = (Pi) [0.133(5) + 0.867} = 1.4(-55)
B cr-rectangular B cr-square B _ cr-square

Eq: U-3
Table: U-1: Variation of Ku, m and (Df/B)
Soil friction angle (Df/B)cr for square and
@’ (deg) Ku m circular foundations
20 0.856 0.05 2.5
25 0.888 | 0.10 3.0
30 0.920 0.15 4.0
35 0.936 | 0.25 5.0
40 0.960 0.35 7.0
45 0.960 | 0.50 9.0

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Figure U2: variation of F, with Dy/B
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A step-by-step procedure to estimate the

uplift capacity of foundations in granular
soil follows.

Step 1: Determine, Dy,B, L, and ¢’
Step 2: Calculate D/B.
Step 3: Using Table Ul and Eq. (U3), calculate (D/B)..,

Step 4: 1f D/B 1s less than or equal to (D/B)cr it 1s a shallow foundation.

Step 5: It D/B > (D/B),, 1t 1s a deep foundation.

Step 6: For shallow foundations, use D/B calculated in Step 2 in Eq.
(Ul) or (U2) to estimate F,. Thus, Q,= F AgDy.

Step 7: For deep foundations, substitute (DB),., for D;B in Eq. (U1) or

(U2) to obtain F, from which the ultimate load Q, may be
obtained.

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 13



Foundations in Cohesive Soil (b = 0)

The ultimate uplift capacity, Qu of a foundation in a purely
cohesive soil can be expressed as:

Qu=A (yDs+ cu Fc¢) eq: (U4)
where A = area of the foundation

Cu: undrained shear strength of clay

Fc: Break-out Factor

As in the case of foundations in granular soil, the breakout factor
Fc increases with embedment ratio and reaches a
maximum value of Fc = Fc¢' at Dy/B = (Dy/B)cr and
remains constant thereafter.

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Das (1978) also reported some model test results with square and
rectangular foundations. Based on these test results, it was proposed

that: D,
sl =0107c, +25 =7  ¢qus

B cr-square
where

Dy : : . .
——B = critical embedment ratio of square (or circular) foundations
J cr-sgquare

¢, = undrained cohesion, in KN/m"

It was also observed by Das (1980) that

D D
(-D-’-’) = (-——’) [0.73 + 0.27(5-)] = 1.55(J) Eq: U6
B cr-rectangelar B ¢r-square B B ¢r-square

where

D . :
(—f) = critical embedment ratio of rectangular foundations
B er-rectangular

L =length of foundation

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Das’ Empirical Method for Qu for Cohesive Soil

w|

o = Eq: U7

TN
|5

P Eq:
Bt = ‘qU8

ik

o' and B’ are two nondimensional factors

F;-rcctangular =130+ 144(%) Eq: us

where_ Fe ectanguiar = breakout factor for deep rectangular foundations

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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A step-by-step procedure to estimate the
uplift capacity of foundations in cohesive
soil follows.

Step 1: Determine the representative value of the

undrained cohesion, ¢,

Step 2: Determine the critical embedment ratio (D/B )
using Egs. (U5) and (U6).

Step 3: Determine the DB ratio for the foundation.

Step 4: 1t DyB > (D/B),, as determined in Step 2, it 1s a
deep foundation. However, it D/B < (D/B), 1t 1s a
shallow foundation.

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 17



Step 5: For DyB > (D/B),.,

E=F =756+ 1.44(%)

B
0, = A{{t‘?Sﬁ § 1.44(1‘)](:“ 4- -ny}

where A = area of the foundation.

Thus,

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq

Eq: U9
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Fig U-3
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Step 6: for D/B < (D/B),,

B
0, = A(B'F: c, + yD;) = A{ﬁ'[?Sﬁ + 144(2)}(‘“ + ‘yl)f} Eq: U10

The value of B’ can be obtained from the average curve of Fig U-3

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Example-1-

Consider a circular foundation in sand. Given for the foundation: dlameter
B = 1.5 m and depth of embedment. D; = 1.5 m. Given for the sand: unit weight,

y = 17.4 kN/m’, and friction angle, ¢’ = 35°. Calculate the ultimate bearing
capacity. o

Solution
D/B = 1.5/1.5 = 1 and ¢' = 35°. For circular foundation. (Dy/B).. = 5. Hence,
it is a shallow foundation. From Eq: U-1

fo 1 AN ;
— + - -?- ——.u < !
p ni B B K, tanc

For ¢' = 35°,m = 0.25,and K, = 0.9 tableU-1 5o
F,=1+2[1+ (0.25)(1)](1)(0.936)(tan35) = 2.638
So

0, = F,yAD; = (2.638)(17.4)[(%)(1.5)2](1.5) = 2L7kN =

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Example-2-

A rectangular foundation in a saturated clay measures 1.5 m X 3 m. leen

D;=18m,¢, = 52kN/m’, and y = 18.9 kN/m>. Estimate the uInmate uphft
capacity. .

Solution
From Eq. (4.42)

D
(—’> = 0.107¢, + 2.5 = (0.107)(52) + 2.5 = 8.06
B cr-square

So use (Dy/B) ceaqure = 7-Again from EA-U6-

— = 073 +0.27
( B cr-rectangular B cr- square R (B)J
= +
7[0 73 027( 1 S)] 889

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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e | » D oo : ' o K T R R
Check B 1 55( B) = (1 55) (7) 1085
' R L T crsquan By

Souse (D]/B)cr mmm = 8 89 The actua! embedmcnt raho is D,/B = 1 3/1 5 ="

'-:,:12
Hence thls is a shallow foundatzon
- > b ?i »
pio 12-—0135

_2{) 889
SNl

l-Referrmg to the average curve of F,g U 3 | for a = 0 135 the magmtude of "
B=02 FromJEq UL0 (75 oo amsmensidindides Um0 Ml et

'Q,,’= {3[7 56 + 144( : )]c + 'yD,-}
= (1. 5)(3){(02)[756 + 144(1 5)](52) + (189)(1. 8)} = S406KN w
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Foundation Engineering (1), 4t stage, Civil Engineering
Dept., College of Engineering, Al-Muthanna University,
2020-2021

Instructor: Professor Dr. Hussein M. Ashour Al.Khuzaie (Ph.D., Civil
Engineering, Foundation Engineering and Structures);

e-mail: hma@mu.edu.ig

Bearing Capacity (bearing load) of Soil (9-b)

(1 Bearing capacity for stratified soil:
» b- Bearing Capacity of Layered Soil: Weaker Soil Underlain by Stronger Soil.
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Bearing Capacity of Layered Soil: Weaker Soil Underlain by Stronger Soil

When a foundation 1s supported by a weaker soil layer underlain by a stronger layer (The Figure
a), the ratio of ¢,/q, defined by will be greater than one. Also, if H/B is relatively small, as
shown 1n the left-hand half of the Figure a, the failure surface in soil at ultimate load will pass
through both soil layers. However, for larger H/B ratios, the failure surface will be fully located
in the top, weaker soil layer, as shown 1n the right-hand half of Figure 2a. For this condition, the

ultimate bearing capacity (Meyerhof, 1974; Meyerhof and Hanna. 1978) can be given by the
empirical equation:

H 2 > | o “ T 1 i : " o ‘?.VV'e.a.ker’soll
9= 4+ (@~ a)\ | =4 P ;
\IL , "“T ———————— va
where — l/Z‘//H
S&ongef soil B }
D = depth of failure surface beneath the foundation in the thick bed of the upper weaker e |
soil layer ) AR 2
g, = ultimate bearing capacity in a thick bed of the upper soil layer T Songer sl
q, = ultimate bearing capacity in a thick bed of the lower soil layer @ é

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 2



, 1
q: — ClNc(l)ch(l) 25 71Dqu(l)Fqs(1) e EleNy(l)Fys(l)
and

: 1
dr = N )F s2) T YszNq(z)F s T 572BN7(2)F ys(2)

where

N1, N1y, Ny, = bearing capacity factors corresponding to the soil friction angle ¢/
N, N, N, = bearing capacity factors corresponding to the soil friction angle ¢,
F .y, F 51, Fysqy = shape factors corresponding to the soil friction angle ¢,

F o). F 5. Fy2) = shape factors corresponding to the soil friction angle ¢,
Meyerhof and Hanna (1978) suggested that

D = B for loose sand and clay
D = 2B for dense sand

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 3



Example (E 9-b-1)

Refer to Figure a. For a layered saturated-clay profile, given: L = 6 ft, B = 4 ft,
De= 3t H = 21,7y = 110 Ib/ft’, ¢y = 0, c,;y= 1200 Ib/ft*, y, = 125 b/ft’, ¢, = 0,
and c,(,) = 2500 1b/ft>. Determine the ultimate bearing capacity of the foundation.

Solution (E 9-b-1)

@ - Cu(Z)Nc . cu(2) B 2500
91 c,N. ¢ 1200

=2.08>1

B
qt - (1 + O.2Z)Nccu(1) + 'YlDf

4

= [1 + (0'2)(8)](5'14)(1200) + (3)(110) = 6990.4 + 330 = 7320.4 Ib/ft’

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



B
q, = (1 + 0.2 Z)Nccu(z) + 'Ysz

= [1 + (0.2)(%)](5.14)(2500) + (3)(125)

= 14,563.3 + 375 = 14,938.3 Ib/ft’

q,=q,+ (g — q,)(g)

D
D=RB
5] 2
q, = 7320.4 + (14,938.3 — 7320.4) (Z) ~ 9225 Ib/ft> > g,

Hence,
q, = 9225 1b/ft?
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End of part 9-b
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Foundation Engineering (1), 4t stage, Civil Engineering
Dept., College of Engineering, Al-Muthanna University,
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Instructor: Professor Dr. Hussein M. Ashour Al.Khuzaie (Ph.D., Civil
Engineering, Foundation Engineering and Structures);
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Bearing Capacity (bearing load) of Soil (10)
1 Uplift Capacity of the soil
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Uplift Capacity of Foundations
Foundations may be subjected to uplift forces
under special circumstances. During the design
process for those foundations, 1t 1s desirable to
provide a sufficient factor of safety against
failure by uplift.

The relationships for the wuplift capacity of
foundations 1n granular and cohesive soils.




Foundations in Granular Sotl (¢ = 0)

Figure Ul shows a shallow continuous foundation that i1s being

subjected to an uplift force. At ultimate load, Qu the failure surface in
so1l will be as shown in the figure. The ultimate load can be expressed

1n the form of a non-dimensional break-out factor, P:] or':

F _ Qu s .

. - Y ‘aw $ M
rfa. ' S EE
: Sand

Unit weight = y
P, Friction angle = ¢’

where 4 = area of the foundation. .

The breakout factor PZI is a function ;f
of the soil friction angle ¢’ and D,/B.

Toe
—— i — -— ————— —— —— s -
- - p—
. Lt

1 Figure Ul

===l
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For foundations subjected to uplift:
Shallow foundation : DB < (D»B),.,.
Deep foundation: DB > (DyB),.,

The break-out factor can be found by the following two expressions

F:? =1+ 2[1 + m 'E (E‘) utand’ a:

(for shallow circular foundations)

=1 {1 n(3) 1)+ )7 Joms

(for shallow rectangular foundations)

where

m = a coefficient which is a function of ¢’
K, = nominal uplift coefficient

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



For rectangular foundations, Das and Jones (1982) recommended that

D
(25) = (Pi) [0.133(5) + 0.867} = 1.4(-55)
B cr-rectangular B cr-square B _ cr-square

Eq: U-3
Table: U-1: Variation of Ku, m and (Df/B)
Soil friction angle (Df/B)cr for square and
@’ (deg) Ku m circular foundations
20 0.856 0.05 2.5
25 0.888 | 0.10 3.0
30 0.920 0.15 4.0
35 0.936 | 0.25 5.0
40 0.960 0.35 7.0
45 0.960 | 0.50 9.0

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Figure U2: variation of F, with Dy/B
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A step-by-step procedure to estimate the

uplift capacity of foundations in granular
soil follows.

Step 1: Determine, Dy,B, L, and ¢’
Step 2: Calculate D/B.
Step 3: Using Table Ul and Eq. (U3), calculate (D/B)..,

Step 4: 1f D/B 1s less than or equal to (D/B)cr it 1s a shallow foundation.

Step 5: It D/B > (D/B),, 1t 1s a deep foundation.

Step 6: For shallow foundations, use D/B calculated in Step 2 in Eq.
(Ul) or (U2) to estimate F,. Thus, Q,= F Ay D,

Step 7: For deep foundations, substitute (DB),., for D;B in Eq. (U1) or

(U2) to obtain F, from which the ultimate load Q, may be
obtained.

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



Foundations in Cohesive Soil (b = 0)

The ultimate uplift capacity, Qu of a foundation in a purely
cohesive soil can be expressed as:

Qu=A (yDs+ Cu Fc¢) eq: (U4)
where A = area of the foundation

Cu: undrained shear strength of clay

Fc: Break-out Factor

As in the case of foundations in granular soil, the breakout factor
Fc increases with embedment ratio and reaches a
maximum value of Fc = Fc¢' at Dy/B = (Dy/B)cr and
remains constant thereafter.

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



Das (1978) also reported some model test results with square and
rectangular foundations. Based on these test results, it was proposed

that: D,
sl =0107c, +25 =7  ¢qus

B cr-square
where

Dy : : . .
——B = critical embedment ratio of square (or circular) foundations
J cr-sgquare

¢, = undrained cohesion, in KN/m"

It was also observed by Das (1980) that

D D
(-D-’-’) = (-——’) [0.73 + 0.27(5-)] = 1.55(J) Eq: U6
B cr-rectangelar B ¢r-square B B ¢r-square

where

D . :
(—f) = critical embedment ratio of rectangular foundations
B er-rectangular

L =length of foundation

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



Das’ Empirical Method for Qu for Cohesive Soil

w|

o = Eq: U7

TN
|5

P Eq:
Bt = ‘qU8

ik

o' and B’ are two nondimensional factors

F;-rcctangular =130+ 144(%) Eq: us

where_ Fe ectanguiar = breakout factor for deep rectangular foundations

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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A step-by-step procedure to estimate the
uplift capacity of foundations in cohesive
soil follows.

Step 1: Determine the representative value of the

undrained cohesion, ¢,

Step 2: Determine the critical embedment ratio (Dy/B )cr
using Egs. (U5) and (U6).

Step 3: Determine the DB ratio for the foundation.

Step 4: 1t DyB > (D/B),, as determined in Step 2, it 1s a
deep foundation. However, it D/B < (D/B), 1t 1s a
shallow foundation.

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 11



Step 5: For DyB > (D/B),.,

E=F =756+ 1.44(%)

B
0, = A{[756 § 1.44(2‘)](:“ 4- -ny}

where A = area of the foundation.

Thus,

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Fig U-3
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Step 6: for D/B < (D/B),,

B
0, = A(B'F: c, + yD;) = A{ﬁ'[?Sﬁ + 144(2)}(‘“ + ‘yl)f} Eq: U10

The value of B’ can be obtained from the average curve of Fig U-3

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Example-1-

Consider a circular foundation in sand. Given for the foundation: dlameter
B = 1.5 m and depth of embedment. D; = 1.5 m. Given for the sand: unit weight,

y = 17.4 kN/m’, and friction angle, ¢’ = 35°. Calculate the ultimate bearing
capacity. against uplift -

Solution
D/B = 1.5/1.5 = 1 and ¢' = 35°. For circular foundation. (Dy/B).. = 5. Hence,
it is a shallow foundation. From Eq: U-1

- D/ D :
— + - -?- ——.u ‘ !
=1 1 + m 5 B K, tanc

For ¢' = 35°,m = 0.25,and K, = 0.9 tableU-1 5o
F,=1+2[1+ (0.25)(1)](1)(0.936)(tan35) = 2.638
So

0, = F,yAD; = (2.638)(17.4)[(%)(1.5)2](1.5) = 2L7kN =

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Example 4.8

A rectangular foundation in a saturated clay measures 1.5 m X 3 m. leen

D;=18m,¢, = 52kN/m’, and y = 18.9 kN/m>. Estimate the uInmate uphft
capacity. .

Solution
From Eq: U5

D
(—’> = 0.107¢, + 2.5 = (0.107)(52) + 2.5 = 8.06
B cr-square

So use (Dy/B) ceaqure = 7-Again from EA-U6-

— = 073 +0.27
( B cr-rectangular B cr- square R (B)J
= +
7[0 73 027( 1 S)] 889

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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f;"se (D;/B )a m,nm, = 8 89 The actua! embedmcnt raho is D,/B = 1 $/1 5 == '.

Hence thns is a shallow foundatxon | Gayea :

o T‘E«:
. B 12._0135

a Ei) .. ;8359

l-Referrmg to the average curve of F,g U 3 | for a = 0 135 the magmtude of "

G 144@)}.. i

= (1. 5)(3){(02)[756 + 144(1 5)](52) + (18.9)(1. 8)} = S6KN m
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Foundation Engineering (1), 4t stage, Civil Engineering
Dept., College of Engineering, Al-Muthanna University,
2020-2021

Instructor: Professor Dr. Hussein M. Ashour Al.Khuzaie (Ph.D., Civil
Engineering, Foundation Engineering and Structures);

e-mail: hma@mu.edu.ig

A History Case of Structure Failure due to Shear

U Transcona Grain Elevator Silo in Canada, year was 1913

‘__K { /////

- ._ _ ? //l//// /{/ /[L /
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The tilted Transcona grain elevator (Courtesy: UMA Engineering Ltd., Manitoba, Canada)

https://youtu.be/Isk4kcFR114



One of the best known foundation failures occurred in October 1913 at North Transcona,
Manitoba, Canada. It was ascertained later on that the failure occurred when the foundation
pressure at the base was about equal to the calculated ultimate bearing capacity of an

underlaying layer of plastic clay (Peck and Byrant,1953), and was essentially a shearing
failure.
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AMERICAN SOCIETY OF CIVIL ENGINEERS

INSTITUTED 1852

TRANSACTIONS

This Society is not responsible for any statement made or opinion expressed
in its publications.

Paper No. 1363

THE FAILURE AND RIGHTING
OF A MILLION-BUSHEL GRAIN ELEVATOR*
By ALEXANDER ALLAIRE, M. Am. Soc. C. E.

WirH DiscussioN BY Mgssrs. Davip Gurman, W. R. PuiLuips, aNp
E. P. GooDRICH.

SyNoPsIs.

The object of this paper is to present to the attention of the mem-
bers of the Society the history of a rather unusual engineering feat.
The size of the building to be straightened, the angle to which it had
tipped, and the weight to be handled, all combined to make the work
unique.

The restoration of the elevator to a working condition may be
divided into four parts:

1—Making safe the foundations under the workhouse—a structure
resembling a tall office building, resting on a very small base;

2.—Straightening the binhouse, a structure having an area of 15 000
sq. ft.;

3—Providing this binhouse with a new and adequate foundation;
and

4—The renewal and repair of those portions of the original build-
ings which had been broken or deranged at the time of the failure.

This paper treats of the first three.

* Presented at the meeting of February 2d, 1916.
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History background and general review of the structure:

The construction of the silo started in 1911 and was completed in the autumn of 1913. The silo
1s 77 ft by 195 {t in plan and has a capacity of 1,000,000 bushels. It comprises 65 circular bins
and 48 inter-bins. The foundation was a reinforced concrete raft 2 ft thick and founded at a
depth of 12 ft below the ground surface. The weight of the silo was 20,000 tons, which was 42.5
percent of the total weight, when 1t was filled. Filling the silo with grain started in September
1913, and 1n October when the silo contained 875,000 bushels, and the pressure on the ground
was 94 percent of the design pressure, a vertical settlement of 1 ft was noticed. The structure
began to tilt to the west and within twenty four hours was at an angle of 26.9° from the vertical,
the west side being 24 {t below and the east side 5 ft above the original level (Szechy, 1961).
The structure tilted as a monolith and there was no damage to the structure except for a few
superticial cracks. Figure 12.22 shows a view of the tilted structure. The excellent quality of the
reinforced concrete structure 1s shown by the fact that later it was underpinned and jacked up on
new piers founded on rock. The level of the new foundation 1s 34 ft below the ground surface.

Bushel: BRITISH: measure of capacity equal to 8 gallons (equivalent to 36.4 liters), used for corn, fruit, liquids, etc.
US: measure of capacity equal to 64 US pints (equivalent to 35.2 liters), used for dry goods.
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The contact pressure due to the load from the silo at the time of failure was estimated as equal
to 3.06 tsf. The theoretical values of the ultimate bearing capacity by various methods are as
follows:

Methods g, tsf
Terzaghi 3.68
Meyerhof 3.30
Skempton 3.32

The above values compare reasonably well with the actual failure load 3.06 tsf.



Process of Restoration

SECTION THROUGH BINS AFTER SETTLEMENT
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Foundation Engineering (1), 4" stage, Civil Engineering
Dept., College of Engineering, Al-Muthanna University,
2020-2021

Instructor: Professor Dr. Hussein M. Al.Khuzaie (Ph.D, Civil Engineering,
Foundation Engineering and Structures);

E-mail: hma@mu.edu.iq

v" Introduction to the first course
v’ Syllabus

v Presentations

v' Assessment

v Reference

v" Time table
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Syllabus and details

» Site Investigation (SI): 3 weeks (9 hrs.
* Definition and aims
» Steps

Number and depth of boring

Sampling
Laboratory tests
Field tests
Report

2 > Bearing capacity for shallow foundation: 7 weeks ( 30

hrs.)

* Introduction

Terzaghi’s bearing capacity equation and BC factors
Meyerhof ‘s equation and shape factors

SPT used for BC

Eccentricity loading (one axes and bi-axes)

BC of non-homogeneous soil

 Uplift Capacity

3 » Settlement for saturated soil: 2 weeks (6 hrs.)
* Elastic calculation
* Consolidation settlement
* Secondary settlement

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



 Methods of presentation of the course:

1)Power point presentations (Hand-out).
2) Video for explanation each lecture.
3) Photos and videos for more explanations

1 How to get feedback?:

Small projects and reports by small groups (2-3) students.
Monthly Exam

)
)
) Workshop for selective topics done by groups
)
)
) Final Exam of the course.

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Soil Exploration (Investigation), (SI),
Lecture (1)

Outlines

* Introduction and aims of SI
* Design of SI
[. Number of boreholes
II.Depth of boring (drilling)
* Example on the depth of boring
* Drilling (Boring) methods



SOIL INVESTIGATION (SlI), Introduction

[ Definition: The process of determining the layers of natural soil deposits that will underlie a
proposed structure and their physical, chemical, and mechanical properties.

1 The purpose of subsurface exploration is to provide knowledge of the ground conditions for
safe and economical foundation design and potential problems that may be encountered
during construction.

A successful subsurface exploration should provide the following information:

1. Stratigraphy of the ground material, soil/rock properties, and groundwater conditions within
the area and depth that will be affected by the proposed structure.

2. Geotechnical parameters required for the selection or recommendation of the type and
depth of foundations, determination of bearing capacities for the recommended foundation
type(s), and estimation of the proposed foundation settlement.

3. Design parameters required for related earth or earth-supporting structures, such as
embankments, retaining walls, or braced excavations.

4. Potential problems to be expected for the construction of the recommended foundation
system.



Introduction cont’d

Flowchart for a geotechnical engineering project.

Geotechnical engineering problem

Preliminary sit

cinvestgaton |

Documentary evidence

Field reconnaissance

Collect local experience

Main site investigation

Drilling and sampling

In situ testing Additional site

investigation

Laboratory testing

may decrease
project cost

Geotechnical engineering design

Y
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Preliminary site investigation takes place
in two steps:

» Paper study (Desk study):

The paper study consists of obtaining
documents related to the site information
and history. In addition to maps, previous
records of site uses are very helpful. Maps
include geologic maps, aerial photographs,
flood maps, and seismicity maps.

» Site visit (Reconnaissance):
Going to the site, taking notes and photos
of the site conditions, including the
behavior of other projects in the vicinity.
The site conditions include general
topography, rig access, geologic features,
stream banks exposing the stratigraphy,
land use, water-flow conditions, and
possibility of flood. A good site wvisit
requires a keen eye and keeping a detailed
record of what 1s found and observed at
the site. In the case of environmentally
related problems, special guidelines exist
for what 1s called environmental site
assessments (ESAs).



Design of Detailed Site Investigation (Sl)

v'Number of boreholes:
» No rule for identifying the number of boreholes that may performed.

» A guide for determination the boreholes’ number was proposed by Sowers
and Sowers (1970) as in the table depending on the surface horizontal
distance between boreholes.

Boring spacings

Project m ft
One-story buildings 25-30 75-100
Multistory buildings 15-25 50-75
Highways 250-300 750-1000
Earth dams 25-50 75-150

Residential subdivision planning 60-100 200-300

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



Design of Detailed Site Investigation (SI), Cont’d

» Depth of boring (drilling) :
» Approximate determination of depth of drilling

1) For steel and lightweight concrete building:
Zp (m) = 3§97

Zp (ft) =5 1OS0°7

2) For heavy steel and wide concrete building:

<Zp (m) — 6S0°7
Zb (ft) — 20S0.7

Where: Z, is the depth of boring and S is the number of stories

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



Depth of boring (drilling), Cont’d :

» ASCE Method

oDetermine the net increase in effective stress (Ac’) under a foundation with
depth as shown in the Figure below.

* Estimate the variation of the vertical effective stress (o’,) with depth.

* Determine the depth (D = D,) at which the effective stress increase (Acg’) is
equal to (1/10) g (g = estimated net stress on the foundation and at the

base).
* Determine the depth (D = D,) at which (Ac’/c’,) = 0. 05.

* Determine the depth (D = D;3) which is the distance from the lower face of the
foundation to bedrock (if encountered).

* Choose the smaller of the three depths, (D1, D2, and D3), just determined is
the approximate required minimum depth of boring.



ASCE Method(1972)
P

1
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Yin pressure
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D
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foundation from the

v superstructures
Depth P
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Depth of boring (drilling), Cont’d :
Notes:

* When the soil exploration is for the construction of dams and embankments,
the depth of boring may range from one-half to two times the embankment

height.

 When deep excavations are anticipated, the depth of boring should be at, least
1.5 times the depth of excavation.

* Sometimes subsoil conditions are such that the foundation load may have to be
transmitted to the bedrock. The minimum depth of core boring into the
bedrock is about 3m. If the bedrock is irregular or weathered, the core borings
may have to be extended to greater depths.

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



Depth of boring (drilling), Cont’d :

Example (1): (Reference: Al-Agha A. S. Basics of Foundation Engineering with Solved Problems)

Site investigation is to be made for a structure of 100 m length and 70 m width.
The soil profile is shown below, if the structure is subjected to 200 KN/m? what is
the approximate depth of borehole? (Assume y,, =10 KN/m3).

200KN/m?
77 7,
) swewe ) wpour
XKL 100m =
130m Ysat = 18KN/m3

SIS S S

Bedrock

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



Depth ot boring (drilling), Cont'd :

Solution

Givens:

q = 200KN/m? , structure dimensions = (70 X 100)m
- P =200 x (100 x 70) = 1.4 x 10° KN.
D¢ = 0.0 (Structure exist on the ground surface) , yg,t = 18KN/m3.

D; = 130m (distance from the lower face of structure to the bedrock).

1. Calculating the depth (Dy) at which Ac}, = (%) X q
1 _ (1 _ 2
(E) X q = (10) X 200 = 20KN/m? .
The following figure showing the distribution of stress under the structure at
depth (Dy):

P=1.4x10°KN

The increase in vertical stress (Ac’) at depth (D, ) is calculated as follows:
P 1.4 x 10°

Aop, =+ =
°b1 A T (100 +Dy) x (70 + D,)
@D, - Ao’ = (i) X q- il =20-D; =180m
1 10 q (100+D4)X(70+D4) ! '

2. Calculating the depth (D,) at which (=-) = 0.05 :

The effective stress(o,) at depth D, is calculated as following:
G:),Dz = (Ysat — Yw) X D
o G:),Dz - (18 - 10) X DZ o G:)'DZ - 8D2

The increase in vertical stress (Ac’) at depth (D,) is calculated as follows:

Ao P 1.4 % 106
°P: A T (100 + D,) x (70 + D,)
Ac’\ 1.4x10° _ _
@D, - (6_) =005 > o orp = 005X (8D;) » D, = 1014m

So, the value of (D) is the smallest value of Dy, D,,and D; > D =D, = 101.4 m.
- Dboring =D¢+D - Dboring =0.0+1014=1014m V.

10
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Boring Methods
1- Trial Pit, manually or by machine such as shovel or backhoe. (boring depth may
reach (2-3) m from the natural ground surface.

2- Drilling borehol, it means to drill a hole in the soil and by this method, the depth
of boring may reach 30 m.

__ drill rig
AL &
) B
{
Trial Pit |
1-2 m width
CLAY 2-4 m depth Bore hole_
> 75 mm dia

10-30 m depth

11
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Boring Methods, cont’d

The test boring can be advanced 1n the field by several methods:

» Augers for making boreholes up to a depth of about 3 to 5 m (210 to 15 ft). For highways and
small structures. The so1l samples are disturbed, but they can be used to conduct laboratory
tests such as grain- size determination and Atterberg limits.

» Continuous-flight augers, which are power operated. The power for drilling is delivered by
truck- or tractor-mounted drilling rigs. Continuous-flight augers are available commercially
in 1 to 1.5 m (3 to 5 ft) sections. Two types of Auger:

" Solid stem auger: The common outside diameter of solid stem auger are: 67 mm, 83 mm

102 mm ,and 114 mm
* Hollow stem auger: The common dimensions of this type as in the table:

Inside diameter Outside diameter
mm in. mm in.
63.5 25 15875 6:25
69.85 2.1 187.8 7.0
76.2 3.0 203.2 8.0
88.9 3D 228.6 9.0

101.6 4.0 254.0 10.0

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 12



Boring Methods, cont’d Center rod
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Boring Methods, cont’d

v'Hollow Stem Auger Drilling Method

* The hollow stem auger method, sometimes also called the continuous
flight auger method consists of rotating hollow stem augers into the
soil. The hollow center part of the augers gives access for sampling or
any other testing device that can be lowered to the bottom of the hole.
The hollow stem auger has the advantage of providing a casing against
collapse of the side walls of the borehole, but is limited in penetration
depth because it requires significant torque to advance the augers.



v'Wet Rotary Drilling Method

* The wet rotary method consists of drilling a borehole with a drill bit while
circulating drilling mud through the center of the rods. The drill bit is typically 75
to 150 mm in diameter and the rods 40 to 70mi |

Drill bits

* The drilling mud flows down the center of the rods while they rotate and back to
the surface on the outside of the rods between the wall of the borehole and the

exterior wall of the rods.

* This return flow carries the soil cuttings back to the surface by entrainment. The
drilling mud arrives in the mud pit (Figure 6.3), where it is sucked back up to the
top of the drilling rods by a pump.

15
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Boring Methods, cont’d

* Rotary drilling is a procedure by which rapidly rotating drilling
bits attached to the bottom of drilling rods cut and grind the
soil and advance the borehole down. Several types of drilling
bits are available for such work. Rotary drilling can be used in
sand, clay, and rock (unless badly fissured). Water or drilling
mud is forced down the drilling rods to the bits, and the return
flow forces the cuttings to the surface. Drilling mud is a slurry
prepared by mixing bentonite and water (bentonite is a
montmorillonite clay formed by the weathering of volcanic
ash). Boreholes with diameters ranging from 50 to 200 mm (2
to 8 in.) can be made easily by using this technique.




Boring Methods, cont’d

* Wash boring is another method of advancing boreholes. In this
method, a casing about 2 to 3 m (6 to 10 ft) long is driven into
the ground. The soil inside the casing then is removed by
means of a chopping bit that is attached to a drilling rod. Water
is forced through the drilling rod, and it goes out at a very high
velocity through the holes at the bottom of the chop- ping bit
(The Figure). The water and the chopped soil particles rise
upward in the drill hole and overflow at the top of the casing
through a T-connection. The wash water then is collected in a
container. The casing can be extended with additional pieces as
the borehole progresses; however, such extension is not
necessary if the borehole will stay open without caving in.




Boring Methods, cont’d

Wash boring

I

Engine

Drill rod

Chopping bit —>{.

Derrick

Pressure hose

|

Suction hose
Wash-water tub

<— (Casing

"4— Driving shoe

T

Water jet at high velocity

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Boring Methods, cont’d

* Percussion drilling is an alternative method of advancing a
borehole, particularly through hard soil and rock. In this
technique, a heavy drilling bit is raised and lowered to chop the
hard soil. Casing for this type of drilling may be required. The
chopped soil particles are brought up by the circulation of
watetr.

Please, refer to the following link to download animation video
which is explaining the methods of drilling:

https://www.youtube.com/watch?v=i9eQcc7ilVw

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 19



Drilling methods in animation tube

© WilliamA Kitch 2015
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Foundation Engineering (1), 4t stage, Civil Engineering
Dept., College of Engineering, Al-Muthanna University,
2020-2021

Instructor: Professor Dr. Hussein M. Ashour Al.Khuzaie (Ph.D., Civil
Engineering, Foundation Engineering and Structures);

e-mail: hma@mu.edu.ig

Settlement of Foundation and Compressibility of Soil (2)
 Elastic (Immediate) Settlement for saturated clay ( u,=0.5)
d Consolidation Settlement:
»Primary Settlement
»Secondary Settlement
JLimits of tolerable settlement and distortion of structures and foundations
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Elastic (Immediate) Settlement for saturated clay (4, = 0.5)

The average settlement of flexible foundations on saturated clay soils (Poisson’s ratio, u, = 0.5).

— A 1.0 5
qoB To D
S, =Ad—— b y
E, —5— } )
i 2 09
where Tkl TN e AR
A, = f(H/B, L/B) oy
A, = f(Ds /B) 0 5 10 15 20
L = length of the foundation D;/B
B = width of the foundation 207
D, = depth of the foundation : LB==  LB=10
H = depth of the bottom of the foundation to a rigid layer 15 - .
g, = net load per unit area of the foundation N
The modulus of elasticity (E,) for saturated clays can, in general, be given 410 E -
as. —_ ] Square
ES - B Cu 0.5 ] Circle
where C,, = undrained shear strength.
The parameter £ is primarily a function of the plasticity index and g
overconsolidation ratio (OCR). Table 7.1 provides a general range for . ' : . 10 1000

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



Table 7.1 Range of B for Saturated Clay [Eq. (7.2)]"

B
Plasticity
Index OCR =1 OCR =2 OCR=3 OCR=4 OCR=5
<30 1500-600 1380-500 1200-580 950-380 730-300
30 to 50 600-300 550-270 580-220 380-180 300-150
>50 300-150 270-120 220-100 180-90 150-75

“Based on Duncan and Buchignani (1976)

The OCR is defined as the ratio of the maximum past effective consolidation stress (Pre-consolidation pressure) and the
present effective overburden stress.

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 3



Example

Consider a shallow foundation 2 m X 1 m in plan in a saturated clay layer. A rigid rock
layer 1s located 8 m below the bottom of the foundation. Given:

Foundation: ~ D;= 1m, g, = 120 kN/m’

Clay: ¢, = 150 kN/m?, OCR = 2, and Plasticity index, PI = 35

Estimate the elastic settlement of the foundation.

Solution:

q, B For OCR = 2 and PI = 335, the value of 8 = 480 (Table 7.1). Hence,
Se = Ay E, = (480)(150) = 72,000 kN/m”
Ay

Lty Also, from Figures: A4, =0.9 and 4, = 0.92. Hence,

pol - B 120)(1

Dy 1 : === . S, = AALL = (0.9)(0.92)( ) _ 0.00138 m = 1.38 mm
J=r=1 5 . E, 72,000

H 8 A1 1.0 1 - )

—_—— = 8 i Square 2 0.9 -

B 1 G5 Circle

ES = Bcu 0: = — 0.8 T T ]

0.1 1 1;/03 100 1000 0 5 D;?B 15 20 .
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Primary Consolidation Settlement

Consolidation settlement occurs over time, 1.€., 1t 1s time dependent, in saturated clayey soils
subjected to an increased load caused by construction of the foundation.

Stress
7—> increase,

where

g, = vertical strain

Ae
1 +e,
change of void ratio

= f(o,, 0., and Ac”’)

Ae

The method of determining the pressure increase caused by
various types of foundation load using Boussinesq’s solution or Depth, z
approximately by 2:1 method

Aoy, = 5(Ag; + 4Ac,, + Aoy) |
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So, Primary Consolidation Settlement can be calculated using the following equations

C.H, o, + Aal, (for normally consolidated
Sc(p) = log ’
1+ e, o, clays)
s CH, o, + Ao, (for overconsolidated clays
= 0
@1 4e 8 o with o) + Ao, < o))
C.H. o. C.H. o, + Ao,, (for overconsolidated clays
Sc(p) = log 7 + lOg ' . / / ' '
1 +e, o, 1+e, o witho. < o. < g + Acl)
where

o, = average effective pressure on the clay layer before the construction of the
foundation
Ao,, = average increase in effective pressure on the clay layer caused by the
construction of the foundation
o, = preconsolidation pressure
= 1nitial void ratio of the clay layer
= compression index
C, = swelling index
H_ = thickness of the clay layer
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O~

nﬁ S



Example: A plan of a foundation 1 m X 2 m is shown in the Figure. Estimate the primary
consolidation settlement of the foundation.

.ij_.f'. o .:ﬁ_; - 'q' g 15() kN/m2 (net stress increase)
Amts g g e 41 , - PRI

X L 2 Sand

m | . .-,':._—165kN/m
! Groundwater table S

(_

Sand 5
) ')’sat" = 17 5 kN/m

A ";="‘ Normally consolidated clay
Sy = 16K e =08

E, = 6000kNm? C. = 032

iR p, = 05 & 00

»( —>1e __-'m ’
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Solution
The clay 1s normally consolidated. Thus,

CH. ot Aoy ~ (0.32)(2.5)

Sc(p)—oed = 1— 0g ’

+ e, g, 1+0.8

SO
o, = (2.5)(16.5) + (0.5)(17.5 — 9.81) + (1.25)(16 — 9.81)
= 41.25 + 3.85 + 7.74 = 52.84 kN/m?

Aol, = é(AO',’ + 4Ac), + Aoy)

Now the following table can be prepared (Note: L. = 2 m; B = 1 m):

52.84 + 14.38
og( ) = 0.0465 m

52.84

m, = L/B z(m) z/(B/2) = n, 12 Ac’ = q I}
2 2 4 0.190 28.5 = Ao,
2 2 +25/2=325 6.5 ~ 0.085 12.75 = Ad,
5) 2+25=45 9 0.045 6.75 = Ao,

Ao, = +(28.5 + 4 X 12.75 + 6.75) = 14.38 kN/m’
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Secondary Consolidation Settlement

The plastic adjustment of soil fabrics due to the dislocation of soil particles resulting in
settlement that called secondary settlement. This type of settlement 1s observed at the end of
primary consolidation (1.e., after the complete dissipation of excess pore water pressure). A plot
of deformation against the logarithm of time during secondary consolidation 1s practically linear

as shown 1n the Figure.
The secondary compression index can be defined as:

A

C —_— —_
“ logt, —logt, log(t,/t,)
© Co= 2
o S
£ log 7 where
Z , \\ C, = secondary compression index
=R e iy, O Ae = change of void ratio
8 -

t;, t, = time

Time, t (log scale)
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The magnitude of the secondary consolidation can be calculated as:

Sc(s) — Cc,rHc log(tZ/tl)

where

C,=Cy/(l +e)
e, = void ratio at the end of primary consolidation
H_ = thickness of clay layer

Cq correlated with the natural moisture content (w) of soils as: C}, = 0.0001w

The magnitude of C,/C, (C, = compression index) for a number of soils:

e For inorganic clays and silts:

C,/C. = 0.04 = 0.01
* For organic clays and silts:

C,/C. = 0.05 = 0.01
* For peats:

C,/C, =~ 0.075 + 0.01
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Secondary consolidation settlement 1s more important in the case of all organic and highly
compressible morganic soils. In overconsolidated inorganic clays, the secondary compression
index 1s very small and of less practical significance.

Example:
Refer to the example in slide(7),Given for the clay layer: C,= 0.02. Estimate the total

consolidation settlement five (5) years after the completion of the primary consolidation
settlement. (Note: Time for completion of primary consolidation settlement 1s 1.3 years).

g, =—1— o) =0, + Ao’ = 52.84 + 14.38 = 67.22 kN/m?
log (0—?) o] = o, = 52.84 kKN/m?
91 C. =032
For this problem, e, — e, = Ae. Hence
o+ Ac 67.22
Ae = C,log |2 = 0.321log [ ——==| = 0.0335
T Og( o ) °E (52.84)

Given: e, = 0.8. Hence,

e, = €,=e=08=10.03335 = 07665
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c. 0.02
C’

= = = 0.0113
* 1+4+e, 1+0.7665

, 2
Sc(s) — Cch 10g (Z‘_)
1

Note: t; = 1.3 years; t, = 1.3 + 5 = 6.3 years.
Thus,

03

Total consolidation settlement = Primary settlement (S,) + Secondary settlement (S
=46.5 mm + 19.4 mm = 65.9 mm
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Tolerable Settlement of Buildings

In most instances of construction, the subsoil 1s not homogeneous and the load
carried by various shallow foundations of a given structure can vary widely. As a
result, 1t 1s reasonable to expect varying degrees of settlement 1n different parts of
a given building,.

The differential settlement of the parts of a building can lead to damage of the
superstructure.

Hence, 1t 1s mmportant to define certain parameters that quantify differential
settlement and to develop limiting values for those parameters in order that the
resulting structures be safe.

Burland and Wroth (1970) summarized the important parameters relating to
differential settlement.




The figure shows a structure in which various foundations,
at A, B, C, D, and E, have gone through some settlement.

The settlement at 4 1s AA4’, at B is BB’, etc. Based on this _ .
figure, the definitions of the various parameters are as
follows:

St = total settlement of a given point
AS; = difference in total settlement between any two points
a = gradient between two successive points

o ASqy

3 = angular distortion = ]

,
(Note: I; = distance between points i and j)
w = tilt
A = relative deflection (i.e., movement from a straight line joining two reference
points)
A : :
7= deflection ratio
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Allowable linear distortion for building, SNIP (Russian Code), 1955

Type of building L/H A/L
Multistory buildings and <3 0.0003 (for sand)
civil dwellings 0.0004 (for clay)
=5 0.0005 (for sand)
0.0007 (for clay)
One-story mills 0.001 (for sand and clay)

Angular distortion for some structures as proposed by Norwegian scientist, Bjerrum (1963)

Category of potential damage B

Safe limit for flexible brick wall (L/H > 4) 1/150
Danger of structural damage to most buildings 1/150

Cracking of panel and brick walls 1/150
Visible tilting of high rigid buildings 1/250
First cracking of panel walls 1/300
Safe limit for no cracking of building 1/500
Danger to frames with diagonals 1/600
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In 1956, Skempton and McDonald proposed the following limiting values for maximum
settlement and maximum angular distortion, to be used for building purposes:

Maximum settlement, S 7.5)

In sand 32 mm

In clay 45 mm
Maximum differential settlement, AS 7.0

Isolated foundations in sand 51 mm

Isolated foundations in clay 76 mm

Raft in sand 51-76 mm

Raft in clay 76—-127 mm
Maximum angular distortion, B, 1/300

If the maximum allowable values of B, are known, the magnitude of the allowable Sy,
can be calculated with the use of the foregoing correlations.
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The European Committee for Standardization has also provided limiting values
serviceability and the maximum accepted foundation movements, as in the table:

Item Parameter Magnitude Comments

Limiting values for St 25 mm Isolated shallow foundation
serviceability 50 mm Raft foundation

(European Committee AS; 5 mm Frames with rigid cladding
for Standardization, 10 mm Frames with flexible cladding
1994a) 20 mm Open frames

B 1/500 —

Maximum acceptable St 50 Isolated shallow foundation
foundation movement AS, 20 Isolated shallow foundation

(European Committee B ~1/500 —

for Standardization, 1994b)
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General

When the load induced by structures or other sources increases, it results in compression the soil
under the foundation.
The compression 1s due to:

(a)deformation of soil particles,

(b)relocations of soil particles, and

(c)expulsion of water or air from the void spaces.
So, the soil settlement caused by loads may be divided into three broad categories:
1. Elastic settlement (or immediate settlement), which 1s caused by the elastic deformation of dry
so1l and of moist and saturated soils without any change in the moisture content. Elastic
settlement calculations generally are based on equations derived from the theory of elasticity.
2. Primary consolidation settlement, which 1s the result of a volume change in saturated cohesive
solls because of expulsion of the water that occupies the void spaces.
3. Secondary consolidation settlement, which 1s observed in saturated cohesive soils and is the
result of the plastic adjustment of soil fabrics. It 1s an additional form of compression that occurs
at constant effective stress. It 1s similar to the creep of solid material, where the deformation
increases while the stress 1s constant.
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General, cont’d

The total settlement of a foundation can then be given as:

ST:SC+SS+S6

where S, = total settlement

S. = primary consolidation settlement
S, = secondary consolidation settlement
S, = elastic settlement

When foundations are constructed on very compressible clays, the consolidation settlement can
be several times greater than the elastic settlement.
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Elastic Settlement

The distribution of the contact pressure of the structure within the media of the soil 1s depending
on some assumptions in spite of type of this loading (line load, strip load, embankment load,
circular load, and rectangular load). These assumptions are:

o The load is applied at the ground surface.

o The loaded area is flexible.

o The soil medium is homogeneous, elastic, isotropic, and extends to a great depth.

Contact pressure distribution

Y\ /)

Contact pressure distribution

[TTTITIL

<— Settlement profil

(a) (b)

<— Settlement profile

Elastic settlement profile and contact pressure in clay:
(a) flexible foundation; (b) rigid foundation
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Elastic Settlement, cont’d

In the case of cohesionless soil (sand), the modulus of elasticity increases with depth.
Additionally, there 1s a lack of lateral confinement on the edge of the foundation at the ground
surface. The sand at the edge of a flexible foundation 1s pushed outward, and the deflection curve
of the foundation takes a concave downward shape. The distributions of contact pressure and the
settlement profiles of a flexible and a rigid foundation resting on sand and subjected to uniform
loading are shown in below, Figures a and b, respectively.

Contact pressure distribution

Contact pressure distribution

e |

<— Settlement profile <— Settlement profile

@ )

Elastic settlement profile and contact pressure in sand:
(a) flexible foundation; (b) rigid foundation
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As shown in the Figure, a shallow foundation subjected to a net force per unit area equal to Ag.
Let the Poisson’s ratio and the modulus of elasticity of the soil supporting 1t be u, and E|,
respectively. Theoretically, 1f the foundation 1s perfectly flexible, the settlement may be expressed

as. s s e
S, = Ac(aB) —22 11 i
e 0'((1 ) E 2
A ;
Foundation A D
BXL o f
where Ao = net applied pressure on the foundation =~ i e rLielr
w, = Poisson’s ratio of soil SNt R el ol | et o]
E, = average modulus of elasticity of the soil under the foundation measured from / TR —;\/
z = 0 to about z = 4B Rigid Flexible
B' = BJ/2 for center of foundation foundation foundation
= B for corner of foundation el guien! et
I, = shape factor (Steinbrenner, 1934) Ms = Poisson’s ratio
e = = D E = modulus of elasticity
f L
I; = depth factor (Fox, 1948) = f ( g ks and B ) Sail
Y
a = factor that depends on the location on the foundation where settlement is Rock

being calculated

Elastic settlement of flexible
and rigid foundations
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I, = shape factor * For calculation of settlement at the center of the foundation:

&
I

Ca
[

1 T 2 s S
F+ — = F, & 4
L=, _
m = E
1
— (Aot 4)) : H
T A=
» =5
— tan ‘A 2
21T £
(1 2 \/m’2 + 1)\/mr2 4 3512 * For calculation of settlement at a corner of the foundation:
m' In _1
m'(1 + Vm'? + n'? + 1) S -
1 (m' + Vm? + )V1 + n” ™~ B
n ; H
m + Vm?+n?+ 1 n= o
ml

n"Vm?+n?+1
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Table 11.1 Variation of F, with m'and n'

Table 11.1 (continued)

n' 1.0 1.2 1.4 1.6 1.8 2.0 25 3.0 35 4.0
0.25 0.014 0.013 0.012 0.011 0.011 0.011 0.010 0.010 0.010 0.010
0.50 0.049 0.046 0.044 0.042 0.041 0.040 0.038 0.038 0.037 0.037
0.75 0.095 0.090 0.087 0.084 0.082 0.080 0.077 0.076 0.074 0.074
1.00 0.142 0.138 0.134 0.130 0.127 0.125 0.121 0.118 0.116 0.115
1.25 0.186 0.183 0.179 0.176 0.173 0.170 0.165 0.161 0.158 0.157
1.50 0.224 0.224 0.222 0.219 0.216 0.213 0.207 0.203 0.199 0.197
1.75 0.257 0.259 0.259 0.258 0.255 0.253 0.247 0.242 0.238 0.235
2.00 0.285 0.290 0.292 0.292 0.291 0.289 0.284 0.279 0.275 0.271
225 0.309 0.317 0.321 0.323 0.323 0.322 0.317 0313 0.308 0.305
2.50 0.330 0.341 0.347 0.350 0.351 0.351 0.348 0.344 0.340 0.336
275 0.348 0.361 0.369 0.374 0.377 0.378 0.377 0.373 0.369 0.365
3.00 0.363 0.379 0.389 0.396 0.400 0.402 0.402 0.400 0.396 0.392
3.25 0.376 0.394 0.406 0.415 0.420 0.423 0.426 0.424 0.421 0.418
3.50 0.388 0.408 0.422 0.431 0.438 0.442 0.447 0.447 0.444 0.441
3.75 0.399 0.420 0.436 0.447 0.454 0.460 0.467 0.458 0.466 0.464
4.00 0.408 0.431 0.448 0.460 0.469 0.476 0.484 0.487 0.486 0.484
425 0.417 0.440 0.458 0.472 0.481 0.484 0.495 0.514 0.515 0.515
4.50 0.424 0.450 0.469 0.484 0.495 0.503 0.516 0.521 0.522 0.522
475 0.431 0.458 0.478 0.494 0.506 0.515 0.530 0.536 0.539 0.539
5.00 0.437 0.465 0.487 0.503 0.516 0.526 0.543 0.551 0.554 0.554
5.25 0.443 0.472 0.494 0.512 0.526 0.537 0.555 0.564 0.568 0.569
5.50 0.448 0.478 0.501 0.520 0.534 0.546 0.566 0.576 0.581 0.584
575 0.453 0.483 0.508 0.527 0.542 0.555 0.576 0.588 0.594 0.597
6.00 0.457 0.489 0.514 0.534 0.550 0.563 0.585 0.598 0.606 0.609
6.25 0.461 0.493 0.519 0.540 0.557 0.570 0.594 0.609 0.617 0.621
6.50 0.465 0.498 0.524 0.546 0.563 0.577 0.603 0.618 0.627 0.632
6.75 0.468 0.502 0.529 0.551 0.569 0.584 0.610 0.627 0.637 0.643
7.00 0.471 0.506 0.533 0.556 0.575 0.590 0.618 0.635 0.646 0.653
7.25 0.474 0.509 0.538 0.561 0.580 0.596 0.625 0.643 0.655 0.662
7.50 0.477 0.513 0.541 0.565 0.585 0.601 0.631 0.650 0.663 0.671
775 0.480 0.516 0.545 0.569 0.589 0.606 0.637 0.658 0.671 0.680
8.00 0.482 0.519 0.549 0.573 0.594 0.611 0.643 0.664 0.678 0.688
8.25 0.485 0.522 0.552 0.577 0.598 0.615 0.648 0.670 0.685 0.695
8.50 0.487 0.524 0.555 0.580 0.601 0.619 0.653 0.676 0.692 0.703
8.75 0.489 0.527 0.558 0.583 0.605 0.623 0.658 0.682 0.698 0.710
9.00 0.491 0.529 0.560 0.587 0.609 0.627 0.663 0.687 0.705 0.716
9.25 0.493 0.531 0.563 0.589 0.612 0.631 0.667 0.693 0.710 0.723
9.50 0.495 0.533 0.565 0.592 0.615 0.634 0.671 0.697 0.716 0.719
9.75 0.496 0.536 0.568 0.595 0.618 0.638 0.675 0.702 0.721 0.735
10.00 0.498 0.537 0.570 0.597 0.621 0.641 0.679 0.707 0.726 0.740
20.00 0.529 0.575 0.614 0.647 0.677 0.702 0.756 0.797 0.830 0.858
50.00 0.548 0.598 0.640 0.678 0.711 0.740 0.803 0.853 0.895 0.931
100.00 0.555 0.605 0.649 0.688 0.722 0.753 0.819 0.872 0918 0.956

n' 45 5.0 6.0 7.0 8.0 9.0 10.0 25.0 50.0 100.0
0.25 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
0.50 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036
0.75 0.073 0.073 0.072 0.072 0.072 0.072 0.071 0.071 0.071 0.071
1.00 0.114 0.113 0.112 0.112 0.112 0.111 0.111 0.110 0.110 0.110
1.25 0.155 0.154 0.153 0.152 0.152 0.151 0.151 0.150 0.150 0.150
1.50 0.195 0.194 0.192 0.191 0.190 0.190 0.189 0.188 0.188 0.188
1.75 0.233 0.232 0.229 0.228 0.227 0.226 0.225 0.223 0.223 0.223
2.00 0.269 0.267 0.264 0.262 0.261 0.260 0.259 0.257 0.256 0.256
225 0.302 0.300 0.296 0.294 0.293 0.291 0.291 0.287 0.287 0.287
2.50 0.333 0.331 0.327 0.324 0.322 0.321 0.320 0.316 0.315 0.315
275 0.362 0.359 0.355 0.352 0.350 0.348 0.347 0.343 0.342 0.342
3.00 0.389 0.386 0.382 0.378 0.376 0.374 0.373 0.368 0.367 0.367
3.25 0.415 0.412 0.407 0.403 0.401 0.399 0.397 0.391 0.390 0.390
3.50 0.438 0.435 0.430 0.427 0.424 0.421 0.420 0.413 0.412 0.411
3.75 0.461 0.458 0.453 0.449 0.446 0.443 0.441 0.433 0.432 0.432
4.00 0.482 0.479 0.474 0.470 0.466 0.464 0.462 0.453 0.451 0.451
4.25 0.516 0.496 0.484 0473 0.471 0.471 0.470 0.468 0.462 0.460
4.50 0.520 0.517 0.513 0.508 0.505 0.502 0.499 0.489 0.487 0.487
4.75 0.537 0.535 0.530 0.526 0.523 0.519 0.517 0.506 0.504 0.503
5.00 0.554 0.552 0.548 0.543 0.540 0.536 0.534 0.522 0.519 0.519
525 0.569 0.568 0.564 0.560 0.556 0.553 0.550 0.537 0.534 0.534
5.50 0.584 0.583 0.579 0.575 0.571 0.568 0.585 0.551 0.549 0.548
5.75 0.597 0.597 0.594 0.590 0.586 0.583 0.580 0.565 0.583 0.562
6.00 0.611 0.610 0.608 0.604 0.601 0.598 0.595 0.579 0.576 0.575
6.25 0.623 0.623 0.621 0.618 0.615 0.611 0.608 0.592 0.589 0.588
6.50 0.635 0.635 0.634 0.631 0.628 0.625 0.622 0.605 0.601 0.600
6.75 0.646 0.647 0.646 0.644 0.641 0.637 0.634 0.617 0.613 0.612
7.00 0.656 0.658 0.658 0.656 0.653 0.650 0.647 0.628 0.624 0.623
725 0.666 0.669 0.669 0.668 0.665 0.662 0.659 0.640 0.635 0.634
7.50 0.676 0.679 0.680 0.679 0.676 0.673 0.670 0.651 0.646 0.645
7.75 0.685 0.688 0.690 0.689 0.687 0.684 0.681 0.661 0.656 0.655
8.00 0.694 0.697 0.700 0.700 0.698 0.695 0.692 0.672 0.666 0.665
8.25 0.702 0.706 0.710 0.710 0.708 0.705 0.703 0.682 0.676 0.675
8.50 0.710 0.714 0.719 0.719 0.718 0.715 0.713 0.692 0.686 0.684
8.75 0.717 0.722 0.727 0.728 0.727 0.725 0.723 0.701 0.695 0.693
9.00 0.725 0.730 0.736 0.737 0.736 0.735 0.732 0.710 0.704 0.702
9.25 0.731 0.737 0.744 0.746 0.745 0.744 0.742 0.719 0.713 0.711
9.50 0.738 0.744 0.752 0.754 0.754 0.753 0.751 0.728 0.721 0.719
9.75 0.744 0.751 0.759 0.762 0.762 0.761 0.759 0.737 0.729 0.727

10.00 0.750 0.758 0.766 0.770 0.770 0.770 0.768 0.745 0.738 0.735
20.00 0.878 0.896 0.925 0.945 0.959 0.969 0.977 0.982 0.965 0.957
50.00 0.962 0.989 1.034 1.070 1.100 1.125 1.146 1.265 1.279 1.261
100.00 0.990 1.020 1.072 1.114 1.150 1.182 1.209 1.408 1.489 1.499

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



Table 11.2 Variation of F, with m"and n' Table 11.2 (continued)

m’ m’

n' 1.0 1.2 1.4 1.6 1.8 2.0 25 3.0 35 4.0 n' 45 5.0 6.0 7.0 8.0 9.0 10.0 25.0 50.0 100.0
0.25 0.049 0.050 0.051 0.051 0.051 0.052 0.052 0.052 0.052 0.052 0.25 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053
0.50 0.074 0.077 0.080 0.081 0.083 0.084 0.086 0.086 0.0878 0.087 0.50 0.087 0.087 0.088 0.088 0.088 0.088 0.088 0.088 0.088 0.088
0.75 0.083 0.089 0.093 0.097 0.099 0.101 0.104 0.106 0.107 0.108 0.75 0.109 0.109 0.109 0.110 0.110 0.110 0.110 0.111 0.111 0.111
1.00 0.083 0.091 0.098 0.102 0.106 0.109 0.114 0.117 0.119 0.120 1.00 0.121 0.122 0.123 0.123 0.124 0.124 0.124 0.125 0.125 0.125
1.25 0.080 0.089 0.096 0.102 0.107 0.111 0.118 0.122 0.125 0.127 1.25 0.128 0.130 0.131 0.132 0.132 0.133 0.133 0.134 0.134 0.134
1.50 0.075 0.084 0.093 0.099 0.105 0.110 0.118 0.124 0.128 0.130 1.50 0.132 0.134 0.136 0.137 0.138 0.138 0.139 0.140 0.140 0.140
1.75 0.069 0.079 0.088 0.095 0.101 0.107 0.117 0.123 0.128 0.131 1.75 0.134 0.136 0.138 0.140 0.141 0.142 0.142 0.144 0.144 0.145
2.00 0.064 0.074 0.083 0.090 0.097 0.102 0.114 0.121 0.127 0.131 2.00 0.134 0.136 0.139 0.141 0.143 0.144 0.145 0.147 0.147 0.148
2.25 0.059 0.069 0.077 0.085 0.092 0.098 0.110 0.119 0.125 0.130 2:25 0.133 0.136 0.140 0.142 0.144 0.145 0.146 0.149 0.150 0.150
2.50 0.055 0.064 0.073 0.080 0.087 0.093 0.106 0.115 0.122 0.127 2.50 0.132 0.135 0.139 0.142 0.144 0.146 0.147 0.151 0.151 0.151
2.75 0.051 0.060 0.068 0.076 0.082 0.089 0.102 0.111 0.119 0.125 2:75 0.130 0.133 0.138 0.142 0.144 0.146 0.147 0.152 0.152 0.153
3.00 0.048 0.056 0.064 0.071 0.078 0.084 0.097 0.108 0.116 0.122 3.00 0.127 0.131 0.137 0.141 0.144 0.145 0.147 0.152 0.153 0.154
3.25 0.045 0.053 0.060 0.067 0.074 0.080 0.093 0.104 0.112 0.119 3.25 0.125 0.129 0.135 0.140 0.143 0.145 0.147 0.153 0.154 0.154
3.50 0.042 0.050 0.057 0.064 0.070 0.076 0.089 0.100 0.109 0.116 3.50 0.122 0.126 0.133 0.138 0.142 0.144 0.146 0.153 0.155 0.155
3.75 0.040 0.047 0.054 0.060 0.067 0.073 0.086 0.096 0.105 0.113 375 0.119 0.124 0.131 0.137 0.141 0.143 0.145 0.154 0.155 0.155
4.00 0.037 0.044 0.051 0.057 0.063 0.069 0.082 0.093 0.102 0.110 4.00 0.116 0.121 0.129 0.135 0.139 0.142 0.145 0.154 0.155 0.156
4.25 0.036 0.042 0.049 0.055 0.061 0.066 0.079 0.090 0.099 0.107 4.25 0.113 0.119 0.127 0.133 0.138 0.141 0.144 0.154 0.156 0.156
4.50 0.034 0.040 0.046 0.052 0.058 0.063 0.076 0.086 0.096 0.104 4.50 0.110 0.116 0.125 0.131 0.136 0.140 0.143 0.154 0.156 0.156
4.75 0.032 0.038 0.044 0.050 0.055 0.061 0.073 0.083 0.093 0.101 4.75 0.107 0.113 0.123 0.130 0.135 0.139 0.142 0.154 0.156 0.157
5.00 0.031 0.036 0.042 0.048 0.053 0.058 0.070 0.080 0.090 0.098 5.00 0.105 0.111 0.120 0.128 0.133 0.137 0.140 0.154 0.156 0.157
5.25 0.029 0.035 0.040 0.046 0.051 0.056 0.067 0.078 0.087 0.095 525 0.102 0.108 0.118 0.126 0.131 0.136 0.139 0.154 0.156 0.157
5.50 0.028 0.033 0.039 0.044 0.049 0.054 0.065 0.075 0.084 0.092 5.50 0.099 0.106 0.116 0.124 0.130 0.134 0.138 0.154 0.156 0.157
5.75 0.027 0.032 0.037 0.042 0.047 0.052 0.063 0.073 0.082 0.090 5.75 0.097 0.103 0.113 0.122 0.128 0.133 0.136 0.154 0.157 0.157
6.00 0.026 0.031 0.036 0.040 0.045 0.050 0.060 0.070 0.079 0.087 6.00 0.094 0.101 0.111 0.120 0.126 0.131 0.135 0.153 0.157 0.157
6.25 0.025 0.030 0.034 0.039 0.044 0.048 0.058 0.068 0.077 0.085 6.25 0.092 0.098 0.109 0.118 0.124 0.129 0.134 0.153 0.157 0.158
6.50 0.024 0.029 0.033 0.038 0.042 0.046 0.056 0.066 0.075 0.083 6.50 0.090 0.096 0.107 0.116 0.122 0.128 0.132 0.153 0.157 0.158
6.75 0.023 0.028 0.032 0.036 0.041 0.045 0.055 0.064 0.073 0.080 6.75 0.087 0.094 0.105 0.114 0.121 0.126 0.131 0.153 0.157 0.158
7.00 0.022 0.027 0.031 0.035 0.039 0.043 0.053 0.062 0.071 0.078 7.00 0.085 0.092 0.103 0.112 0.119 0.125 0.129 0.152 0.157 0.158
7.25 0.022 0.026 0.030 0.034 0.038 0.042 0.051 0.060 0.069 0.076 7.25 0.083 0.090 0.101 0.110 0.117 0.123 0.128 0.152 0.157 0.158
7.50 0.021 0.025 0.029 0.033 0.037 0.041 0.050 0.059 0.067 0.074 7.50 0.081 0.088 0.099 0.108 0.115 0.121 0.126 0.152 0.156 0.158
7.75 0.020 0.024 0.028 0.032 0.036 0.039 0.048 0.057 0.065 0.072 7.75 0.079 0.086 0.097 0.106 0.114 0.120 0.125 0.151 0.156 0.158
8.00 0.020 0.023 0.027 0.031 0.035 0.038 0.047 0.055 0.063 0.071 8.00 0.077 0.084 0.095 0.104 0.112 0.118 0.124 0.151 0.156 0.158
8.25 0.019 0.023 0.026 0.030 0.034  0.037 0.046 0.054 0.062 0.069 8.25 0.076 0.082 0.093 0.102 0.110  0.117 0.122 0.150 0.156 0.158
8.50 0.018 0.022 0.026 0.029 0.033  0.036 0.045 0.053 0.060 0.067 8.50 0.074 0.080 0.091 0.101 0.108  0.115 0.121 0.150 0.156 0.158
8.75 0.018 0.021 0.025 0.028 0.032  0.035 0.043 0.051 0.059 0.066 8.75 0.072 0.078 0.089 0.099 0.107  0.114 0.119 0.150  0.156 0.158
9.00 0.017 0.021 0.024 0.028 0.031 0.034 0.042 0.050 0.057 0.064 9.00 0.071 0.077 0.088 0.097 0.105 0.112 0.118 0.149 0.156 0.158
9.25 0.017 0.020 0.024 0.027 0.030 0.033 0.041 0.049 0.056 0.063 925 0.069 0.075 0.086 0.096 0.104 0.110 0.116 0.149 0.156 0.158
9.50 0.017 0.020 0.023 0.026 0.029 0.033 0.040 0.048 0.055 0.061 9.50 0.068 0.074 0.085 0.094 0.102 0.109 0.115 0.148 0.156 0.158
9.75 0.016 0.019 0.023 0.026 0.029 0.032 0.039 0.047 0.054 0.060 975 0.066 0.072 0.083 0.092 0.100 0.107 0.113 0.148 0.156 0.158
10.00 0.016 0.019 0.022 0.025 0.028 0.031 0.038 0.046 0.052 0.059 10.00 0.065 0.071 0.082 0.091 0.099 0.106 0.112 0.147 0.156 0.158
20.00 0.008 0.010 0.011 0.013 0.014 0.016 0.020 0.024 0.027 0.031 20.00 0.035 0.039 0.046 0.053 0.059 0.065 0.071 0.124 0.148 0.156
50.00 0.003 0.004 0.004 0.005 0.006 0.006 0.008 0.010 0.011 0.013 50.00 0.014 0.016 0.019 0.022 0.025 0.028 0.031 0.071 0.113 0.142

100.00 0.002 0.002 0.002 0.003 0.003 0.003 0.004 0.005 0.006 0.006 100.00 0.007 0.008 0.010 0.011 0.013 0.014 0.016 0.039 0.071 0.113
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Table 11.3 Variation of I with L/B and D;/B

i

L/B D;/B pms = 0.3 ps = 0.4 s =05
1 0.5 0.77 0.82 0.85
0.75 0.69 0.74 0.77
1 0.65 0.69 0.72
2 0.5 0.82 0.86 0.89
0.75 0.75 0.79 0.83
1 0.71 0.75 0.79
5 0.5 0.87 0.91 0.93 Table 11.5 Representative Values of Poisson’s Ratio
0.75 0.81 0.86 0.89
: g7 0.52 0.8 Type of soil Poisson’s ratio, u,
Loose sand 0.2-04
Medium sand 0.25-04
Dense sand 0.3-0.45
Silty sand 0.2-0.4
Soft clay 0.15-0.25
Medium clay 0.2-0.5
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The elastic settlement of a rigid foundation can be estimated as: S,i0i0) = 0.938 f1exible, center)

Note:
Due to the nonhomogeneous nature of soil deposits, the magnitude of E, may vary with depth. For

that reason, Bowles (1987) recommended using a weighted average value of E, as:

EES(,-)AZ

Es — Where E;) = soil modulus of elasticity within a depth Az

z = H or 5B, whichever 1s smaller
Table 11.4 Representative Values of the Modulus of Elasticity of Soil
E,

Soil type kN/m? Ib/in.2
Soft clay 1,800-3,500 250-500
Hard clay 6,000-14,000 850-2,000
Loose sand 10,000-28,000 1,500—4,000
Dense sand 35,000-70,000 5,000-10,000
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Example 1
A rigid shallow foundation 1mx 2m 1s shown in Figure. Calculate the elastic settlement at the

center of the foundation. .

Ao = 150 kN/m?

b
- —————————— —_—
| =

\ ImX2m E; (kN/ mz)
4
O P

Y Y

p, = 0.3

Rock Yz (m)
Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq



Solution
Given: B = 1 m and L = 2 m. Note that 7 = 5 m = 5B. From Eq.

EEs(i)AZ
E, = -
Z
10,000)(2) + (8,000)(1) + (12,000)(2
_ (10WC) + B01) + (20000) _ 1, 1,
For the center of the foundation,
a =4
_L_2_,
" B 1
; H 5
n = = ———~ =10

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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From Tables 11.1 and 11.2, F; = 0.641 and F, = 0.031.

25— s

[ =F + —tsp
1 — pg

— 0641 + 293 (0.031) = 0.716
' 1 —-03"" '
Dy L
Again, f = T =1, E = 2, iy = 0.3. From Table 11.3, I, = 0.71. Hence,
o 4 =g
Se(flexible) = Ao (aB) Iy

§

1\/ 1-0.32
= (150)( 4 x = 716)(0.71) = 0.0133m = 13.
( 50)( > )( SR )(07 6)(0.71) = 0.0133m = 13.3mm

Since the foundation is rigid, from

S (rigid) = (0.93)(13.3) = 12.4 mm

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Go a head to the next lecture
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Foundation Engineering (1), 4t stage, Civil Engineering
Dept., College of Engineering, Al-Muthanna University,
2020-2021

Instructor: Professor Dr. Hussein M. Al.Khuzaie (Ph.D., Civil Engineering,
Foundation Engineering and Structures);

e-mail: hma@mu.edu.ig

Soil Investigation (4)
] Plate Load Test
(J Some of soil investigation reports:

v’ Soil investigation of 400 beds hospital in Samawa
v’ others

Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq
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Plate load test

load-test small steel plates of diameters from 0.3 to 0.75 m or squares of side 0.3 X 0.3 and
perhaps 0.6 X 0.6 m

Different sizes of plate, type circular

Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq 2



Pressure (Load)gauge

Hydraulic manual pump

Holder of
settlement ga
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The procedure has been standardized as ASTM D 1194, which is essentially as follows:

1. Decide on the type of load application. If it is to be a reaction against piles, they should

be driven or installed first to avoid excessive vibration and loosening of the soil in the
excavation where the load test will be performed.

2. Excavate a pit to the depth the test is to be performed. The test pit should be at least four times
as wide as the plate and to the depth the foundation is to be placed. If it is specified that three
sizes of plates are to be used for the test, the pit should be large enough so that there is an
available spacing between tests of 3D of the largest plate.

3. A load is placed on the plate, and settlements are recorded from a dial gauge accurate to 0.25
mm. Observations on a load increment should be taken until the rate of settlement is beyond the
capacity of the dial gauge. Load increments should be approximately one-fifth of the estimated
bearing capacity of the soil. Time intervals of loading should not be less than 1 h and should be
approximately of the same duration for all the load increments.

4. The test should continue until a total settlement of 25 mm is obtained, or until the capacity of
the testing apparatus is reached. After the load is released, the elastic rebound of the soil should
be recorded for a period of time at least equal to the time duration of a load increment.

In the following Figure presents the essential features of the load test.

Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq



Plate load Test in Process

Dead weight or a beam attached to anchor piles

A

: : § J“kj;: N : : Props for stability
I 1 = | | when using a

¥ gl*'“]:_ | | dead weight

X % 3 o Plate | = Anchor piles

: : /‘\Y]A I;/Illllﬁ 11 : :

[ sk B

i1 B > 1.5B~ I

U Several dial gauges attached to an L_l

independent suspension system to
record plate settlements
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Method of calculation:

a- The yield point, as shown in Figure (2) 1s obtained at the intersection of the lines extended from the
straightest initial and final portions of stress-settlement curves. From this yield point the ultimate bearing
capacity, qult is predicted.
b- Calculate g, at 1/2 yield point load.
c- Estimate 0O:

O = corrected settlement = observed settlement - o,

O, = to be estimated by backward projection of arithmetic load-settlement curve to zero
load (if any).
d- Calculate the modulus of subgrade reaction, K. as : K. = q,,/5, kN/m3, where, q,, is the allowable
bearing load of soil.
e- Calculate the modulus of deformation, E as: E= 1.5 R K., where, R is the radius of the plate.
f- The allowable bearing capacity may be calculated by dividing the the minimum value of ultimate
bearing capacity of the soil that estimated from the following two approaches by a factor of safety of 3:
(1) The approach explained in (a) above.
(2) The plate stress which gives a settlement (Sp) corresponding to allowable 5 {8, 230
settlement of the actual footing (Sf) that can be calculated from the following equation: 5» ZSf[Bj(pr +30)j
where, S, = plate settlement corresponding to the actual footing settlement (mm). S, = allowable
settlement of actual footing (mm).B,, = plate diameter (cm)B; = width of footing (cm) .




Load intensity, q (kPa)
qan Quit

g

Observed settlement, mm

Procedure of calculation

Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq



Applied pressure, kPa Applied pressure, kPa

0 250 500 750 1000 1250 1500 1750 2000 2250 2500

(=]

250 500 750 1000 1250 1500 1750 2000 2250 2500

0.0_""l""l""l""l"''l""l""l"''l""l""| 00 NENE KNRE1 KNSR] ANERE ENRNE SRRNE ARNNE RNNSE RARRUANEEY
80=0.5n11r8 = a1 =665 kPa q = 1330kPa 3, =02mm 1 I— g, = 1450 kPa
= _ 10 =
S —@— Loading = —@— Loading
2.0 3 E
3 i 2.0 =3
5 —#— Unloading = —+— Unloading
3.0 3 E
3 30 =
¥ 40 3
E 50 = Yield point £ 50 _%
S 60 = E = Yield point
) 3 € 60
£ 3 )
2 703 £
£ E 2 70
Z 503 €
E 3 2 g0
5 E <
2 9.0 —= o
3 E 290
=100 = g
3 = 100
1.0 =
E 11.0
12.0 —=
3 12,0
13.0 =
3 130
140 =
: 14.0
15.0 —
15.0

Plate Load Tests ReSults

Estimated Modulus of Sub Modulus of
Location Allowable Bearing |grade reaction, Ks| Deformation,
Capacity, q., (kPa) (KN/m’”) E (MPa)

443 282979 64.7
483 258929 el
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Settlement, mm

Load test pressure, kPa

Time, min (P = 300 kPa)
10 100 1000 0
7 I I | I
10
8 E
2
9 | g .
1(:r 40— guu = 500 kPa : X
_ |
" 50
a) Plot of settlement vs. log time to Load vs. settlement plot to establish the
determine the maximum settlement for . .
a load increment (300 kPa in this case) maximum design pressure.
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Example (1) : For the data obtained from executing a load test on a soil, drawn 1n the Fig.,

shown below, using a plate of diameter 0.5 m, tabulate the settlement against each load and then
draw the pressure-settlement curve to determine the expected bearing capacity in kPa, where the
permissible settlement 1s 25 mm.

160

140 -

120 A

100 -

Displacement (mm)
o)) (03]
o o

S
o
L

20 -

0

—4—72.3 kN

-8-91.9kN —©-62.8 kN 0
——84.1 kN —+—53.4 kN

25

8]
h

0
i

)

$
$

50

D
¢

75

D
)
Settlement, mm

100

Time (min)

0 5 10 15 20 25 30 35

125

Load = 80 kN, Settlement = 69 mm
So, load for 25 mm =80*25/69 = 29 kN
Bearing capacity of soil = Load/Area of plate = 29/(n*0.572/4) = 145.9 kPa = 147.7 kPa.
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40 50 60 70 80 90 100

Load,kN
53.4
62.8
72.3
84.1
\ 91.9

Settlement,
mm

31
44
60
83
110



U Extrapolating load-test results to full-size footings is not standard. For clay soils it is

common to note that the BNy term 1s zero, so that one might say that g, 1s independent of
footing size.

dult,foundation = ult,load test

U In cohesionless (and (¢ - ¢) soils all three terms of the bearing-capacity equation apply and,
noting that the Ny term includes the footing width, one might say

S NBfoundau'on

ult, foundation B
load test

o where M includes the Nc and Nq terms and N 1s the Ny term. By using several sizes of plates
this equation can be solved graphically for q,. Practically, for extrapolating plate load tests
for sands (which are often 1n a configuration so that the Nq term 1s negligible), use the

following:
Bfoundation )

Bplatc

Guit = Qplate(
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Review some soil investigation reports

Report for project : 400 beds hospital in Samawa, 2012:

It will be some oral questions to the students for review the main topic of this
topic(Soil Investigation).

Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq
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Foundation Engineering (1), 4t stage, Civil Engineering
Dept., College of Engineering, Al-Muthanna University,
2020-2021

Instructor: Professor Dr. Hussein M. Al.Khuzaie (Ph.D., Civil Engineering,
Foundation Engineering and Structures);

e-mail: hma@mu.edu.ig

Soil Investigation (2)
d Sampling Methods
» Types of Samples
»SPT
* Description
* Recovery Ratio
* Corrections
»Thin-walled sampler (Shelby Tube)

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Sampling

* Two types of soil samples can be obtained during subsurface exploration: disturbed and undisturbed.

The following lab. tests carried out on disturbed samples:

1. Grain-size analysis.

[E—

Determination of liquid and plastic limits.
3. Specific gravity of soil solids.

4. Determination of organic content.

5. Classification of soil.

The undisturbed samples are needed for the following tests:

[E—

Permeability test.
2. Shear strength tests.

3. Consolidation tests.
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I
1 Split-Spoon Sampler (SS) Sampling

The tool consists of :

v a steel driving shoe

v a steel tube that is split longitudinally in half, and a coupling at the top. The coupling connects
the sampler to the drill rod.

The standard split tube has an inside diameter of 34.93 mm and an outside diameter of 50.8 mm,

however,

samplers having inside and outside diameters up to 63.5 mm and 76.2 mm, respectively, are also
available.

Water
port

Head | Pin

(1-3/8 in.)

| | |
Drilling ‘ Ball valve Split Threads Driving (b)

rod Coupling barrel shoe
(@)

(a) Standard split-spoon sampler; (b) spring core catcher
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Sampling by SS
“*When a borehole is extended to a predetermined depth:

» The drill tools are removed and the sampler is lowered to the bottom of the hole.

»The sampler is driven into the soil by hammer blows to the top of the drill rod. The standard
weight of the hammer 1s 622.72 N (63.48 Kg) (140 1b), and for each blow, the hammer drops a
distance of 0.762 m (30 1n.).

» The number of blows required for a spoon penetration of three 152.4-mm (6-in.) intervals are
recorded.

»The number of blows required for the last two intervals are added to give the standard
penetration number, N, at that depth. This number 1s generally referred to as the N value
(American Society for Testing and Materials, 2014, Designation D-1586-11).

» The sampler 1s then withdrawn, and the shoe and coupling are removed. Finally, the soil sample
recovered from the tube 1s placed in a glass bottle and transported to the laboratory.

» This field test is called the standard penetration test (SPT).



Penetration Intervals of Split Spoon Sampler (SS)

STANDARD PENETRATION TEST (SPT)

SPT
Resistance 140 |b Hammer
(N-value) is dropping

total number of Anvil 30"
blows to drive
sampler the 2nd
and 3rd 6"
increments

L

- i
_Split-Barrel - o
| e ’ . g
Drive sampler - . y
" y ot -
“ " Pl T e -
re> - -
’l .. -
- ”' ”
» ”
4 '- . '.
B 3 ? e’ y { . . . " e
o - » 2 g 2 - ‘(’ # g
, 5 R s e ) e
-_— . - »
B T .57 Second - increment= 6"
. " . J g . - . > 2 v e : e ” .
- Seating_ .-+ . _ Increment=g" o R
N y LT . e P ST - v » A o -
of o ’,‘s_p,oop- 6" 7 I e - g S
< » y }l' v K .- - - 2 > . - ., »
”. g e . 4 J SF : . : £ y ; 2
g . fy ” ety ", . By: Kama! Tawdy, A D FPE.
g Y & by .
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Sampling by SS

OTMOO >

qu[_l IM’) Designation: D1586 - 11
J

RIS

INTERNATIONAL

Standard Test Method for
Standard Penetration Test (SPT) and Split-Barrel Sampling

of Soils’

This standard is issued under the fixed designation D1586; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

HEAD ROLLPIN

OPEN SHOE

\\

bl

\ UL 777 7 7555

o

77/ /S 777 {{ 77 77 77 7777

y

D

| N

%

NN

v
~ S AT T 77 T 77 77 77 77

1.0 to 2.0 in. (25 to 50 mm)

18.0 to 30.0 in. (0.457 to 0.762 m)

1.375+ 0.005 in. (34.93 + 0.13 mm)

1.50 + 0.05 - 0.00 in. (38.1 + 1.3 - 0.0 mm)
0.10 + 0.02 in. (2.54 + 0.25 mm)

2.00 + 0.05 - 0.00 in. (50.8 + 1.3 — 0.0 mm)
16.0° to 23.0°
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Hammer for driving the split barrel sampler

COUPLING OR

COLLAR
ANVIL OR
1 DRIVE HEAD
© ©
SAFETY HAMMER
~t—— DONUT
HAMMER
GUIDE ROD

~——GUIDE TUBE
OR ROD

AT
COUPL ING
OR SUB
COUPLING OR
suB
~——DRILL RGD l '
=9 ORILL ROD

DONUT HAMMER

SAFETY HAMMER
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Sampling by SS
The degree of disturbance for a soil sample is usually expressed as:
2 2

D; — D;
AR(%) = ODz l (100)

l

where

Ay = area ratio (ratio of disturbed area to total area of soil)
D, = outside diameter of the sampling tube
D; = mside diameter of the sampling tube

When the area ratio is 10% or less, the sample generally is considered to be

undisturbed. For a standard split-spoon sampler,

(50.8)* — (34.93)?
(34.93)

A(%) = (100) = 111.5%

Is this sample disturbed or not, if it is, why?

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 8



Sampling by SS

Example:

Calculate the area ratio for the sampler (its outside diameter (D, = 76.2 mm and the
inside diameter D, = 72.9 mm) and for the split spoon sampler (its outside diameter

= 50.8 mm and the inside diameter = 34.9 mm).
2 2
— D)

D .
Ax(%) = = —(100)

l

22 7

22 (100) = 9.3%
72.9

2 _p?
Ag (%) = 2221 (100) = ==

1

Is this sample disturbed or not, if it is, why?

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 9



Sampling by SS
* Split-spoon samples generally are taken at intervals of about 1.5 m (5
ft).
* When the material encountered in the field 1s sand (particularly fine

sand below the water table), recovery of the sample by a split-spoon
sampler may be difficult. In that case, a device such as a spring core
catcher may have to be placed inside the split spoon (Figure).

Spring Core Catcher

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 10



Energy Efficiency of Hammer of SPT

The SPT hammer energy efficiency can be expressed as:

E(%) = actual hammer energy to the sampler < 100
S input energy

Theoretical input energy = Wh

where

W = weight of the hammer ~ 0.623 kN (140 Ib)
h = height of drop = 0.76 mm (30 in.)

So,
Wh = (0.623)(0.76) = 0.474 kN-m (4200 in.-1b)

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq

(3.4)

(3.5)
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Energy Efficiency of Hammer of SPT

In practice, the efficiency of hammer energy taken as average to be 60%, so the N
value obtained in the field may standardized to this average by considering
correction factors:

1) SPT hammer efficiency (77p),
2) Borehole diameter (77;),

3) Sampling method (7y), and
4) Rod length (77;)

_ Nmumpnsne
60

N60



Energy Efficiency of Hammer of SPT

Table 3.5 Variations of My, mp, Mg, and ni [Eq. (3.6)]

1. Variation of 7

Country Hammer type Hammer release 1y (%)

Japan Donut Free fall 78
Donut Rope and pulley 67

United States Safety Rope and pulley 60
Donut Rope and pulley 45

Argentina Donut Rope and pulley 45

China Donut Free fall 60
Donut Rope and pulley 50

3. Variation of 7

Variable Ns

Standard sampler 1.0

With liner for dense sand and clay 0.8

With liner for loose sand 0.9

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq

2. Variation of 7ng

Diameter
mm in. Ng
60-120 2.4-4.7 1
150 6 1.05
200 8 115

4. Variation of 7,

Rod length

m ft Nr
>10 >30 1.0
6-10 20-30 0.95
4-6 12-20 0.85
0-4 0-12 0.75

13



Correction of N Value for Field Testing and Overburden Pressure

For geotechnical earthquake engineering, such

' ' ' Correction factor C
as liquefaction analyses, the standard penetration QITection TClorLK

300
calculate the (N,)q, value. The Figure presents a i /
chart that 1s commonly used to obtain the J

500

test N¢, value 1s corrected for the overburden A . T . ...
soil pressure, also known as the etffective <
overburden pressure or the vertical effective 2 100
stress (G’,,). When a correction 1s applied to the g
Ny value to account for the vertical effective 2 200
stress, these values are referred to as (IN)g c
values. The procedure consists of multiplying E
the N, value by a correction Cy 1n order to 2
§

correction factor Cy. Another option 1s to use the
following equation:

Correction of measured values of standard penetration resistance.

o)

voO

0.5
100
(N))go = CyNg, = (_,) N

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 14



Corrections for SPT: Example

Given. N = 20; rod length = 12 m; hole diam. = 150 mm; c’,, = 205 kPa; use safety hammer
with £, = 80; dense sand; no liner; What are the "standard" N,?

Solution:
Correction factor Cy
N N’T)HT)BT]S'T]R 0o 05 10 15 20
60 — < _—

60 s
Ngo=20, Ny =0.8, ng=1.05,n, =1, ng =1 .
N, = 20 x 80x1.05x1x1 /60 = 28 g o

(N})eo = Cn X Ny = 0.7 x 28 = 19.6 ; [
% 400

or by the equation: & ‘
500
Correction of measured values of standard penetration resistance.

= J(22) - (207

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 15



Thin-Wall Tube Sampler (Shelby Tube)

Sampling by thin-wall tube 1s used for obtaining
fairly undisturbed soil samples. The thin- wall tubes A - N
arc made of seamless, thin tubes and commonly are [ | | |
referred to as Shelby tubes (show the Figure). To

collect samples at a given depth in a borehole, one o
first must remove the drilling tools. The sampler i1s
attached to a drilling rod and lowered to the bottom of <— Thin wall be
the bore- hole. After this, it is pushed hydraulically

into the soil. It then 1s spun to shear off the base and 1s [ »
pulled out. The sampler with the soil inside 1s sealed
and taken to the laboratory for testing. Most
commonly used thin-wall tube samplers have outside |
diameters of 76.2 mm (3 1n.).

<— Dirill rod

<«—— D, —»}



Summary

The following points were presented:

oTypes of samples to be extracted from the soil at the site.
oSampling and types of samplers

1) Split spoon sampler (SS)

v’ Standard Penetration Test (SPT)

v'Corrections

v/(N1)60

2) Thin walled sampler (Shelby Tube)






Foundation Engineering (1), 4t stage, Civil Engineering
Dept., College of Engineering, Al-Muthanna University,
2020-2021

Instructor: Professor Dr. Hussein M. Al.Khuzaie (Ph.D., Civil Engineering,
Foundation Engineering and Structures);

e-mail: hma@mu.edu.ig

Soil Investigation (3)
» Log of Boring
»Soil Sampling
» Laboratory Tests
»Rock Sampling
» Recovery ratio
»RQD
»Ground water table level
» Field Tests

Dr. Hussein M. Ashour Al.Khuzaie: hma@mu.edu.iq


mailto:hma@mu.edu.iq

Preparation of Boring Logs

1. Name and address of the drilling company
2. Driller’s name

3. Job description and number

4. Number, type, and location of boring

5. Date of boring

6. Subsurface stratification, which can he obtained by visual
observation of the soil brought out by auger, split-spoon
sampler, and thin-walled Shelby tube sampler

7. Elevation of water table and date observed, use of casing
and mud losses, and so on

8. Standard penetration resistance and the depth of SPT
9. Number, type, and depth of soil sample collected

10. In case of rock coring, type of core barrel used and, for each
run, the actual length of coring, length of core recovery, and
RQD

Dr. Hussein M. Al.Khuzaie; hma@mu.edu.iq



Boring Logs

Dr. Hussein M. Al.Khuzaie; hma@mu.edu.iq

Log of Borehole:

Example | cocne

Project: Port Sidney Oil Terminal

S h e et Client: Inter-Island Gas Enclosure: 1
Location: Port Sidney ProjectManager: M. Fraser

SUBSURFACE PR OFILE SAMPLE
=
o G = > Well Completion Details
= Description o @ o =
£ |2 S| e|alg] 2
@ §.. @ = = @ %
(=] W [ = — o =
ft|m 102
5t o T
3 Ground Surface | 101
el Asphalt 0 ]
14 . 8
= Fill , 1 40 | 180 =
3 Sand and gravel fill, some organic §
. T debris. 98 2 =
El i s: i 3 5 »
E il "ulrdy Sift ) 2 30 |220 | i
I | Moist, brown to grey sandy silt S =
I H with embedded gravel. 96 = =
§3 5 o @
3 Sand o~ @
= Medium to fine sand, occasional | 75 | 380 = %
= 5—2 clay lenses. Strong E : 2
E hydrocarbon odour. e : u
el ¥ :
1 4 B0 | 450 :
94 :
3 = :
= i -
) ag e :
3 :
115 5 85 |:315 = I
E Chy T 5 -
3 Mottled brown and arey silty clay. g g
T : Z
133, Some sandy lenses ] ; 2
1 a7 | B 80 | 210 .
3 Sand 14 E
b= ) =
154 Compact, coarse to medium = @
2 ) eal o
E sand. Shell fragments. 7 45 | 125 ° g
= & =
173 o @
E' [ — ¥
193 -
I6
Drifled By: ABC Drilling Company Hole Size:12"
Drili Method: H/S Auger Datum:Local
Drill Date:02-06-2000 Sheet: Tof 1




Test Hole No. 1 Drilling Method A“ZQ’Y
Date 96/6/1 Depth to water:
immediate 1.2 m
24 hours _ 10m
Depth . . SPT
= Soil Description Sample Value "N*
Depth
No. T
Topsoil, saucly(0—0.3 m)
R e R EEEEL [EEEEEEE CLTEET EEEREES EEPRERPTPPPS
0.5
Loose brown moist fine ; A o3
sound (0.3—1.2 m) & ad
1.0
i e T T A B
ense Sty son 2 Pt  112—14| 8/12 = 20
1.2—18 m 5poon
lc5 T
18 R I B o T e (eSS
2.0 e
Cill, cfa-Ye,Y, with 3oli4
some silt, moist, 3 | Jb o 115|518 - 33
hovo (18=28 a) P
25
2,8 B L | TR r e [t RS | g g
3.0
Clay, soft wet 4 Bhelby|30-34
(2.8—3.6 m)
35 .
O e o ke at il amay it RESASAE (CESRE S

End of test hole

Figure 2-7 Typical field notes.
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1

TEST HOLE LOG

Hole No. Site Julia Ave. & David St.
Date drilled 82-08 - 07 Elevation
Samples Standard penetration — N Water content
& 2 g € Blows/30 cm 0 £
£ Description -§n & | = 2§ 10 20 30 40 wpt—O0—w; | £
& ﬂol g 3 Shear St. — ¢ (kPa) @ ‘; a
]
z = 10 20 30 40 50 15 30 45
——
Top soil ——
— S 2 = —4
% . // 1 lo.s- 0.5
Stiff gray / ss lo.o 12
silty clay 8— .
—1.0 TILL moist ;; 1.0
/,) A
—1.5| Soft CLAY, some .4 - 1.5
silt, scams of v 2 |l6~| 4 F.v. =
sand, wet 4 ss |2.0 ’ / ’
—2.0 o 7 2.0
Medium dense  [.|* [ /
silty SAND,
— 2.5 saturated k 3 hs— 21 4 25—
SS 2.9 \
3.0 o \ 3.0
—3.5 \ 3.5+
Dense sspa|® b
—4.0 4.0
-

Figure 2-10 Test-hole log.
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Boring Log

Name of the Project Two-story apartment building

Location Johnson & Olive St. Date of Boring March 2, 1982

Boring No. 3 Type of Hollow stem auger Ground Elevation 60.8 m

Boring
Soil
sample
Soil Depth type and w,
description (m) number N (%) Comments
Light brown clay (fill)
1 —
Silty sand (SM) SS-1 9 8.2
-
9 SS-2 12 17.6 LL =38
*‘CWT __¥_ . ] ) ) N
= PI =11
3.50m
4 JE——
Light ilt
g ML) P s 204 | LL =36
2 g, = 112 kN/m?
6
. SS-3 11 20.6
Sand with some
~ gravel (SP) 7
End of boring @ 8 m 8 ! SS-4 27 9
N = standard penetration number (below/304.8 mm) *Ground water table
w, = natural moisture content observed after one
LL = liquid limit; PI = plasticity index week of drilling

q, = unconfined compression strength

SS = split-spoon satnples $T7=Shelby fabie suiglenu.edu.i
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p Location: Someplace, somewhere
GAEA Technologies RS, 5
44 Canadian Oaks Dr. Drawn By. M. Fraser o~
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Soils Investigation

> OY L~
0233 Z 77
2294 // s
Gravel Silt Clay Organic Till
Pt /
By °:% L /14
A o R X8 o £et
Sandy ravelly Silty Sandy Silty Sandy
top soil sand sand silt clay till
AV
= R
Water Table Bed Rock
Type of Sample Soil Tests
S.S. — Split Spoon F.V. — Field Vane
S.T. — Shelby Tube L.V. — Lab Vane
A.S. — Auger Sample Qu - Unconfined Compression
W.S. — Washed Sample Qq - Undrained (quick) Triaxial
R.C. — Rock Core C — Dynamic Cone (Blows per foot)

V.S. — Vane Shear Sample

Typical test-hole symbols and abbreviations.
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SOIL SAMPLING

Two types of soil samples can be obtained during sampling disturbed and
undisturbed. The most important engineering properties required for foundation
design are strength, compressibility, and permeability. Reasonably good estimates
of these properties for cohesive soils can be made by laboratory tests on
undisturbed samples which can be obtained with moderate difficulty. It is nearly
impossible to obtain a truly undisturbed sample of soil; so in general usage the
term "undisturbed" means a sample where some precautions have been taken to
minimize disturbance or remolding effects. In this context, the quality of an
"undisturbed"” sample varies widely between soil laboratories.

Dr. Hussein M. Al.Khuzaie; hma@mu.edu.iq 9



Soils Investigation

, Table 24
LABORATORY TESTS RELATED TO A SOILS INVESTIGATION
Sample Required
Disturbed Soils
Test or Undisturbed Undisturbed Cohesive Granular
Moisture content b, 4 X X
Grain size X X X
Atterberg Limits X X
Relative density (specific gravity) X X X
Density (unit weight) X X X
Unconfined compression X X
Triaxial compression X X X
Direct shear X X X
Consolidation X X
Vane shear X X
Permeability X X

Dr. Hussein M. Al.Khuzaie; hma@mu.edu.iq



ROCK SAMPLING

* Rock cores are necessary if the w - - ”“"‘”:fj

i Riasant |

HIJ)

External greasing

soundness of the rock is to be e A
established. L e

* small cores tend to break up inside LM —
the drill barrel. ’ / o

e Larger cores also have a tendencyto | ’._1 i \ |

break up (rotate inside the barrel and
degrade), especially if the rock is soft
or fissured.

Chrome piated inner tube 1 D

Vanaty of bottom end
assemblies

Dr. Hussein M. Al.Khuzaie; hma@mu.edu.iq
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ROCK SAMPLING - Definition

> Lengths of intact pieces of core

Recovery Ratio =
Length of core advance

Y Lengths of ntact pieces of core =10.16 cm

RQD =

Length of core advance

Dr. Hussein M. Al.Khuzaie; hma@mu.edu.iq
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Rock Core Drilling

* Done with either tungsten
carbide or diamond core
bits

e Use a double or triple tube
core barrel when sampling
weathered or fractured rock

Diamond coring bit

e Used to determine Rock
Quality Designation

. . _ core barrel 14
Dr. Hussein M. Al.Khuzaie; hma@mu.edu.iq



Rock Quality Designation (RQD)

T2

3483

A T TR R T TR - TR = R
e T T T e T s T S T B

Dr. Hussein M. Al.Khuzaie; hma@mu.edu.iq
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Rock Quality Designhation

RQD

Rock Quality Designation (RQD) is defined as the percentage of rock
cores that have length equal or greater than 10 cm over the total drill
length.

RQD =ZLi/L x100%, Li>10cm

<10 cm <10 cm <10 cm core loss

L1 L2 L3: | L4 S L5 Li jv Ln

r A L e
< >
- >

RQD=(L1+L2+...+Ln)/L x100%

RQD Rock Mass Quality
<25 Very poor
25-50 Poor
50-75 Fair
75-90 Good
99 - 100 Excellent

16
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Example on Core Recovery & RQD

e Corerun of 150 cm

* Total core recovery =
125 cm

* Core recovery ratio =
125/150 = 83%

 On modified basis, 95
cm are counted

RQD =95/150=63 %

Core Recovery
cm

Modified Core
Recovery, cm

25

25

5

0

3

0

75 0
10 10
| ) 1255
fs 0
10 10
15 15
10 10
2 0
125 125

125




GROUND WATER TABLE LEVEL Ground surface

Groundwater conditions and the potential for
groundwater seepage are fundamental factors
in virtually all geotechnical analyses and design
studies. Accordingly, the evaluation of
groundwater conditions is a basic element of
almost all geotechnical investigation programs.
Groundwater investigations are of two types as

follows:

e Determination of groundwater levels and
pressures.

 Measurement of the permeability of the
subsurface materials.

Soil backfill

Plastic tube

-<——— Bentonite plug

ik f«— Sand

Porous tube

Piezometer installation.

Dr. Hussein M. Al.Khuzaie; hma@mu.edu.iq 18



FIELD

STRENGTH TESTS

The following are the major field tests for
determining the soil strength:

1. Vane shear test (VST).

2
3.
4. T
5. T
6. T
7

Standard Penetration Test (SPT).
Cone Penetration Test (CPT).

ne Borehole Shear Test (BST).
ne Flat Dilatometer Test (DMT).

ne Pressure-meter Test (PMT).

. The Plate Load Test (PLT).

Dr. Hussein M. Al.Khuzaie; hma@mu.edu.iq
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Thank you
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