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Table 1. Relationships Between Soil Type and
Bearing Values

Design
Subgrade | CBR,2) | k.value,
Type of soil strength percent pci
Silts and clays of high com-
pressibility' ') at natural Low 2 or less 50

density

Silts and clays of high com-
pressibility( 1) at com- Average 3 100
pacted density

Silts and clays of low com-
pressibility

Sandy silts and clays, gravelly
silts and clays

Poorly graded sands

Gravelly soils, well-graded
sands, and sand-gravel High 10 200
mixtures relatively free
of plastic fines

THigh compressibitity, liquid limit equal to or greater than 50.
Low compressibility, liquid limit less than 50.
(Ligquid limit by ASTM D423, Standard Method of Test for
Liquid Limit of Soils.)

2¢california Bearing Ratio, ASTM D1883, Standard Method of
Test for Bearing Ratio of Laboratory-Compacted Soils.
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45 5% o1 ,("o/a"p 2.77) 100pci 7w 1Y D'RNN L,D'PT DY
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Slab Thickness Design for Industrial
Concrete Floors on Grade

by Robert G. Packard*

2" min o v

If a high-quality, well-compacted granular subbase is

used under the floor slab, the & value will increase. On large
projects it may be feasible to construct a test section and
perform plate-load tests on top of the subbase. If this is not
practical, the k value on top of the subbase can be esti-
mated from Fig. 1.
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Fig. 1. Effect of granular subbase thickness on k-value.
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476 Chapter 8
Solution
From Eq. (8.56)
10,200 )
Qudesign) = q—? = —5— = 2040 Ib/in.2

So
Q

9 l_[q_(N!+l)]A
plall)

FS
¢ 28
= tan? — | = tan? — =27
N, = tan (45+ 2 tan’ | 45 + 2

[(2040)(2.77 + 1)](256)

pall) = @)(1000) ~ 492 kips

Since this is smaller than Q,(..., calculated above, use 320 kips. =

8.9 Settlement of Piles

The settlement of a pile under a vertical working load (Q,) is caused by
three factors:

S=S5 45,453

where s = total pile settlement
s, = settlement of pile shaft
s, = settlement of pile caused by the load at the pile point
s, = settlement of pile caused by the load transmitted along the pile

shaft

PILE FOUNDATIONS

From Table 8.3b, the bearing design capacity of the pile should not exceed 320 kips.

(8.57

The procedures for estimating the preceding three elements of pile settle-
ment are as follows:

Determ

ination of s,

If one assumes the pile material to be elastic, then the deformation of the
pile shaft can be evaluated using the fundamental principles of mechanics of
materials :

_ (Qup +20uL
4,E,

8.58)

where ,,, = load carried at the pile point under working load condition
Qs = load carried by frictional (skin) resistance under working load

condition

A, = area of pile cross section

L = length of pile
£, = Young's modulus of the pile material
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Figure 8.26 Various types of unit friction (skin) resistance distribution along the pile shaft

The magnitude of ¢ will depend on the nature of unit frictional (skin) resist-
ance distribution along the pile shaft. If the distribution of f is uniform or
parabolic in nature, as shown in Figure 8.26a and b, ¢ is equal to 0.5.
However, for triangular distribution of f (Figure 8.26c), the value of ¢ is
about 0.67 (Vesic, 1977).

Determination of s,

The settlement of a pile caused by the load carried at the pile point can be
expressed in a form similar to that given for shallow foundations [Eq.
(3.67)]:

5 =“—";9£ - i, 859

where D = width or diameter of pile
4,, = point load per unit area at the pile point = Q,,,/4,
E, = Young’s modulus of soil at or below the pile point
4, = Poisson’s ratio of soil
1,, = influence factor

For all practical purposes, I,,, may be taken to be equal to a, as given in Eq.
(3.67) and can be evaluated from Figure 3.23. In the absence of any experi-
mental results, representative values of Poisson’s ratio can be obtained from
Table 3.6

Vesic (1977) has also proposed a semiempirical method 10 obtain the
magnitude of the settlement, s,. This can be expressed by the following
equation

- Qﬁﬁf \8.00)
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478 Chapter 8  PILE FOUNDATIONS

Table 8.11 Typical Values of C,, [Eq. (8.60)]

Soil type Driven pile  Bored pile

Sand (dense to loose) 0.02-0.04 0.09-0.18
Clay (stiff to soft) 0.02-0.03 0.03-0.06
Silt (dense to loose) 0.03-0.05 0.09-0.12

From *“ Design of Pile Foundations,” by A. S. Vesic, in
NCHRP Synthesis of Highway Practice 42, Transportation
Research Board, 1977. Reprinted by permission.

where ¢, = ultimate point resistance of the pile
C, = an empirical coefficient

Representative values of C, for various soils are given in Table 8.11.

Determination of s,

The settlement of a pile caused by the load carried by the pile shaft can be
given by a relation similar to Eq. (8.59), or

—(Le)2 \
SJ—<pL)E, (l #S)st (8'61

where p = perimeter of the pile .
L = embedded length of pile
I, = influence factor

Note that the term Q,,,/pL in the preceding equation is the average value of
along the pile shaft. The influence factor, I,,,, can be expressed by a simple
empirical relation as follows (Vesic, 1977):

L
- ’ - 8.02)
I,,=2+035 \/; (

Vesic (1977) has also proposed a simple empirical relation similar to Eq.
(8.60) for obtaining s, as

QW‘ s

- ._.C 63)
' L, 8.0
where C, = an empirical constant = (0,93 + 0.16,/L/D)C, (8.64)
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