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THEQORY - Stresses on the feet



Stresses on the feet

pyiee Stresses on the feet

Unlike most other concrete structures, the compressive stresses are not as
important for the footing.

The tensile stress (transverse and bending) of the footing is important.

The tensile strength of the concrete is important for a plain concrete
footing.

— For reinforced concrete footing, it is necessary to design tension/ flexural
reinforcement.

As far as pressure is concerned, the compressive capacity of the soil is
Important.
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Stresses on the feet

pyiee Stresses on the feet
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pyiee Stresses on the feet
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THEORY - Eccentricity of the normal force



Eccentricity of the normal force

ey Eccentricity of the normal force
"\\eo(\l
The total eccentricity is the eccentricity of the applied normal force in the

footing and is determined as the ratio of the moment to the normal force

applied in the footing joint

M
e—N.

The moment in the foundation joint is caused by
* torque from the upper structure,

* horizontal force on the upper edge of the footing (displacement force
from the upper structure) on a shoulder equal to the height of the footing
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Eccentricity of the normal force

ey . Eccentricity of the normal force

The total eccentricity is the eccentricity of the applied normal force in the
footing and is determined as the ratio of the moment to the normal force

applied in the footing joint

M
e—N.

The normal force in the foundation joint is caused by
* force from the upper structure,

* by the weight of the foot.
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Eccentricity of force

Eccentricity of the normal force

Ed
MEd

Normal force and
bending moment
from the upper
structure acting at
the base of the
column.
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Eccentricity of force

ey Eccentricity of the normal force

oY
"\\e Normal force and
bending moment
from the upper
structure acting in
the foundation
joint.
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Eccentricity of force

Eccentricity of the normal force

h..

The sliding force
acting at the base of
the column.



Eccentricity of force

Eccentricity of the normal force

Effect of the
displacement force
at the base of the
column on the
internal forces in
the foundation joint
- development of
the bending
moment from the
displacement force
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Eccentricity of force

Eccentricity of the normal force

GO | NEd

All the normal
forces in the
foundation joint -
from the upper
structure and from
its own weight.
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Eccentricity of force

Eccentricity of the normal force

MEd
"

MHEd

All bending
moments in the
foundation joint -
from the bending
moment and from
the displacement
force.
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Eccentricity of force

Eccentricity of the normal force

All the internal forces in
the foundation joint - from
the normal force and
bending moment, from
the displacement force
and from the dead weight.
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Eccentricity of force

Eccentricity of the normal force

e
A—

GO NEd

The total eccentricity of
the applied vertical force is
determined from the total
moment and the total
vertical forces.



Eccentricity of force

ey . Eccentricity of the normal force

The total eccentricity of the applied vertical force is determined from the
total moment and the total vertical forces

My + Hggh P
Nga + Go g I
. .

h Goll NEd] P

19



THEQRY - Effective load area



Effective load area

AL . Effective load area
The®

If the normal force were applied in the axis, the load area would
correspond to the plan area

Aeff —_ AC — bz.

]
|

21




ey Effective load area

Effective load area

The normal force acting in the heel of the foot generally does not act in the

axis of the foot, but acts at a certain eccentricity.

e

A—

Fd
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Effective load area

Effective load area

The effective loading area depends precisely on the eccentricity of the

applied normal force.

e

b/2-e

K

y o

Fd

A

V

A

b/2-e,b/ 2-3',

A
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Effective load area

ey Effective load area

The effective loading area depends precisely on the eccentricity of the
applied normal force.

b/2-e,b/2-e

A=
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Assignment

Assignment

Design and assess a footing loaded by a combination of vertical and
horizontal forces and bending moment.

Parametry zadani:
= Geometrie: rozmer ¢tvercoveho prifezu sloupu: b= ................. [mm]
NEd
_ _ bs
= Materidly:  beton - zadana pevnostni tFida - viz Gloha 1 Heq Meq
ocel tiidy B 500 B (fix= 500 MPa) ¥
-
= ZatiZeni: svisla sila: Nga= ............. kN /’b
vodorovna sila: Hgg = ..coevnnn.... kN b
ohybovy moment: Mgq=................. kN.m
= Zakladova zemina: tabulkova vypoctova tinosnost: Ra = ............... kPa
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Assignment

Tasks

* Design and assess a footing made of plain concrete.
* Design and assess the reinforced concrete footing.

* Draw a drawing of the shape of the plain concrete footing (including the
starter reinforcement).

* Draw the reinforcement drawing of the reinforced concrete footing
(complete, including the reinforcement statement).




Assignment

Task

So we design two different footings for the specified load from the upper
structure, i.e.

e one foot of plain concrete,

* one foot of reinforced concrete.

The feet will only differ:
* Height,

* reinforcement.

The plan dimensions of the footing (width and length) will be the same in
both cases. *




1)

2)
3)

Task progress

Design of footing plan dimensions and their verification

Design of plain concrete footing height and footing design.
Choice of reinforced concrete footing height and footing design.

Drawing of shape and reinforcement.

Assignment



Footprint dimensions



Footprint dimensions

Footprint dimensions

When designing the plan dimensions, we assume that the footing design
must assume that the stress in the foundation joint must be less than the
specified soil bearing capacity

_ Ngqg +Gogq

Aerr

0) < Rd'
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Footprint dimensions

Effective area required

From the condition for the stress in the foundation joint
_ Ngqg +Gogq

Aerr
we obtain the relation for calculating the required effective load area

2 _ Ngg+Gogq
effreq — Rd ’

0} SRd

where is the normal force from the upper structure ,
is the dead weight of the footing ,

is the soil bearing capacity



Footprint dimensions

Foot width

The plan dimensions of the footing must be selected with regard to the
required effective loading area .

For simplicity, we will design a square foot with a width of .

While the design can be done analytically (see instructions), it is much
faster to iteratively search for a solution - i.e., estimate the plan dimension
appropriately and verify the stresses in the soil.



https://people.fsv.cvut.cz/www/tipkamar/vyuka_soubory/BK01/pomucky_BK01_soubory/12_navod.pdf

Footprint dimensions

Foot width

Select the width of the footing so that the plan area is at least 25% larger*
than the required effective load area

Ap —_ b2 2 125 . Aeff,req-

For the first estimation of the foot width, the relation

‘b > J1.25  Agsf req

Select the width of the foot as a multiple of 50 mm.
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Footprint dimensions

Verification of foot width

But to determine the tension, we must first determine
* the height of the foot,

* the dead weight of the foot,

 effective load area.



Footprint dimensions

Foot width verification - foot height

Estimate the height of the footing by assuming that the spreading angle of
the load in plain concrete should be at least 60°%,

b—b .
h > > tan 60° . | b | |

2 ]

Select the height of the foot as a multiple of 50 m




Footprint dimensions

Foot width verification - foot dead weight

Calculate the dead weight of the footing as
Goq = 1.35-25- b?h,

where is the foot width , i1s the foot height



Footprint dimensions

Verification of the footing width - effective loading area

The effective load area for the designed dimensions is calculated from the

relation
Y e I:b/2-el,
Aeff — b(b — 26), —‘

where is the width of the footing ., Where is
from the upper structure , is the displacement force y
upper structure , is the height of the footing y
the normal force from the upper structure , is the de| et

. A————
the footing force from the upper structure




Footprint dimensions

Verification of foot width

Once the dead load and the effective load area have been determined, the
stresses in the foundation joint can be verified

+God<Rd

g =
Aess

If the verification succeeds, we can continue with the task.

If verification fails, the design must be modified - i.e. increase the width of
the foot *.

*And of course recalculate the height of the footing, deadweight, effective area and redo the



Footprint dimensions

Summary of footing width design

1.1Ng4
Aeff,req — R,

b > J1.25 Aosfreq

b= .. mm <

S

h > tan 60

Goqg =1.35-25- b?h
_ Mgq + Hgah
Ngq + Go g

_NeatGo, _
= S Ry

()

Aeff If the condition is not met, | zoom in, go back
and repeat the calculation.
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Foot of plain concrete

Proposal



Foot of plain concrete

Foot of plain concrete

The width of the foot is already determined from the previous calculation
and is not adjusted in any way.

The height of the footing is calculated more accurately from the condition
for stress in the concrete®.

We will finally assess the proposed footing made of plain concrete.
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Foot of plain concrete

Static diagram

For the calculations, the footing is modelled as a bent cantilever with an
effective length loaded by the load from the subgrade (i.e. the stress
applied to the footing by the subgrade).

Nq
-teo e Ckﬂ
/\tjM 4 b \/eﬂk"v\ui—i 2 vv\‘;ofy
L
\-—\ S
i - b f o
H_ ]

M.-, 44




Foot of plain concrete

Static diagram

For the calculations, the footing is modelled as a bent cantilever with an
effectlve Iength loaded by the load from the subgrade (i.e. the stress
apf opdinabuthacyhorgde)

Ny NQK g
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Calculation procedure

For the design and design of the footing, we must determine

1)
2)
3)
4)
5)
6)

the stress that the bedding exerts on the footing

Load applied by the subgrade to the footing,

moment from the load in the theoretical cantilever linkage,
design tensile strength of plain concrete,

the height of the foot,

Load eccentricity and effective area .

Foot of plain concrete



Foot of plain concrete

1) Tension applied to the foot

The stress exerted by the substrate on the footing is determined from the
relation™

> :NEd
T Ay

of the stress in the soil.

where will be taken over for n J/ ' evious preliminary verification

Fd od

4

|‘b/2_e|=b/2_e|'
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Foot of plain concrete

2) Load acting on the console

The load applied by the substrate to the footing is obtained by multiplying
the stress by the loading width

fd = bO'd.

N;;d No\r?h'

1 eticld
MG"( b \/;O):vwh'c\f_o\::o(y
H&\ : ' ) \ "t
n 1 f
Fd o4 H‘* - O(ﬁ
4 :

ooz, m fs

M, 48




Foot of plain concrete

3) Moment in theoretical bracket insertion

The moment in the console insertion is
1
MC — Efdaz;

where is the linear load , is the distance from the face of
the column to the edge of the footing

M 49




Foot of plain concrete

4) Design tensile strength of plain concrete

The design tensile strength of concrete is given by
_ actfctk,0.0S
fctd —

Ve

where is the coefficient of adverse load effects on the tensile strength of
concrete™, is the characteristic tensile strength of concrete

)

Note: is calculated from



Foot of plain concrete

4) Design tensile strength of plain concrete

The

Tabulka 3.1 — Pevnostni a deformacni charakteristiky betonu

Pevnostni tridy betonu

Analytické vztahy/

f vysvétlivky
'F(I
- 12 | 16 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 { 60 | 70 | 80 | 90
(MPa)
f i cube
- 15 | 20 | 25 | 30 | 37 | 45 | 50 | 55 | 60 | 67 | 75 | 85 | 95 | 105
whe (MPa) 7 h of
rq_:rn ft_m = fcl“ * 8
con¢ 20 | 24 | 28 | 33 | 38 | 43 | 48 | 53 | 58 | 63 | 68 | 78 | 88 | 983
(MPa) {(MPa)
f o fom = 0,30 x £, 7% < C50/60
161922 |26 |29 |32 |35|38 1] 41|42 | 44| 46| 48| 5 o =
(MPa) fom = 2,12:IN{14(f ./ 10)) > C50/60
fose o f = 0,7 x fo
0% g1l 13 |15 18] 2 | 2225|2720 3 |31 32]34] 35 k0,05 = fem
(MPa) 5% kvantil

Not¢

fennss -"r:r.k_.':,gza = 1,3 x fum
2 2,5 29 33 3.8 4.2 4.6 4.9 5.3 85 57 (5] 6.3 6.6
(MPa) 95% kvantil
E E =2 0.3
° 27 29 30 31 33 34 35 36 37 38 39 41 42 44 on = 22(ea/10)
(GPB) (fr:r'.”|III MPEJ
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Foot of plain concrete

5) Height of the footing

When calculating the height of the footing, we assume that we do not want
the tension to enter at the place of the most stretched (outermost) fibres

By modifying the above condition we obtain the relation* for the design of
the footing height

B 3fa

~0.85 | bfta




Foot of plain concrete

6) Centricity and effective area

The effective load area is again™ determined using the relation
Aeff — b(b — 26),

where is the footing width ),
where is the moment from the top structure , is the displacement
force from the top structure , is the footing height

, iIs the normal force from the top structure



Foot of plain concrete

6) Centricity and effective area

The effective load area is again™ determined using the relation
Aeff = b(b — 26),

y NOTICE

W After we insert the newly designed (from the condition for tension)

f( height of the foot. (We do not use the height calculated according to
anymore.)

We have to recalculate the deadweight for the newly designed footing
height. (We no longer use the one calculated when designing the plan

Imensions or the one estimated at the beginning, I1.e. ).
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Foot of plain concrete

Assessment



Foot of plain concrete

Assessment of a footing made of plain concrete

The proposed footing must be assessed from two perspectives.

1) Footing stress: the stress in the tensile fibres of the footing - must be
less than the tensile strength of the concrete.

2) Soil stress: the stress in the foundation joint - must be less than the
strength of the soil.

NEd Napet
M N “teordﬁ'c\dw
cd vetknoH kcw20(7
Hey | R
i : /
1 P .
T = Fd
| +(I"a_¥ Od
o n
b
i =
J' b/2-e,b/2-e
M. ATAT 56




Foot of plain concrete

Assessment of tension in the drawn fibres of the footing

The tensile stress in the tensile fibres of the footing must be less than the
tensile strength of the concrete

1 N N
7fd az e M v ’LEO\":K',CUW
< f €4 vetknut szo(y
1 — Jctd Hed R
6o ' ;
Where , where is the "most current"” effective area (|» g f .
4
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Foot of plain concrete

Assessment of tension in the drawn fibres of the footing

The tensile stress in the tensile fibres of the footing must be less than the

tensile strength of the concrete
1 £ 2

Na, _Nagat
NOTICE oy

After we still insert the newly designed (from the condition for tension) foot
height. We do not use the height calculated by .

The value of must be recalculated (the value calculated on slide 48 cannot be
taken) because the effective area has changed (see slide 52).
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Foot of plain concrete

Stress assessment in the foundation joint

The stress in the foundation joint must be less than the strength of the soil

where and are the "most recently" calculated values
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Foot of plain concrete

Stress assessment in the foundation joint

The stress in the foundation joint must be less than the strength of the soil

Nga + Goa _ -

NOTICE

For the deadweight we use the most recently calculated value (slide 27). (We
no longer use the one calculated when designing the plan dimensions or the
one estimated at the beginning, i.e. ).

The effective area is the most recently calculated value (slide 52). (We no
longer use any of the previous estimated .)
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Reinforced concrete footing

Proposal



Reinforced concrete footing

Reinforced concrete footing

In the design of reinforced concrete footings:
1) Design the bending reinforcement in the footing.

2) We'll assess the reinforced concrete footing eventually.

In our role:

* We have already determined the width of the foot from the previous
calculation and do not modify it in any way.

* Choose the height of the foot as appropriate (see below).
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Reinforced concrete footing

Reinforced concrete footing

In the design of reinforced concrete footings:

1) Design the hending reinfarcement in the fanting
NOTICE
2) We

The only thing we take from the previous calculations is
the width of the footing. The other values ( etc.) we
In our rergirutateewonES:

* The width of the foot is already determined from the previous calculation
and is not adjusted in any way.

* Choose the height of the foot as appropriate (see below).
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Reinforced concrete footing

Static diagram

The foot is again modelled as a bent cantilever, but now with an effective

length of N o
lk =a+ 0. 15b5; - Mca{ v 'te*okr:glcécdw (7
VEeTKNUT] ow?o
Where o e |V l__\ G‘ct
: ? |
et} g
| Vil
m fo
M 64




Reinforced concrete footing

Calculation procedure

For the design and design of the footing, we must determine

1) the height of the foot (we choose) and the actual weight of the foot,
2) Load eccentricity and effective area .

3) stress and the load applied by the subgrade to the footing,

4) moment from the load in the theoretical cantilever linkage,

5) area of the bending reinforcement (we will design).



Reinforced concrete footing

1) Height and deadweight

Select a footing height half that of a plain concrete footing and round the
height down to 50 mm*.

Determine the dead weight of the footing as
Gog = 13525~ b?h.



Reinforced concrete footing

2) Centricity and effective area

The effective load area can again be determined using the relationship
Aerr = b(b — 2e),
Where
_ Mgg + Hggh
 Ngg+Gogq

Note: Use the height and deadweight as the actual current one (previous
slide) and not the values for the plain concrete footing.
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Reinforced concrete footing

3) Stress and load acting on the footing

The stress exerted by the substrate on the footing is dets he
relation
o NEgq
d _ ) Fd od
Aess 4
Where see previous slide. ol eguizey
Ny, {th’ﬂ

The load that the subgrade exerts on the fog . - 7“?‘,?“?&’21"‘7
fd — bo-d. V\l *LLL#(X j

e

Ww:

i 68



Reinforced concrete footing

4) Moment in theoretical bracket insertion

The moment in the console insertion is determined using the relationship

1
MC — _fdllzci N[-:d NapeH
2 M N 'teoreZ'c\cdw‘
T vetknoH kowofy
Where . Heg \ -0,

M, 69




Reinforced concrete footing

5) Bending reinforcement area - design

The bending reinforcement is designed in the same way as the bending
reinforcement in the beam.



Reinforced concrete footing

5) Bending reinforcement area - design

First determine the effective cross-sectional height
d=h—c—9o —2/2,

where ,

vote to



Reinforced concrete footing

5) Bending reinforcement area - design

Estimate* the arm of internal forces as
z = 0.9d,

the required area is obtained as
M.
nyd

and design the reinforcement from the required area in the shape of
NAVRH: n X @Y (Asproy = Z mm?).

As,req —



Reinforced concrete footing

5) Bending reinforcement area - design

We will verify the design in terms of design principles:
* minimum reinforcement area:

* Maximum reinforcement area:,

* Minimum reinforcement spacing:,

 Maximum reinforcement spacing: .



Reinforced concrete footing

Assessment



Reinforced concrete footing

Assessment of reinforced concrete footing

The design of the footing must be considered from two perspectives.

1) Footing stress: the load capacity of the bending reinforcement - must
be greater than the moment on the cantilever.

2) Soil stress: the stress in the foundation joint - must be less than the
strength of the soil.
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Reinforced concrete footing

Assessment of the cross-section of the footing

Determine the bearing capacity of the footing cross-section using the
classical procedure

x = As,provfyd
0.8bf.q
z=d — 0.4x,

Mgpgq = As,provfydz-

We'll verify the foot by assessing
M. < Mpg,,

where is the moment in the theoretical bracket insertion (see slide 68).



Foot of plain concrete

Stress assessment in the foundation joint

The stress in the foundation joint must be less than the strength of the soil

where and are the "most recently" calculated values
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Foot of plain concrete

Stress assessment in the foundation joint

The stress in the foundation joint must be less than the strength of the soil

where and are the "most recently" calculated values

NOTICE

After and we insert the most recently calculated values (slide 65 and 66).
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Sketch of shape and reinforcement



Sketch of shape and reinforcement

Sketch of shape and reinforcement

Make a sketch for both the plain concrete footing and the reinforced
concrete footing.

The reinforcement sketch of the reinforced concrete footing should include:
* the designed main bending reinforcement of the footing,
 starter reinforcement for columns,

e structural reinforcement of the footing,
" upper in the cut in question,
" upper and lower in the other direction,
*" Horizontal ("fringes")



Sketch of shape and reinforcement
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Sketch of shape and reinforcement
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Sketch of shape and reinforcement

Sk

Make a sket
concrete foo
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Sketch of shape and reinforcement

Ski P
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Sketch of shape and reinforcement
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Sketch of shape and reinforcement

Sk
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concrete foo
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The Council concludes



The Council concludes

The Council concludes

When calculating the task, the calculations of the individual values
(especially and ) are very repetitive.

Always use the "most current” values in every calculation!

For example, when calculating for a reinforced concrete footing, use and for
a reinforced concrete footing (and not and for a plain concrete footing).
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Thanks for your attention
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