Chapter 8
Design of Walls

8.0 NOTATION

ay Deflection due to slenderness of wall

ag; Distances from compression face to centroid of layers of concrete in
compression

a, Distances from compression face to centroid of layers of tensile
reinforcement

A Area bounded by median line of wall in closed cell

A Net area of concrete in a section of wall

Ac Centroid of compression in a wall section

Ay Area of steel in shear reinforcement placed horizontally in in-plane
direction

At Centroid of tensile steel in a wall section

A, Area of steel in shear reinforcement placed vertically

Age Area of steel in compression in a section of wall

Ag Total area of steel in tension in a wall section for in-plane bending

Ao Total area of steel in tension in a wall section for out-of-plane bending

Agj Layers of tensile steel reinforcement in wall for stress analysis

Agj Layers of compressive steel reinforcement in wall for stress analysis

b Actual width of flange of a shear wall

b Unit width of wall for out-of-plane bending

b Effective width of flange of a shear wall

B Plan length of wall for the computation of moment of inertia

¢ Coefficient to determine torsional stiffness of a rectangular section

[ & Torsional stiffness of a rectangular section

d Effective depth from compression face to centroid of tensile steel

d; Effective depth of tensile steel in wall for in-plane bending

d, Effective depth of tensile steel in wall for out-of-plane bending

e Eccentricity of load on wall section for in-plane bending

e, Slenderness coefficient of slender braced plain wall

ey Resultant eccentricity of all loads at right angles to plane of wall

€1 Resultant eccentricity of loads at top of wall

ey Resultant eccentricity of loads at bottom of wall

E Modulus of elasticity

b Stress in concrete compression

i Characteristic yield strength of reinforcement

Fai Characteristic cube strength of concrete at 28 days

fat Tensile stress in steel reinforcement
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Modulus of rigidity

Thickness of wall

Thickness of flange of a shear wall section

Thickness of web of a shear wall section

Height of wall

Effective height of wall

Clear height of wall

Torsional stiffness of a closed cell structure

Factor to determine additional moment due to slenderness
Length of wall in in-plane direction

Modular ratio EJ/E,

Applied bending moment on a concrete section

Modified applied moment to account for axial load

In-plane applied bending moment in a wall section

Out-of-plane bending moment in wall about horizontal plane
Out-of-plane bending moment in wall about vertical plane
Additional bending moment in out-of-plane direction due to slenderness
Total design ultimate axial load on a wall

Axial load

In-plane axial load due to out-of-plane loading on wall panel
Percentage of tensile steel for in-plane bending of wall
Percentage of tensile steel for out-of-plane bending of wall

Shear flow in components of a closed cell (kN/m)

In-plane shear flow due to torsion in a closed cell

Restraint factor

Median length of wall

Spacing of horizontal shear reinforcement to resist in-plane shear
Spacing of vertical shear reinforcement to resist in-plane shear
Torsion (kNm)

Shear stress in concrete wall section due to V;

Design concrete shear stress in wall section for in-plane bending
Design concrete shear stress in wall section for out-of-plane bending
Shear stress in concrete wall section due to Vgy

Modified design concrete shear stress for in-plane bending
Modified design concrete shear stress for out-of-plane bending
Combined in-plane flexural shear and torsional shear

In-plane shear force in a wall section

Shear resistance of shear reinforcement for in-plane shear

Shear resistance of shear reinforcement for out-of-plane shear
Available concrete shear strength for in-plane bending after allowing
for Vou

Auvailable concrete shear strength for out-of-plane bending after allowing
for V;

Out-of-plane shear about horizontal plane

Out-of-plane shear about vertical plane

Depth of neutral axis from compression face

Shear flow in the components of a closed cell (kN/m)

Depth of lever arm
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Coefficient to determine effective height of wall

Factor for determination of deflection due to slenderness of wall
Rate of twist (radians per metre length of member)

Factor to determine effective width of flange of shear wall

8.1 ANALYSIS OF WALLS

8.1.1 Walls and properties of walls

8.1.1.1 Definitions

SK 8/1 Plan and elevation of

concrete wall.
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PLAN OF WALL

Wall is a vertical load-bearing member whose length exceeds four times its
thickness.

Unbraced wall is designed to carry lateral loads (horizontal loads) in
addition to vertical loads.

Braced wall does not carry any lateral loads (horizontal loads). All hori-
zontal loads are carried by principal structural bracings or lateral supports.

Reinforced wall contains at least the minimum quantities of reinforcement.

Plain wall contains either no reinforcement or less than the minimum
quantity of reinforcement.
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Stocky wall is where the effective height (H,) divided by the thickness (k)
does not exceed 15 for a braced wall and 10 for an unbraced wall.

Slender wall is a wall other than a stocky wall.

8.1.1.2 Effective heights

8.1.1.2.1 Reinforced wall — monolithic construction

< <

r 1

Ho L MONOL I THIC
CONSTRUCTION

I
I
% & SK 8/2 Wall monolithically
| constructed with slab and
| foundation.

H. = BHO

where H, = clear height of wall.

Values of 3 for braced walls.

End condition at top End condition at bottom
1 2

1 0.75 0.80

2 0.80 0.85

Values of p for unbraced walls.

End condition at top End condition at bottom
1 2
1 1.2 1.3

2 1.3 1:5




Design of Walls 359

! { Dy =|'hl
He i )>-END conDITION
D2>h
L il
5 BT
l 1
Da< hy
Ho “h2)enp conpiTion
1 ORI
< B
I 1
D3<hj
Ho h3)-eno conomion
O) Da>h3
WALL FIXED TO
> FOUNDATION D¢
TT7 77777777777

SK 8/3 Wall/slab construction WALLS MONOLITHIC WITH SLAB OR
showing end conditions. FOUNDATION

8.1.1.2.2  Reinforced wall — simply supported construction

H, = 0.75H, for braced wall where lateral support resists lateral move-
ment and rotation

H.=H, for braced walls where lateral supports resist lateral movement

H. = 1.5H, for unbraced wall with a roof slab or a floor slab at top
H,

2.0H, for unbraced wall with other forms of construction at top
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% % SK 8/4 Slab simply supported on

I 1 wall.

8.1.1.2.3 Reinforced wall — cantilever construction
H. = 2.0H, for moment connection at foundation
8.1.1.2.4 Braced plain wall
With translation and rotation restraint at any lateral support:
H. = 0.75H,
With translation restraint only at any lateral support:
H. = H,

Cantilever construction:

% % SK 8/5 Cantilever wall.

H. =2H, for rotational and lateral restraint at foundation
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8.1.1.2.5 Unbraced plain wall

Supporting a roof or a floor slab:

H. = 1.5H,

For other walls with lateral restraints:
H, = 2.0H,

For cantilever plain wall:

H, = 3.0H,

8.1.1.3 Effective width of flanges for in-plane bending

The effective width is width of wall perpendicular to direction of horizontal
loading which is considered as effective as compression flange, and also
vertical reinforcement provided in this width acts in tension as in tension
flange. These factors for effective width are based on the recommendations in
BS 5400: Part 5.
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SK 8/6 Effective width of flange on plan of wall SK 8/7 Effective width of flanges of a closed
arrangement. cell on plan.
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SK 8/8 Effective width of flanges of a channel SK 8/9 Effective width of flanges of a channel

shaped shear wall on plan. shaped shear wall on plan.
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SK 8/10 Effective width of flanges
of an l-shaped shear wall on plan.

From diagrams of typical shear wall sections:

bey = 0.85 b,
bez = yby
bes = 0.85 by
bes = 0.85 Wba
bes = 0.85 1 bs
beo = Wbe

Effective breadth ratio y for shear walls (see BS 5400: Part 5[*)),

b/H Uniformly distributed loading Point loading at top
Cantilever Continuous Cantilever Continuous
wall wall wall wall

0 1.0 1.0 1.0 1.0

0.05 0.82 0.77 0.91 0.84

0.10 0.68 0.58 0.80 0.67

0.20 0.52 0.41 0.67 0.49

0.40 0.35 0.24 0.49 0.30

0.60 0.27 0.15 0.38 0.19

0.80 0.21 0.12 0.30 0.14

1.00 0.18 0.11 0.24 0.12

b = actual width of flange
H = height of cantilever walls, or
= half height between monolithic horizontal restraints for continuous walls

The flange width limitations by use of a factor y are required to take into
account shear lag effects. For ultimate limit state analysis, effects of shear
lag in compression flange are sometimes ignored, but effective tension
reinforcement in flange for in-plane bending should be limited within
effective flange width as given by above expressions.
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SK 8/12 Continuous shear wall.

8.1.1.4 Moment of inertia and shear area
The moment of inertia and shear area to be used for the computation of
deflections of a cantilever shear wall structure and also for input to a
computer program with a view to finding the interaction with other walls
and frame structures could follow the typical suggestions given below.

Type 1 shear wall

h
bz Hy
Ba
H!
h,|
SK 8/13 Type 1 shear wall. Bs -l

for horizontal force H,,

1 1
I, = Eh.B% + Ek;,B%
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Shear area = 0.8 (Bih; + Bshs)
For horizontal force H,,

1
‘fx = EHZB%

Shear area = 0.8Bh,

Type 2 shear wall

b

Hy
Bz

hz ha

SK 8/14 Type 2 shear wall.

For horizontal force H,,
I =L (2h BY)
v 12 1£1

Shear area = 0.8 (2h,B;)

For horizontal force H,,

I =+ (2h,B3)

X 12 242

Shear area = 0.8 (2h,B5)

The above philosophy may be applied to any shape and size of shear wall
layout in a building. The stiffness of walls lying parallel to the direction of

loading may only be included in the computation.

Note: The flanges of the shear walls have been ignored, as in T-beams in building
frames, because the horizontal loads are generally of a reversible nature



Design of Walls 365

and concrete in alternate flanges goes into tension. Considering cracked
section moment of inertia including effective width of compression flanges
does not produce too dissimilar results.

The out-of-plane stiffness of walls may be ignored in the global 3-D
frame analysis.

8.1.1.5 Torsional stiffness

8.1.1.5.1 Open cell shear wall

SK 8/15 Open cell shear wall. .

Note:

B

!

n

B

B

The torsional stiffness of individual wall elements should be added.
The torsional stiffness of the open cell as a whole is

C = ¢;hiB; + c:h3B; + c3h3B,

Values of coefficient c.

Bfh 1 1.5 2 3 5 10
c 0.14 0.20 0.23 0.26 0.29 0.31

In a global 3-D model each wall of the open cell shear wall may be modelled
separately as vertical stiffness elements. The property of each wall will
then include the individual torsional stiffness expressed as C = ch>B.

8.1.1.5.2  Single closed cell shear wall

Torsional stiffness,
. S
 Z(Blh) 2B, 2B,
h, hy
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of torsional stiffness

A = BB, (area bounded by median line)

T = 2Aq

where T = torsion applied

q = shear flow (kN/m).

SK 8/16 Single closed cell shear
wall.

SK 8/17 Closed irregular cell
section subject to torsion.

The general formula for any single closed cell is given by:

_ 4A?

J_
J_
h

where A = area bounded by median line of wall thickness
h = thickness of wall

s = median length of wall.



Design of Walls 367
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Go

where T = torque applied = 24gq
G = modulus of rigidity = E/2(1 + )
E = modulus of elasticity

6 = rate of twist in radians per metre length = (g9/2AG) [(ds/t)
q = shear flow (kN/m),

8.1.1.5.3 Multi-cell closed shear wall

X Xz X3 X4
. l— —a -

x.l @hI énl ®x}'l®[x4

SK 8/18 Closed multiple-cell - -
section subject to torsion. X% Xz Xy X4

General equation for unit twist of one cell:

1 ds ds ds
6; = ———(X,-f—— Xi-1 — = Xin j _)
24,G i ! i1 ! i1 !
ds J‘ ds ds
Pi= | — Pi-1i = - Pii+1 = -
i ! T : e

For compatibility, assume 6, = 0

~Xic1Pi-1i + Xipi = Xiv1Pijr, = 24,GO
Assume X] = X,/2G0

—XiPi—ri + Xipi — X[ 41piier = A;

From this general equation:

1P1 = Xop12 = A,

= Xip1.2 + Xop, - Xipaz = A
- ::—2pn—2.n—l + X:l—lpn—-l - X.:lpn—l.u = Arr-l

- :J—lpn—l.u + X:lpi'! =A,

Solving for the unknowns in the above matrix gives values of X| to X,
T = 4G02, AX!
1

When T is known, 6 can be found.



368 Reinforced Concrete

T n
J=—=42 AX;
Go = ¥

2T
Shear flow, X; = 2G0X| = (—)X:

Xi i1 = X; — Xi+|

8.1.2 Modelling for structural analysis
8.1.2.1 Global analysis for in-plane forces
Modelling as individual walls

Each individual wall can be modelled as a vertical beam element with
properties as described in Section 8.1.1.4 and 8.1.1.5.

i ' \
i \

L i 1 EQUIVALENT BEAM ELEMENT

= SK 8/20 A closed cell converted to one
equivalent beam clement.

SK 8/19 Walls of a shear wall system converted
to equivalent beam elements.

Modelling as a combined unit

A set of walls can be combined to be represented by one beam element. In
this case the property of this beam element will be the summation of
properties for individual walls. The representative beam element may be
located at the CG of the wall configuration.

In the case of closed cell shear wall structure the equivalent torsional
stiffness will not be the sum of the individual torsional stiffnesses of the
walls. The equivalent torsional stiffness will be found as per Section
8.1.1.5.2. When a closed cell shear wall structure is modelled as individual
wall elements, then the torsional stiffness parameters for these individual
wall elements will be considered as negligible. A separate single beam
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BEAM TORSIONAL ELEMENT

SK 8/21 Cell converted to a
combination of flexural and
torsional elements. BEAM FLEXURAL ELEMENTS

element must be modelled to represent the torsional stiffness of the closed
cell system. This beam element will have no bending or shear stiffness but
only torsional stiffness. This element may be placed at the CG of the
closed cell structure. This separate torsional beam element will be con-
nected by rigid offsets with the individual wall bending elements.

The design of walls should be carried out on an individual wall basis.
The determination of individual wall moments and shears from the rep-
resentative single beam element will be carried out by using the relative
bending and shear stiffnesses of individual wails.

8.1.2.2  Local analysis for out-of-plane forces
Out-of-plane forces on the wall may be due to the following:

® Eccentric dead and live load.

Wind pressure on wall panel.
Earthquake wall mass excitation.
Earth pressure on wall face.

Water pressure on wall face.

Thermal gradient across wall thickness.

Local analyses should be carried out using appropriate boundary conditions.
Published tables may be used to find out-of-plane bending moments and
shears. Combined bending moment triads using the Wood — Armer principle
should be used to find the reinforcement requirement.

For out-of-plane local analyses, follow the general guidelines in
Section 3.1.

For a complicated wall geometry, wall panels in the out-of-plane direction
may be modelled using hypothetical grillage elements using for solution a
grillage suite of a computer software.
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8.2 STEP-BY-STEP DESIGN PROCEDURE FOR WALLS

Step 1 Find properties of wall system
Find moment of inertia and shear area (follow Section 8.1.1.4),

Step 2 Find torsional stiffness of wall system
Follow Section 8.1.1.5.

Step 3 Carry out modelling for analysis
Follow Sections 8.1.2.1 and 8.1.2.2.

Step 4 Carry out global analysis

h
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o]} SK 8/22 Description of in-plane

forces in a wall.

Find in-plane forces in walls. After analysis the following internal forces
should be available for each individual wall section in the system.

M; = in-plane bending moments

V1 = in-plane shear force

() = in-plane shear flow due to torsion
N = axial load

Step 5 Carry out local analysis
Find out-of-plane forces in walls (follow Section 8.1.2.2).

After analysis the following internal forces should be available for each
individual wall panel in the system.
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SK 8/24 Out-of-plane internal forces in a wall
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SK 8/23 Elevation of a wall panel showing out-

of-plane moments.

Step 6

Note:

Step 7

Mopu = out-of-plane bending moment about horizontal plane
Moy = out-of-plane bending moment about vertical plane
Voun = out-of-plane shear about horizontal plane

Vov = out-of-plane shear about vertical plane

Carry out combination of loading
This should preferably be carried out in a tabular fashion for different load
cases. The load combinations should be generally as follows:

LC; = 14DL + 1.6LL + 1.4EP + 1.4WP

LC, = 1.0DL + 1.4EP + 1.4WP

LC3; = 1.4DL + 14WL + 14EP + 1.4WP

LCy = 1.0DL + 14WL + 1.4EP + 1.4WP

LCs = 1.2DL + 1.2LL + 1.2WL + 1.2EP + 1.2WP

Load combinations LC, and LC, should be considered only when dead
and live load have beneficial effects.

where DL = dead load
LL = live or superimposed load
WL = wind load or earthquake load
WP = water pressure :
EP = earth pressure.

Check slenderness of wall
Determine type of wall: braced, unbraced, plain or reinforced.
Find effective height (follow Section 8.1.1.2.1)

H. = BH,

Check slenderness ratio H./h.
For braced reinforced wall with < 1% reinforcement, limit of H./h < 40,
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For braced reinforced wall with = 1% reinforcement, limit of H./h = 45.
For unbraced reinforced wall and plain wall, limit of H./h = 30,

If H./h=15 (braced) or 10 (unbraced), then design as a stocky wall.
Otherwise, design as slender wall.

Step 8 Find effective width of flanges for reinforced wall
Follow Section 8.1.1.3.
Step 9 Find additional out-of-plane moments about horizontal plane
(1) Moments due to minimum eccentricity of #/20 or 20mm of direct
loads from beams and slabs simply supported on wall.
(2) Moments due to slenderness of wall.
For H./h > 15 (braced) or >10 (unbraced):
Note: Wall braced or unbraced in the transverse direction only to be considered
for additional moments.
Deflection due to slenderness of wall, a, = f K h
Assume K =1 for conservatism.
e L (S
2000 \ h
L ] L ]
Mi + MCIH mq-
h
. /
P i
BRACED WALL Mi-Magd/2 | | o
u .
Mi = Initial wall moment BRACED WALL UNBRACED WALL
SK 8/25 Wall additional moment. SK 8/26 Wall additional moments.

Additional moment due to slenderness, M, q = Na,
where N = direct ultimate load on wall.

Combine this additional moment, M.y, with any other out-of-plane
moments obtained from analysis using Figure 3.20 or Figure 3.21 of
BS8110: Part 1: 1985.1")
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Note:

Madd

These additional moments should be doubled if the wall has only one
central layer of reinforcement.

Mi, -Madd M;+ Madd ’—

P T [ MisMadd_|
| MigeMadar2 J‘T« ;.J CANTILEVER WALL
i +Madd

BRACED WALL UNBRACED WALL SK 8/28 Wall additional

moments.

BOTH ENDS OF WALL RESTRAINED TO ROTATE
Mj = Initial Moments inthe wall from analysis .

SK 8/27 Wall additional moments.

Step 10

Step 11

Step 12

These out-of-plane bending moments and shears are about a horizontal
plane.

Design stocky braced reinforced wall with approximately symmetrical
arrangement of slabs

Spans of slab on either side of wall within = 15% and slab subjected to
uniform load,

My = 0.35f,Ac + 0.67Af,

where n, = total design ultimate axial load on wall.

Determine cover to reinforcement
Determine cover to reinforcement as per Tables 11.6 and 11.7.

Design of reinforced wall — rigorous method

Using the effective flange widths found in Step 8, find by elastic analysis
the stresses in the concrete and steel due to in-plane bending moment and
axial load only.

(1) Assume initially 0.40% area of steel in wall distributed uniformly in
two layers on two faces.

(2) Assume a value of x for depth of neutral axis from compression face.

(3) Divide compression zone into layers of concrete with depths d,, do,
d.3, etc. and find centres of these layers from compression face a;,
acz, ag, ete.

(4) Conveniently group bars in tension zone and find area of groups Ay,
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SK 8/29 A typical example of
analysis of a shear wall.

Ago, Ags, cte. and also distances of these groups of bars from com-
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Qts
Asts ﬂ(s){l
. Qts
Asts @ [ ¢
be
pression face, i.e. a1, a2, a3, etc.
(5) Find the following:

§1=Aq + (m — 1)Aq

where A

A =

-
I

L :
N axial compression

fe

fa

area of concrete in the layer 1 of concrete in com-
pression zone

«1 = area of compressive reinforcement in layer 1 of con-
crete in compression zone
m = modular ratio = EJE..

O 2(x - adas
Z(x — aJ)s
mEAqa, + ZSa.
mZA, + Z§

M in-plane bending moment

Nx(e + At — X)

_ (d-x) [

B Z(ay — x)Ag Lx

- (Ar — A) 2 (x — a)$

= S(x — a)sS — N]
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(6) Finally check:

If x is different from the assumed value then repeat the exercise with
a new assumed x until convergence is reached.

(7) Find final stresses f. and f,, after convergence. If f, is greater than
0.87f,, then increase arca of steel by proportion Jl0.87f,. If f. is
greater than 0.45f,, then increase thickness of wall.

(8) Find revised f, and f;, with increased reinforcement. There will be no
need to carry out the iteration to find x with increased reinforcement.

LAYER 1 - AVERAGE STRESS

LAYER 2 - AVERAGE
STRESS fc2

N | \ - B TR
Neutral Axis

]

SK 8/30 Elastic stress analysis of a

shear wall.

STRESS DIAGRAM

(9) Draw stress diagram for in-plane bending moment and direct axial
load. Divide wall into unit lengths. Over each unit length convert the
average compressive stress in compression zone into a direct load by
multiplying with the area of the unit length of wall. This compression
force acts in combination with the out-of-plane bending moment in
that length of wall. Design reinforcement for out-of-plane bending
additional to that already provided in that unit length using Tables
11.8 to 11.17 — design tables for rectangular columns.

(10) In the tension zone of the wall subject to in-plane bending moment
and axial load only, assume the concrete as unstressed. Find reinforce-
ment required for out-of-plane bending moment as in an RC beam
following Step 10 of Section 2.3. Add this reinforcement to reinforce-
ment already provided for in-plane bending moment.

If reinforcement provided for in-plane bending is not fully stressed
to the ultimate limit of 0.87f,, then the residual capacity of this
reinforcement may be used to withstand out-of-plane bending moment.

Average tensile strain in the tensile flange may be found and
converted to an average tensile force in the flange for computation of
reduced shear stress for out-of-plane bending. Conservatively ignore
concrete shear resistance in tension flange.
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Note: Each panel of wall should be checked for global loads in both orthogonal
directions separately if these loads are not acting simultaneously. The
worst reinforcement from either of the two orthogonal loads will be used.
The out-of-plane bending moments for combination with in-plane bending
moments are about the horizontal plane.

Step 13 Design of reinforced wall — simple method

N

/}'/‘.’— ALl S rd

_be i
r |
Iy
¥
— d
= hy/2
— — — hg/2
[P
be
Flanged wall
i (1
M =M+ 5~ 5

where M = in-plane bending moment

N = axial load.

’

K = = 0.156
foubd?

SK 8/31 Out-of-plane bending of a

panel of a wall.

SK 8/32 Analysis of a shear wall

against in-plane bending.
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K
d{0.5 + (0.25 - —-)] = 0.95d
[ \/ 0.9

d—z
0.45

As = ((}.E!:;)"yz) - (o.gf,,)

This reinforcement will be provided in cffective width of flange in two
layers as shown. The web of the flanged wall will have the minimum
reinforcement unless dictated by out-of-plane bending moments or
reinforcement requirement as part of tension flange for other direction of
orthogonal load.

If x > hy, then follow Step 11 of Section 2.3.

The out-of-plane bending about a horizontal plane on either the wall
flange or the wall web may be due to the following:
(1) Out-of-plane framing action with supported slab.
(2) Slenderness of wall.
(3) Eccentric loads from beam or slab or any other structure on wall.
(4) Coacting horizontal loads on wall panel due to wind, earthquake,

water pressure or earth pressure.

(5) Thermal gradient across wall thickness.

The reinforcement for the out-of-plane bending moment about a horizontal
plane will be calculated as follows.

In the compression zone of concrete wall due to in-plane bending
moment, assume that the concrete has already reached the ultimate stage

Mon — —
e — Ii
COMRESSION ZONE
DUE TO M
(-1H|

Mox
SK 8/33 Analysis of a shear wall STRESS
against in-plane and out-of-plane TENSION ZONE DIAGRAM

bending.

DUE TO Mi
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and cannot take any more load. Hence, the bending moment will be
resisted by equal amounts of compressive and tensile steel with a lever arm
equal to the distance between the two layers of steel.

In the tension zone of concrete wall due to in-plane bending moment,
assume that the concrete is unstressed and use the beam theory to find
reinforcement due to out-of-plane bending moment.

The reinforcement required due to out-of-plane bending moment will be
added to the reinforcement found for in-plane bending.

Step 14  Design of reinforced wall — short and squat cantilever — deep-beam approach

L A LEVER ARM FOR Mo
n TS, |
- e
1y 7 i
1
"a H L d _l _ﬂ_liSL—2H) /40
’//////////I//// s s PLAN
I
(SL-2H) /20
SK 8/34 Design of a shear wall b
ELEVATION s Y

deep-beam method.

This approach may be used for walls with total height less than or equal to
their length. For in-plane bending consider the wall as a deep-beam and
follow the deep-beam theory of stress distribution.

For horizontal loading to resist in-plane bending moment

H
z=% whenEEO.S
_2AH A+ L)

when 0.5 < ‘E =1
5 L

Tension reinforcement to be distributed over a length of wall equal to

5L — 2H
20
_ SL—ZH)
R
, (L SL—ZH)
M=M4+N E—T

As = (o.sﬂ;’},z) - (O.g'f,)

Note: The flexural strain in concrete is very small in a short and squat cantilever
wall and for all practical purposes may be ignored when designing for the
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transverse out-of-plane bending moment. Use the normal beam theory to
find reinforcement for the transverse out-of-plane bending moment.

Add this additional reinforcement for transverse out-of-plane bending
moment to reinforcement already found for in-plane bending moment.
The out-of-plane bending moment in this context is about the horizontal
plane.

The flanges of the wall, if present, either in tension or compression may be
ignored if this deep-beam approach is used. The shear strains in a wall
with the aspect ratios of a deep beam may be high and a conservative
approach taking the shear-lag effect would be to ignore the flanges.

Step 15 Check shear

0.8L

,_
d

.

SK 8/35 Design for in-plane shear.

In-plane bending
1004,
P T,

where p; = percentage of tensile reinforcement in in-plane direction
Ay = reinforcement available to resist in-plane bending
d; = effective depth as shown.

v, = = 0.8/ = 5N/mm?

where v; = shear stress due to in-plane bending and torsional shear flow
in wall
V; = combined in-plane shear
= flexural shear + torsional shear
= Wi+ Q1 (see Step 4).
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v = design concrete in-plane shear stress depending on p; and f, (see
Figs 11.2 to 11.5)

Agg T
-L b (Unit length
l of wall)

SK 8/36 Design for out-of-plane
shear.

Out-of-plane bending

100A,,
bd,

Po =

where A, = reinforcement available to resist out-of-plane bending
b = unit length horizontally
d, = effective depth in transverse out-of-plane direction
Po = percentage of tensile reinforcement in out-of-plane direction.

veo = design concrete out-of-plane shear stress depending on p, and f,
(see Figs 11.2 to 11.5)

Von = out-of-plane shear about a horizontal plane over a unit width b.

V,
Voh = ﬁ = 0.8Vf., = 5N/mm’
0

No shear reinforcement is necessary if the following equation is satisfied:
-v_i ﬁ e 1
Vei Veo

Note: In Step 12 and Step 13 the wall is designed as flanged beams for in-plane
loading. For out-of-plane shear in the flanges which acts together with the
in-plane loading, the check should be carried out separately for compression
and tension flange. For compression flange the enhancement of design
shear stress due to axial load may be allowed based on average compressive
stress. For tension flange the concrete may be conservatively ignored and
the shear force will be totally carried by shear reinforcement. Alternatively,
average tensile strain in concrete may be found and the shear stress
reduction formula may be used.

Step 16 Calculate shear reinforcement

Note: Increase or decrease of design concrete shear stress due to presence of
axial load may be allowed following the formula on page 160.



Design of Walls 381

SK 8/37 In-plane shear Sy Sy
reinforcement in walls.

Note:

|

wn
an—an o]
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Av .

Plan Elevation Side Elevation

L
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-

7

Case 1: vy, <v,,

Yoh
VG = (l - —)Vc.'
VDI:)

where v{; = available concrete shear strength in in-plane direction for use
with shear reinforcement.

Vi = veihyd,

Provide shear reinforcement in in-plane direction for a shear force equal to
(Vi — V§) and check:

Vi— Vo) =V
_ 0.87Anfd;
- Sh

where Vj; = shear resistance of horizontal bars in wall for in-plane shear

S = spacing of horizontal bar in wall
Ay = area of horizontal shear reinforcement
fy = characteristic yield strength of reinforcement.

Provide equal amount of vertical shear reinforcement with horizontal
shear reinforcement.

Av Ay
S, Sy
where A, = area of vertical shear reinforcement
S, = spacing of vertical shear reinforcement.

In this Case 1, no shear reinforcement is required for out-of-plane flexure.
Provide the shear reinforcement for in-plane shear in addition to other
bars required for in-plane and out-of-plane bending moments.

Case 2: v, > v,

r Ve Vi
Vei = =
Voh T+ V¥
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Bl Veo Voh
[ s S
Voh + Vi
where v = available concrete shear stress strength in in-plane direction
for use with shear reinforcement
Voo = available concrete shear stress strength in out-of-plane
direction for use with shear reinforcement.
Ve = va hd,;
Veo = Voo bd,

Provide shear reinforcement in in-plane direction, as in Case 1, which
satisfies

Vt;i = (Vl - Vél}

SK 8/38 Out-of-plane shear

reinforcement in walls.

b _, Unit width

T

rard

EEcaada)
' s

Ag

Elevation Side Elevation Plan

Note:

Step 17

For shear reinforcement in out-of-plane horizontal direction, use links
through thickness of wall.

For out-of-plane horizontal directional shear, resistance from links, V,,,
for a unit length b is given by

_ 0.87f,Ad
- S

50

where A, = area of links over a unit width b
S = vertical spacing of links.

Check Voy — Vie = Vo

If considerable ductility is required of a shear wall, as in seismic design,
the whole shear force should be carried by reinforcement and the shear

capacity of concrete may be ignored if the shear capacity of concrete is
exceeded.

Check-out-of-plane bending about vertical plane
After local analysis of wall panel the bending moments, direct loads and
shears about the vertical plane in the panel are obtained.
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MOV(ID_NQV Noy-G2] Moy
MOV('D_NW 'Nw_d) Moy
MovCID='!w Nov 2| Mov

Elevation of Wall Panel

Vov Vou
NQV > —_— Nw
SK 8/39 Internal forces in wall

panel due to out-of-plane loading. Plan of Wall Panel

Design horizontal reinforcement for flexure of wall panel about a vertical
plane. The procedure is the same as in Step 4 of Section 3.3.
Check shear stress and reinforcement for shear as in Step 6 of Section 3.3.

Step 18 Design of plain (not adequately reinforced) walls

(A) Stocky braced plain wall

¥
‘_Lz"
£

e
SK 8/40 Eccentric loading on wall b | 7]

in out-of-plane direction.

Check ny = 0.3 (h — 2e)feu

where n,, = maximum ultimate axial load per unit length on wall
e, = resultant eccentricity of all loads at right angles to plane of
wall (minimum value of e, is h/20).

(B) Slender braced plain wall

Check Ry = 0.3 (h - Zex)fcu
and n, =03 (h - 1-2‘81 - 2"';'n)f(:u

HZ
e, =
2500k
where H, = effective height (as per Section 8.1.1.2).
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Step 19

Note:

Step 20

Step 21

Step 22

(C) Unbraced plain wall

Check n, = 0.3 (h - 2&hl)fcu
and n, =03 [h -2 ("-’.r.‘z + ea)]fcu

where e, = resultant eccentricity of loads at top of wall

resultant eccentricity of loads at bottom of wall.

€y2

Shear check of plain walls
Check V = 0.25n,,

where V = in-plane ultimate shear force per unit length.
14 2

Check v = — = 0.45N/mm
hb

where v = shear stress
b = unit length (mm).

A plain wall subjected to in-plane shear should satisfy at least one of the
above checks.
Check minimum reinforcement

Minimum compression (vertical) reinforcement in reinforced wall = 0.4%
(f, =460 N/mm?) of gross cross section

Minimum horizontal tension reinforcement to withstand out-of-plane
loads =0.13% (/f, =460N/mm?) of gross cross-section on each face

Minimum anti-crack reinforcement =0.25% (f, = 460N/mm?) of gross
cross-section

Check maximum reinforcement

Maximum vertical reinforcement in wall = 4% of gross cross-section
Check containment of wall reinforcement

For vertical compression reinforcement in walls up to 2% of gross cross-
sectional area, use the following minimum horizontal bars:

0.25% of gross concrete area

Horizontal bar diameter should be greater than or equal to § size of
vertical bars but not less than 6 mm diameter.

For vertical compression reinforcement in walls greater than 2% of gross
cross-sectional area, use links through the thickness of wall.

Dia. of links = ﬁdia. of vertical bars or 6 mm, whichever is greater
Spacing of links =2k in horizontal and vertical direction

Spacing of links in vertical direction should not be more than 16 times
vertical bar diameter.
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SK 8/41 Detailing rules for walls. Plan of wall

Step 23

Step 24

Step 25

Any vertical compression bar not enclosed by link should be within 200 mm of
a restrained bar.

Check early thermal cracking
See Step 14 of Section 3.3.

Clear spacing of bars in tension
Follow Step 13 of Section 3.3.

Connections
See Chapter 10.

8.3 WORKED EXAMPLE

Example 8.1

Step 1

Reinforced concrete cell
Design the walls of a reinforced concrete cell which forms part of the
horizontal stability system of a building.

Find properties of wall system
Follow Section 8.1.1.4.

Stiffness in y-direction
Divide the wall cell system into six beam elements located at the centroid
of each wall.

Equivalent beam elements 1, 2, 3 and 4 contribute to stiffness in
y-direction. '
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Note:

Note:

Step 2

8500 4400 10500

600
|
ﬁ‘

—=F

| _
Llsoo 8000 J‘ Sl w0000 sod
200 400

600

SK 8/42 Location of flexural vertical beam elements.

Equivalent beam elements 1 and 4 (ignoring flanges)
1
I, = B x 600 x 11200° = 70.25m*

Shear area = 0.8 x 600 x 11200 = 5.38m?

Equivalent beam elements 2 and 3 (ignoring flanges)
1

I, = o X 400 x 11200° = 46.84m*

Shear area = 0.8 x 400 x 11200 = 3.58m’

The moments of inertia and shear area of equivalent beam clements 1, 2,
3, and 4 about the y-axis will be ignored in the analysis.

Stiffness in x-direction
Equivalent beam elements 5 and 6 contribute to stiffness in x-direction.

Equivalent beam elements 5 and 6 (ignoring flanges)
1

I, = 5 % 600 X 24000° = 691.2m*

Shear area = 0.8 X 600 X 24000 = 11.52m’

The moments of inertia and shear area of equivalent beam clements 5 and
6 about the x-axis will be ignored in the analysis.

Find torsional stiffness of wall system
Equivalent torsional rigidity element of the closed cell structure may be
located at the centroid of the cell.
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vertical beam element.

n8oo

Wall No§ —

Y 12200
1

~Wall No.1

X L _ Wall No.3 L X
Wall No.2 Wall No. 4 .
Wall No.6— |“
1
SK 8/43 Location of torsional &0 “&; 10500 _J

By taking moments of areas about the left-hand edge of the cell,

0.6xX10x03+0.4%x10x88+0.4x 10 x 13.2 4+ 0.6 X 10 x 23.7
+2x06 X 24 x 12

=

= 11.8m

Areas of cells on centreline are as follows:

A; = 10.6 X 8.5 = 90.1 m>

A; = 10.6 X 4.4 = 46.6m?
Az = 10.6 X 10.5 = 111.3m?

B Z(length of each arm of cell 1)
= thickness of arm

(529 (1) (2

“\ 06 0.6 0.4

=725
Similarly,

B (2 X 4.4) N (2 X 10.6)
P2={"0s 0.4

= 67.7

- (5209) . (). (29
P»=\"06 0.6 0.4

=792

10.6
=—— =265
Pr2 =737 =2
10.6
= " _ 5

P23 =5 =26

6+4+4+6+2x 144
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Xipy— Xop 2+ 0= Ay
-Xip12 + Xop2 — Xipa3 = Az
0 — Xipr3 + Xips = As
or T2.5X) — 265X} + 0 = 90.1

—26.5X; + 67.7X5 — 26.5X5 = 46.6
0 — 26.5X5 + 79.2X5 = 111.3

Solving these equations:

X, =211lm® X;=238m> X;=22m’

n=3
4 2|(A,-X;)

= 4(AX| + AX5 + A3X5)
= 4(90.1 X 2.11 + 46.6 x 2.38 + 111.3 x 2.2)
= 2183.5m*

J

1l

It is always useful to check at this stage the torsional rigidity of the outer
cell, ignoring the internal dividing walls. This gives confidence in the
numerical accuracy of the analysis.
For single outer cell:
4A°
J =
Z(B/h)

3 4 x (23.4 x 10.6)°

T (2 x 23.4/0.6) + (2 x 10.6/0.6)

= 2171m*

This value is very close to the multiple cell rigidity.

Note: The torsional beam element to be used in the analysis will have negligible
moments of inertia and shear area.

SK 8/44 Torsional shear flow
diagram.

27 5
X, = X, = 2.18 x 107°TkN/m

2.18 X 107°TkN/m

hﬂ
~—
2
I
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2
X; = (—JI)XE, = 2.02 x 1073TkN/m

Step 3 Carry out modelling for analysis
Follow recommendations in Section 8.1.2.1 and 8.1.2.2.

Step 4 Carry out global analysis
The results of the analysis for different loadings are as follows:
Gilobal torsion

= +50000kNm (clockwise) for horizontal load in y-direction
= +40000kNm (clockwise) for horizontal load in x-dircction

Wall no. Load N M, Vi Local shear flow
case (kN) (kNm) (kN) (kN/m)
DL 3180 —
1 LL 1325 —
WL(y) - +20000  +1700 +97
DL 980 =
2 LL 615 —
WL(y) - +13350 +1200 -12
DL 980 —
3 LL 615 —
WL(y) — +13350 +1200 +8
DL 3180 —
4 LL 1325 —
WL(y) — +20000 + 1700 —101
DL 7200 -
5 LL 3125 -
WL(x) — +35000 +3000 +87
DL 7200 —
6 LL 3125 —
WL(x) - +35000 + 3000 —-87
10600
— 1
I
e
ii f
i ;
IEA c:l §
3 ™

\..

SK 8/45 Elevation — Wall 1. 7777777, 77
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Step 5 Carry out local analysis
Find out-of-plane internal forces in wall panels (follow Section 8.1.2.2).
After analysis the following internal forces are reported:

Wall no. Line Load Mou Von Mov Vov
case (kNm/m)  (kN/m) (kNm/m)  (kN/m)

DL — — — —

1 A LL - - — -

WL — - 28 26

DL 20 3 — —

B LL 10 1 - -

WL 32 30 — —

DL — — — —

C | [ £ - - — A=

WL - — 28 26

DL 10 3 — —

D LL 5 1 - -

WL 32 30 2 sz

12000

PTTTT7T

'|
8500 4400 | 10500 i SK 8/46 Elevation — Wall 5.

Wall 1 only will be designed as an example.
Wall 5 panels are shown in sketch to illustrate the location of lines where
results should be available for out-of-plane bending.

Note: The example shown uses only one value of bending moment and shear per

line of interest. In practice, more values along the line will have to be
considered.

Step 6 Carry out combination of loading
Most computer programs used for the analysis will automatically carry out
the combination according to principles described in Step 6 of Section 8.2.
Reproduced below is the result of one combination of Wall 1.

Load case LCy = 1.4DL + 1.4WL
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Wall 1 subject to WL (y-direction)
In-plane forces (see Step 4 in Section 8.2):

N = 4452kN
M; = 28000 kNm
O1 = 1440kN (97 x 10.6 x 1.4)

Out-of-plane forces (see Step 5 in Section 8.2):
At line D (WL in y-direction),

Moy = 14kNm/m  (dead load X 1.4)
Vou = 2kN/m (DL X 1.4)

On flanges (part of Wall 5 and 6),

Moy = 39kNm/m (WL in y-direction)

Vou = 36kN/m (WL in y-direction)
Step 7 Check slenderness of wall

Follow Section 8.1.1.2.1.

Type of wall = unbraced, reinforced in the in-plane direction

ey
© 8
§ 600
)
® g
SK 8/47 Section through Wall 1. - i)

fo =30N/mm’  f, = 460N/mm?
H. =B H,
H, = clear height = 12.0m

Monolithic construction at top and bottom of wall.
Assume thickness of slab at top is 400 mm.
End conditions are 1 at bottom and 2 at top.

p=13
H. = 1.3 X 12000 = 15600 mm
H. 15600 :
7 e 26 > 10 < 30 (limit for unbraced reinforced wall)

Design as slender wall.
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11200

Step 8 Find effective width of flanges

2550

-

' SK 8/48 Plan of Wall 1 showing
12550 . 3
P effective flange widths.

Follow Section 8.1.1.3.
Assume the shear wall behaves as a cantilever.

b=@=4250 H = 12000
b
I

= 0.35

]

Yy = 0.53 for loading at top of wall
b, =y b =053 X 4250 = 2250 mm

Step 9 Find additional out-of-plane moments
Wall is assumed braced in the out-of-plane direction.

a, =B Kh, H. = p H, = 0.8 x 12000 = 9600
Assume K =1 for conservatism.

1 [(H\? 256
=—\|—==) ====10.12
k zmm(h) 2000 0.128

a, = 0.128h = 76.8 mm

M,4q = Na, (out-of-plane)
4452 x 0.0768
= 342kNm

342

= — = 32.3kNm/m
10.6

Step 10 Design stocky braced reinforced wall
Not applicable.
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e .

323
SK 8/49 Moments due to
slenderness. Out-of-Plane Madd
Step 11 Determine cover to reinforcement
Maximum size of aggregate = 20 mm
Condition of exposure = mild
Grade of concrete = C30)
Minimum cement content = 275 kg/m’
Nominal cover =25mm
Step 12 Design of reinforced wall — rigorous method
2550
Rk
T Yo
o 8l [—— a8
el T g
_§_ . Agty—— ™
N--L—- ——A §
ﬁ e Asty %
Bt
8 . Ast2 o 3
@ R o
T, :
‘S . Asta
gl l—— s
-
[=]
o * Asts —J
§ i " Asts —— _i
SK 8/50 Elastic stress analysis of J
Wall 1. 2550 .
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(1) Assume 0.40% reinforcement in wall.

600 x 1000 x 0.40

Reinforcement per metre length = 100

Use 1200mm? on each face per metre length.

= 2400 mm?/m

(2) Assume a value of x for depth of neutral axis from compression face.

x = 3000mm assumed.

(3) Divide compression zone into convenient layers of concrete.

(4) Divide tension zone into convenient layers of steel.
(5) Find the following in completing the table:

S§=A.+ (m - 1)Ag
C = (x—a)s

G, = (x — agacs

Cs = (a — x)Asl

Cy = (g — x)aAy

Number A, ¥ 8 a. A a, C, G, Cs Cy
(x10% (x10% (x10%) (x10'?) (x10% (x10')
1 1.53 6120 1.62 300 3648 3760 4.374 1312 2772 1042
2 0.72 2880 0.76 1200 3648 5280 1.368  1.642 8317 439
3 0.72 2880  0.76 2400 3648 6800 0.456 1.094  13.862  9.426
4 — - - — 3648 8320 — - 19.407  16.147
5 - - - — 3648 9840  — — 24,952  24.553
6 - - — — 6120 10900° — - 48.348  52.699
Totals 297 11880 3.14 24360 6.198  4.048 117.658 108.259

_2C, 4048 x 10"

— — — 3
A= 30T 198 x 107 oomm
=C,
= ——= 1
Ar =3 C. 9201 mm
§ = mEAga + 256 _ 1735mm
mZA, + Z§
M 28000 x 10°
p=—=— " = 6289mm
N 4452
f _ Nx(e + AT - f)

(Ar — A) = (x — a)S
4452 x 10° x 3000 x (6289 + 9201 — 1735)
- (9201 — 653) X 6.198 x 10°
= 3.467 N/mm’®
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SK 8/51 Elastic analysis — stress : |

diagram.

= s i [ (8) 2 - s

11 — 3000 .
= (__1@__) x [(3—@) X 6.198 x 10° — 4452 x 103]
117.658 x 10° 3000
= 186.6 N/mm?
d
(6) Check x = ———— = 2419mm
Ly
+
mf.

Second approximation for x is halfway between first approximation and
the check result.

Assume x = 2700 mm
After carrying out the same tabular exercise as before it is found that:

fo = 3.66 N/mm?
fse = 182.4N/mm?

Check x = 2570 mm.

No further iteration is necessary.
Check reinforcement in compression flange due to out-of-plane bending

1
Average compressive stress in flange = :2-(3.7 + 2.8) = 3.25N/mm?

fe=3.7 N/mm?

2-8N/mm?

2600

fs=183 N/mm?
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Average compressive stress in reinforcement in flange

Over a unit length of wall,
compressive force, N = 3.25 x 600 = 1950kN

Out-of-plane bending moment due to DL + WL(y) +
due to slenderness

323
=39 + 5 (see Step 9)

= 55.2kNm/m

d=565 I ﬁ Ih =600

=325 % 15
form =15
48.75 N/mm?

additional moment

g 1 SK 8/52 Section through wall for

' out-of-plane

Material strengths chosen:
foo = 30N/mm*  f, = 460N/mm’

d 565
=—-=—=1(.95 B
k h 600 ¢

=

= (.028m

=

See Table 11.8.

= 0.047

=™

N 2
For p = 0.4, bh from chart is 13.53 > 3.25N/mm”

.. Nominal steel is required as per chart.

analysis.

Check reinforcement in tension flange for out-of-plane bending

Maximum tensile stress in bar due to in-plane bending moment =
183 N/mm?
Maximum allowable ultimate tensile stress in bars = 0.87f,
= (.87 x 460
= 400N/mm’

Available tensile force in bars per metre length of wall per face of wall

= (400 — 183) x 1200 (arca on each face)
= 260.4kN/m

Maximum out-of-plane bending moment = 55.2kNm/m
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KoM
feubd?
552 x 10°
30 x 1000 x 5652
=576 x 1073
z= d[O.S + \/ (0‘25 - ﬁ)] = 0.95d
0.9
= 0.954 = 537 mm

M 552 x 10°

= 102.8kN
z 537 0 /m

Required tensile force in bars =

This is less than 260.4 kN/m available. Hence, no additional reinforcement
is required in tension flange.

Step 13 Design of reinforced wall — simple method
Not required. The design principle is exactly similar to beam design and

has not been illustrated.

Step 14 Design of short and squat cantilever wall — deep beam approach
Not required, because H/L > 1.

Step 15 Check shear

11200
d; = 10800

BOOIT_L )

" lxo

SK 8/53 Shear check of Wall 1. | :2550 |

Ag; = available tension reinforcement below neutral axis in web ignoring

flange
= (11.2 = 2.6) x 2400
= 20640 m’

d;

11200 — 300 = 10900 mm (approx.)

1004, _ 100 x 20640
Pi= Thd, T 600 x 10900 _ 032%
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Note:

Step 16

few = 30N/mm?
From Figs 11.2 to 11.5,
vg = 0.47N/mm?

V; = combined in-plane shear
= Vi + Q; = 2380 + 1440 = 3820kN

v = Vi _ 0.58 N/mm?
' hyed, '
A,, = available tension reinforcement for out-of-plane bending
= 1200mm?*/m (each face)
d, = effective depth in out-of-plane direction = 565 mm
100 x 1200
po = 1004, _ 100 = 0.21%
bd, 1000 x 565
From Figs 11.2 to 11.5,
Veo = 0.4N/mm°
Vou = out-of-plane shear coacting with V;
= 4.2kN/mm on the web
V.
Von = —2 = (.007 N/mm?
bd,
i 0.58 0.007
Sy oh (—) + (—) =125>1
Vei Veo 0.47 0.4

Shear reinforcement is necessary for in-plane shear.

Increase of design concrete shear stress due to presence of axial load has
been ignored in these calculations but may be allowed as per formula on
page 160.

Calculate shear reinforcement

Case 1: vy < v,

Voh
vi = (1 - “_) Vei
VCO

- (12 0

0.4
= 0.46 N/mm*
Vi = vihyd, = 3008.4kN
V; — Vi = 3820 — 3008.4 = 811.6kN

Shear reinforcement is required to resist 811.6kN.
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A Vg
Su 0.87f,d;
_ 8116 x 10°
" 0.87 X 460 x 10900
= 0.19

If S, = 300, then A, =300 X 0.19 = 57 mm? which is 29 mm? of horizontal
bar on each face at 300 mm centres, or, 97 mm? per metre on each face.
Ay _ Ay

5, s " 0.19  for f, = 460N/mm?

Vertical shear reinforcement additional to vertical bars provided for bend-
ing is required if available vertical bars have no residual capacity.

In the web 2400 mm?/m vertical bars are available at a maximum average
stress level of, say, 160N/mm?® (see Step 12). Hence residual capacity
available in vertical bars in web = 0.87 x 460 - 160 = 240 N/mm?

Modified A,/S, to take into account the residual capacity

460
=0.19 x 0.87 x — = (.
19 x 0.87 240 32

A, for shear required per metre length of wall = 320 mm? (modified)
Available vertical bars = 2400mm?/m in web
Hence no additional vertical bars are necessary to resist shear in web,

No shear reinforcement is required in out-of-plane direction.

Step 17 Check out-of-plane bending about vertical plane

50

: 550 ’
SK 8/54 QOut-of-plane bending
about vertical plane.

Moy =14 x28  (see Step 5)
39.2kNm/m

1.4 x 26
36.4kN/m

Il

Vov
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Step 18

Step 19

Step 20

Step 21

Step 22

M 3¥2x10°
foubd® 30 X 1000 X 5507

= d[{JS + (0 25 £)] = 0.95d
= . » 0.9 = U

= 0,95d = 522mm

4o M 32X 10°
* T 0.87f,z  0.87 x 460 x 522

=43 %1073

= 187.6mm>

Add to this reinforcement the horizontal reinforcement required in Step 16
for in-plane shear.

Total horizontal reinforcement required on each face (assuming the load
WL is reversible in direction)
= 187.6 + 97 = 284.6mm*/m

Voo 364 X 10°

=200 X U 0.07N/mm?
bd ~ 1000 x 550 _ 07 N/mm

Vov =
Shear stress is negligible.

Design of plain walls
Not required.

Shear check of plain walls
Not required.

Check minimum reinforcement

Minimum compression vertical reinforcement in wall = 0.4%
fy = 460 N/mm?)

This has been provided.

Minimum horizontal tension reinforcement on each face
= 0.13% (f, = 460N/mm?)

600
=0.13 x 1000 X —
100

= 780 mm?*/m on each face

This amount is greater than horizontal reinforcement found in Step 17.
This reinforcement will be adopted.

Minimum anti-crack reinforcement is 0.25% in both directions on each
face. This has been provided.

Check maximum reinforcement
Not required.

Check containment of wall reinforcement
Vertical reinforcement is less than 2% of gross concrete area.



Design of Walls 401

Step 23

SK 8/55 Crack width for
horizontal bars 10mm @ 100 c/c.

Hence requirement is to provide horizontal reinforcement equal to 0.2%
of gross cross-sectional area. This is provided.

Vertical bar diameter = 20 mm

1
Horizontal bar diameter = 10mm > 2 (20 mm)

Check early thermal cracking
Crack width limitation = 0.3 mm

(see Step 14 of Section 3.3).
Assume R = (.8 at base.

T[ = 32°C
E = 0.8T|(IR
=0.8x32x12x107%x% 08 =246 x 107¢

Check horizontal bars for vertical cracks

Assume 10mm diameter bars at 100 mm centres (785 mm?/m).
Qe = 65.7mm  (1.414 x 50 — 5 = 65.7)
take x = h/2
3a. &

+ 2(acr - Cmin)

h—x
3 X 65.7 x 2.46 x 107*
4 2(65.7 — 45)

300
0.04mm < 0.3mm OK

Wiax =

1

1

Check vertical bars for horizontal cracks
Assume 20mm diameter bars at 250mm centres vertically (1256 mm?/m
each face).
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Q=120 ' ]

. - 20

* — ' - 1 " - - '—!’ - - o('{ I - '25
“Cmin=25 l |

= + ? ‘ + L 125 126 J

250 | |2

- 0 SK 8/57 Sketch to find ag,.

SK 8/56 Crack width for vertical
bars 20mm @ 250 c/c.

a, = 120mm

3% 120 x 2.46 x 1074

, 20120 — 25)
300

0.05mm < 0.3mm OK

1

Step 24 Clear spacings of bars in tension
Reinforcement provided is 20mm diameter at 250 mm centres both faces
vertically and 10mm diameter at 100 mm centres both faces horizontally.
These spacings satisfy the requirements according to Step 13 of Section
3.3.

Step 25 Connections
Follow Chapter 10.



