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TYPES OF VERTICAL CUTS

•Shallow cuts
•Deep cuts
•Open cuts
•Closed cuts
•Temporary cuts
•Permanent cuts
In shallow cuts depth of excavation is less than 6 m. The bracings of
this type of cut generally standard
In deep cuts depth of excavation is more than 6 m and the design of
suitable bracings (supporting system) is necessary to safe guard the
cut or trench against collapse
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DEPTH OF UNSUPPORTED VERTICAL CUT

The critical height (Hc) of vertical cut without supports is two times Zo

Hc = 2 Zo where,
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 Where, Zo is point of zero pressure
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Hence, Zo

2Zo

2 c  Ka
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WHAT IS BRACED CUT?

An excavation supported by suitable bracing system are called
braced cut.

These excavation support systems are used to,

• minimize the excavation area,
• keep the sides of deep excavations stable, and
• ensure that movements of soil will not cause damage to neighboring

structures or to utilities in the surrounding ground.

Design of  braced excavation means  selection of  wales, struts, sheet
piles and soldier beams to support the excavation without any collapse
by  estimating the lateral earth pressure to which the braced cuts will
be subjected to.
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CROSS SECTION OF BRACED CUT
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soldier beam  is driven into the ground before excavation and is a
vertical steel or timber beam.
Laggings, which are horizontal timber planks, are placed between
soldier beams as the excavation proceeds.
When the excavation reaches the desired depth, wales and struts
(horizontal steel beams) are installed. The struts are horizontal
compression members.

Type I use of soldier beams
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interlocking sheet piles are driven in to the soil before excavation.
Wales and struts are inserted immediately after excavation reaches
the appropriate depth.

Type II use of sheet piles
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DIFFERENT TYPES OF SHEETING AND BRACING SYSTEMS

The following types of sheeting and bracing systems for cuts are
commonly used.
Vertical Timber Sheeting: Vertical timber sheeting consisting
of planks about 8 to 10 cm thick are driven around the boundary of
the proposed excavation to some depth below the base of the
excavation. The soil between the sheeting is then excavated. The
sheeting is held in place by a system of wales and struts. The wales
are horizontal beams running parallel to the excavation wall. The
wales are supported by horizontal struts which extend from side to
side of the excavation. However, if the excavations are relatively wide,
it becomes economical to support the wales by inclined struts, known
as rakers. For inclined struts to be successful, it is essential that the
soil at the base of the excavation be strong enough to provide
adequate reaction.
If the soil can be temporarily support itself an excavation of limited
depth without an external support, the timber sheeting can be
installed in the open or in a partially completed excavation.
Vertical timber sheetings are economical up to a depth of 4 to 6 m.
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VERTICAL TIMBER SHEETING
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Steel Sheet Pile: In this method, the steel sheet piles are driven along the
sides of the proposed excavation. As the soil is excavated from the enclosure,
wales and struts are placed. The wales are made of steel. The struts may be of
steel or wood. As the excavation progresses, another set of wales and struts is
inserted. The process is continued till the excavation is complete. It is
recommended that the sheet piles should be driven several meters below the
bottom of excavation to prevent local heaves. If the width of a deep
excavation is large, inclined bracing may be used.
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Soldier Beams: Soldier beams are H-piles which are driven at a spacing of
1.5 to 2.5 m around the boundary of the proposed excavation. As the
excavation proceeds, horizontal timber planks called laggings are placed
between the soldier beams. When the excavation advances to a suitable
depth, wales and struts are inserted. The lagging is properly wedged between
the pile flanges or behind the back flange.
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Tie Backs: In this method, no bracing in the form of struts or inclined
rakers is provided. Therefore, there is no hindrance to the construction activity
to be carried out inside the excavated area. The tie back is a rod or a cable
connected to the sheeting or lagging on one side and anchored into soil (or
rock) outside the excavation area. Inclined holes are drilled into the soil (or
rock), and the hole is concreted. An enlargement or a bell is usually formed at
the end of the hole. Each tie back is generally prestressed the depth of
excavation is increased further to cope with the increased tension.

Prestressed concrete is a method
for overcoming the concrete's
natural weakness in tension

Having been stressed before use
Methods of increasing the load
bearing capacity of concrete by
applying increased tension on steel
tendons or bars inside a beam. ...
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Use of Slurry Trenches: An alternative to use of
sheeting and bracing system, which is being increasingly
used these days, is the construction of slurry trenches
around the area to be excavated and is kept filled with
heavy, viscous slurry of a bentonite clay-water mixture.
The slurry stabilizes the walls of the trench, and thus the
excavation can be done without sheeting and bracing.
Concrete is then placed through a tremie. Concrete
displaces the slurry. Reinforcement can also be placed
before concreting, if required. Generally, the exterior walls
of the excavation are constructed in a slurry trench.
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Design of Various Components of Bracing

Struts: The strut is a compression member whose load-carrying
capacity depends upon slenderness ratio, l/r. The effective length ‘l’ of
the member can be reduced by providing vertical and horizontal
supports at intermediate points. The load carried by a strut can be
determined from the pressure envelope. The struts should have a
minimum vertical spacing of about 2.5 m. In the case of braced cuts in
clayey soils, the depth of the first strut below the ground surface should
be less than the depth of tensile crack (Zc), which is equal to ,


c

Z C

2


While calculating the load carried by various struts, it is generally
assumed that the sheet piles (or soldier beams) are hinged at all the
strut levels expect for the top and bottom struts.

download all btech stuff from
http://studentsuvidha.com/forum/

download all btech stuff from studentsuvidha.com

Stu
de

nt
Suv

idh
a.

co
m

http://studentsuvidha.com/
http://studentsuvidha.com/forum


The reaction R1 per unit
length is determined by
taking moments of the
forces acting on span a d at
d, and equating them to
zero. Once R1 has been
determined, the reaction
component R2’ is determined
from the equilibrium
equation in the horizontal for
the span a d.

For sand For clay
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Sheet piles
Sheet piles act as vertical plates supported at strut levels. The maximum
bending moments in various sections such as ad, df and f h are
determined.
Once the maximum bending moments have been computed, the section
modulus of the sheet pile can be computed and the section chosen.

download all btech stuff from
http://studentsuvidha.com/forum/

download all btech stuff from studentsuvidha.com

Stu
de

nt
Suv

idh
a.

co
m

http://studentsuvidha.com/
http://studentsuvidha.com/forum


Other Criteria for Design of Braced Cuts

Braced cuts in clay may become unstable due to heaving of the bottom
of the excavation. This is a type of bearing capacity failure and is
discussed.

Braced cuts is sand are generally stable against heaving failure but
these may become unstable to upward seepage of water into the cut if
the water level inside the cut is substantially lower than that outside.

Piping failures is also one of the concern to be taken care of.

The walls of the braced cut may yield laterally and cause ground
settlement in the surrounding area.

This effect should be carefully assessed and suitable measures
adopted.
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MODES OF FAILURE OF BRACED CUT

• Failure of soil by bottom heave (applicable to clay)
• Failure of soil due to piping (applicable to sand)
• Failure by buckling of struts

When  H / cu is less than 6, movement of bracing system and heave of
clay are small.
When,  H / cu approaches about 8, the movement of a well designed
bracing system becomes very large.

When,  H / cu exceeding 8, the bracing is likely to collapse because of
large inward movement of clay outside the embedded portion/s of the
sheet piles and excessive upward heave of clay beneath the excavation.
In this case, design of simple braced system will not serve the
purpose.
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Design of Braced Sheeting in Cuts
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FOR DRY OR MOIST SAND FOR SOFT TO MEDIUM CLAY FOR STIFF CLAY

EARTH PRESSURE DISTRIBUTION BEHIND SHEETING
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Design of Braced Sheeting in Cuts

Sheet piles are used to retain the sides of the
cuts in sands and clays. The sheet piles are kept
in position by wales and struts. The first brace
location should not exceed the depth of the
potential tension cracks.
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Since the formation of cracks will increase the
lateral pressure against the sheeting and if the
cracks are filled with water, the pressure will be
increased even more. The sheeting of a cut is
flexible and is restrained against deflection at the
first series of struts. The deflection, therefore, is
likely to be as shown in Fig. (a). The pressure
distribution on sheet pile walls to retain sandy soil
and clay soil are shown in Figs. (b) and (c)
respectively.

a

b
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Design
1. The sheet pile is considered as continuous beam

supported on wales either cantilevered at top,
fixed, partially fixed, hinged, or cantilevered at
the bottom depending upon the amount of
penetration below the excavation line.

2. Bending moment and shearing force diagram
are then obtained using moment distribution
method.

3. Section of the sheet pile is then designed in the
conventional way for the maximum bending
moment.

A fast way of designing sheeting is to assume
conditions as shown in Fig. (d). The top is
treated as a cantilever beam including the first
two struts. The remaining spans between struts
are considered as simple beams with a hinge or
cantilever at the bottom.

Struts are designed as columns subjected to an
axial force. The wales as continuous members
or simply supported members pinned at the
struts.

d
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Cross section of sheeting and bracing systems
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Deflection pattern of braced cuts
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Deflection pattern of braced cuts
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EARTH  PRESSURE  DISTRIBUTION

• In sand
• In clay
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EARTH PRESSURE DISTRIBUTION IN SAND
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EARTH PRESSURE DISTRIBUTION IN CLAY

download all btech stuff from
http://studentsuvidha.com/forum/

download all btech stuff from studentsuvidha.com

Stu
de

nt
Suv

idh
a.

co
m

http://studentsuvidha.com/
http://studentsuvidha.com/forum


EARTH PRESSURE DISTRIBUTION IN CLAY
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Tributary area method
Equivalent beam method

LOADS  ON   BRACES
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For the cut shown in figure determine, the
strut loads per meter run of excavation by,
1. Tributary area method
2. Equivalent beam method
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