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by injecting water into the ground, turning the

by drilling a hole in the ground

geomaterial into slurry, and flushing it out from the hole.
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tary area) of one column

vertical stress on the soil

vertical stress on the column

L
I

h E. “T— E

[
C)
o

A, cross sectional area of the column

O O~—— A, Dividing Equation (5.6) by A, on both sides yields
- Ao, = Acy(l —ay) + Ao a (5.7)
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Considering the stress concentration ratio (i.e.,
n= Ac./Ac), Equation (5.7) can be rewritten as

Ao, = [(1 —ay) +nag| Acg = [1 + (n - Dag] Acg  (5.8)
The stress on the soil is
Ao, = Ao, (3.9)
¥ 1

I +(n—1a
where u is the stress reduction factor.
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Where Ds,, D,,, and D,, are particle sizes of 50%, 20%, and 10% finer,
respectively, in a unit of mm.

Suitability
Number  0-10 1020 20-30 3040 >50

Rating Excellent Good Fair Poor Unsuitable
Source: Brown (1977).
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Column Type

Equipment for Installation

Diameter (m)

Sand compaction columns
Stone columns

Rammed aggregate columns
Vibro-concrete columns

Controlled modulus (stiffness) columns
Geosynthetic-encased columns

Casing
Vibro-probe

Auger and rammer
Vibro-probe

Reverse flight auger
Closed casing or open casing with auger

0.6-0.8

0.5-1.2

0.7-0.9

0.5-0.6 (shaft) and 0.6-0.9m
(head and base)

0.3-0.5

0.7-0.9
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where a; = area replacement ratio
A, = cross sectional area of the column
9 A, = tributary area of the column
AC dC d. = diameter of the column
I — C — s = center-to-center spacing between columns in
M
. S a square or equilateral triangular pattern
C = constant (z/4 or 0.785 for a square pattern or
x[(2 \/3} or 0.907 for an equilateral triangular
pattern)
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Neq = asN2 + (1 — aS)Nl

N, = average weighted (equivalent) SPT N value
N, = SPT N value in the surrounding soil

N, = SPT N value in the sand compaction column
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f. = side friction

toe resistance

. = surface area of the column

toe cross-sectional area of the column

LSS
[RTIT

YA S silegs (SIS IN (-4 kY

Department of Civil Engineering, Sirjan University of Technology
19



Ground Improvement Lectures

© Dr. AliiReza Ghanizadeh

11/7/2018

o sl s sl S o s Ve /0 o 4 el 5 s b e b O
B o3liul lmler S sl 55l po g ol

IR W) ksaagh} &“.A-ll? 29

(00 SEhaol) i Sy g e 69 3L cud b 2 (21,0 £

fs=ac,

b Sy Sl o

fs = ﬂioéo

f. S 6ol

(SIS IN (-4 kY

ﬂ'- = Ktan 6;
a; o = effective overburden stress
K = coefficient of lateral earth pressure, typically
ranging from 0.5 to 1.0 K, (a smaller constant
may be used for a replacement method but a
larger value may be used for a displacement
method)
K, = coefficient of lateral earth pressure at rest
6; = interface friction angle, mostly equal to 0.8 to
1.0 times the soil effective friction angle, ¢’
4 S 6ilags (SO (-4 kY
- o - * - [ZAK]
P .o . . P °
(59 Cwglio) i Sy gw S 25l b 2 (21 )b
£ & e . .-
qtchCuzgcu PRCAR AV S RN ET
% NG P R
d. = diameter of column
o, = effective overburden stress at the depth of
the column toe
Ny, Ny are provided in Table 5.4
¢'(°) 20 22 24 26 28 30 32 34 36 38 40 42 B 46
Ny 33 4.3 58 74 10 14 19 24 32 48 66 90 120 180
Ny 13 16 21 26 33 42 54 69 90 130 170 220 290 400
Sources: Vesic (1975) and Vesic (1977).
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Qult c Qu

unconfined compressive strength of the con-
crete (typically 20 MPa at 28 days)
A_. = cross-sectional area of the column head

qu
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1080 95 ol o 5l HloBe o S Quiei = individual column ultimate load capacity
g oo o Gus = ultimate bearing capacity of soil

= area of soil under the raft

sr

— = ultimate load capacity of the equivalent

= 4 g A Quip =1 pacity q
Poulos Qult Z QUII.C' Tult.s s pier (the same above procedure used to cal-
(2001) culate the ultimate load capacity of the pier
Qull = Qullp + G, sAqo by treating the pier as an individual col-

k A umn)

A,, = areaof soil outside the periphery of the pier
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Drainage surface

SR 2 [ s [

s ¢ (21 )b RS

¢, = the coefficient of consolidation of soft soil in the
radial direction, i.e., k. /(y,,m, ;)

¢, = the modified coefficient of consolidation of soft soil
in the radial direction
¢, = the coefficient of consolidation of soft soil in the
vertical direction, i.e., k,/(y,.m, ;)
k, = permeability of the soil in the vertical direction
k, = permeability of the soil in the radial direction
Yy = unit weight of water
— — § u = excess pore water pressure at a distance r
Com =C, | 141 2 _ =G (1 tn —a ) Np = the diameter ratio, defined as the ratio of the influ-
D r ence diameter (d,) to the column diameter (d, = 2r,)
in a unit cell, and
1 g n = stress concentration ratio at the end of consolidation.
Com = €y I+ I’lz_ =C (l +n l—a ) This stress concentration ratio can be estimated us-
D~ ® ing Figure 5.14 but should be limited to not more
than 5.0.
m, , = volumetric compressibility of the soil in the
vertical direction
ff S gl (SIS IN (-4 kY
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The Terzaghi one-dimensional solution can be used for the
vertical flow while the Barron solution (Barron, 1948) can be
used for the radial flow.

U,, = overall degree of consolidation
U, = degree of consolidation in a vertical direction
U, = degree of consolidation in a radial direction

Los W I oI e

S £ > 5

Terzaghi (1943)

4T,
For U,= 0t052.6%, U, =
T
For U,> 52.6%, U,=1-0.81x 107"

U, = average degree of consolidation due to vertical flow, and
T, = time factor due to vertical flow (i.e., T, = c,th%, t is time and /4, is
longest drainage distance due to vertical flow)

For granular column-reinforced foundations, the modified coefficient of consolidation of
soft soil in the vertical direction, c,,,,, can be used to calculate the time factor for Terzaghi’s
solution for the degree of one-dimensional consolidation, as T, = ¢,,,th?;..
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Barron (1948)

- \ 3N - |
U=1-e % ", F(Np) = —=— In(Np) - —>—
Ny =1 4N,

U, = average degree of consolidation due to radial flow
Ny = diameter ratio (i.e., ND = d jd )

d, = equivalent diameter of a unit cell

d. = diameter of a sand drain; and

T. = time factor due to radial flow, (i.e., T. =c,/d°, ).

The modified coefficient of consolidation of soft soil in the radial direction, c,,, can be
used to calculate the time factor for Barron’s solution (Barron,1948) for the degree of
radial consolidation as 7,,, = ¢, vd’e .

fv S 6ilags (SO (-4 kY

rm

PUCE YR N~ .
= Suitable for compressible silts and clays
(undrained shear strength, c, = 15 — 50 kPa)
= Typical spacing 1.5-3.5m
= Typical diameter 0.8-11m
= Typical depth 10 - 15 m (max. 30 m)
* Replacement ratio 0.2 - 0.4

= Stress concentration ratio 2 — 5 (rigid footing)
1.5 to 3.0 (embankment)

= Settlement improvement factor 1.5-6
= Column loads < 500 kN/column
FA S 5l Ol s iao oKl
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= Soils most favorable: soft clays with cu > 15 kPa
= Typical diameter: 0.7 - 0.9 m

= Typical length: 5 - 10 m

= Typical allowable load capacity: 200-600 kN

= Settlement < 25 mm

e S gilug Olr s (iriao oKL
o Slegw Sl Bk o Syl yb

= Typical column diameters: 450-600 mm
= Typical allowable design loads: 600-1300 kN
= Soils most favorable: very soft clays and organic soils

= Typical length: 10 -15 m
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= Soils most favorable: very soft clays and organic soils
= Typical length: 5-10 m

= Typical column diameter: 0.5-0.9 m

= Typical allowable load capacity: 150-350 kN
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