UNIVERSITY OF LEEDS

This is a repository copy of Effect of vibro stone column installation on the performance of
reinforced soill.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/130387/

Version: Accepted Version

Article:

Al Ammari, K and Clarke, BG orcid.org/0000-0001-9493-9200 (2018) Effect of vibro stone
column installation on the performance of reinforced soil. Journal of Geotechnical and
Geoenvironmental Engineering, 144 (9). 04018056. ISSN 1090-0241

https://doi.org/10.1061/(ASCE)GT.1943-5606.0001914

© ASCE. This is an author produced version of a paper published in Journal of
Geotechnical and Geoenvironmental Engineering. Uploaded in accordance with the
publisher's self-archiving policy.

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

— e o — oy — e

% -40 -&5 ;E\Z“\\

\
\ O | SECoNDARY PRIMARY
\ - [SEDIMENTATION SEDIMENTATION
v At ANKS 1 TANKS k}
_ AERATION .-
: TANKS 47
\ : P
.\ /"
"\ /_PUMP ADMIN. 2
. [ STATION BLDG
0O 3
. \c
! Y
j 3
SLUDGE MAINTENANCE \
HANDLING / S BUILDING ~——~-30
BLDG. — ] \,
{ !
- THICKNER ;
AN
= —-35
1 DIGESTER %
CHLORINEA_\D |
CONTACT TANK '~ \
= -40
o \
S N 0
et e s "
Ab—— A

GEOTECHNICAL SECTION

. SUBSURFACE CONTOURS (ELEV. IN FEET) OF
S\ SUITABLE FOUNDATION MATERIAL

APPROXIMATE LOCATION OF FUTURE STRUCTURES

5T —



1.2m clayey sand

fill

0.9m sandy silt

— GWL

cohesionless

0.9m clayey silt

cohesive

1.2m sandy silt

cohesionless

1.2m silty clay

cohesive

1.2m silty sand

cohesionless

1.2m sandy silt

cohesive

2.4m silty sand
and clayey sand

cohesionless

1.8m sandy clay

cohesive

estuarine deposits

0.9m silty sand

cohesionless

1.2m sandy clay

cohesive

1.8m silty sand
and clayey sand

cohesionless

0.9m clayey silt

cohesive

2.4m clayey sand

cohesionless

marine deposits




settlement [mm]

I

(e)]

[e0]

10

12

applied pressure [kPa]
20 40 60 80 100 120 140 160

1.8 m?/col

4.2 m?/col

3.1 m?%/col




(a) 5 (b) (C)

I
|

Il | | |

Estuarine cohesionless

_Estuarine cohesive (1) % Estuarine cohesive (1) ‘

Estuarine cohesive (1)

| Estuarine cohesionless (2)
Estuarine cohesive (2)
 Estuarine cohesionless (3)

~ Estuarine cohesionless (2) |

Estuarine cohesive (2)

—

| Estuarine cohesionless (2)
| Estuarine cohesive (2)

| Estuarine cohesionless (3)

Dummy material

Dummy material

Y 'y - Y



coefficient of lateral pressure [K]

B
&

w
U

N
oy

=
i

o
U

—--Ar=0.05m
-X-Ar=0.10 m

—-Ar=0.20m

B-Ar=0.25m

-Ar=0.15m|

o

2 4 6 8 10
normalized radial distance from column axis [r/D,]

12

N w B
& w &
| |

=
(9]
|

coefficient of lateral pressure [K]

(b)

o
U

—--Ar=0.05m
-X-Ar=0.10m
—-Ar=0.15m|
—Ar=0.20m

2

4

6
normalized radial distance from column axis [r/D,]

8

10 12



coefficient of lateral pressure [K]

4.5
-8-cohesionless layer-1

—-&-cohesive layer-1

—A—cohesionless layer-2

——cohesive layer-2

-x-cohesionless layer-3

_— X’

-+-cohesive layer-3

-x-cohesionless layer-4

——cohesive layer-4

05 W

0 0.05 0.1 0.15 0.2 0.25

radial expansion in terms of column diameter [Ar/D ]



normalized stiffness [E.,/E;, "]

—~Ar-0.05m

—--Ar=0.15m

|-Ar=0.25m

-X-Ar=0.10m |

—+-Ar=0.20m |_

2 4 6 8 10

normalized radial distance from column axis [r/D,]

12

normalized stiffness [E;/E,]

w
o

N
n

™
o

=
w

=
o

o
&

——Ar = 0.05 m

--Ar=0.15m

--Ar=0.25m

-X-Ar=0.10m |-

—+Ar=020m |

\‘-\._
e /A —

(b)

-

2 4 6 8 10
normalized radial distance from column axis [r/D,]

12



normalized stiffness [Es,/Es,*]

2.5

g
o

=
wn

1.0

-e8-cohesionless layer-1
—&-cohesive layer-1
—A—cohesionless layer-2
——cohesive layer-2
-X-cohesionless layer-3
-+-cohesive layer-3
-X-cohesionless layer-4

—e—cohesive layer-4

0 0.05 0.1 0.15 0.2 0.25

radial expansion in terms of column diameter [Ar/D ]




A
2 Column
Wk spacing (s)—
%
=) g
{3 (i
£ £
2 =
(K, Eso) improvement E ‘:’-:
One column | g |57
2 2 {Eso=f(Ar,r)
K=f(Ar,r)
Ko |
0 1 2 3 4
Distance from stone column axis (r)
(a)
\
. Column =z
#+——spacing (s) w
=
= S
_______________________ =
; 3 ; Ej (K, Eso) improvement
i S { S Two columns
i [ > [}
Eso=f(Ar,r): & i & (K, Eso)improvement
K=f(Ar,r) P One column
" -
Kn
4 3 2 1 0
Distance from stone column axis (r)
(b)
\
A Column / g
|—— spacing (s) w
=
J Final
j gK, Eso) improvement

tone columns group

Stone column (1)
Stone column (2)

(K, Eso)improvement
) One column

:'1 2 1 0
Final Eso and K distribution

()




coefficient of lateral pressure [K]

< 5
(@) : (b)
24
/. g
) - e 3
/. J: ’
5
>?—r — 8,
®)
-&-one stone column effect & 1 e -&-one stone column effect
——two stone columns effect é —A—two stone columns effect
i i | o 0 | | |
O
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25

radial expansion in terms of column diameter [Ar/D ] radial expansion in terms of column diameter [Ar/D,]



= N w R

normalized stiffness [E;/E,]

o

IS

T
(3) = [ P
o
K 3 g
W /
§ /
— T | L
—&-one stone column effect = -&-one stone column effect
——two stone columns effect g ——two stone columns effect
: : : <0 ! i :
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25

radial expansion in terms of column diameter [Ar/D ] radial expansion in terms of column diameter [Ar/D,]



coefficient of lateral pressure [K]

4.5

3.5

2.5

1.5

—-5=1.50m (a)
=-5=1.75m
—4-5=2.10m
.\ =
i ""\. : /
/ ><:
0 0.05 0.1 0.15 0.2 0.25

radial expansion in terms of column diameter [Ar/D ]

coefficient of lateral pressure [K]

4.5 ,
—-5=1.50m (b)
-&-5=1.75m
—4-5=2.10m

3.5

L >
=

0
\
|

g
n

=
U

0 0.05 0.1 0.15 0.2

0.25

radial expansion in terms of column diameter [Ar/D ]



normalized stiffness [E;,/Es,¥]

—-5-1.50m
-B-5=1.75m
—4—-5=2.10m

/'

—

e
&

—r

QA.

0

0.05

0.1

0.15
radial expansion in terms of column diameter [Ar/D,]

0.2

0.25

normalized stiffness [E.,/E;, ]

—--5=1.50m
-&-5=1.75m
—4—5=2.10m

et

(b)

—

—

i\

0

0.05

0.1

0.15 0.2
radial expansion in terms of column diameter [Ar/D,]

0.25



Fill
Estuarine cohesionless (1)
Estuarine cohesive (1)
Marine cohesive
Marine cohesive

Estuarine cohesionless (2)
Estuarine cohesive (2)

Estuarine cohesionless (3)
Estuarine cohesive (3)
Estuarine cohesionless (4)
Estuarine cohesive (4)
Marine cohesionless
Marine cohesionless
Marine cohesionless

— =
=

xf...%u

I e v e vaavA TPy
4 S SN S UYiirs]
N T L]

w_w%aammnw :

; ' AN AN NN
%ﬂﬂ%ﬁﬁhﬁﬁﬁhﬂﬁﬁﬁﬂﬂﬁ%&
S

NN AN AR AN
V.hvfﬁm.nﬁ&ﬂhﬁhuﬂaﬂai@%

NN N

5wy ) :
4‘4&&&9«“mﬁnﬁmﬁhﬁﬂﬂﬁiﬂﬁm
vvLﬂwumﬁﬁhﬂhﬂanmﬁ.ﬂﬂn?@&
N
» SN AWAN
17 1 i 2 AV T VAT AV AN VS
.‘L.A 82 Y KAV AN AN AN 24 P AN AVAVA VG EAV

o
5

LINNINOLAL AN N
A NN AR

Mg .&W
|2
F NN S SN N LA AN N
0o S S 7l 2 T P S AT AV AYAYA VA

OB By 3
<‘®&w@&ﬂm&%ﬁﬂﬂmﬁ#ﬂgﬁsu§. o
N\ N DK —
vy e A ]
” IR 5

N 97 AV P A YATANE Y
»‘b"»h \ SRR G N

VNS s

WA
T

[\
\ DL D |
X Y1 N P T AN 7 CAVAAVAV A Vi 5

Aga 4»4‘4 v»wuﬁﬁh%ﬁnﬂiﬁﬁﬁaﬂ%ﬂﬁ
L X

Fo ; o 27 P P VAV AV AN ZaN v
‘bdh»‘@vﬂ.mm P SATAVATA A ]

E:
A@»u, =3 5
— /\

‘. : oy
N 2 7 2 3 P A VA WA Za S
| IR E A AN A

19.2m



settlement [mm]

10

12

14

16

20 40

applied pressure [kPa]

60

80

100

120

140

160

Field data
—l— No columns
@ Ar=0.00 m
—+- Ar=0.05m
—£%-Ar=0.10 m
=Q--Ar=0.15m
—-Ar=0.20 m

=0--Ar=0.25m

settlement [mm]

10

12

14

16

18

applied pressure [kPa]

40

60

80

100

120

[ IField data
—l— No columns
@ Ar=0.00 m
==4=-Ar=0.05m
== Ar=0.10 m
-O" Ar=0.15m
—{F- Ar=0.20 m
=0O--Ar=0.25m

settlement [mm)]

12

14

applied pressure [kPa]

30

40

50

60

[ Field data
—l— No columns
=@ Ar=0.00 m
=== Ar=0.05m
=/~ Ar=0.10 m
=== Ar=0.15m
={F-Ar=0.20 m
=0-- Ar=0.25m




settlement [mm]

12

14

applied pressure [kPa]

20 40 60

applied pressure [kPa]

80 100 120 140 160 20 40 60 80 100 120 140
0
2 -
— 4 1
€ €
£ £
= 6 1 =
C C
o} o
E 5 1l €
Q o
B =
1} : )
Field data 3 10 Field data \.\ 13
N - =~ Ar=0.10m \
={-- Ar=0.15m N O A= 025m
—O--Ar=0.25m \ .
. Mitchel and Huber (1985
—4— Mitchel and Huber (1985) 1 12 _._‘ Elehonty ot o (2()0;) ) % -
—@ Elshazly et al (2008) \ - Killeen (2012)
-l Killeen (2012)
L L 1 1 L L L 14 1 1 1 1 1 1

10

12

applied pressure [kPa]

10 20 30

40 50 60 70 80 90

Field data
=== Ar=0.05m

—[F- Ar=0.20m

—4— Mitchel and Huber (1985)
—@ Elshazly et al (2008)
-l Killeen (2012)




	Fig 1
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Fig 7
	Fig 8
	Fig 9
	Fig 10
	Fig 11
	Fig 12
	Fig 13
	Fig 14
	Fig 15
	Fig 16

