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Spread Footings

Flexural Reinforcement

Requirements for the distribution of flexural reinforcement in two-way L

footings are given in Sections 13.3.2.2 and 13.3.3.3 of ACI 318-14, - -
Building Code Requirements for Structural Concrete. For square foot- Ag — Agy

ings, the reinforcement is to be distributed uniformly across the entire 2
width of the footing in both directions. In the case of rectangular
footings, the reinforcement must be distributed in accordance with
the requirements in Section 13.3.3.3 of ACI 318-14, which are illus-
trated in Figure 1. Reinforcement in the long direction is uniformly /\ ifqrily across the long dimension.
distributed across the entire width. A portion of the reinforceme \ekgure

in the short direction is uniformly banded over the column W@G
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remainder uniformly distributed outside of the band wi

To facilitate bar placement in the field, a comm ice i /
increase the amount of reinforcement in the shortdirecgjoiby Do are commonly used as interface reinforcement between
2B/(B+1) (where @ is the ratio of the long side to t idedof  colimnSor walls @nd footings. The dowels are set in the footing prior

. o . .
astin @ g concrete and are subsequently spliced to the
longi uﬂ% rs in the column or wall.

in Figure 2 are dowels across the interface between a column

id footing. For the case where all the column bars are in compression,
he dowels must extend into the footing a compression development
length /, determined in accordance with Section 25.4.9.2 of ACI
318-14. The dowel bars are usually

i] hooked and extend to the level of the

Reinforcement Across the Interfdc

The amount of reinforcement that is requir
a column or wall and the foo

the type of\sthes$ in

flexural reinforcement in the foot-
ing. According to Section 25.4.1.2
17 of ACI 318-14, the hooked portion
of the dowels cannot be considered

Column longitudinal bars  €ffective for developing the dowel
& bars in compression. The following
equation must be satisfied to ensure
adequate development of the dowels

/-—Column longitudinal bars

o _ in the footing:
”g |— Dowel bars, (d,)4 s ) | — Dowel bars, (d,), h 2 by + 1+ (dy) g + 2(dy) p+ cover
-l = . . . .
5|2 { HES In this equation, 7 is the radius
=3 .
E ” gl of the dowel bar bend, (4}) s is
(%) .
S| - the diameter of the dowel bars, and
3 s (dy)ris the diameter of the flexural
Standard hook S Standard hook b .
(vp) Al = andard hoo Al reinforcement.
| (typ) e ith .
) P——— P :1:’\ e o o o Tensile forces (either direct or
s e . transferred by a moment) must be
Footing bars, (d,); (typ.) e = E \_Foctmg bars, (d}) (typ.) R .y . )
S8 i resisted entirely by reinforcement
5 8 zz . .
™S =5 across the interface. Tensile anchor-
Figure 2. Dowel bars where all the longitudinal bars Figure 3. Dowel bars where the longitudinal bars in the  age of the dowel bars into a footing is
in the column are in compression. column are in fension. typically accomplished by providing
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90-degree standard hooks at the ends  (q)

on the long face of the column and some

of the dowel bars with the develop-
ment length of the hooked bar, /,
determined in accordance with Section

25.4.3 of ACI 318-14 (Figure 3).

The location of the dowels protruding

on the short face. This is the least prefer-
—  Alternate 135° able arrangement because there is more
hooks potential for difficulties during instal-
© VERTICAL . .
lation; lowering the column cage over
© DOWEL . .
the dowels will be challenging because

from a footing can have an impact on

the ties will not allow the same degree

the installation of preassembled column
cages. Dowels should be positioned so
as not to interfere with the longitudinal
bars or the tie hooks in the column.

of flexibility as will the hooks at the

ends of ties.

-——  All dowels along long face,
inside inner ties

Mat Foundations

Consider the arrangements of the
column longitudinal bars and the

Once the thickness of a mat foundation

dowel bars depicted in Figure 4a.
Except for the bars located adjacent to
the center crosstie, the dowel bars are

offset 45 degrees from the column’s lon-

has been established and the required
amounts of reinforcement are calculated
at the critical sections, a suitable bar size
and spacing must be selected.

——| End dowels along end face,
side dowels along long face
and outside inner ties

gitudinal bars relative to the long side
of the column. There is no interference
between the dowel bars and the 135-
degree tie hooks in this arrangement.
At the center crosstie, the dowel bars are located 90 degrees inboard
relative to the long side of the column so that no interference occurs
between them and the hooks of the crosstie. Depicted in Figure 4b
is the same column but, in this case, all the dowel bars are adjacent
to the tie on the long side of the column. This arrangement is not as
preferable as the one in Figure 4a; however, it is manageable because
the ends of the hooks are relatively flexible and can be maneuv;

around the dowels. Some of the dowel bars in Figure 4c arQ&k

O

Figure 4. a) Ideal arrangement of dowels; b) Dowels arranged on
the long face of column; c| least preferable arrangement of dowels.

ﬁS

For deep mats, the reinforcing bars can
be placed in two layers at both the top and
bottom faces or in four layers. Bars that
are in the interior layers should be aligned
with those in the outer layer (Figure 5, page 46). This helps reduce voids
in the concrete because it provides #iclear passage for concrete placement.

The size of the bars in the ipe€fior layers should be the same size as, or
smaller than, the bars in the'Quter layers. It is recommended that a 3-inch
acing be provide o€ bars to facilitate concrete placement.
equired in localized areas that
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or the typical flexural reinforcement.

continued on nextpage
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Figure 5. Typical reinforcement configuration in a deep mat foundation.

Where the column spacing is not on a regular, symmetric grid, the
layout of the reinforcing bars in the mat should be placed on an
orthogonal grid and should not be skewed to follow the column layout.
Additional bars can be placed at locations in the regular grid wherever
required. This dramatically simplifies placing the bars in the field.

Staggered splices should be avoided because of their negative impact
on placement and constructability. Using the maximum stralght
length as often as possible usually minimizes the number of lap

Like columns supported by spread footings, the dows @
columns and walls that are supported by the mat should exten
the bottom layer of flexural reinforcement in the ma
dowels should have a 90-degree standard hook at t
this allows the dowels to be tied to both the top 3
reinforcement in the mat, which secures t @

before or during concrete placement.

Dowels
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Figure 7. Reinforcement details for drilled

piers subjected to axial compression loads. at a grade beam-drilled pier joint.
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Figure 8. Option 2 — Providing a deeper grade beam

Figure 6. Dowels in a mat foundation.

longitudinal reinforcement ratio of 0.005 should be provided; this
corresponds to the ratio that is permitted in Section 10.3.1.2 of ACI
318-14 for columns with crossssections that are larger than required

for the applied loads.

ams

the grade beam/drilled pier joint. If
low, congestion problems can occur at the
options to alleviate this problem are:

end the column dowels directly into the drilled pier

ide a d@ grade beam
X r grade beam only at the drilled pier
ida a'pile cap under the grade beam at the drilled pier
d back the concrete from the pile top
r0v1de a blockout at the top of the drilled pier
e or more of these options may not be viable in every situation,

and there may be other options not listed that may be more suit-
able for the situation at hand. Option 2 is illustrated in Figure 8.

More information on economical detailing of foundations can be
found in the CRSI publications Design Guide
for Economical Reinforced Concrete Structures,
Design Guide for Drilled Piers, and Design
and Detailing of Low-Rise Reinforced Concrete
Buildings. Design and detailing requirements
for pile caps can be found in Design @ i

for AASHTO Pile Caps.»

The online version of this article
contains references. Please visit
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