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INn-situ densification

e Most effective In sands

100

e Methods used In g [
conventional earthwork
(sheepsfoot roller, etc.) ar
only effective to about 2 n
below the surface

not
AR compectapie

T
compactable
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Dynamic vs. Vibrator y Methods

Dynamic (Impact) Vibratory




Vibrator y Probe Compaction

e Long probe mounted onto a vibratory pile driver
compacts the soil around the probe; penetrations
spaced in a grid pattern similar to vertical drains

- e Examples of Vibratory Probe Compaction =
e Terraprobe: uses pipe for the probe; never popular and new-
obsolete =

e Tri-star: uses a Y-shaped probe with small horizontal _
the main plates; probes up to 25 m long; more efficient than-=



Resonance Compaction

Plastic Zone

Elasto-
Plastic Zone

Elasatic Zone

Velociry

Furticle




Operatin g Princigyde

O\ W
| |
| Centre Shafts |
|

Vibratory hammers apply a rapidly alternating force to the pile by
rotating eccentric weights about horizontal shafts

e 2 e, e

single plane and directed toward the centerline of the shatft

The eccentrics are paired so the horizontal forces cancel eack =
other, leaving only vertical force for the pile =



Original Development

First job in the USSR -- Gorki hydroelectric
development, 1949

Model BT-5
Dynamic Force, 214 kN

Eccentric Frequency, 41.67 Hz =

Power, 28 kW
Sheet Piles

3700 sheet piles
9-12 m long




Soviet Equipment

® Soviet B-402 pile driver {l RN
e Dynamic force, 270 kN h ‘

® Maximum eccentric

s moment, 12 kg-m

- e Rotation frequency, 23.8
Hz

® Driving sheet piling in

Leningrad (St.
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—rr=
-

P,

e x
- g
[ Bl o 4 =a
o] 3 e = o
| s ™ . i R = | s ; - U
By B C e E e ety
=t L e 2 i f-

i v ; : =
"l ) 1 e — =

2 | | : e
L » 1 Sy = i
v L
A =
' | " — o e
. - -
’ " B 2 | Ly -
. i T
1R it
e E i
e n
A N

¥
- 4 !
T 3
M8 -1.-- -'
- 2 Y _. i
W
i
i !:'-
| oy
ARt .
= —i
El e s A o :
ot
el Lo i P
jal A0y
28 il e e T Sy ey
i
TrYEs = L1 I -
=
o =



e Japan
® Nippei
® Uraga
® Jomen

® France
e PTC

e Germany
® Muller

e

Other Vibratories
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HYDRAULIC FONER PACK

e U.S.

MKT — first U.S.

Vibratory (V-10) B
Foster (PTC, then Nippel
derived) ==

ICE (US and Europe)
Vulcan



Basic T ypes of Vibrator vy
Hammers

e Low frequency vibrators
- e Medium frequency vibrators
e High frequency vibrators
- e Non-resonant B o =
. e Resonant B =




Low Frequenc y Vibrators

Characteristics | )
Vibration frequency of 5-10 Hz | Dﬁ:}ﬂ D
Used with piles with high mass . -\
and toe resistance | oy (S
e Drive with high eccentric N TTTTTT
ey moments and amplitudes ML . 2 00000

VPM-170

Dynamic force 1,700 kN
Frequency 9.17 hZ
Eccentric moment 510 kg-m
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Medium Frequenc vy Vibrators

® Characteristics

® Frequency range —
10-30 Hz

- e Balance of frequency, fl (B " =
= eccentric moment and (kg | =

= dynamic force needed to -
drive wide variety of piles

® Most larger vibratories
fall in this range




High Frequenc y Vibrators

® Characteristics

® Operate at frequencies
above 30 Hz

- ® Reduces amplitude and o

= velocity for decreased | kR ST

N s “ . 1 i o
ground vibrations 2L

® [wo ranges

® Non-resonant (Tramac)

® Resonant | = =




Transmission of Ground
Vibrations

Vibration source E/ibration ampliﬁcation]

in building

Transfer of energy
Vibrator - Pile

’////////////éf////////////*f//f//////
[Foundation - Structure]

j Interaction

[ Pile - Soil ]

Interaction LWave propagation in soil ]




Resonant Vibrator

e Guild-Bodine vibrator
® Operated at frequencies up to 120 Hz
® Send “sound” waves into the pile to induce resonance
Mechanically complex and expensive

e e = e




Vibroflotation

e Special type of vibratory probe

e Mounts the rotating eccentric weight in a round probe
which then penetrates the soll

Probe includes both the vibrator mechanism and vvter
lets e
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Dynamic Compaction

e Uses a special crane to
ift 4-27 Mg (5-30 tons)
weight (pounder)to =~

heights of 12-30 m (40-

weights onto the
ground

e Although crude, it

e
) - e



In-situ replacement

e Replacement of compressible or weak solil with
soll of higher strength without excavation

e A vibroflot can create a shaft that is backfilled
. with gravel to form a stone column _

e T e

can pound gravel In to the ground for the same
effect =



Groutin g

e Definition

e The injection of a special liquid or slurry materials =
called grout into the ground for the purpose of
Improving the soil or rock

.......

e T e

~ e Types of Grouts

e Cementitious grouts are made of Portland cementtha
hydrates after injected, forming a solid mass i

g S
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Groutin g Methods

e Intrusion Grouting

e Consists of filling joints or fractures in rock or soil by
Injecting grout through pipes |

._ e Primary benefit is decrease in hydraulic conductM

=

—

e Used to prepare foundations and abutments for dams.
e Usually done using cementatious grouts

~ e Permeation Grouting



Groutin g Methods

e Permeation Grouting

e Most permeation grouting is done using chemical =
grouts, as these can be thinner than cementatious
grouts and thus enter the voids more easily

e Often used to form groundwater barriers andto &
stabilise solls in advance of making excavations of
tunnels

.......
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Groutin g Methods

e Compaction Grouting

e Grout is too thick to penetrate the soll, but grout mclusmns
compact the adjacent soll s

e Often used to repair structures that have experienced
excessive settlement

e Jet Grouting

e Developed in Japan; uses a special pipe equipped with
horizontal jets that inject grout into the soil at high pressufe -

g S




Stabilisation usin g admixtures

e Most common admixtures is Portland cement

e \When mixed with soill, it forms a material called
- soll-cement, which is comparable to a weak =
- concrete —

- e Other admixture materials include lime and
- asphalt

- e Objective is to provide artificial cementation,



Surface Mixin ¢

e The type of soil mixing that historically has been
the most common

e Performed by ripping the upper soils, applyin:'-’~'-~-;;;-;.;.;_..-:,

- the admixture, mixing with special equment 5
- and compacting T

T
el .

e Mixture upon curing forms a hard and durabl T.'-_..-'
soll :

.....



Surface Mixin ¢

e When properly designed and constructed, they
can be cost efficient

the mixture must be shaped to grade and
compacted before curing goes too far

e Usually requires specialised equipment to

achieve thorough mixing




Y In-Situ Dense Mixin ¢

e Uses rotating mixer shafts, paddles or jets that
penetrate into the ground while injecting and

e Result Is soil with lower compressibility and
. hydraulic conductivity

e Types of In-situ dense mixing

e Deep jet cement mixing




Reinforcement

e Soll, like concrete, Is stronger in compression
than In tension

e Use of a plastlc grid, steel strlps or geotextlle

i, T 7L
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stability and increase |ts load carrying capaut =

- o Plastic grids are the most common tensile
reinforcement material because of their dura




Questions




Quiz 2




Quiz 2

e Relating to the placement of compacted earth fill
(structural earth fill), indicate one suitable type of
surface zone compaction equipment (such as |
sheepsfoot roller, vibratory roller, etc.) to use for
easiest for more effective compaction of each *****
the following soil materials: =

a) Well graded fine to coarse sand

e




