ARCH 631 Note Set 24.2 F2010abn
Foundation Design - Structure
Notation:
a = equivalent square column size in [ = concrete design compressive stress
spread footing design f, = yield stress or strength

depth of the effective compression
block in a concrete beam
name for area
gross area, equal to the total area
ignoring any reinforcement
area required to satisfy allowable
stress
As = area of steel reinforcement in
concrete design
A; - areaof column in spread footing
design
projected bearing area of column
load in spread footing design
width of retaining wall stem at base
rectangular column dimension in
concrete footing design
width, often cross-sectional
width of the flange of a steel or
Cross section
perimeter length for two-way shear
in concrete footing design
B = spread footing or retaining wall base
dimension in concrete design
= dimension of a steel base plate for
concrete footing design
Bs = width within the longer dimension
of a rectangular spread footing that
reinforcement must be concentrated
within for concrete design
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c = rectangular column dimension in
concrete footing design
C = dimension of a steel base plate for

concrete footing design

effective depth from the top of a
reinforced concrete member to the
centroid of the tensile steel

name for diameter

bar diameter of a reinforcing bar
depth of a steel column flange (wide
flange section)

eccentric distance of application of a
force (P) from the centroid of a
Cross section

f = symbol for stress
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Frorizontal-resisiing = total force resisting
horizontal sliding
Faiging = total sliding force

Fx = force in the x direction

hs = height of a concrete spread footing

H = height of retaining wall

H, = horizontal force due to active soil
pressure

lq = development length for reinforcing
steel

l,, = development length for column

Is = lap splice length in concrete design

L = name for length or span length

Ln = projected length for bending in

concrete footing design

L’ = length of the one-way shear area in
concrete footing design

M = moment due to a force

M, = nominal flexure strength with the

steel reinforcement at the yield
stress and concrete at the concrete
design strength for reinforced
concrete flexure design
Moverturning = total overturning moment
Myesisting = total moment resisting overturning
about a point

M, = maximum moment from factored
loads for LRFD beam design

N = name for normal force to a surface

0 = point of overturning of a retaining
wall, commonly at the “toe”

pa = active soil pressure

P = name for axial force vector

Paowets = Nominal capacity of dowels from
concrete column to footing in
concrete design

Po = dead load axial force

P. = live load axial force

P, = nominal column or bearing load

capacity in concrete design

P. = factored axial force

Qanowable = allowable soil bearing stress in
allowable stress design
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Onet
Qu

= net allowed soil bearing pressure
= factored soil bearing capacity in
concrete footing design from load
factors

name for reaction force vector
shorthand for factor of safety
thickness of retaining wall stem at
top

name for tension force vector
nominal shear capacity

maximum one-way shear from
factored loads for LRFD beam
design

maximum two-way shear from
factored loads for LRFD beam
design
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name for force due to weight
the distance in the y direction from a

reference axis to the centroid of a
shape

ratio of long side to short side of the
column in concrete footing design
resistance factor

density or unit weight of concrete
density or unit weight of soil
reinforcement ratio in concrete

beam design = AJ/bd
shear strength in concrete design

Foundation Materials

Typical foundation materials include:

plain concrete
reinforced concrete
steel

wood

composites, ie. steel tubing filled with concrete

Foundation Design

Generalized Design Steps

Design of foundations with variable conditions and variable types of foundation structures will be
different, but there are steps that are typical to every design, including:

1.
2.

Calculate loads from structure, surcharge, active & passive pressures, etc.
Characterize soil — hire a firm to conduct soil tests and produce a report that includes soil

material properties

Determine footing location and depth — shallow footings are less expensive, but the
variability of the soil from the geotechnical report will drive choices

Evaluate soil bearing capacity — the factor of safety is considered here
Determine footing size — these calculations are based on working loads and the allowable

soil pressure

Calculate contact pressure and check stability

Estimate settlements

Design the footing structure — design for the material based on applicable structural design
codes which may use allowable stress design, LRFD or limit state design (concrete).
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Shallow Foundation Types

Considered simple and cost effective because little soil is removed
or disturbed.

Spread footing — A single column bears on a square or rectangular
pad to distribute the load over a bigger area.

Wall footing — A continuous wall bears on a wide pad to distribute
the load..

Eccentric footing — A spread or wall footing that also must resist a
moment in addition to the axial column load.

Combined footing — Multiple columns (typically two) bear on a
rectangular or trapezoidal shaped footing.

Combined

Unsymmetrical footing — A footing with a shape that does not Fiare 1 S ot s nddimesions
evenly distribute bearing pressure from column loads and moments. It typlcally mvolves a
hole or a non-rectangular shape influenced by a boundary or property line.

Strap footing — A combined footing consisting of two spread footings with a beam or strap
connecting the slabs. The purpose of this is to limit differential settlements.

Mat foundation — A slab that supports multiple columns. The mat can be stiffened with a grid or
grade beams. It is typically used when the soil capacity is very low.

Retained
material
Buttress
Counterfort

(c) Counterfort wall

Retained
material

Deep Foundation Types

Stem

Considerable material and excavation is required,

increasing cost and effort. S,
ab

Retaining Walls — A wall that retains soil or other
materials, and must resist sliding and
overturning. Can have counterforts, buttresses or keys.

(d) Buttress wall

Basement Walls — A wall that encloses a basement space, typically next to a floor slab, and that
may be restrained at the top by a floor slab.

Piles — Next choice when spread footings or mats won’t work, piles are used to distribute loads
by end bearing to strong soil or friction to low strength soils. Can be used to resist uplift, a
moment causing overturning, or to compact soils. Also useful when used in combination to
control settlements of mats or

SlabS. Pa :Ap 'fa P P
Drilled Piers — Soil is removed to the

shape of the pier and concrete is Rs = f(adhesion 4

added. _1 I_ 4

. . 4
Caissons —Water and possibly wet 4 R, ~0 AL A

soil is held back or excavated T Ry

while the footing Is constructed end friction tapered uplift/tension

or dropped into place. bearing friction

Pile Types

3



ARCH 631 Note Set 24.2 F2010abn

Loads and Stresses

Bearing loads must be distributed to the soil materials, but because of their AdhHassHa
variability and the stiffness of the footing pad, the resulting stress, or soil RIGID footing on sand
pressure, is not necessarily uniform. But we assume it is for design because

dealing with the complexity isn’t worth the time or effort.

The increase in weight when replacing soil with concrete is called the

overburden. Overburden may also be the result of adding additional soil to

the top of the excavation for a retaining wall. It is extra uniformly WMM
distributed load that is considered by reducing the allowable soil pressure

(instead of increasing the loads), resulting in a net allowable soil pressure,

RIGID footing on clay

et Unet = Yaniowable hf (yc —7Vs )

In order to design the footing size, the actual stress P/A must be less than

or equal to the allowable pressure: p yryvevvevvYvY
—<
A e IDEAL stress

Design Stresses

The result of a uniform pressure on the underside of a
footing is identical to a distributed load on a slab over a
column when looked at upside down. The footing slab
must resist bending, one-way shear and two-way shear
(punching).

one-way shear two-way shear
Stresses with Eccentric Loading
Combined axial and bending stresses increase the pressure on one edge or corner of p
a footing. We assume again a linear distribution based on a constant relationship to M
settling. If the pressure combination is in tension, this effectively means the contact

is gone between soil and footing and the pressure is really zero. To avoid zero | |

pressure, the eccentricity must stay within the kern. The maximum pressure must M
not exceed the net allowable soil pressure.

Overturning is considered in design such that the resisting moment from the soil pressure
(equivalent force at load centroid) is greater than the overturning moment, M, by a factor of safety
of at least 1.5

SF = Mreis_>1 5

overtuming

where
Miesist = average resultant soil pressure x width x location of load centroid with respect to
column centroid
I\/Ioverturning =Pxe
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Combined Footings

The design of combined footing requires that the centroid of the [] []
area be as close as possible to the resultant of the two column
loads for uniform pressure and settling.

P]_ PZ
Retaining Walls I ‘l' J/ |
The design of retaining walls must consider overturning, y
settlement, sliding and bearing pressure. The water in the retained R=Pi+P;

soil can significantly affect the loading and the active pressure of

the soil. The lateral force acting at a height of H/3 is determined )
from the active pressure, pa, (in force/cubic area) as: H o, pAH
Overturning is considered the same as for eccentric footings:
M .
SF=——"® >15-2

M Wall- Sonl Unit

overturning
where
Miesist = SUmmation of moments about “o” to resist rotation, typically
including the moment due to the weight of the stem and base
and the moment due to the passive pressure. ‘
Movertuming = Moment due to the active pressure about “o”
Cemerof

- - . Overturning with a key.
Sliding must also be avoided:

SF = I:horizontaHesist >1.25-2

sliding

where
Frorizontal-resist = Summation of forces to resist sliding, typically including the force from the
passive pressure and friction (F=p-N where . u is a constant for the materials in
contact and N is the normal force to the ground acting down and is shown as R).
Faiging = Sliding force as a result of active pressure.
For sizing, some rule of thumbs are:
o footing size, B
« reinforced concrete, B ~ 2/5 - 2/3 wall height (H)

o footing thickness, hs ~ 1/12 - 1/8 footing size (B)

b 2
o base of stem, b ~ 1/10 - 1/12 wall height (H+hy) | Es2 | b
e top of stem, t > 12 inches «~—pg—>"
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Design of Isolated Square and Rectangular Footings (ACI 318-02)

F2010abn

NOTE: This procedure assumes that the footing is concentrically loaded and carries no moment so that the soil

pressure may be assumed to be uniformly distributed on

1) Find service dead and live column loads:

Pp = Service dead load from column
P. = Service live load from column
P=Pp+P_ (typically —see ACI 9.2)
2) Find design (factored) column load, Pu:
Py=1.2Pp + 1.6P_
3) Find an approximate footing depth, hy

the base.

h, =d +4" and is usually in multiples of 2, 4 or 6 inches.

a) For rectangular columns

b) For round columns d?+ad = R

C

where: a is the equivalent square column size
v, = 4\/f—c’ for two-way shear

¢ = 0.75 for shear

4) Find net allowable soil pressure, Qpet:

By neglecting the weight of any additional
top soil added, the net allowable soil
pressure takes into account the change in
weight when soil is removed and replaced

by concrete: Onet = Yatiowante hf (70 - 7/3)

4d? +2(b+c)d = it
P

where . is the unit weight of concrete (typically 150 Ib/ft®)

and y, is the unit weight of the displaced soil

5) Find required area of footing base and establish length and width:

P

qnet

For square footings choose B> /A,

Aeq

For rectangular footings choose BxL > A,

Wide beam
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6) Check transfer of load from column to footing: ACI 15.8

a)

b)

d)

Find load transferred by bearing on concrete in column: ACI 10.17
basic: P, = #0.85f /A where ¢ = 0.65 and A, is the area of the column

with confinement: ¢P, = #0.85f/A /% where /% cannot exceed 2.

IF the column concrete strength is lower than the Pu
footing, calculate ¢P, for the column too. c loaded area A,
Find load to be transferred by dowels: T f'lr',’ ‘x’

d -~ ~ 11 -
¢Pdowels = I:)u _ﬂ:)n -~ ¢+ 4d =

4 |az l__* ,' =

IF > P only nominal dowels are required. i
* u y g A, measured on

Find required area of dowels and choose bars this plane

Req. dowel A = PFioues where ¢ = 0.65 and f, is the reinforcement grade
y

Choose dowels to satisfy the required area and nominal requirements:

=
)] Minimum of 4 bars
i) Minimum A =0.005A, ACI15.8.2.1 L
"4
where A, is the gross column area b L ’Qdc N

iii)  4-#5bars ' v~ | — -~1

! i
Check dowel embedment into footing for compression: ACI 12.3 470 SV—L

0.021,d,
l,. = T

NOTE: The footing must be deep enough to accept lq.. Hooks are not considered effective in compression
and are only used to support dowels during construction.

but not less than 0.0003f,d, or 8” where d; is the bar diameter

Find length of lapped splices of dowels with column bars: ACI 12.16

I, is the largest of: faft
i) larger of ;. or 0.0005f d, (f, of grade 60 or less)

of smaller bar (0.0009f, —24)d, (f, over grade 60)

i) ;. of larger bar

iii) not less than 12
See ACI 12.17.2 for possible reduction in I
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7) _Check two-way (slab) shear:

a)

b)

Find dimensions of loaded area:

area whose boundaries are halfway

R

. . q ,

i) For concrete columns, the area coincides R
with the column area, if rectangular, or 1711 -
equivalent square area if circular b V%

(see 3)b)) Al

i) For steel columns an equivalent loaded L /.

|

between the faces of the steel column - ¢pyy - —

and the edges of the steel base plate is Py e 43

used: ACI 15.4.2c. , C .
(B - bf ) . . ' a

b=b, + 5 where by is the width of

column flange and B is base plate side
(C —d f)

c=d, + where d; is the depth of column flange and C is base plate side

Find shear perimeter: ACI 11.12.1.2

Shear perimeter is located at a distance of % outside boundaries of loaded area and
i C+d

length is b, =2(c+d)+2(b+d) -
(average d = hs— 3 in. cover — 1 assumed bar diameter)
Find factored net soil pressure, qy: .
SusLiZ - 1
0@ -Por P PEQJME;TE{Z/ i
“TB® BxL '
Find total shear force for two-way shear, V,:
Ve =R —a,(c+d)(b+d)
Compare V,;; to two-way capacity, ¢V,:
u2_¢(2+—}/_bd<¢4\/_bd ACI11.12.2.1 (s pRessuue
b CALSING SPBLTR
. . . 1T ATe Ol SHAPED
where ¢ =0.75 and £ is the ratio of long side to - ATLEA
short side of the column
NOTE: This should be acceptable because the initial footing 7 1
size was chosen on the basis of two-way shear limiting. If it / \ 4
is not acceptable, increase hy and repeat steps starting at b). n
PH{pELT EREER
' dl; dy C %
‘ﬁ"“‘d‘_rc"_}- .
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8) Check one-way (beam) shear:

9)

b)

The critical section for one-way shear extends across the
width of the footing at a distance d from the face of the
loaded area (see 7)a) for loaded area). The footing is
treated as a cantilevered beam. ACI 11.12.1.1

Find projection, L

)} For square footing:
, B b . .
L'= E_(d +A) where b is the smaller dim. of

the loaded area

i) For rectangular footings:
, L : .
L'= E_(d +%) where e is the dim. parallel to

the long side of the footing
Find total shear force on critical section, Vy;:
vV, =BLq,
Compare Vy; to one-way capacity, ¢V,:
V, <¢2,/f/Bd ACI11.12.3.1 where ¢=0.75

NOTE: Ifitis not acceptable, increase hs .

Check for bending stress and design reinforcement:

F2010abn
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Square footings may be designed for moment in one direction and the same reinforcing used in
the other direction. For rectangular footings the moment and reinforcing must be calculated
separately in each direction. The critical section for moment extends across the width of the
footing at the face of the loaded area. ACI 15.4.1, 15.4.2.

a)

footing. For a rectangular footing, use the value perpendicular to the

Find projection, Ly
B e

m

critical section.

b)

Find total moment, M,, on critical section:

2
M, =q, =

L. = 575 where e is the smaller dim. of column for a square

(find both ways for a rectangular footing)

‘%cu\f;a-b fia
4 Rames
.;,,' .l”f.‘ ..Scpm(’"l’
: ' <o
' / 1| lorpe®
I 4 ARCA
BV I
i |
I S
Bl
e o — 4
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c) Find required A
M M T
R, =—~%=—=4where ¢=0.9, and p can be found uT
"“hd?  gbd? ? p | \
found from Figure 3.8.1 of Wang & Salmon. ‘E
or: - F a _
_ o I e e
i) guess a bm _*'F_‘i;._
0.85fh Bz 1}
i) A = v.e01ba '
fy o ﬁd HI”‘*;_
iii) solvefora:Z[d— M“f J —t j““'
atl tu LY o b
iv) repeat from ii) until a converges, solve for A
Minimum A
=0.0018bh  Grade 60 for temperature and shrinkage control
= 0.002bh Grade 40 or 50
ACI 10.5.4 specifies the requirements of 7.12 must be met, and max. spacing of 18”
d) Choose bars:
For square footings use the same size and number of bars uniformly spaced in each
direction (ACI 15.4.3). Note that required As must be furnished in each direction.
For rectangular footings bars in long direction should be uniformly spaced. In the short
direction bars should be distributed as follows (ACI
15.4.4): 'ﬁ‘ﬁ__’f
)] In a band of width B, centered on column: _ —4-
2 : :
# bars _m-(#bars in B) (integer) . m 2.
B
i) Remaining bars in short direction should be £y "
uniformly spaced in outer portions of footing. L
e) Check development length:

Find required development length, lg, in tension from handout or from equations in ACI
12.2. 13 must be less than (L, —2”) (end cover). If not possible, use more bars of smaller
diameter.

10



