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The Use of RebaR Cages in 
DRilleD shafT ConsTRUCTion
In drilled shaft construction, rebar cages are typically used to reinforce the 
shaft during excavation. The design of this cage is critically important to 
the stability of the cage and the success of the overall construction project.

Welders stand beside a 13’ diameter Cage-Rite™ element 
in Dimension Fabricators’ plant in Scotia, NY. Several 
of these structures were used to construct drilled shaft 
cages for electric power transmission lines in Northern NJ. 
Photo credit: Dimension Fabricators, Inc.
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as a general rule, a rebar cage 
for a drilled shaft consists 
of longitudinal bars that are 

distributed with equal spacing along the 
perimeter of a cylinder.

To reinforce these bars, steel is placed 
transverse to the bars, attached with ties, 
clamps or welds. Other components of 
rebar cages may include hoops for sizes, 
guides for centering the cages in the bore-
hole and the premie inside of the cage, 
and stiffeners and pickup devices that can 
be used to assist in lifting the cages.

Larger cages should have temporary 
or permanent strengthening elements in-
cluded to prevent permanent distortion 
from the stresses of lifting and placing.

Because rebar cages play such an im-
portant role in drilled shaft construction, 
it is vital that these cages be properly 
constructed, based on a calculation of 
the stresses that it will bear.

The amount of reinforcing steel in 
a rebar cage must satisfy structural 
requirements, taking into account com-
bined stresses of axial load, lateral load 
and moment. Following the guidelines 
of this article can help to ensure that the 
appropriate calculations are made for 
the construction of rebar cages.

PROPERTIES OF STEEl  
USED FOR REBAR CAgES

One of the most important factors for re-
bar cages used in drilled shaft construction 
is the type of steel utilized. The American 
Society for Testing and Materials (ASTM) 
specifies several steels that can be used 
for reinforcing drilling shafts, availing in 
the Annual Book of ASTM Standards.

Most of these ASTM steels are also 
designated by the American Association 
of State Highway and Transportation Of-
ficials (AASHTO) as appropriate for use 
in building rebar cages for drilled shaft 
construction.

Generally, the steel that is usually 
available for these cages is AASHTO M 
31 (ASTM A 615) in Grade 40 or Grade 
60. If welding is necessary, then weldable 
steel, such as ASTM A 706, can be used.

In situations where there may be an 
increased risk of corrosion, galvanized 
or epoxy-coated steel should be used for 
longitudinal and transverse reinforce-
ment. This is often specified for marine 
environments where the chloride con-
tent of ground or surface water is high.

Because nicks and blemishes in the 
coating may occur during the lifting and 
placement of the rebar cases, accelerated 
corrosion may happen. This presents 

unique challenges in marine environ-
ments. In this case, rebar without epoxy 
may be used and the drilled shaft may be 
filled with a low-permeability concrete 
to increase corrosion protection.

In unusual situations, high strength 
reinforcement may be beneficial. This 
may include the use of threaded couplers 
for splice connections and higher-
strength rebar.

Contractors should carefully calculate 
the structural requirements of a drilled 
shaft when determining the needs of a 
rebar cage.

lONgITUDINAl REINFORCEMENT 
OF REBAR CAgES

The main role of the longitudinal 
reinforcing steel in rebar cages for trans-
portation structures is to resist stresses 
due to bending and tension.

Even if the computed bending and 
tensile stresses are negligible, unantici-
pated lateral loads may occur. For this 
reason, it is good practice for contractors 
to provide at least some longitudinal 
steel reinforcement in all drilled shafts 
for bridge foundations.

AASHTO design specifications require 
that reinforcing for drilled shafts extend 
at least 10 feet below the plane, where 
the soil provides “fixity.” Under these 
standards, fixity is not clearly defined, so 
judgment as to this matter is left to the 
contractor and designer.

In nearly all rebar cage designs, the 
reinforcements must be strongest within 
the top diameters of the ground line, 
diminishing rapidly with depth.

The highest number of longitudinal 
bars will be required in the upper section 
of a drilled shaft, with some bars elimi-
nated as the depth increases.
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However, with some construction 
methods, it is often desirable for the 
rebar cage to be able to stand on the 
bottom of the shaft excavation during 
concrete placement. For this reason, at 
least some longitudinal bars must extend 
the full length of the drilled shaft.

For the concrete to function as de-
signed, the longitudinal bars must bond 
to it properly. The bars must therefore 
be free of excessive rust, soil, oils or 
other contaminants. To achieve this goal, 
deformed bars are utilized to achieve an 
adequate bond.

In wet construction, as the concrete 
rises to displace the slurry, there is a pos-
sibility that some of the water, bentonite 
or polymer will be trapped around the 
bar deformities. If the slurry meets ap-
propriate specifications at the time the 
concrete is placed, there is no evidence 
to suggest that there will be a significant 
loss of bond.

As a general rule, longitudinal bars 
should be spaced evenly around the rebar 
cage. If there are six or more bars in a 
symmetrical cage, then the bending resis-
tance is almost equal in any direction.

Hayward Baker constructed Cast-In-Drilled-Hole 
(CIDH) pile foundation for the Yucca Loma Bridge 
over the Mojave River to relieve traffic congestion 
in Apple Valley, CA. Photo credit: Hayward Baker.

Dimension Fabricators employees 
work to build a large diameter drilled 
shaft cage bracing system at their 
headquarters in Scotia, NY. Photo 
credit: Dimension Fabricators, Inc.
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If there are compelling reasons for 
non-symmetrical spacing, it is possible to 
vary the spacing of the longitudinal bars 
and to place the rebar cage in a specific 
direction where the main forces causing 
bending have a preferential direction.

Any potential material savings gained 
by such a procedure are typically offset 
by the risk of delays in inspection and 
construction, or the risk of the cage 
twisting or becoming misaligned.

There should be sufficient clear space 
between the longitudinal bars, as well 
as the transverse bars or spiral loops 
to allow free passage of the concrete 
through the cage.

This is particularly important because 
drilled shaft concrete is placed without 
vibrating the concrete.

The spacing between the bars will 
depend on the characteristics of the fluid 
concrete mixture; however, the size of 
the largest coarse aggregate in the mix is 
an important consideration.

For tremie-placed concrete, research 
suggests that a minimum spacing of at 
least eight times the largest coarse ag-
gregate is necessary to avoid blocking. 
Many agencies require a minimum open-
ing of five inches between bars, both 
vertically and horizontally, and at least 
ten times the size of the largest coarse 
aggregate in the mix.

An 8 foot diameter by 65 foot long drilled shaft cage is delivered fully assembled 
to a NJ jobsite by Dimension Fabricators of Scotia, NY. These cages features 
patented internal framework which supports the cage during construction, 
transport, handling and placement. Photo credit: Dimension Fabricators, Inc.

The cage bracing technology shown in these images (steel plates with cutouts to house longitudinal 
bars, csl pipes, etc.; pages 142, 144 and 146) is the intellectual property of Dimension Fabricators, Inc. 
and is protected by US Patent 8387329.

Cage-Rite is a registered trademark of Dimension Fab and is Dimension’s brand name for the generic 
intellectual property covered by our Patent 8387329.

An epoxy coated cage is uprighted on a jobsite 
in preparation for installation in the excavation. 
Photo credit: Dimension Fabricators, Inc.
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If the concrete is being placed into a 
dry shaft, then a smaller spacing of five 
times the size of the largest coarse ag-
gregate can be used.

In some instances, the steel percent-
age can be increased while maintaining 
a cage with appropriate rebar spacing 
by clustering or bundling two or three 
bars together. This may require a greater 
development length beyond zone maxi-
mum movement.

To provide an increased amount of 
steel for drilled shafts with unusually 
large bending movements, two concen-
tric rebar cages may be used.

However, utilizing two cages in this 
manner can impede lateral concrete 
flow, increasing the risk of defective con-
crete at the perimeter of the drilled shaft 
and in the space between the two cages.

In these situations, contractors may 
consider using high-strength bars, 
bundled bars, or increasing the diameter 
of the drilled shaft.

TRANSvERSE REINFORCEMENT 
OF REBAR CAgES

There are four primary purposes of 
transverse reinforcement bars in rebar 
cages during drilled shaft construction.
1. Resisting the shearing forces that act 

on a drilled shaft.
2. Holding the longitudinal steel in 

place during construction.
3. Providing the drilled shaft 

with enough resistance against 
compressive or flexural stresses.

4. Confining the concrete in the core of 
the cage to give the drilled shaft post-
yield ductility. Transverse reinforcing 
steel is provided in one of three 
forms: ties, hoops or spirals.

When ties or spirals are utilized, the 
end of the steel must be anchored in 
concrete at a sufficient distance to assure 
that the full bar capacity is achieved at 
the point of connection of the two ends 
of the tie or the end of one spiral section 
and the beginning of the next.

The best practice in constructing rebar 
cages using ties or spirals is to anchor 
the transverse steel by using a sufficient 
amount of lapping.

The workers assembling the rein-
forced steel should be skilled in tying 
rebar so the bars will maintain their rela-
tive positions during the concrete pour.

The rebar cage itself should be as-
sembled so that it will resist the forces 
caused by the concrete as it flows from 
the inside of the cage.

If the steel in the transverse ties 
is too small, deformation of the steel 
may occur.

The stability of rebar cages can be 
improved by completely tying every 
crossing between the longitudinal and 
transverse steel, rather than only tying 
some crossings.

Distortion of the rebar cage may also 
occur if the concrete flows to one side of 
the excavation to fill a void or an over-
sized excavation.

If there is any potential for these 
conditions, then the cage should be care-
fully tied and supported during concrete 

placement and removal of casing.
Both the cage and concrete mix should 

be designed to ensure that the concrete 
can pass through the cage. Stiffeners can 
also be designed to remain in the cage 
during concrete placement.

While rebar cages can be assembled by 
welding, this is not common practice in 
the United States. Weldable steel is not 
typically used in the U.S., although it can 
be obtained if necessary.

In seismic conditions, consideration 
for ductility should be taken into account.

A relatively large amount of transverse 
reinforcement may be required in these 

Workers on the Tappan Zee Bridge in New York prepare to lower a 
reinforcing steel cage equipped with heavy-duty Quick-Lock™ HD 
Pier Wheels manufactured by Pieresearch. Photo credit: Pieresearch.
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