Excavation

Stages
•
•
•

Layout the excavation
Strip the topsoil within building lines - store separately
Begin excavation
– Hit water - de-water
– Slope sides of excavation according to the angle of repose for the
soil
– Install shoring, tiebacks, slurry walls, sheet piles, or cross lot rakers
as required to protect adjacent public way from cave in
– Excavate to depth to allow footing to bear on undisturbed earth.
– If debris or soil conditions require deeper excavation, fill back to
footing depth with engineered fill, compacted in 6 inch lifts, tested
for proper density of compaction.

Surprises
• Excavation is the construction stage with the
most unknowns…because we can’t see
underground.
• When unexpected conditions are
encountered, the owner generally has to pay
for the mediation of the surprise.
• The construction contingency budget is the
fund normally held to cope with the costs of
surprises
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Rock

Rock is a common
surprise - the soil
borings don’t
always find all of it
so excavation
contracts often
carry cost
allowances to deal
with the blasting
and removal cost
on a quantity
basis.
Here the blasting
specialist charges
a jackhammer
hole with
explosive.

This site had
buildings
nearby so a
blasting mat
made of layers
of old tires is
laid over the
charged holes
to contain the
rock fragments.
This red
backhoe will
hold the mat
down during the
blast
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After the blast,
the rock
formation is
fractured,
allowing easier
removal and
loading of the
rock to be
carried away.

First, Batter
•

•

The first step in layout is
to construct semipermanent guide
structures 3 to 5 feet
outside of the desired
excavation.
These are called batter
boards and just allow
the builder or surveyor
to accurately layout
strings which will
describe the outside
limits of the building
lines

The batter boards are just
wooden stakes driven into
the ground with a wooden
crossbar nailed between the
stakes.
•

Once the squared
stringlines are in place,
the batter boards will be
marked or notched to
indicate the correct
location for the strings as
the strings are taken
down during the
excavation process, but
needed when the mason
begins laying the
foundation walls on the
footing.

3

Disappearing
string
•

•

•

•

•

The building
outline is
transferred to the
ground plane with
a plumb bob from
each corner.
This line on the
ground is spray
painted or marked
with lime dust.
Then the strings
are taken down to
give the excavator
access for his
machines.

The excavator goes
to work digging the
hole, which is always
bigger than the
footprint of the
building…
This gives the builder
room to work as the
footings, foundations,
dampproofing and
footing drains are
installed

What’s wrong with this picture?
•
•
•

Building lines
Excavation edges
Batter boards
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You can’t put a squre
building in a square hole
•

•

Some soils seem to
allow an excavator to
cut the sides straight
down to the bottom of
the hole….for a little
while.
Vibration, rain,
sunshine all contribute
to the weakening of the
vertical wall to a point
where it will cave in…
on laborers, who would
be trapped.

Repose
•
•

•

•

OSHA (Occupational Safety and Health Administration) actively
seeks to protect workers from jobsite injury and death.
One of the most frequent causes of death on construction sites
in the past few years has been crushing due to cave ins of
trenches and excavations.
To minimize the chances of a cave in or collapse of an
excavation, OSHA has determined the stable slope angles for
varying soil types.
This natural slope angle is called the angle of repose.

Repose in Sand
•

The more granular a soil type
is, the harder it is to make a
stable vertical wall out of it,
so sand & gravel has a low
(30 degrees) allowable angle
of repose.

•

This means the excavation is
much wider in sand and
gravel, than in a stiffer soil.

30 degrees
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Repose in Clay
•

•

Being stiffer than sand
and gravel, clay is
given a higher
allowable (45 degree
)angle of repose by
OSHA
So the excavation does
not need to be as large
as in sandy soil.

45 degrees

Repose in Rock
•

•

Rock is the stiffest of all soils,
so OSHA sets the allowable
angle of repose in rock to be
90 degrees.
This high angle of repose
allows for the smallest
excavation.

90 degrees

Slope or Bench
•

•
•

OSHA gives the
excavator a choice of
how to achieve this
angle of repose.
The excavator can cut
a continuous slope
Or cut a series of
steps, this process is
called benching.
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…or shore the excavation
•

•

OSHA allows for a
third alternative to
protect from cave
in Shoring.
Shoring builds
walls (temporary or
permanent) as part
of the excavation to
keep the sides of
the hole from
caving in.

To avoid undermining

Shoring first
•

With two types of
shoring, it is
common to insert
the shoring into the
ground, then
excavate behind the
shored wall,
preventing cave ins
from occurring
between the time of
excavation and the
time of shoring.
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Shoring first
•

With two types of
shoring, it is
common to insert
the shoring into the
ground, then
excavate behind the
shored wall,
preventing cave ins
from occurring
between the time of
excavation and the
time of shoring.

Shoring first
•

•

Note that the
shoring extends
well below the
bottom of the
excavation.
The shoring is
engineered to be
cantilevered from
the earth to hold
back the soil
adjacent to the
excavation.

Urban Shoring
•

•

Shoring becomes
especially important
on sites where the
building will occupy
the whole site area.
Excavating to the
property lines would
undermine adjacent
streets and
sidewalks, making
them candidates for
cave in damage
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Urban Shoring
•

•

•

Adjacent buildings are
especially prone to damage
from un-shored excavations
The neighboring building
depends on a pyramid of
soil beneath it’s footings to
support the building
When we remove part of
this pyramid in our
excavation, we increase the
chance that the neighbors
building will settle, collapse,
or otherwise cause us to
have extensive contact with
attorneys

Urban Shoring
•

So the shoring for our
excavation would have
to be designed to
support the neighbors
footings.

Shoring 1 the slurry wall
•

The slurry wall is a reinforced
concrete retaining wall,
positioned on site to act as
shoring during construction,
and may become part of the
basement enclosure in the
permanent building.
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WTC “Tub” tied back slurry wall

Clamshell
bucket/digger, takes
a bit out of mushy
soil.

Step 1. Pour shallow concrete guide
walls to guide the clamshell bucket
used for excavation
& get slurry pump ready
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Step 2, Drop
clamshell digger
between guide walls
and take a bite of
mushy soil out.
At the same time,
pump slurry in to keep
soil from caving in.

Swing clamshell over
to the side and dump
the soil

Soft blue clay from
Boston.
Slurry compound is
Bentonite clay mixed
with water, has almost
the same mass as this
soft clay that the
clamshell has
removed.
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Step 3. After digging,
pumping, digging,
pumping…when
excavation is at proper
depth, drop a
prefabricated rebar
cage into the slurry.
Drop concrete down a
tube (dropchute) so it
fills the slurry wall from
the bottom up.
Pump away the slurry
as the concrete
displaces it.

Slurry 1, fill as you dig
•

•

•

The slurry wall
begins between a
pair of guide walls, a
the width of the slurry
wall apart. These will
guide the excavators
bucket.
The excavator begins
to dig, and a thick
slurry of heavy clay
and water is pumped
in as the earth is
removed.
This slurry replaces
the removed earth,
minimizing cave in
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Slurry 2, fill, dig, fill, dig
•

•

This digging, filling,
digging process
proceeds until the
wall is at the
designed depth
Then a reinforcing
cage is dropped into
the slurry filled
trench.

Slurry 3, place, pump, place,
pump • With the reinforcing
•

•

in place, concrete is
placed into the
trench.
The concrete is
heavier than the
slurry, so it displaces
the slurry.
The slurry is pumped
out at a rate equal to
the concrete placing.

Slurry 4, going, going,
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Slurry 4, going, going,
•

•

When the trench is
filled with concrete,
the slurry is fully
displaced.
Now we wait until the
concrete is cured...

Slurry 5, going, going,
•

And excavate in the
safe shadow of the
slurry - shoring wall.

Slurry 6, tieback
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Sheet pile shoring
•

•

•

On sites where driving or
vibrating piling won’t
damage adjacent
buildings (see ref. to
attorneys…) it is possible
to drive interlocking
corrugated sheet piling
into the earth to act as
shoring.
This shoring interlocks
with adjacent sheets to
make a continuous wall.
Like the slurry wall,
sometimes it is
permanent, sometimes
temporary

Sheet piling
•

Not so pretty, but effective
shoring.
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Sheet piling
•

But with the sheet
piling in place,
excavation can
safely be
undertaken.

Diagonal Bracing
•

•

When excavation
can be safely
completed without
collapse or cave in,
diagonal bracing can
be used to shore up
the excavation walls.
These are not used
as often due to the
obstacles they place
in the hole.
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Steel ‘H’ piles can be driven into the
ground to make a cantelievered retaining
structure
Wooden boards (lagging boards) are
slipped between the flanges to hold the
earth back

H piles and lagging
Steel H Piles
Wood lagging
Between flanges
Post tensioned
tiebacks
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Restrain the crumbs
H pile
Rock bolts
Netting

Bore hole for tieback

Tensioning strand and grout tube
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Place tube/strand in bored hole

Mix grout to fill bored hole

Add Tension to grab the earth
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Tie back the h piles

Trench safety
•

Plan
•

•

Section

Anytime an excavation or
trench is deeper than your
hips, it is a potentially life
threatening workplace.
DON’T RISK IT!
The trench collapse basically
crushes against your ribs,
preventing breathing,
suffocation is often the
cause of death, even with
your head above the
collapse.
A trench shore, is a movable
pair of steel plate walls, with
a workspace between. This
protects trench workers.

Machine Safety
During excavation,
the ground holding
up the machines
can slip, cave in or
shift causing the
machines to fall
forwards,
sideways, or
backwards.

STAY AWAY
FROM WORKING
MACHINES
ONSITE!!!!!
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