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Scope

In this document, pad footing design in accordance with TS500 is explained. An arbitrary pad footing is
selected and it is designed under a single load combination.

User Interface

Before defining a Pad Footing:

e The building model must be completed and analysed, so that the column axial loads and
moments are determined.
e The foundation storey 0 (ST: 0) must be set as the current storey.

In ProtaStructure, geometry and design information is presented in a clear manner.

Pad Footing x
Geometry Pad Footing Geometry Column Dimensions 2D View | 3D View
Footing Label: | F-GC1 bl 500 mm
Geometry q4 = 256.6 kN/m2 q3 =235.9 kKN/m2
Pedestzl Depth: 400mm | § b2: 250 mm | 1750 |
Footing Taper Height: 0mm ! !
Analysis
Concrete Cover: 40 mm T
Materils Lx: 1750mm [
Options
Column Loads Ly: 1550 mm | §
Force Square Footing for Design
Rebars =]
[Te}
[T}
Rebars Pad Footing Eccentricty —
Eccentricity X: omm | [ 7 B
Eccentricity ¥ omm|§ ﬂ@ i
ceentricity ¥: ™l mmE
q1=272.0 kN/m2 g2 =251.3 kKN/m2
Top View
Design
Sail Stress (Net Bearing Capadty { Maximum Soil Stress) KNjm2 300.0>272.0
Eccentricity X-Dir (Lx / 6, My /N) mm 292511
Eccentricity Y-Dir (Ly /6, Mx /N) mm 2585
Reinforcement in X-Dir (7H15 { 250) (Provided { Required) mm2 14071232
Reinforcement in Y-Dir (7H15 { 250) (Provided { Required) mm2 14071042 S
Punching Check At Distance d from Column (Capacity / Demand) kN 1833.67>405.83 <t
Shear Check At Face of Column X-Dir (Capacity / Demand) kN 512.51>338.41
Shear Check At Distance d from Column X-Dir (Capacity / Demand) kN 512.51>260.61
Shear Check At Face of Column Y-Dir (Capacity / Demand) ] 433.31256.20 q1=272.0 kN/m2 q2 = 251.3 kN/m2
Shear Check At Distance d from Column Y-Dir (Capacity / Demand) KN 433.31>182.83
Front View
Design Generate Report oK Cancel

Pad footing geometry can be defined using the Geometry section. Column dimensions are obtained
from the ProtaStructure model.

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM"



S PRoTA

—Column Dimensions

—Pad Footing Geometry

Footing Label: [F-GC1
Depth:
Footing Taper Height:

Concrete Cover:

Lx: 1750 mm

Ly: 1550 mm

Force Sguare Footing for Design |:|

bi: 500 mm

b2: 250 mm

—Pad Footing Eccentricty

Eccentricity X:

!!
B
B | R
& B E

ccntctyv: [ oom)

Material and soil properties are determined under the Materials section.

—Material
Concrete C30/37
Rebar Grade 500 (Type 2) Diameter

—5SoilProperties

Soil Unit Weight: | 18.00 kM/m3
Soil Subgrade Coeffident: o
Fill Height:

Met Bearing Capadty: 300.0 kN/m2

Ultmate Stress of Soil: | 300.0 kM/m2 Use member-specific value

Design and detailing options are determined under the Options section.

—General

User Defined Rebar Min. Spading ||
Lean Concrete Thickness 100 mm

Depth Increment Step: 100 mm

Size Increment Step: 100 mm

Bar Spadng Step: 100 mm

Rotation Prevented Along X Direction ||

Rotation Prevented Along Y Direction ||

—Detailing Options
[ show Top Rebar Outside

Analysis results of the selected column are given under the Column Loads section.

ProtaStructure’
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2 Unselect Al

Units: (M, kM.m)

Loading: | All Combinations u

3 Comb. No Column N Wx Wy M My M

1 GC1 625.23 14.20 10.22 -12.8 -10.2 686.54

2 GC1 627.50 14.35 10.29 -13.0 -10.2 6588.80

3 GC1 562.19 12.39 8.88 -11.1 8.8 623.50

4 GC1 524.96 14.11 10.21 -12.6 -10.1 686.26

5 GC1 &0e.75 13.61 9.84 -12.1 9.8 058,05

] GC1 625,50 14.30 10,22 -13.0 -10.2 686.81

7 GC1 607.29 13.80 9.84 -12.5 -9.8 668.60

8 GC1 624.31 13.91 10.22 -12.1 -10.2 685.62

g GC1 &06. 10 13.42 9.84 -11.7 0.8 667.40

10 GC1 620,15 14,49 10,22 -13.4 -10.1 087.45

11 GC1 607.94 13.99 9.84 -13.0 9.8 669,24

| Import From CSV | | Add Selected To User Loads |
Pad footing rebars are given under the Rebars section.

| Rebar Description | Quantity | Diameter Spacing | Bob
Rebar X 7. 16 250
Rebar Y 7. 16 250
Distribution Rebar (%-Dir) 0. 13 250 [l
Distribution Rebar (Y-Dir) o. 13 250 [
Top Rebar (x-Dir) 7. 13 250
Top Rebar (Y- Dir) 7. 13 250

Page-7

Further details on the process of defining pad footing at column bases are out of this document's scope

and are given in detail at the Prota Help Center. You can reach the relevant page at:

https://support.protasoftware.com/portal/en/kb/articles/pad-footing
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List of Symbols and Abbreviations

Input Parameters

h:

htaper:

Rh ﬁa‘
Q

h
<.

=

RERESEHP

K
N

ey:
Oyie *

Pad footing height

Pad footing taper height

Concrete cover

Pad footing width in X direction

Pad footing width in Y direction
Column width in X direction

Column width in Y direction

Column axial force

Shear force in X direction

Shear force in Y direction

Moment in X direction

Moment in Y direction

Pad footing eccentricity in X direction
Pad footing eccentricity in Y direction
Ultimate Soil Strength

Default Parameters

Ye:
Vs:
feta:

Unit weight of concrete
Unit weight of sail
Tensile design strength of concrete

Calculated Parameters

Aeffx:
deff-y:
deff-avg’
L.:

Ly:

M,

IM,y,:

Ny:
Lep-fe-x:

Lep—fpe-y

chd—fe—x:

Lefa-pe-y:

ch—x:
Ocfoy'
Ocfd—x:
Ocfd—y:

Effective depth of pad footing in x-direction

Effective depth of pad footing in y-direction

Average Effective depth of pad footing

Moment of inertia (second moment of area) of the pad footing in x-direction

Moment of inertia (second moment of area) of the pad footing in y-direction

Total Moment in Y direction

Total Moment in Y direction

Total Axial force acting on the footing

The distance between column face and the footing edge in x-direction

The distance between column face and the footing edge in y-direction

The distance between the point ‘des’” distance away from column face and footing edge
in x-direction

The distance between the point ‘def’ distance away from column face and footing edge
in y-direction

Stress at column face in x-direction

Stress at column face in y-direction

Stress at the point ‘d’ distance away from column face in x-direction

Stress at the point ‘d’ distance away from column face in y-direction

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Omax: Max. corner stress

Op—y ' Stress at the x-direction neighbour corner of the max stress corner

On—y' Stress at the y-direction neighbour corner of the max stress corner

Ver—x: Design shear at column face in x-direction

Ver—y: Design shear at column face in y-direction

Vera—x: Design shear at the point ‘d’ distance away from column face in x-direction
Vera—y: Design shear at the point ‘d’ distance away from column face in y-direction
Mep_y: Design moment at column face in x-direction

Mcp_y: Design moment at column face in y-direction

Mcrg_x: Design moment at the point ‘d’ distance away from column face in x-direction
Mcrg_y: Design moment at the point ‘d’ distance away from column face in x-direction
Up: Effective perimeter for punching

Vor: Punching strength

Voa: Punching demand

W,: Concrete weight of footing

W;: Soil weight above footing

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Design Flow and Formulations

Initial Design

A pad footing is generated with initial dimensions and reinforcement based on the dimensions of the
relevant column/columns. Initial dimensions are selected such that it satisfies the minimum dimension
requirements in design codes.

Calculations and Checks

After determining the initial design for the pad footing, Prota Structures moves on to the first step of
the design process, in which the footing dimensions and reinforcement details are modified iteratively
until the design meets the specified criteria in the design code. Since some design parameters such as
rebar diameter and footing dimensions affect the shear and bending demands, the design checks are
repeated after the rebar configuration, and footing dimensions are set.

The design steps include:

e Calculation of the loading based on column input and footing dimensions
e [teration for footing dimensions. (repeat until all criteria are met)
o Check for soil pressure
o Calculation of internal shear and moments
o Check for eccentricity requirements
o Increase footing dimensions if unsatisfactory
e Determine rebars for calculated internal moments
e Check for punching shear
e Re-check for soil pressure, punching, and eccentricity
o Increase depth if not satisfactory

These steps are explained in detail in the following sections

Loads Acting on Pad Footing

Loads acting on the foundation:

e N: Column axial force

e Np*: Total axial force acting on the foundation, calculated by the sum of the column axial force,
soil weight on the footing, and self-weight.

e V,,: Column Shear force in X and Y directions

e My,: Column base moments in X and Y directions.

e (o*: Stress at the soil-foundation boundary, resulting from the interaction between the
moments and axial forces

* Calculated parameters

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Total Axial Force, Np

The total axial force acting on the foundation is:

e N: Axial force imposed by the column
e W, Concrete weight, including the cuboid part of the footing, the taper, and pedestal (for steel
columns)

htaper

VVC = Lx * Ly (h + )VC + Lx—pedestal * Ly—pedestal * Hpedestal *Ye

e W, Soil weight on top of the footing

he
Wy = LeLy (Hﬁu - T”)y

Therefore the total axial force is

N, =N+ W, + W,

Soil Pressure Values

The soil pressure results from the interaction between the axial loads and moments. Each corner of the
footing has different values of soil pressure.

The formula gives total soil pressure at a corner:

Ny , My Lo  IMy Ly

O-COTneT A —_ Ix 2 —_ Iy 2

Where;
XMyy = Myy — Viy * (h + htaper) + ey * N isthe total moment in x or y directions
(if the user restricts rotation of the footing, only the My, values are taken into account)
I, = %Ly x L3, I, = %Lx * Ly3 are the moments of inertia in x or y directions.

4 3

Soil Pressure Check

After the stress in each corner is calculated, the corner with the maximum stress is determined. This
maximum stress is checked against the allowable soil pressure limit. If the condition below is not
satisfied, the planar footing dimensions are increased until the condition is met.

Omax = Max(0y,0,,03,04)

Omax < Oyuit

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Eccentricity Check

The footing dimensions and loading must satisfy the following condition
eccy < ey and eccy < ey
Where;

ecc, = |Z Mx/Np| and eccy = |Z My/Np| are the resultant eccentricities in x and y
directions.

(Note that this is a value resulting purely from the loading calculations and is separate from the
eccentricity caused by the geometry of the footing and the column)

ecx = Ly/6andeg, = L, /6 are the critical eccentricities in x and y directions

Calculation of Internal Shear Forces and Moments

The soil pressure under the footing is assumed to be trapezoidal in both directions. The slopes of the
stress diagrams between the maximum stress corner and its neighboring corners in both directions are
determined. The reinforced concrete design is based on this stress distribution and cantilever beam
assumption. The self-weight of the footing in this section and the weight of the soil fill above are
excluded from this calculation.

Distances between the column faces and footing edges in both directions:

(Ly — By) (L, —By)
LCf_fez x2 = and yz Y

Slopes of the stress distributions:

Aoy _ Omax — On—x
Ax L,

AO-y _ Omax — On-y
Ay Ly,

Stress at column face with normal parallel to the x-direction

Ao,
Ax

Ocf—x = Op—x T (Ly — ch—fe—x) *
Concrete weight of the cantilever section and the weight of the overlaying soil fill
I/Vcl.:s—x = Ly * ch—fe—x *(Hx*y. + Hfill *Ys)

Total shear at column face: (sum of rectangular and triangular stress distributions, i.e., area of the
trapezoidal distribution minus the concrete and soil weight)

ch—fe—x
ch—x = Ly * (ch—x * ch—fe—x + (O'max - Gcf—x) * T) - M/ccs—x

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Total Moment at column face: (sum of the moments of the rectangular and triangular stress
distributions minus the moments of the concrete and soil weight)

1 2
Mcf—x = Ly * (Ucf—x * El‘cf—fe—x2 + (Jmax - ch—x) * chf—fe—xZ) - M/ccs—x * ch—fe—x/2

Stress at column face with normal parallel to the y-direction

Aay
Ay

Ocf-y = On-y + (Ly = Lep—fe—y) *
Concrete weight of the cantilever section and the weight of the overlaying soil fill

[/ch—y = Ly * ch—fe—y *(H*y. + Hfill *Ys)

Total shear at column face: (sum of rectangular and triangular stress distributions, i.e., area of the
trapezoidal distribution minus the concrete and soil weight)

Lep—fe—y
Vep—y = Ly * (Ucf—y *Lep_fey + (Omax = Ocroy) * T) - Wes—y

Total Moment at column face: (sum of the moments of the rectangular and triangular stress
distributions minus the moments of the concrete and soil weight)

1 2
Mep-y = Ly (Ucf—y *Slef—fe-y’ + (Omax = Ocp—y) * chf—fe—yz) = Wes—y * Lep—fe-y/2
Bending Design

Based on calculated values, a bending design is performed for both directions. Hence required steel
areas for both directions are calculated. The design is performed following the assumption that the
footing behaves similarly to a cantilever beam in both directions. Thus the rebar requirements are
calculated with this assumption. Reinforced concrete design flow for bending elements is out of the
scope of this document.

Effective Depth

The effective depth is an essential parameter in shear and punching checks. It depends on the clear
concrete cover distance, footing height, and the rebar diameter in both directions. Assuming the rebar
in the x direction is below the rebar in the y direction:

deff—x =h+ htaper —dee — Py/2

deff—y =h+ htaper —dee — Py — ch/z

1
deff-avg =5 (deff—x + defp-y)

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Effective Perimeter

The effective perimeter is the perimeter of the rectangle whose edges are dess distance from the column
faces.

U, =2 % (By + By + deffoavg)

For both x and y directions, the design shear forces at the coordinates are determined similarly to the
column face.

(Lx_Bx) Ly_By)
Lep-re === —deppxand ————= —dessy
Aoy
Ocp—x = Op—x t+ (Ly — Lep—fe—x) * Ax
L

ep—fe—x _ Wep

Vep—x = Oep—x * Lep—fe—x + (Jmax - Uep—x) * 2 sc

Where WP is the weight of concrete plus soil fill over the cantilever section from the effective
perimeter to the footing edge (Similar calculations apply for y-direction).

Shear Check

Shear capacities in both directions are calculated;

Very = 0.65 fctdedeff—x Very = 0.65 fctdLydeff—y

These shear capacities should be greater than the design shear forces (both at column face and at the
point ‘d” away from column face) calculated in previous sections.

Punching Check

The bending factor, y is calculated.

For rectangular columns:

1
Y
0.4 * (ecc, + ecc
1+ 1.5 (eccy v)
‘/BxBy
For circular columns:
1
‘}/ =

2 x \/0.4 * (ecct + eccy)
1+

deff—avg * Dc

Where D, is the column diameter.

Punching resistance at the effective perimeter is calculated:

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Vor = ¥V * feta * Up * deffr_qvg

Punching demand is calculated for each loading combination:
Vpa = Np = Oavg * Aegs
Where;
Oavg = Np/(Ly * Ly) is the average soil pressure under the footing
Agrr = (By + defroavg) * (By + defr—avg) is the effective punching area
Then, the punching check is done for each combination:
|7

pa < Vor

The footing depth is modified if the condition is not met.

Verification

A single pad footing design for the corner column will be conducted to verify the software calculations.
The step-by-step results will be compared to hand calculations based on the formulae described in the
previous sections.

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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Input Parameters

Loading

For this verification, a single load combination defined by the envelope of regular loads will be used.

Design Axial Force Ng = 598.58 kN
Design Shear X Vy = 67.59 kN
Design Shear Y Vy = 27.82 kN
Designh Moment X My=| -149.00 kNm
Design Moment Y M, = -45.80 kNm
Concrete Cover dcc = 50 mm

Soil and Material Properties

SoilProperties

Ultimate Stress of Soil; Ilse member-spedific value
Soil Unit Weight: 153.00 kM/m3
Soil Subgrade Coeffident: 0.00 kN/m3 |

Fill Height: 70,00 cm

Met Bearing Capadty: 3571 kMN/m2

Concrete Unit Weight Ve = 25.00 kN/m3
Soil Unit Weight Vs = 18.00 kN/m?3
Soil Ultimate Strength Out = 357.10 kPa

Footing Dimensions

Initial depth is selected as the defined minimum footing depth, 400 mm.

Initial footing dimensions are selected as 1m x 1m to satisfy the minimum 1m? requirement.
Lyg=1m; Lyy=1m; hy =04 m; higper =0

After the design process, the footing dimensions are determined as follows:

Ly=21m;L,=19m;h=05m; hgper =0

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Pad Footing

Geometry

Geometry
Pedestal

Analysis

Materials
Options
Column Loads

Rebars

Rebars

2D View

Pad Footing Geometry Column Dimensions
Footing Label: |F-51 bl
Depth: 50.00cm | o b2

Footing Taper Height: 0.00 cm

Concrete Caver: 5.0am

L 210.00am | §

v
Ly: 190.00 cm | &

Force Square Footing for Design

Pad Footing Eccentricty

3D View

190

q4 = 2587 kN/m2

! 210

Page - 17

q3 =-3.1 kN/m2

q2 = 91.5 kN/m2

Eccentricity X: 0.00cm | § asiffecZJfE:
Eccentricity Y: 0.00cm | § E’E =
ceentridity Y ool EEmE 1
q1 = 353.3 kN/m2
Top View
Design
Sail Stress (Net Bearing Capacity / Maximum Sail Stress) KNjm2 357.1>353.3
Eccentricity ¥-Dir (Lx / 6, Mx /) an 35.0026.16
Eccentricity Y-Dir (Ly /6, My /N) an 31.6758.55
Reinforcement in X-Dir (10916 / 20.0) (Provided /Required) a2 20.11>18.56
Reinforcement in Y-Dir {11g16 / 20.0) (Provided / Required) a2 22,12>16.19
Punching Check At Distance d from Column {Capacity f Demand) kN 1023.03>624.76 o
Shear Check At Face of Column X-Dir (Capacity / Demand) kN 703.89>401.09 w
Shear Check At Distance d from Column X-Dir (Capacity / Demand) KN 703.85>130.84
Shear Check At Face of Column Y-Dir (Capacity / Demand) KN 613.80>517.95
= I
Shear Check At Distance d from Column Y-Dir (Capacity / Demand) K §13.805250.47 q1 = 353.3 kN/m2
Front View

Design is Successful

Design Generate Report

g2 = 91.5 kN/m2

oK

Cancel

Manual Calculations

To verify the model, the footing calculations will be conducted manually using the loading, material,
and geometry parameters used in the model.

Total Axial Force

htaper

VVC = Lx * Ly h + Ye + Lx—pedestal * Ly—pedestal * Hpedestal *Ye

2

W, = 1.8m*1.9m*(0.5

W, = LyL,

m+

htaper
Heyy — —

m kN
) * 25— = 49.88 kN
m

0m
W, = 18m=+19mx (0.7m— 7)18=50.27kN

N, =N+ W, + W, = 598.58 kN + 42.75 kN + 43.09 kN = 698.73 kN

Total Moments

1 1
L= —=L,*L> = Z1Lom* (1.8m)? = 1.466 m*

12

1 3 _ 1 3 4
Iy = —Ly*xL,"> =—18m=*(1.9m)° =1.200m

YT 12 T 12

ZMx= My + Ve (R + hegper) + €x * N

ProtaStructure® ProtaSteel’
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Z M, = —149 kNm — 67.69 kN * (0.5m + 0 m) + 0 m * 684.42 kN = —182.80 kNm

D My = My 4V x (b + hegper) + ey <N

z M, = —45.80 kNm — 27.82 kN * (0.5m+ 0 m) + 0 m % 698.98 kN = —59.71 kNm

Corner Stresses

Manual Calculation:

o,
corner Ix Iy 2
oy = &—ZMx*L—x—ZMy — =353.27 kPa
AL 2
N, M, L, XM
P x  lx y
= — - - =91.48 kP
0y " + I * L 91.48 kPa
N M, L M, L
(73——1"+Z "*—"+Z Y+ 2 =_3.03kPa
AT L 272
N, M, L, %M, L
14 x X Yy Yy
= —— — — = 258.76 kP
W= ATTL 2L 4

Soil Pressure Check
Omax = 353.27 kPa < 357.10 kPa = o,

The soil pressure check is satisfied.

Eccentricity Check
—182.80 kNm
ecc, = |ZM /N | = —soa gy | = 0:2616m = 2616 cm
ecc |ZM /N | = | SITLENM | _ ) 0854 m = 8.54 cm
o 596.73 kN ' o

ecc,=26.16 cm<35cm= L,/6
ecc, =854cm<31.67cm=L,/6

The eccentricity check is satisfied.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Internal Forces and Moments
L.,—B 21m—-0.6m
(Lx — By) _ — 075 m

ch—fe—x = 2 2
(L,—By) 19m-03m
_ Yy yJ _ —
ch—fe—y = 2 = 2 =08m
Ao,  Opmgy — On—y  353.27 kPa — 91.48 kPa
—x _ Imax  Tnex = 124.66 kPa/m
Ax L, 21m
Ao,  Omax — On—y  353.27 kPa — 258.76 kPa
Y- maxr Y = 49.74 kPa/m
Ax Ly 1.8m

Stress, shear, and moment at column face with normal parallel to x-direction;

Ao,
Ocf—x = Op—x T (Ly — ch—fe—x) * A_x
a
Ocf—x = 9148 + (2.1 m —0.75m) = 124.667 = 259.78 kPa
[/ch—x = Ly * ch—fe—x * (H * Yo+ Hfill * Vs)
kN kN
Wi _, =19m=*0.75m (0.5 mx25—+0.7mx* 18—3) = 35.77 kN
m m

ch—fe—x
ch—x = Ly * (acf—x * ch—fe—x + (Umax - Ucf—x) * T) - I/Vccs—x

0.75m
Vepx = 1L9m (259.78 kPa * 0.75 m + (353.27 kPa — 259.78 kPa) * > ) — 35.7 kN

=401.03 kN

1

2
Mcf—x = Ly * (Gcf—x * El‘cf—)‘e—x2 + (Umax - Ucf—x) * chf—fe—x2> - VVCCS—X * ch—fe—x/2

1 2
Mgy = 1.9m+ (259.78 kPa x 5(0.75 m)? + (353.27 — 259.78) x A (0.75 m)z)

0.75m
— 35.77kN =« 7= 158.71 kNm

Stress, shear, and moment at column face with normal parallel to y-direction;

Aay

Ocf-y = On-y + (Ly = Lep—fe—y) * Ay

Ocf—y = 25876 kPa + (1.9 m — 0.8 m) = 49.747 = 313.48 kPa

VVcCs—y = Ly * ch—fe—y * (H *Ye + Hfill * Vs)

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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kN kN
Ws—y =21m=*08m = (0.5 mx 25—+ 0.7 m * 18—3> = 4217 kN
m m

Lep—fe—y
Vepoy = Ly * (Ucf—y *Lep_fey + (Omax — Ocpoy) * — ) — Wes—y

0.8m
Vepoy =21m = (313.48 kPa 0.8 m+ (353.27 kPa — 313.48 kPa) = > )
— 4217 kN = 517.90 kN

1 2
Mep-y = Ly * (Ucf—y *SLepfe-y” + (Omax = Ocp-y) * chf—fe—yZ) = Wes—y * Lep—fe-y/2

1 2
Moy = 21m (313.48 kPa»=(0.8m)? + (353.27 kPa — 31348 kPa) » = (0.8 m)2>

m
—42.17 kN * =211.62 kNm

Bending Design
With the above calculated internal moments, bending reinforcement design is conducted with the

cantilever beam assumption.

The resulting bottom rebar distribution:

X- direction bottom rebar 19¢ 16/ 10
Y-direction bottom rebar 11¢ 16/ 20

Effective Depth
mm

b
deff_x=h+hmper—dcc—7"=0.5m+0m—0.05m— — —=0.442m

mm

) 16
deff_y=h+htaper—dcc—cl>x—7y=0.5m+0m—16mm— ——=0.426m

1
deff—aug = E (deff—x + deff—y) =0.434m

Effective Perimeter
U, = 2% (By + By +defrqug) =2+ (0.6m+03m+0434m) =2.67m

Distance between footing edge and the effective perimeter

L,—B L,—B
L :M_deff_xand(yz—”_deﬁ_y

ep—fe 2
_(21m-06m)

Lep—fox = - —0.442m = 0.308 m

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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(19m—-0.80m)
Lep—foy = - ~0.426 m = 0.374m

Shear At Effective Perimeter

Ao,
Ax

Oep—x = On—x + (L — Lep—fe—x) *

kPa
Oep—x = 91.48 kPa + (2.1 m — 0.308 m) * 124.667 = 314.88 kPa

I/Vs?ix =Ly * Lep_fe—x * (H * Ve + hei * Vs) = 14.69 kN
Lep—fe-x ep
Vep—x = Ly * (Uep—x * Lep—fe—x + (amax - Uep—x) * T) - M/sc—x

0.308 m
Vep—x = 1.9m (314.88 kPa x 0.308 m + (353.27 kPa — 314.88 kPa) * —

= 180.81 kN

) —14.69 kN

Aoy,
Oep-y = On-y + (Ly = Lep—fe—y) * Ay

kPa
Oep-y = 258.76 kPa + (1.9 m — 0.374m) * 49.747 = 334.67 kPa

Vl/siziy =Ly * Lep—fe—y * (H *¥e + hegy * ys) =19.71 kN

L
—fe—
Vep—y = Lx * (O'ep—y * Lep—fe—y + (O'max - O'ep_y) * _epjemy. > ¢ y) — VVSiziy
0.374m
Vep—x =2.1mx (334.67 kPa % 0.374 m + (353.27 kPa — 334.67 kPa) T) —19.71kN

= 250.44 kN

Shear Check

Critical shear values for concrete sections are calculated:
Verx = 0.65 ferqLydesr—x = 703.89 kN
Very = 0.65 ferqlydesr—y = 613.80 kN

Shear values at the column face and the effective perimeter are smaller than critical shear values. Shear
check is passed.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Punching Strength

Bending Factor:

! 1
y = 1+150.4*(eccx+eccy)= Lt 1s 0.4+ (0.2616 m + 0.0854 m) = 0.8071
| /BBy J(0.6m +0.434m) + (0.3m + 0434 m)

Vor = ¥ * feta * Up * deff—qvg = 0.8071 x 1166.67 kPa * 3.536 m = 0.434 m = 1445.00 kN

Punching Demand

Voa = Np = Oavg * Acry

Aerr = (Bx + deff—avg) * (By + deff—avg) = 0.76 m?

N
Oapg = ———=175.12 kPa
Afooting

Vpa = 565.82 kN

Punching Check
Vpq = 565.82 kN < 1445.00 kN =V,

The section is safe against punching.

Comparison of Manual Calculations With Software Output

Value Name Manual Calculation PS Result
Soil Stress (Corner 1) 353.27 kPa 353.3 kPa
Soil Stress (Corner 2) 91.48 kPa 91.5 kPa
Soil Stress (Corner 3) -3.03 kPa -3.1 kPa
Soil Stress (Corner 4) 258.76 kPa 258.7 kPa
Eccentricity in X Direction 26.16 cm 26.16 cm
Eccentricity in Y Direction 8.55cm 8.55cm
Punching Capacity 1445.00 kN 1444.93 kN
Punching Demand 565.82 kN 565.82 kN
Shear Capacity in X Direction 703.89 kN 703.89 kN
Shear At Column Face X Direction 401.03 kN 401.09 kN
Shear At Effective Perimeter X Direction 180.81 kN 180.84 kN
Shear Capacity in Y Direction 613.80 kN 613.80 kN
Shear At Column Face Y Direction 517.90 kN 517.95 kN
Shear At Effective Perimeter Y Direction 250.44 kN 250.47 kN

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Pad Footing Report (ProtaStructure Output)

F-S1 Design Summary

Footing Materials

Concrete Material C25
Rebar Material S420
Geometric Properties
Lx 210.00 cm
Ly 190.00 cm
Height 50.00 cm
Taper Height 0.00 cm
Corner Stresses
Lower-Left Corner 353.3 kN/m2
Lower-Right Corner 91.5 kN/m2
Upper-Right Corner -3.1 kN/m2
Upper-Left Corner 258.7 kN/m2
Loading Info
Envelope
N 598.58 kN
Vx 67.59 kN
Vy 27.82 kN
Mx -149.0 kN.m
My -45.8 kN.m
ProtaStructure” ProtaSteel

nd = 2587 kN/m2
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q3 =-3.1 kMN/m2
210 ,

180

ql= 35313 kN/m2

g2 = 51.5 kNimZ

Top View

s

50

q1 = 353.3 kN/m2

g2 = 91,5 kNim2

Front Wiew
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Soil Stress Check

N : Axial Load Of Combination

>N . Total Axial Load

W . Total Weight of Footing

h . Footing Depth

Ptaper . Taper Height

Eccy : Column Eccentricity in X Direction
Ecc2 : Column Eccentricity in Y Direction
> M : Total Moment in X Direction

>My : Total Moment in Y Direction

Total footing, soil and pedestal weight is calculated.

Member Volume (m3)  Unit Weight (kN/m3)  Weight (kN)

Pad Footing : 1.995 25 49.875

Soil : 2.793 18 50.274

Total 100.149

IN=N+TW

IMx=Mx + Vx (h - hiaper) + Ecc1 N

IMy=My + Vly (h - htaper) + Ecc2 N

Corner stresses,

01=IN /Ly - 6 IMx / (LxLy?) - 6 ZMy / (LiLy)

02= 2N/ Ly + 6 TMx/ (LxLy?) - 6 TMy / (LeLy)

03 =N/ LeLy + 6 IMx / (LxLy?) + 6 ZMy / (Le2Ly)
04=2N /Ly - 6 IMx/ (LxLy?) + 6 TMy / (LeLy)

Comb N (kN) (krm); (km‘; (kNIm021) (kN/m022) (kN/mOZ:; (kN/mOZ‘;
Comb #Env - S1 698.73 0.00 0.00 353.32 91.50 -3.08 258.74
Demand Capacity Status

Maximum Soil Stress: 353.3 Allowable Maximum Soil Stress: J

kN/m2 357.1 kN/m2

ProtaStructure®  ProtaSteel ProtaDetails’ ProtaBIM'
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Eccentricity Check

Comb Direction M&n,‘]i:; Axial L(T:;; E

g;’mb #ENV - X 0 698.73
Y 0 698.73

Punching Check

Vpd : Punching Demand

Ve . Punching Capacity

Vpd-cf : Punching Demand(On Column Face)

Vpe-cf : Punching Capacity(On Column Face)

Vpd-ep : Punching Demand(On Effective Perimeter)

Voc-ep . Punching Capacity(On Effective Perimeter)

Osol . Soil Stress

Aeff . Effective Punching Area

B . Load Increment Factor For Shear Force

feta : Concrete Design Tensile Strength

dx . Effective Depth(X-Direction)

dy . Effective Depth(Y-Direction)

Y . Factor which reflects the effect of bending

Up . Effective Perimeter

Berx : Width of effective perimeter in X direction

Bery : Width of effective perimeter in X direction

Osect . Distance from column face to effective perimeter edge

d . Effective Depth

IDiamX . Longitudinal rebar diameter in X Direction

I'DiamY . Longitudinal rebar diameter in Y Direction

Punching force will be calculated according to TS500,
Vpd = Osoil * Aeff

Osoil = IN / Lx Ly

At = LiLy - B:By

ccentricity

(MIN) Limit (L/6) Status

261.64 mm 350 mm v

85.51 mm 316.67 mm v

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Punching capacity will be calculated according to TS500 - 8.3.1,
Ve = Yfetaupd

Up = 2(Bepx + Bepy) = 3536 mm

Bepx = Bx + 2dsect = 1034 mm

Bepy = By + 2dsect = 734 mm

dsect = (dx + dy) /2 =217 mm

dx=d - roiamx / 2 = 442 mm

dy = d - rpiamx - rdiamy / 2 = 426 mm

y=17(1+(1.5(ex +ey) / (B«By)(1/2))) = 0.807

Vpeof = 735.54 kN

Vicep = 1444.93 kN

Page - 26

Punching check is performed for each column on footing. The column having minimum capacity/demand ratio is considered for each

combination.

Comb IN (kN)  0osoil(kN/m2) Vpd-cf (kN) D/C-cf  Vpd-ep (kN) D/C-ep
g;’mb #ENV - 698.73 175.12 565.82 0.77 565.82 0.39
Comparison at Demand / Capacity Status

Effective Perimeter 565.82 kN / 1444.93 kN v

Column Face 565.82 kN / 735.54 kN v
Shear Check

Vx-cf : Shear Force On Column Face, X-Direction

Vay-cf . Shear Force On Column Face, Y-Direction

Vex-d . Shear Force On Location d Away From Column Face, X-Direction

Vay-d . Shear Force On Location d Away From Column Face, Y-Direction

dv1 . Distance from Column Face to Footing Edge

dvz . Distance from Location d Away From Column Face to Footing Edge

Ocf . Soil stress on column face

Oc . Soil stress at nearest corner

Omax . Max. corner stress

Shear capacity is calculated according to TS500,

(81) - Vere = 0.65fctalxdx = 703.89 kN

(8.1) - Very = 0.65fctalydy = 613.79 kN

ProtaStructure” ProtaStesl ProtaDetails’ ProtaBIM’
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Vdxeof = Ocf Avxt Ly + ((Omax - Ocf) dwxt Ly / 2)

Vy-cf = Ocf dvyt Lx + ((Omax - Ocf) dwyt Lx / 2)

Vdxd = Ocf dvxz Ly + ((Omax - Ocf) dwxz Ly / 2)
Viy-d = Ocf dvy2 Lx + ((Omax - Ocr) dvyz Lx / 2)
On Column Face,
Comb Demand (kN)
Comb #Env - $1 401.09
On "d" Distance Away
From Column Face,
Comb Demand (kN)
Comb #Env - S1 180.84

Comparison at
Column Face in X-Direction

Column Face in Y-Direction

Effective Perimeter in X-Direction

Effective Perimeter in Y-Direction

X-Direction
Capacity (kN)

703.89

X-Direction
Capacity (kN)

703.89

Bending Reinforcement Check

Comb

Comb #Env - S1

Comparison of

Reinforcement Area in X-
Direction

Reinforcement Area in Y-
Direction

Mdx (kN.m)

211.64

Required Asx
(cm2)

18.56

Design Moment

2116 kN.m

158.7 kN.m

ProtaStructure’

ProtaSteel
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Y-Direction
Status (kN) Demand (kN) Capacity (kN) Status (kN)
v 517.95 613.80 v
Y-Direction
Status (kN) Demand (kN) Capacity (kN) Status (kN)
v 250.47 613.80 v
Demand / Capacity Status
401.09 kN / 703.89 kN v
517.95kN /613.80 kN v
180.84 kN / 703.89 kN v
250.47 kN /613.80 kN v
Required Asy
Mdy (kN.m) (cm2)
158.73 16.19
Selected Rebar Required / Provided Status
10¢16/20.0 cm 18.56 cm2/20.11 cm2 v
11¢16/20.0 cm 16.19 cm2/22.12 cm2 v
ProtaDetails’ ProtaBIM'
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Thank You...

Thank you for choosing the ProtaStructure Suite product family.
It is our top priority to make your experience excellent with our software technology solutions.

Should you have any technical support requests or questions, please do not hesitate to contact us at all
times through globalsupport@protasoftware.com and asiasupport@protasoftware.com

Our dedicated online support center together with our responsive technical support team is available
to help you get the most out of Prota’s technology solutions.

The Prota Team

ProtaStructure’
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