ENCE 461
Foundation Anal ysis and
Design




Overview of Structural Desli gn

e Oncegeotechnical suitabiit (stability, bearim
capacily, settlement, etc.) Is established, the

desgner must turn to the structuralpzdoilities of
the foundation

e Process for structural dgaiof the foundations:

e Selecting a concrete with appropriate strength
e Selecting an appropriate grade of reinforcing steel
e Determining the required foundation thickness, T




Structural Desi gn Loads




Selection of Materials

e Structural members fggently use concrete that
has 20 MPa < f< 35 MPa and in some casgs u

to 70 MPa

e The stronger concrete enables weight reduction in the
structure

e For foundations, since tlgeotechnical degn
usually drives the basic dimensions, and the




Selection of Materials

e Spread footigs are usuayl desgned so that 15
MPa <f <20 MPa (2 ksi < f'< 3 ksl).

e |n cases where the foogmrarries loadgreater
than 2 MN (500 ks), an f = 35 MPa (5 ksi)

might bejustified

e Reinforcirg Bars




Standard Dimensions

e High precision in pecifying the deth of
excavation Is unnecesgdrecause of the
capabilities of excavators

e Standard thicknesses T:

e English Units: Multiples of 3": 12", 15", 18"...

e Sl Units: Multiples of 100 mm :300 mm, 400 mm, 500
mm...




Sqguare Footin gs

e Two criteria to degn for

e Shear
e Flexure

e Usually, flexure analsis isperformed first

e \With spread footigs, It iIs more egedient to
perform the shear anais first




note distance DeSi g nin g fOr
Shear

jt e ACI defines two
modes for shear

failure in gUare
footings

e "One-way shear (beam
shear or wide-beam
shear)




Design Conditions for Shear

e Footing desgn Is satisfactor for shear when

Vuc:qbvnc

o V = factored shear force on critical surface

e (¢ = resistance factor for shear = 0.85
e V__=nominal shear capacity on the critical surface




Two-Way Shear

Factored Normal
Load R

nner Block

Outer Block

IT

-
__..I
o

transferred

e Two-way shear can be

caused P the column
load P, moment M
and horizontal shear V
on the foundation

e To anayse the shear
Load force, we divide the




Two-Way Shear

e The percentage of P

(\ that produces shear
lpﬁ along the critical
surfaces Is the ratio of

base area

the base area pf the
’ ‘ outer block to the total
-- mA e An applied moment




Two-Way Shear

e Force on most critical face of shear block
_( P, M, )(base area of outer block

it 4 " c+d’ total base area
y _(Pu, M, )<Bz—(c+d)2)
N4 c+d B>

Muost Critical Face




Two-Way Shear

e In thepresence of an
applied shear load V

‘l‘/ if it acts in the same

/ direction as the
moment load, it
produces a shear load

%’ on the other two faces

>
'IFH




Two-Way Shear

e Shear force on each critical face with gpleed
shear load

acC

<base area of outer blo W/( PU)Z | (VU)Z
total base area |

Vae=( — )\ () ()




Two-Way Shear

e Variables fomprevious two guations
o V_ = factored shear force on the most critical face

e P = applied normal load
e M = applied moment load

e V =applied shear load

e C = column width or diameter (for concrete columns)




Two-Way Shear

e Nominal two-wg shear cpacity for square
footings sypporting square or circular columns
located In the interior (not the gel or corner)

V_=V_=4b_ df_(English)
V. =V =b d+F.(SI




Two-Way Shear

e Variables fomprevious guation

e V_=nominal two-way shear capacity on the critical
section (Ib, N)

e V_=nominal two-way shear capacity of concrete (lb,
N)

e b = length of critical shear surface = length of one
face of inner block (in., mm)




One-Way Shear

e Two-way shear alwgs governs the degn of
footings sulpected tapurely vertical loads

e Checking such footings for one-way shear is
unnecessary

e If applied shear and/or moment loads present,
both kinds of shear need to be checked




j' One-Way Shear

e Assunptions

e Shear stress caused by the applied vertical lggl P

uniformly distributed across the two vertical planes as
shown in the previous slide

e Shear stress on the vertical planes caused by the
applied moment load Ms expressed by the flexure

formulac = Mc/l, and thus is the greatest in the left




e Assunptions

j' One-Way Shear

e The applied normal, moment and shear loads must be
multiplied by (B — ¢ — 2d)/B before applying them to
the critical vertical planes. This factor is the ratio of
the footing base area outside the critical planes to the
total area, and thus reflects the percentage of the

applied loads that must be transmitted through the

critical vertical planes




e Assunptions

j' One-Way Shear

e The factored shear stress on the critical vertical
surfaces iIs the greatest shear stress multiplied by the
area of the shear surfaces. This may be greater than
the integral of the shear stress across the shear
surfaces, but is useful because it produces a design




One-Way Shear

e Factored shear force on the critical vertical

surfaces 2
B—c—2d \/ 6|\/Iu 2

P +V

B ) ( u B ) u

° Vuc = shear force on critical shear surfaces

e B = footing width
e C = column width




One-Way Shear

e Nominal one-wg shear load gaacity on the
critical section V =V _=2b, df.

1 1
Vnc:VCZE bwd \/Tc
e V_=nominal one-way shear capacity on the critical section
(Ib, N)
e V_=nominal one-way shear capacity of concrete (b, N)




Solution of Shear in Square
Footin gs

e BothV _and V_deend pon the effective dah

d which are determined/ldhe @uationsgiven
for one and two-wyashear

e There is no direct solution for d from these
equations

e |t IS necessarto use an iterative solution to
determine the value of d




Shear Desi gn Example

e Glven

e 21" square reinforced concrete column

e Vertical dead load of 380 kips
e Vertical live load of 270 kips

e Supported on square spread footing

e Soil allowable bearing pressure = 6500 psf
e Groundwater table well below the bottom of the foundation




Shear Desi gn Example

e Despn foundation to cayrgeotechnical load

e Use ASD methods for geotechnical analysis
e Use ANSI/ASCE criteria to compute unfactored, ASD

load
D Governs

D+L+F+H+T+(L,VSVR)




Shear Desi gn Example

e Determine minimum dah for the foundation
Load P, kips Minimum D, in. Load P, kN Minimum D, mm
0-65 12 0-300 300
65-140 18 300-500 400
140-260 24 500-800 500
260-420 30 800-1100 600
420-650 36 1100-1500 700

Governs 1500-2000 800




Shear Desi gn Example

e Determine foundation foptint, taking weight of
foundation into account

W, =B’Dy_ = B*x3 ft.x.150kcf =.450B"

B:\/P+Wf:\/650+.1582
J,+Ug 6.5+0
useB=10.5'=10 ft. 6 In.

=10.36




Shear Desi gn Example
e Determine factored

load for LRFD U=1.4D+1.7L
conputations U40.75(1.4D+1.4T+1.7L)
U=0.9D+1.4F
e Use ACI Load Factor U=14D+17L+1.4F
o P =(1.4)(380) + U=1.4D+1.7L+1.7H
(1.7)(270) = 991 kips U=0.9D+1.3W

_ U =0.9D+1.43E
e Determine concrete y—0.751.4D+1.7L+1.7W)

and steel rebar U =0.751.4D+1.7L+1.87E)




Shear Desi gn Example

e Check for one-wyashear

e Since there are no applied moment or shear loads,
there i1s no need to check for one-way shear.

e Thickness should be determined with two-way shear
analysis

e Check for two-ws shear

e Can solve all three equations for T




Shear Desi gn Example

e Governirg Equations (usig Maple)

M
T Pu+ %(BZ—(C+ d)2)
4 c+d

BZ

f1:=Vuc=

f2 :=VVnc=4Dbo d\/fprimec




Shear Desi gn Example

e Equate V_and V _usirng LRFD eguation to solve

for minimum
1 (Puc+ Pudk4M) (-B% +¢ +2¢c d+ i) _

—-— =4 pbody/fprimec
4 (c+d) B

e Other @uations for substitution
d:=T-dr-3 bo:=c+T-dr-3




Shear Desi gn Example

e Substitute knowmguantities (note use @ounds
and inches consistept)  Pu:=991000

dr:=1
M:=0
B:=126
fprimec := 4000
c.=21
phi ;= .85

e Resultirg equality after substitution




Shear Desi gn Example

e Check comuted foundation thicknesganst
assumed d#h of foundation

e Depth of foundation = 3' = 36" > 27" thickness so OK

e Unless conditions dictate otherwise, depth of
foundation could be decreased

e If minimum thickness is greater than assumed depth,
we need to increase assumed depth to properly




Questions




