
BRACED CUTS
GROUND ANCHORS









What is a braced cut?
Sometimes construction work requires ground excavations with vertical or near-vertical faces—
for example, basements of buildings in developed areas or underground transportation facilities 
at shallow depths below the ground surface(a cut-and-cover type of construction).

The vertical faces of the cuts need to be protected by temporary bracingsystems to avoid failure 
that may be accompanied by considerable settlement or by bearing capacity failure of nearby 
foundations.

Two types of braced cut commonly used in construction work.

1) Soldier beam

2) Interlocking sheet piles



Soldier Beams
The 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
compression members.





Interlocking sheet piles
Interlocking sheet piles are driven into the soil
before excavation.

Wales and struts are inserted immediately
after excavation reaches the appropriate
depth.





Design of Braced Excavation
To design braced excavations (i.e., to select wales, struts, sheet piles, and soldier beams), an
engineer must estimate the lateral earth pressure to which the braced cuts will be subjected.

The total active force per unit length of the wall (Pa) can be calculated by using the general
wedge theory.

However, that analysis will not provide the relationships required for estimating the variation of
lateral pressure with depth, which is a function of several factors, such as the type of soil, the
experience of the construction crew, the type of construction equipment used, and so forth.

For that reason, empirical pressure envelopes developed from field observations are used for the
design of braced cuts.



Braced Cut Analysis Based on General 
Wedge Theory



Braced Cut Analysis Based on General 
Wedge Theory



Braced Cut Analysis Based on General 
Wedge Theory



Pressure Envelope for Braced-Cut Design
The lateral earth pressure in a braced cut is dependent on the type of soil, construction method,
and type of equipment used. The lateral earth pressure changes from place to place.

Each strut should also be designed for the maximum load to which it may be subjected.
Therefore, the braced cuts should be designed using apparent-pressure diagrams that are
envelopes of all the pressure diagrams determined from measured strut loads in the field.



Pressure Envelope for Braced-Cut Design
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Pressure Envelope for Cuts in Layered Soil
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Design of Various Components of a 
Braced Cut



Figure 15.11



Struts
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Design of Sheet Piles
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Bottom Heave of a Cut in Clay
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Stability of the Bottom of a Cut in Sand
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Lateral Yielding of Sheet Piles and Ground 
Settlement
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Ground Anchors
A prestressed grouted ground anchor is a structural element installed in soil or rock that is used 
to transmit an applied tensile load into the ground. Anchors are installed in grout filled drill 
holes.

Ground anchors consisting of cables or rods connected to a bearing plate are often used for
• the stabilization of steep slopes
• slopes consisting of softer soils, 
• enhancement of embankment or foundation soil capacity, 
• prevent excessive erosion and landslides.
The use of steel ground anchors is often constrained by overall durability in placement (due to weight), 
and the difficulty in maintaining tension levels in the anchor.







The basic components of a grouted ground anchor include the:

1. anchorage;

2. free stressing (unbonded) length;

3. bond length.

The anchorage is the combined system of 
anchor head, bearing plate, and trumpet that is
capable of transmitting the prestressing force 
from the prestressing steel (bar or strand) to 
the ground surface or the supported structure.

Ground Anchors

Components of a ground anchor.



Ground Anchors
Ground anchors can be used for temporary or permanent applications. 
◦ Temporary ground anchors are used for shoring during construction. Their service life is for the duration of 

the construction project, usually, two to five years. 
◦ Permanent ground anchors are required for the life of the permanent structure.

The anchor bonded length shall be located beyond the limits of the potential active zone. A minimum 
distance between the front of the bonded zone of the anchor and the limits of the potential active 
zone behind the wall of 5 feet or H/5 is needed to ensure that no load from the bonded zone of the 
ground anchor is transferred to the retained soil mass by the grout column. Determination of the 
anchor un-bonded length, inclination from horizontal and overburden cover shall be based on: 
◦ The location of the limits of the potential active zone behind the wall, 
◦ The minimum length required to ensure minimal loss of anchor pre-stress due to creep of soil and rock, but 

not less than 15 feet, 
◦ The depth to adequate anchoring strata, 
◦ The method of anchor installation and grouting, 
◦ The seismic performance of the wall and anchors.



Ground Anchors
The minimum spacing between ground anchors should be the larger of three times the diameter 
of the hole within the bonded length, or 5 feet, to avoid group effects of the anchors. If tighter 
spacing is required to develop the required anchor design force, the angle of inclination can be 
varied on alternating anchors. 

Based upon past experience, the majority of ground anchors are small diameter, straight shaft 
gravity-grouted anchors with the following typical characteristics:

•Design Load between 260 and 1000 kN

•Total Anchor Length between 10 to 20 m

•Ground Anchor Inclination between 10 to 30 degrees



Ground Anchors – Details

Anchorage components for a bar tendon Anchorage components for a strand tendon



Applications of Ground Anchors



Types of Ground Anchors
A- Straight shaft gravity-grouted ground anchors:
typically installed in rock and very stiff to hard cohesive
soil deposits using either rotary drilling or hollow-stem
auger methods. Tremie (gravity displacement) methods
are used to grout the anchor in a straight shaft borehole.

B- Straight shaft pressure-grouted ground anchors:
most suitable for coarse granular soils and weak fissured
rock. Also used in fine grained cohesionless soils. Grout is
injected into the bond zone under pressures greater than
0.35 MPa.

C- Post-grouted ground anchors:
use delayed multiple grout injections to enlarge the grout
body of straight shafted gravity grouted ground anchors.

D- Underreamed anchors:
consist of tremie grouted boreholes that include a series
of enlargement bells or underreams. This type of anchor
may be used in firm to hard cohesive deposits.



Ground Anchors
Advantages

Execute excavations neatly to create large 
construction plan without using props in order 
to make mechanized excavation.

Keep excavation walls sustainable, make very 
deep excavations without depending on the 
basement structure.

Anchors combine with soft retaining walls to 
redistribute the internal forces of wall 
structure, so this can reduce the size, depth of 
steel bars in retaining walls.

Disadvantages

It is necessary to use specified equipment, 
experienced professional engineers.

It is difficult to apply anchors in weak soil and 
to implement anchors with great depth.

Anchor execution would affect the land of 
surrounding construction works, which must 
be accepted by their owners.



Anchor Load Testing
A unique aspect of ground anchors, as compared to other structural systems, is that every ground anchor that is to be 
part of a completed structure is load tested to verify its load capacity and load-deformation behavior before being 
put into service. The acceptance or rejection of ground anchors is determined based on the results of:

1- Performance tests;

Performance tests involve incremental loading and unloading of a production anchor. The performance test is used to 
verify anchor capacity, establish load-deformation behavior, identify causes of anchor movement, and to verify that 
the actual unbonded length is equal to or greater than that assumed in the anchor design.

2- Proof tests;

The proof test involves a single load cycle and a load hold at the test load. The magnitude of the applied load is 
measured using the jack pressure gauge.

3- Extended creep tests.

An extended creep test is a long duration test (e.g., approximately 8 hours) that is used to evaluate creep 
deformations of anchors.

The results of these tests are compared to specified acceptance criteria to evaluate whether the ground anchor can 
be put into service. The acceptance criteria are based on allowable creep and elastic movements of the anchor 
during load testing.





Design steps for retaining walls with 
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