4th task: RC stiffening walls In
the structure from 3rd task in
longitudinal direction
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Introduction

e Horizontal loads (wind, earthquake etc.) have to
be transferred to the foundation

e Structure supported just by columns is flexible
=> high deflections => additional bracing
needed in multi-storey buildings
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Introduction

o Stiffness of an element strongly depends on
moment of inertia of its cross section
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=> 300x2000 mm wall is 297times stiffer than
300x300 mm column

=> We use walls or cores to increase horizontal
stiffness of structures (to brace them)



Introduction
e The same structure with stiffening walls:

e Horizontal deflection 5.6 mm instead of 87.8 mm



Our goal will be to

Calculate wind loads
Calculate vertical loads

Design geometry of stiffening walls (number,
length, position)

Design reinforcement of stiffening walls
Draw a sketch of reinforcement



Load combinations

e \We have to calculate stresses in the foot of a
stiffening wall from three load combinations:

e C1: Characteristic wind load + minimum
vertical load

e C2: Design wind load + maximum vertical load
e C3: Design wind load + minimum vertical load

e We will use C1 for the design of geometry, C2 and
C3 for the design of reinforcement

e In C1 and C2, we have to avoid tension in the
foot of the wall

e In C3, tension is allowed



Wind loads

e Characteristic value of wind load w;:

Wy =0, °Ce(z) °Cpe

.

Basic dynamic
pressure of the wind
[N/m?]
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Density of the air,
1,25 kg/m3

Basic wind velocity,
see later

Example (be careful about the units):

Ay :%'1, 25.25° =390 N/m® = 0,39 kN/m?
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Exposure factor, based on
the type of terrain and
height of the building,

see later
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External pressure

coefficient, in our case 1.3
(pressure 0.8 in windward
area D + suction 0.5 in

leeward area E)
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Real distribution of wind
pressure
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In Eurocode: Coefficients
for areas A — E



Wind loads

e Basic wind velocity — based on wind load area

CSN EN 1991+1-4:2007

MAP OF WIND AREAS
IN THE CZECH REPUBLIC
) AREA T v w WV
Vi, [v's] 25 % 78 % %

Worked out by Czech
Hvdrometeorological Institute, 2006




Wind loads

e Exposure factor
— Terrain category — III (suburb) or IV (dowtown)

— z — in our case, the height of the building (use the
number of floors and height of one floor from the 1st

task 19
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Wind loads

e Design value of wind load w,in kN/m? (load per
1 m2 Of the facade): Partial factor, 1.5

e For further calculations, we need linear load in
KN/m — w ;, and wj i, (load per 1 m of stiffening
walls)
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Vertical loads

e We have to estimate the geometry of the
stiffening walls

e 1st estimate: 2 walls, length = 1 span, thickness
= 200 to 250 mm
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Vertical loads

e Minimum vertical load: characteristic load from
the self-weigth of RC structure in tributary area
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e nfloors => include the load fkom n slabs and n
walls. Consider all the floors to be the same.
Take slab loads from 3rd task.

e Calculate reaction R, [KN]

...‘_
i



Vertical loads

e Maximum vertical load: design load from the
self-weigth of RC structure, other permanent
load and live load in tributary area
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e nfloors => include the load from rn slabs and n
walls

e Calculate reaction R, [KN]



Design of geometry of the walls

e We have estimated the geometry, now we will
check it. We will use comb. C1.

e Total bending moment from the characteristic
wind load in the foot of all stiffening walls is:

M, = %Wk,lin H?

o If all the walls are indentical, stress from the
characteristic wind load in the foot one
stiffening wall is:

O, = + -
Number of stiffening Section modulus of one wall, W = 1/6*t*|2
walls, 2 in our case (t — thickness of the wall, L — length of the wall)



Design of geometry of the walls
o If the walls are NOT identical, then the stress in

wall A is:
Elastic modulus of Moment of inertia of wall A,
concrete \ /IA = 1/12*t*|3
— + A . W
Ow T El. W

[ A
' \Total bending stiffness of all the
2 walls (E*I = bending stiffness)
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o Simply: The moment is divided according to
moments of inertia. Remember it for the exam!



Design of geometry of the walls

e Stress from the minimum vertical load in the
foot of one stiffening wall is:

Cross-sectional area of one wall, A = t*L
A (NQT the tributary areal!!!)
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e Total stress in the foot of one stiffening wall:
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e We have to avoid tension in C1. If you
receive tension for your estimated geometry,
you have to change the design.



Design of geometry of the walls

e YOU can:

e Increase number of stiffening walls — not
efficient (small vertical load in outer walls)

e Increase thickness of stiffening walls — not
efficient (stress from verical load decreased)

e Increase the length of stiffening walls
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Design of reinforcement

e Calculate total stresses in the foot of stiffening
walls in combinations C2 and C3
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e In C2, we have to avoid tension (should be OK
if there was no tension in C1)

e In C3, tension is allowed if tensile
reinforcement is provided



Basic reinforcement

e In 1st step, design the reinforcement in the
whole wall just based on detailing rules

e Vertical reinforcement: Required area of vertical

reinforcement per 1 m of the wall
put one half to each surface)

(
O.OOZaC S 0.04ac<~ __ Cross-sectional area of
1 m of concrete wall
Spacing of rebars —— SV < min (Bt, 400 mm)

e Horizontal reinforcement:
a,,, > max (0.25a,,;0.001a, )
s, <400 mm

e Example (give your design in the same way):
Vertical: @6 per 250 mm on both surfaces (a;, = 2*113 mm?/m)
Horizontal: @6 per 400 mm on both surfaces (a,;, = 2*70 mm?/m)



Compressed reinforcement

e Use the total stress from C2, take average
stress in 1 m strip on the edge and calculate N:
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e Required area of vertical reinforcement is:

e If this area is more than the area according to
detailing rules, use this vertical reinforcement
on the edge of the wall and adjust the
horizontal reinforcement



Tensile reinforcement

o If you received tension in C3, take average stress
in 1 m on the edge and calculate N (as in the
preVIOUS Case) = w Tension == calculate N

e Required area of vertical reinforcement is:

N
as,req,v — T

fog
e If this area is more than the area according to
detailing rules and more that the area of
compressed reinforcement, use this vertical
reinforcement on the edge of the wall and adjust
the horizontal reinforcement



Sketch of reinforcement
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