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Soil type Silt Clay Organic Soils Peat
Organic Organic (e.g., Gyttja, Organic Clay) Organic
Binder Content = 0-2% Content = 0-2% Organic Content = 2-30% Content = 50-100%
Cement B C C B
Cement + gypsum C C B B
Cement + furnace slag B B B A
Lime + cement B B C D
Lime + gypsum B B B D
Lime + slag C C C D
Lime + gypsum + slag B B B D
Lime + gypsum + cement B B B D
Lime D D B D
“A, very good binder in many cases; B, good in many cases; C, good in some cases; and D not suitable,
Souce: EuroSoilStab (2001).
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Property Typical Range Property Typical Range
Unconfined compressive Up to 1.2 MPa for organic Undrained shear (10-50) c,, of soil (0.15-1.0 MPa)
strength, g, and very plastic clays, strength
sludges Young’s modulus (50-200) ¢, of lime-cement column
i 7 it el (50-200) g, of cement-treated soil
0.7-2.5 M Strain at failure <2%
medium/hard clays P - 3 .
1.0-3.0 MPa for silts crrpcabllny About the same as for in situ soil
1.5-5.0 MPa for (lime—cement)
fine-medium sands Permeability (lime) 10-100 X in situ soil permeability
Permeability, £, 107°-10~% mis Source: Modified from Elias et al. (2006).
Young’s modulus (E5;) (50-1000} g, for lab
(secant modulus at 50% q,)) samples (Japan)
(50-150) g, for lab samples.
(US)
(100-300) ¢, (typical range)
Tensile strength 8-15% of g,
Poisson’s ratio 0.20-0.45 (typically 0.26)

Source: Modified from Elias et al. (2006).

o B @ ok W [ e

oo Cud SIS Jgomo olg> ot
SR 9d5 100
*
10 -

k/k = 0043500

k. = permeability of the stabilized soil
k = permeability of natural soil

kelk

0.1
w = moisture content of the stabilized soil \

w, = moisture content of the natural soil

*
h " 001 - .//
g, = unconfined compressive soil of the |

stabilized soil (unit: kPa)

0.001 -+ T T

wiw,
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ag = constant, which varies in a wide range
from 50 to 1000.

L)
ag = 100 has been commonly used and is also 50 /qu{ T
mostly conservative.
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Qult,c = qu.cAc
Gue = 0103, Qult,c fsUch + thAc
qy. = field unconfined compressive strength of Iim = I‘{Eqr
the column
g, = laboratory unconfined compressive U, = perimeter of the column
strength of the stabilized soil sample L. = column length
a; = laboratory to field strength correction Ay = mobilization factor of the end-bearing
factor (typically 0.3—1.0 for on-land (typically ranging from 0.4 to 0.6)
works or 1.0 for marine works) 4im = modified end-bearing capacity of the
a, = small cored sample to full-scale column column toe

correction factor (typically 0.70)
cross-sectional area of columns
average skin friction between the column
and the surrounding soil

g, = end-bearing capacity, estimated based on
pile toe bearing capacity

S
o

£y SB g5l OBy Srio oKD

Sl ) b 4 SIS g9 golil 2 (Yoo v (u Oligios

type I—very soft clay (OC > 5%, ¢, > 1.5), f, = 5-8 kPa;
type Il—soft clay (OC> 5%, l.0<ey<1.5), f, =
8-12kPa; type IlI—clay (OC < 5%, ¢, <1.0), f, =
12-15 kPa, where OC is the organic content and ¢ is the in
situ void ratio.
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For clayey soils:

f.=c, ¢, = average cohesion of the soil along the
.l column shaft (kPa)
¢, = cohesion of the soil below the column toe
. (kPa)
For sandy soils: N = average SPT N value of the soil along the
= % (kPa) column shaft

gy = 75N, (kPa) N, = SPT N value below the column toe

v N @ ok W [ e

Guos DI (g (i 31 S (o3 (53951 b 1

a, = area replacement ratio of the column to the
soil

f,, = mobilization factor of the bearing capacity
of the soil (typically varying from 0.5 to
1.0 for frictional columns or 0.1 to 0.4 for
end-bearing columns)

¢uy,; = ultimate bearing capacity of the surrounding

soil
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n = stress concentration ratio.
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Stress concentration ratio, n
>
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Modulus ratio of column to soil, £ /E,
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hcp = ch(as)g(ﬁ;:)h(?p)

he,, = thickness of the column penetration zone
(treated as an “unreinforced” layer)
Le L, = length of the column
fla,) = influence factor of the area replacement ratio
g(p,) = influence factor of the improvement depth
hiy,) = influence factor of the applied pressure to
soil strength ratio

Stiff layer

- j : o d}Wj A :| O g 0 a@

A R]

G IS sy gaw Comnid

0.75 — 2.5a,, a, > 0.20
fla,) =404 -1.0a,, 0.20 < a, <045
0, a, > 0.45
1.62 - 166, 02 <5, <07
g = L ‘
0.5, 07<p, <09
P L,
Ly Lk

h(yp} =] 0.27]n(yp) - 041

_ Ao.p,?
L, g T
u
w Ao, = average applied pressure
P, = atmosphere pressure (approximately
; 100 kPa)
Sl ¢, = undrained shear strength of the soil
A SB g5l OB e siriuo 01
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G0S b ‘5lh Y e R3Y
S'=5+5,
03 a5 e > Canndi 2ab gl diii o Gl
n

AO’l-hl- o C.; Ac,;

8 = S Sy =Y hy——log| 1+ —*

I.; Da, + (1 —a,)D, : z; M+ey i

C,; = compression index of the soil sublayer

e,; = initial void ratio of the soil sublayer

hy; = thickness of the soil sublayer within the
unreinforced zone

620[. = initial effective overburden stress in the
sublayer

Ag,; = additional stress within the unreinforced

zone estimated with a 2(H): 1(V) stress
distribution

D, and D; = are constrained moduli of the column
and the soil
h,; = thickness of a soil sublayer within the
reinforced zone
Ao,; = additional stress within the reinforced
zone induced by the applied
pressure, Ao,

£4 S g5l Ob yaw Sxuo o851

s BB b (g 58 pusind

RIS

m,, = coefficient of volumetric compressibility

of the equivalent layer
1 f the equivalent lay
m — _ . .
vl D,, D, = constrained moduli of the column and the
a!;D et (1 o a.s‘)D § soil

h, = thickness of the equivalent layer
d, = diameter of the unit cell

1.542 k d,. = diameter of the column
ko={1+ T b/ k., k, = permeability of the soil in the radial and
vl F (N ) d2 k v vertical directions
m \"'DJ He TV k, = permeability of the smear zone
k. = permeability of the column
Np, = diameter ratio of the unit cell to the
column
N, = diameter ratio of the smear zone to the
column
SN SE 5l e
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Average degree of consolidation (%)
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s Potential slip
See surface

Cueq = AsCye + - as)cu,s

Cueq = Undrained shear strength of the
composite foundation
¢, = undrained shear strength of the column
¢, ¢ = undrained shear strength of the soil

g J9dS 3 30l Cawd 4 Olyyos ¢ 4295 b
839370 3 2L Ogiw b3S LASD) (S0 Caoglio

Improved zone . k..
(composite foundation) ""‘"L' ‘Jl&“‘tﬁ SJ*S 16- G
oy S g5l OBy Srio oKD
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— V/0 = Gi3d plp oo (Gl o ©
" V/0 =555 53l5 mlp 53 (Sosl g po °
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N

e

B
i T _
H _
P
HI3 :
T. = shear resistance by the DM wall
K o e K = coefficient of lateral earth pressure of the
Dy soil
y = unit weight of the soil
: 2 ¢, = field unconfined compressive strength of
the stabilized soil
H = depth of excavation

width of the wall
effective cohesion of the wall
effective friction angle of the wall

00 j e SB g5l j OBy (Siuo 21831

-]
[ |

1 S >

s _ JWB _ 3WB
© 7T 2PH T KyH?

3
e PH _ KYH* o001 be less than (l) B.
H 3IW T 6W 6

The maximum stress at the edge of the wall as calculated
below should be less than the allowable strength of the sta-
Dy bilized soil: oA 6
e Pas = (1+ E") <4q, (8.39)
where g, is the allowable strength of the stabilized soil,
which is equal to g,/FS (typically FS = 2.0).

o1 ‘ ‘ S 45W ‘ ‘ Ol paw Smio olRil>
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PR [ZR]
b % RS
PP + ffB
P

a

= FSbS =

Passive earth pressure, P, is mobilized at a large deforma-

s tion; P, may be reduced by a factor (typically ranging from

1.5 to 2.0) to limit the lateral deformation. For a permanent

5, carth structure, if P, is not reliable (e.g., the toe is subjected

to scouring), it may be ignored. The shear resistance between

the block and the soil, 74 can be estimated by (%—1) times the
o shear strength of the soil.

oy SB g5l OB paw Sriuo IR

A R]

N

RIS

Pz + Wx

pzp w

I

a*da
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S i3 5

€
! L/ B | FS. = N.c,
- T = yH — c,(H + D;)/B' — 2c,D;/B
" i f ¢, = undrained shear strength of the soil
! r y = unit weight of the soil
& 7 H = depth of excavation
Dy ' r D, = embedment depth of wall
4 B' = depth of failure surface (B’ = B/v/2 in
uniform soil or limited depth to a firm
w soil if B < B/v/2)
N, = bearing capacity factor, which can be
R determined based on Figure 8.42

04 - OB o o o181

10 v 3

RIS

10 T T T T T T T T T

gl Square and
circular B/L =1

gl
H = Excavation depth
NoTT B = Excavation width
¢ 6 B/L = 0, Rectangular L = Length of excavation
5F i
4 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5
H/B
(12957 0lSen 9 (B1)5) b solal 6l b Cud )b o b
e SB 5l Ol yaw Sako RSN
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.4 Ta®p
g5 &5 (5,4l S
v 7777 .
H
H+Dy FSSP =
i, = critical hydraulic gradient
£ imax = maximum hydraulic gradient
y' = effective unit weight of the soil
¥Yw = unit weight of water
r 1 |
Impervious
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ry 3 4 N
==
Region Japan Europe United States
Reference Kitazume and Terashi (2013) Holm (2005) Elias et al. (2006)
Method Dry method ‘Wet method
Penetration rate (m/min) 1020 1.0 26 1.0
Withdrawal rate (m/min) 0.7-09 0.7-1.0 1.5-6
Blade rotation rate—penetration (rpm) 24-32 20 80-200 2045
Blade rotation rate—withdrawal (rpm) 48-64 40 10-30
Blade rotation number (/min) 274-284 350-360 100500 350 for clays; 400 to 450
for peaty soils
Binder content (kg!m3) 100-250 150-300
Rya.i R, e 4
Ny = Npy (ﬂ + J) N, = total number of mixing blades
Vphev  Vw v, = penetration rate (m/min)
. L . . v,, = withdrawal rate (m/min
a.,; = binder injection rate during penetration w R (/. . ) .
3 R, = blade rotation rate during penetration
(kg/m R, = blade rotati during withdrawal
a,, = total volumetric binder content (kg/m*) w = blade rotation rate during withdrawa
v S g5l OB o i BN
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(1) Positioning auger  (2) Drilling and mixing (3) Reaching bottom and (4) Reverse mixing while (5) Complete
binder with soil continuing mixing withdrawing
A S g5l OBy Srio oKD

S Geos LW &l 21 Wiy
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(1) Positioning auger (2) Drilling (3) Reaching bottom (4) Injecting powder binder (5) Complete
and mixing while withdrawing

ve S g5l RIpER IR RN
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g, = unconfined compressive strength of
q, = 12.5N stabilized soil (kPa)

N = number of blow counts by the

q, = 1 dynamic penetration test
" 10 e g, = cone tip resistance (kPa)
vy 3 OB paw Sriuo IR
N L “ 2 o [
ulﬁg&b' 9 WSR3 J ,..S
Phensa-
Push
v Pull
4
Modified cone Pullout
penetration test resistance test
(MCPT) (PORT)
ve SB gjleme Oy (ko SIS

Department of Civil Engineering, Sirjan University of Technology
36



Ground Improvement 11/28/2018

© Ali Reza Ghanizadeh

553 85
Y LS S 32,5 SeS 4 SB[, 9z ge Ol pis iS5, 5
Higiiso 5
S O3 G slae i Ga b 5l SIS 4 Sgdi 5585 5o
WS A 39 G 9 SIS 50 S5 bl ST g0 G5
G205 G )l S Sz Gl b bl o515 G5
Wb gculed Jds 4 gae) Solus Ol @l 0058 Ol G005
3555 o0 )l B 03lizwl 3590 il figi 9 (5ol

Yo SB g5l Ol g i SIS

A R]

&5

d) \l’ i;g
s Y
s

(1) Permeation grouting (2) Compactiongrouting  (3) Hydro-fracture grouting

ik

(4) Compensation grouting (5) Jet grouting
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Passing by weight (%)
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