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Settlement Types

¢ Shell Settlement
e S<[(L2xY x 11)/(2 x E x H)]

¢ Edge Settlement

e Maximums set by API and depend on the tank
construction

¢ |nternal Bottom Settlement
e B;=0.37R

e Edge and center settlement relationship
- (rcenter_ redge)/D < 0.005



Settlement Types

¢ Settlement of Tanks can lead to ...
e Overstressing of tank connections
e | 0ss of Freeboard
e Distortion of roofs
e Ovalization of Fluid Surface
e Overstressing of shell
e Overstressing of floor

¢ Settlement iIs related to poor or non
uniform ground conditions



Shell Settlement




Internal Bottom Settlement




Edge Settlement




Remedial Methods

¢ Jet Grouting
e Insitu buttress
e [nsitu ring beam

¢ Compaction Grouting
e Densification of loose soll
e Lift settled ring beams

¢ Micropiles
¢ Slurry Grouting

¢ Mechanical Lifting



Jet Grouting

Jet Grouting is a versatile Ground
Modification system used to create in
situ cemented geometries of
soilcrete.
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Superlet Grouting is a modified
double-fluid jet grouting system that
takes advantage of tooling design
efficiencies and increased energy to
create high-quality, large diameter
(11-16 ft), soilcrete elements. It is
effective in most soil types and is
best when applied for bottom seals
and ‘surgical’ treatment applications.




Jet Grouting
Systems

There are three traditional
jet grouting systems.
Selection of a system is
generally determined by the
In situ soil, the application,
and the physical

Ch aracteristics of SOI lcrete Single Fluid Double Fluid Triple Fluid
(1.e. strength) required for
that application.



Jet Grouting
Process




SuperJet Grouting
Process







Design Considerations for Jet
Grout Buttress Construction

LEGEND

f*iii?*ﬁl
RS

N
d

F=(Wg+ Wge)tand + g+ Ca

Pps + F

(\VB + \V\*L*) a+ Pps*b = v ge g
- ) P2 DS y =
=70, o Sding = o e o

1.5
(Pos* ¢)+ (Pw *d) + (PosL*e)™ i

FS overturning*® =




Compaction Grouting

Compaction Grouting uses
displacement to improve ground
conditions. A very viscous (low-
mobility), aggregate grout is
pumped in stages, forming grout
bulbs, which displace and densify
the surrounding soils.

Significant improvement can be
achieved by sequencing the
grouting work from primary to

secondary to tertiary locations.



Compaction Grouting
Applications
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Compaction Grouting
Process

Competent Backfill Competent Backfill

Loose Stratum Loose Stratum " Loose Stratum

Firm to Medium Stratum Firm to Medium Stratum Firm to Medium Stratum










Micropiles 600k

10-100k

4

¢ Originally...were relatively small
diameter (2 to 57), low capacity
piles (10 to 100 kips) used in
various soil types to transfer
structural load to competent
bearing strata. Micropiles are
easily installed in restricted access
and limited headroom situations.

¢ Now...diameters and capacities
have increased to as great as 12"
and 600 kips, respectively.



3.10 Tons 15-75 Tons 50-150 Tons 40-100 Tons 25-75 Tons 50-500+ Tons
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Two Types Of Micropiles

¢ CASED - Steel Pipe ¢ UNCASED - Pressure Grouted
Cement Grout Core Shaft with Steel Core

PILE CAP BY OTHERS

5000psi NEAT CEMENT
GROUT

7.625"0.D.x0.5" WALL
SEAMLESS PIPE GRADE 80

PERMANENT CASING
105' TO 130

5000psi NEAT
CEMENT GROUT

INNER CASING FILLED W/GROUT
4"0.D.x0.525" WALL GRADE 75

CORE STEEL #8 WITH
CENTRALIZERS AT 10° CTS

' T0 130

PERMANENT CASING

7.62570.D.x0.5" WALL

OPEN FACE CUTTING SHOE
SEAMLESS PIPE GRADE 80

0.D. 8.25"

5000psi NEAT CEMENT
GROUT

SHEAR RINGS oR,

éEBAK YP.
INNER_ROD
CASING DETAILL
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SACRIFICIAL BIT
FULL FACE CUTTING SHOE 6'0.D.

0.D. 8.25", ROLLER CONE

240 KIP DESIGN LOAD
©  SCALE: NTS

End Bearing Pile Friction Pile



Icropiles
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Micropiles for Tanks




Mechanical Lifting/Grouting




Mechanical Lifting




Case History

¢ Tank supported on ring beam

¢ Settlement exceeded tolerances during
hydrotest

¢ Hydrotest stopped prior to full height
reached

¢ Ring beam structure compromised



Jet Grouting - Tanks

¢ Design was based upon...
e Good Bearing solls at depth

e Settlement would be rectified using
compaction grouting

e Treatment isolated to side of tank with most
settlement

e Jet Grout columns installed through and
below ring beam

e 3 t0 4 ft diameter jet grout column



Jet Grouting Tanks

L OCATION: See Plate 2 CLASSIFICATION SHEAR STRENGTH

COORDINATES: Not Available
Openetrometer Unconfined ¥
Triaxial @
Miniature Vanc A

SIEVE, %

SURFACE EL.: Not Available

2 0s 1.0 1
’ a
- firm, 5
o
-soft, &' to 8
- dark brown and tan, with sand pockets and &
gravel below &'
- firm below 8'
- -
o
CLAY, soft, brown I | | W r I
- very soft, 12" to 18’ S O b e O I l ! ’
- dark brown below 14 I
- ks v

NOTES: DATE: May 21, 2008
1. Groundwater was not measured during drilling. TOTAL DEPTH: 20'

2. Terms and symbols defined on Plate 8 CAVED DEPTH: Not Applicable
DRY AUGER: Surface to 20
WET ROTARY: Not Applicable
BACKFILL: Cement-Bentonite Grout
LOGGER: H.Vasudevan
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Jet Grouting Tanks

Tank 516

Ringwall foundation

142512008 :3/26/2008
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6"@ CORED
HOLE

TYPICAL RINGWALL
STABILIZATION

TREATMENT

EXISTING
GRADE
\
I\ \

—— o0
N 12168.0

TREATMENT DEPTH = 18'
BELOW GRADE

FOR DETAILS ON GROUTING

SEE DWG NO 453464
SUMP AREA

DIMENSIONS ARE TYPICAL
ALL AROUND
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Jet Grouting Tanks

4”¢ HOLES THROUGH
FLOOR FOR COMPACTION
GROUTING

TANK SHELL




Jet Grouting Tanks




Jet Grouting Tanks




Closing Remarks

¢ Tanks can fail from differential settlement
which overstresses the shell or floor

¢ Product capacity can be compromised due
to settlements

¢ Connections to the tank can be
compromised due to settlements

¢ Grouting methods can be employed to
minimize additional settlement or rectify
settlement that has already taken place



Closing Remarks

¢ Compaction Grouting can be used to
raise settled portions of a tank

¢ Jet Grouting can be used to increase
edge shear

¢ Micropiles can be used to support
heavily reinforced tank slabs and ring
beams



The World as we See It!

Questions?

Dennis W. Boehm
Chief Engineer
281-668-1870



