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PREFACE

The South African Bureau of Standards published its Code of Practice, SABS 0164 Part 1, the Structural use of Masonry :
Unreinforced masonry walls, a little over a decade ago. Prior to the publiication of this code of practice, the design of free-
standing walls was based solely on empirical rules which imposed limitations on the heights of walls and restrictions on the
type of pier employed. The range of options available to designers has been further increased by virtue of the recent
publication of SABS 0164 Part 2 : Structural design and requirements for reinforced and prestressed masonry.

The demand for yard and boundary walls in excess of 1,8 m in height has grown as community needs have changed.
Boundary walls erected for the purposes of security and privacy have become the order of the day. The challenge for the
building industry is to provide economical, structurally sound and aesthetically pleasing boundary walls which meet the needs
of the community. ’

This design guide provides information on the construction of unreinforced as weli as reinforced walls, for use by builders,
architects, engineers, developers and owners. The design guide is divided into 10 sections, viz:

1)  Introduction.

2) The selection of materials.

3) Design in accordance with the National Building Regulations.

4y Accommodation of movement.

5) Rational design.

6) An approach to the routine design of unreinforced free-standing walls.

7)  An approach to the routine design of reinforced free-standing walls.

8) Simplified procedures for the design of unreinforced and reinforced free-standing walls.

9)  General requirements applicable to free-standing walls designed in accordance with the simplified procedures.
10) Worked examples of masonry wall design.

The requirements of the National Building Regulations in regard to free-standing walls may be satisfied by either:

* applying deemed-to-satisfy rules
» engaging the services of a competent person, usually a professional engineer, to prepare a rational design and to
supervise the construction of such walls

Guidance is given in this design guide for the rational design of free-standing walls, both reinforced and unreinforced, in
accordance with the deemed-to-satisfy structural codes of practice refemred to in the Regulations. Section 5 of this design guide
reviews clauses contained in. these codes of practice relating to the design of free-standing walls, An approach to routine
design is developed and presented in Sections 6 and 7; it culminates in the formulation of simple formulae and sets of rufes by
means of which walls {with or without piers) up to 3,0 m in height may be designed on a rational basis without resorting to
structural calculations. .

It must be emphasised, however, that the responsibility for the structural design of a specific wall rests with the appointed
professional engineer. Sections 5 to 7 have been included in this guide to enable professional engineers to familiarise
themselves with the relevant South African structural codes of practice and other related published work. At the same time,
these sections of this Design Guide afford professional engineers the opportunity of critically examining the assumptions and
the theory upon which the simplified design procedures are based, and to recognise loading conditions which fall outside the
scope of these simplified procedures. Persons other than professional engineers should skip over Sections 5 to 7 and utilise
Section 8 to explore possible rational solutions for specific projects. :

Most builders, architects and developers have access to personal computers which operate on the MS DOS operating system.
To facilitate the design of free-standing walls by means of the simplified rules contained in Section 8, a computer programme
entitled FREESTAND has been written by R B Watermeyer and P 1 von Maltitz and is distributed by the CMA. The programme
also affords engineers the opportunity to change the values of the selected variables upon which the simplified procedures are
based. )

In some instances, particularly where walls are exposed to high wind loads, the design of unreinforced walls predicted by
means of the simplified procedures will not always be more economical than a design based on the deemed-to-satisfy rules
contained in Part K of the National Building Regulations. This may be attributed to inconsistencies between deemed-to-satisfy
rules and structural codes of practice. '

It is hoped that, in general, this design guide will contribute to a better understanding of the structural design of free-standing
walls, promote the construction of economical and siructurally sound free-standing walls and reduce the design costs
associated with walls designed by professional engineers.

RB Watermeyer
September 1893
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INTRODUCTION

In SABS 0400 ' a free-standing wall is defined as ...... a wall not being a retaining wall, without lateral support, whilst
BS 5628 Part 3 2 defines it as...... a wall without fop or side support that depends for stability on its mass and/or
base fixity.

Common wall forms which fall within the ambit of these definitions may be described as boundary, yard, garden,
retaining, parapet and balustrade walls. Design procedures for the three most common forms of free-standing walls,
namely yard, boundary and garden walls, and the construction thereof in concrete masonry, will be presented in this
Design Guide. (Design procedures, design aids and further particulars relating to plain retaining, parapet and
balustrade walls may be found in References 3 and 4).

THE SELECTION OF MATERIALS
Masonry units

The standard specification for concrete masonry uniis is SABS 1215 . This specification covers the physical
properties of units and the sampling of units for testing. Limitations are imposed by this specification on dimensional
tolerances, minimum compressive strengths, drying shrinkage, expansion on rewetting and soundness.

Assurance in regard to due compliance with the requirements of this specification is obtained by way of the South
African Bureau of Standards mark for the manufacture of concrete masonry units. The SABS mark may only be
applied if the manufacturer is in possession of a valid permit issued by the SABS and the product complies with the
requirements of SABS 1215.

Mortar constituents

Cementitious materials

Ordinary portiand cement and Portland Cement 15 may be used in mortar. It is not advisabie to use PBFC. Unless
the mortar sands are of good quality {(see 2.2.3), mortar with portland cement lacks cohesiveness (plasticity), may
bleed and will be harsh to work. This deficiency in properties may be overcome by using masonry cement or by the
addition of bedding lime or a morar plasticizer °.

Lime

The use of lime in mortar mixes is optional. Lime imparts to mortar the properties of plasticity and water retention.
This latter property is important as it prevents the mortar from drying out so rapidly as t6 result in the incomplets
hydration of the Porttand Cement ¢,

Lime for mortar consists of hydrated lime, i.e. commercial bedding lime, and not quicklime or agricultural lime. The
best results are obtained when used in conjunction with coarse sand rather than with clayey sands. Lime complying
with Class A2P of SABS 523 2 is most suitable. Lime should not be added to masonry cement.

Sand

Sand for mortar should comply with SABS 1090 2 and be well graded from a particle size of 5 mm downwards, in
accordance with Table 1.

Table 1: Grading requirements of sands for mortar
(Extract from SABS 1090: Sand for plaster and mottar)
Percentage by mass passing
Natural sand Manufactured sand
B.5. Sieve High strength General purpose High stréngth Géneral purpose
{pmy} mortar mortar mortar mortar
4750 100 100 100 100
2 360 80 — 100 80 — 100 90 — 100 90 — 100
1180 90 — 100 70 — 100 70 — 100 70 — 100
600 40 — 100 40 — 80 40 — 100 40 — 100
300 5 — 60 5 — 75 5 — 85 i0 — 75
150 06— 15 0 — 25 5 — 20 0 — 25
75 0 — 75 0 — 10 0 — 10 0 — 15
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) Then:

Seand should be evenly graded and should not contain an excess of dust or other fine material. The use of fine sands
of more or less uniform particle size, although contributing to workability, frequently leads to excessive shrinkage
and cracking of the joints. Sands containing high percentages of clay tend to give a conveniently plastic mix, but also
lead 1o undue shrinkage °.

In certain parts of South Africa, it is almost impossible to obtain sand from natural sources which comply with the
grading requirements of SABS 1080. In such areas, the following test based on water demand, developed by the
Portland Cement Institute, should be performed on sands to determine their suitability for use in the construction of
free-standing walls ®.

Procedure

1. Dry out a wheelbarrow full of the sand 1o be tested.

2. Weigh out 5 kg cement and 25 kg of the dry sand. Measure out 5 litres, 1 litre and 1,5 litres of water into
separate vessels.

3. Mix the cement and sand in a dry condition until the colour is uniform.

4 Mix in, in succession, each of the amounis of water (5 litres, 1 litre and 1.5 litres) until the mix reaches a

conS|stency suitable for plastenng

If 5 litres is enough - the sand is of good quality.

If 5 litres + 1 litre is enough - the sand is average.

If 5 litres + 1 litre + 1,5 litres is enough - the sand is poor.
If more than 7,5 litres is needed - the sand is very poor.

Only sands which may be described as good and é‘\.rerage should be used in free-standing walls. (When performing
the abovementioned test, it is important to accurately weigh out the sand, to carry out the test on a smooth,
impervious surface and to ensure that the sample is fairly representative of the buik supply).

Mortar plasticizers

Mortar plasticizers produce a desirable effect on the workability or plasticity of the mortar in which they are used.
Generally plasticizers have no effect on setting time (ie. accelerate or retard the mortar setting);.they may, however,
cause air-entrainment ©.

The use of mortar plasticizers is opticnal. Their effectiveness varies with the quality of sand, the compositicn of the
cement, its fineness, the water/cement ratio, the temperature of the mortar, the amount of plasticizer used and other
factors such as site conditions.

Class of mortar
Class |l mortar, as defined in appendix C of SABS 0164 Part 1%, should be used in free-standing walls. A class Il

mortar is described as: a mortar having a field strength of at ieast 5 MPa at 28 days, or a mortar composed of the
limiting mix proportions as set out in Table 2.

Table 2: Mix proportions for mortar *
Portland Lime Sand measured iMasonry cement
Cement loose and damp or
: Portland cement © Sand
with mortar
plasticizer
kg litres litres, max kg litres, max
~ B0 0—40 200 50 : 170
Wall ties

Wire ties should comply with the requirements of SABS 28 #. Flat metal ties should be hot dip galvanised or
protected against corrosion in accordance with the requiremenis of SABS 0164 Pari 2.

Materials for infill concrete

Portland cements complying with SABS 471%, or cements containing ground granulated biast furnace slag or fly
ash ‘complying with the relevant requirements of SABS 626 * or 831 * or 1466 ¥, may be used in infill concrete.
Aggregates, both coarse (stone) and fine (sand), should comply with the requirements of SABS 1083.

—2_
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Reinforcement for masonry piers

Steel reinforcement used in the construction of masonry walls should comply with SABS 920%, and should be bent
in accordance with SABS 82 %,

DESIGN IN ACCORDANCE WITH THE NATIONAL BUILDING FIEGULATIONS

The requirements of the National Building F{egulations' with respect to the design of unreinforced free-standing walls
may be satisfied by either:

. applying the deemed-to-satisfy rules stipulated in parts H and K of SABS 0400; or
. engaging the services of a competent person, usually a professional engineer, to provide a rational design
and to supervise the erection thereof. (See part B of SABS 0400). '

Table 5 of Part K of SABS 0400 (see Table 3) tabulates the permissible heights of unreinforced free-standing walls
for given nominal wall thicknesses and pier configurations. This table is based on empirical rules, some of which
have been modifled following the publication of a technical paper by Watermeyer 3, Nevertheless, many of these
rules remain questionable from an engineering point of view. Furthermore, no differentiation in wall height is made
to compensate for varying wind conditions as is the case in BS 5628 Part 3, whilst the pier configuration is restricted
to piers projecting on one side only.

Table 3: Free-standing walls (Part K, SABS 0400)
Nominal thickness ‘Maximum height above finished Piers
mm ground level, m '
Without piers With piers Projection x width, Spacing, m
mm

90 08 12 200 x 290 1,8
110 1,0 1,4 240 x 230 1,8
140 1.3 1,6 300 x 290 2,0
190 1,5 2,0 400 x 290 2,5
230 1,8 23 480 x 350 35
290 22 2,6 400  x 290 4.5

Free-standing walls complying with part K should be constructed with 10,5 MPa solid units or 7,0 MPa hollow units,

" ysing Class it mortar, and not contain a damp proof course. Furthermore, such walls should be laid in any

acceptable fully-bonded pattern with the cavities in piers constructed of hollow units solidly filled with concrete.

Clause KK 11.3 does, however, allow walls to consist of two or more éectipns as illustrated in Figure 1. The
dimensions of any piers which may be required should remain constant throughout tile height of the wall.

—

+ B0% of height given In Table 3
for thickness t,

+ helght given In Table 3
for thickness t,
'NOTE : Piors used in lower section to

extend to top of wall without
reduction In cross-sectional
dimensions.

t

b2d

Figure 1 : Free-standing walls of compaosite thickness

—3—
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In terms of Part H of SABS 0400, foundations for free-standing walls should:

. be constructed with concrete having a compressive strength of 10 MPa at 28 days, or be mixed in proportions
by volume of 1 part of cement, 4 parts of sand and 5 parts of coarse aggregate

. have a width of 600 mm

. have a thickness of 200 mm, except in the case of rock

Foundations to piers should project by a minimum distance of 200 mm beyond the perimeter of the pier.

As an alternative, the National Building Regulations permit the preparation of a rational design in accordance with
the deemed-to-satisfy codes of practice, namely SABS 0160° {for loads), SABS 01617 (for foundations) and SABS
0164 Part 1° {for unreinforced structural masonry) or SABS 0164 Part 2% (for reinforced and prestressed structural
masonry). It should, however, be noted that the requirements of these Regulafions do not preciude the use of other
codes of practice *. ' :

ACCOMMODATICN OF MCVEMENT
Minimising shrinkage in walls

Shrinkage in concrete masonry walls can be minimised by utilising units whose manufacturers hold the SABS mark
and sands which either comply with SABS 1090 or may be regarded as good or average in terms of the test
described in 2.2.3. Maximum bond strength and minimum shrinkage can be achieved by using concrete masonry
units which are as dry as relative humidity conditions permil. The addition of moisture to the units may cause the
units to expand. Upon drying, the water loss can cause shrinkage of the masonry ©.

Mortar shrinks on drying out, and the amount. of drying shrinkage is directly related to the water demand of the sand.
Excessive retempering of the mortar reduces mortar strength and increases shrinkage °.

Control joints

One of the most effective ways of ensuring that free-standing walls are able to accommodate small seasonal
movements due to variations in temperature and maisture is to divide the wall into discrete panels by the provision of
vertical control (movement) joints, i.e. to reduce stresses by reducing restraint .

Table 4 summarises the magnitude of the potential movements which individual units may experience due o
environmental and physical factors. In an actual wall, these movements are restrained and may therefore be
expected to be somewhat smaller in magnitude than the tabulated values. As a general rule, 10 to 12 mm wide
control joints should be provided at intervals of between 5 and 7m in order to accommodate the horizontal
movements listed in Table 4.

Table 4: Potential movement in concrete masonry units

Movement type Potential movement, mm/m length of wall
Thermal (reversible) 0,21 to 0,24 (for a 30° C change in temperature)
Drying shrinkage 0,60
Moisture movernent (reversible) 0,120 0,18
Carbonation (shrinkage) 0,1t00,2

Differential longitudinal movements may be induced in free-standing walls founded on problem soils. These
movements arise from variations in moisture content in soils which exhibit collapsible, compressible and
heave/shrinkage characteristics. Vertical control joints located at the ends of walls which abut other structures, and
also at a horizontal spacing of between 4 and 5 metres may, together with bed joint reinforcement, be employed to
minimise damage to walls founded on such problem soil horizons ',
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RATIONAL DESIGN

Basic approach

in SABS 0184 Part 1, Section 5.5.4, a method of design for free-standing walls is outlined as follows:

Free-standing walls should be designed as cantilevers from the top of the foundation or from the point of horizontal
lateral restraint when such restraint is sufficient fo resist the horizontal reaction from the wall, except that wall panels
between piers may be designed as three-sided or horizontally spanning. The piers should be designed as
cantilevers to resist the reaction from the panel.

Economies ‘in design can be effected by considering the portion of wall between piers to act as a wall panel
supported on three sides. The length of any such wall panel is, however, governed by the spacing of control joints
provided to accommodate movement and the strength of the supporting piers acting as cantilevers.

Notation

The following notation is adopted:

o = -bending moment coefficient for wall panel

T¢ = the partial safety factor for loads

Tm = the partial safety factor for materials

Tms = the partial safety factor for strength of steel

Tmy = the partial safety factor for material strength in shear

Ty = the density of the wall

A = the horizontal cross-sectional area of the wall

At = the area of a foundation

Ag = the cross sectional area of reinforcing steel

F = a coefficient which accounts for increases in wind pressures due to the geometry, the 3urround|ng
topography and the geographical location of the wall

F{ = thewind pressure coefficient

H = height of the wall panel ie. the height of the wall above the foundation

[ = the moment of inertia of a section

K = the stiffness coefficient

L = the length of a panel between supports

L* = the overall length of the wali between discontinuities

Qg = the characteristic imposed load

Q = the shear stress distribution coefficient

Mp = the applied moment per unit length due to ultimate loads

Mg = the elastic moment of resistance per unit length

Mg = the moment of resistance of reinforced elements

Mg = the plastic moment of resistance per unit length

M = the service moment applied to a foundation

Mgp = the maximum value of the ultimate moment appiied to a reinforcéd pilaster or pier

N = the axial load applied to a foundation



tef

the square root of the ratio of the section modulus of a wall with piers to that of a wall without piers having
a thickness equal 1o the flange thickness of a wall with piers {elastic analysis); or the square root of the
ratio of the product of the area and the lever arm of a wall with piers to that of a wall without piers having
a thickness equal to the flange of the wall without piers (plastic analysis)

the horizontal shear force

the shear resistancs of reinforced piers and pilastefs

the maximum value of the ultimate shear force applied 1o a reinforced pilaster or pier

the shear resistance of a wall ie

the characteristic free stream wind velogity pressure

the characteristic wind load per unit area

the maximum wind load that a wall panel can resist

the section modulus

the section modulus of the foundation

the area above the shear plane under consideration

the section width at the shear plane under consideration

the width of the section

the effective depth

foundation pressure

the characteristic fiexural strength ai the critical se_étion

the characteristic compressive strength

the characteristic horizontal shear strength

" the characteristic vertical shear strength

the characteristic tensile strength of steel

the design vertical load per unit area

the vertical distance between the point of application of the horizontal load and the top of the foundation
the clear height of the wall above finished ground level
the ratio of overall pier depth to wall thickness

the ratio of pier width to wall thickness

-the ratio of total effective flange width to wall thickness

the number of wall ties provided per unit length of wall
the design vertical load per unit length of wall

the ratio of the cross sectional area of prim_ary reinforcement to the cross sectional area of the reinforced
element -

the proportion of the shear plane that is iﬁtersected by masonry headers

the width of a rectangular wall tie

the pier spacing

the wall or flange thickness in unreinforced walls and the wall panel thickness in the case of reinforced walls

the effective wall thicknes_s




5.3

5.31

teg = the equivalent wall thickness

tg = the thickness of a rectangular wall tie

Vh = the average shear siress

v* = the local shear stress at the section under consideration

Wi = the effective flange width of a beam |

X = thg vertical distance between the top of the found.ation and finished ground level

y = ’;he distance from the neutral axis to the centroid of the area above the plane under
consideration :

z = leverarm

Bending moments and shear forces
Unreinforced walls
The following formulae are given in SABS 0164 Part 1 for the calculation of the design moment and the moment of

resistance of a free-standing wall based on two design approaches, viz. flexural resistance across uncracked bed
joints (elastic analysis), and cracked sections {plastic analysis): :

Design moment Ma= Wy T3 h (%+X)+ Qg T; hy [ )
f
Resistance moment (uncracked) Mg = ( Tﬁ +0a )2 v (2)
m .
: I T
Resistance moment (cracked) Mp = *2ﬂ (t- n‘"}’—m ) ceerrerrnenn(3)
: k

It should be appreciated that the design approach based on equation (3) recognises that the wall may in fact crack,
and probably rock, prior to failure by overturning *. Where the plastic (cracked} moment of resistance exceeds that
of the elastic (uncracked)section, cracking of the horizontal bed joint may occur. Depending on the client’s
requirements and whether or not the wall is plastered, this cracking may or may not represent a serviceability failure °.
Consequently the design moment of resistance is usually based on the elastic approach (Equation 2).

SABS 0164 recommends that the section modulus of walls with piers be based on flange widihs measured from the
face of the pier, equal to either 4 x the flange thickness where the wall is unrestrained or 6 x the flange thickness
where the wall is restrained or continuous (see Figure 2}.

8 or (n+mit

- [

Tl iyl Prssed _|

— p—

41 mt 6t 6t mt 6t
Effective’ Effective
flange width flange width

NOTE : Effective flange width >3 S/2

Figure 2 : Effective ﬂange widths

Free-standing walls usually comprise unreinforced wall panels supported by unreinforced / reinforced cantilever
-piers. Unreinforced wall panels are readily designed using th% aicznending moment coefficients ( o ) contained in Table
10 of SABS 0164 Part 1 which are based on yield line theory — i.e.




Design momeant Mp= oW, Yeer {4)

Resistance moment (uncracked) Mg = ;kx Z crereeeeneens(5)
m

(Mg is based on the value of i, where the failure plane is perpendicular to the bed joints)
Yield line theory may be used to derive bending moment coefficients for panels supported along two adjacent edges.

In terms of shear, the sole requirement of the Code is that the following relationship be satisfied:

v <=t ' SR (51§
) va
where ‘ . 7
Vh A ( )

. SABS 0164 Part 1 gives Yy, a value of 2,5 and ty a value of 0,35 MPa and 0,15 MPa for Class | and Class
mortar, respectively. However, the strength of Class Il mortar is superior to that of a Designation (i) mortar as
defined in BS 5628 Part 1. It is, therefore, recommended that the value for f,, given in BS 5628 Part 1, namely 0,35
MPa, be adopted in respect of a Class Il mortar.

The horizontal shear stress, except at the damp proof course may be increased by 0,6 times the vertical dead
load per unit area of the wall cross section subject to fy, not exceeding 1,75 MPa. A draft amendment to BS 5628
Part1  recommends that the value of f,, for brickwork in the vertical direction be increased to 0,7 MPa.

SABS 0164 Part 1 is based on the British Code of Practice BS 5628 Part 1 . The handbook to BS 5628 Part 1
states that equation (6) is based on the assumption that walls have a simple rectangular plan and that the stress
distribution is uniform across the section, but recommends that if it is more appropriate to assume an alternative
distribution, it will be necessary to calculate the maximum shear stress and to compare this value to the design shear
stress. . :

The American ACI-ASCE Building Code ACI 530/ASCE 5 * contains the following equation to determine the shear

distribution across a wall: v
vr= Jf Vay ()
Ib*

Equation'(’B), in the case of a rectangular section, may be expressed as:

v*= M ............. (9)
bt .

.Equation (8) may also be used to svaluate the shear stress developed In the planes of the interfaces between leaves
in a multileaf wall, or between a rib or a pier and the flange of the wall. It is important, particularly where collar-joints
(vertical mortared or grouted joints between leaves, or a ieaf and a pier/rib) are provided, to ensure that the vertical
shear resistance of a wall section is adequate in order to verify that composite action of the wall in question will, in

fact, take place.

SABS 0164 Part 1 offers no design information in this regard and simply permits double-leaf walls to be designed as
single-leaf walls, provided that the collar joint is solidly filled with mortar or grout as the work proceeds and that 20 x
3 mm flat metal ties are provided at vertical and horizontal intervals not exceeding 450 mm. This requirement is
rather onerous and somewhat impractical as it implies that the leaves, on either side of the tie, should be raised
simultanecusly. Watermeyer ~ conducted laboratory measurements on the shear resistance of 36 solidly filled collar-
jointed clay brick wallettes, with and without metal ties, in order to evaluate the shear resistance of collar-jointed
walls and the influence of construction procedures and types of ties. The results of this study are presented in Table 5.

Table 5: The shear strength of collar joints "

Method of construction Average shear Standard Characteristic

: stress deviation shear stress
MPa MPa MPa

Leaves built up 042 0,09 0,24

separately — no ties

Leaves built up simuitaneously

— no ties 0,53 0,12 0,30

— 20 X 4 mm ilat metal ties 0,55 0,09 0,39

— 3,5 mm dia crimp wire ties 0,51 0,12 0,29




Values given for fi,, in other codes of practice are contained in Table 6, whilst Table 7 gives the recommended
spacing of headers and ties in double teaf walls where monolithic (composite) structural action is required. Where
ties are used, the collar joints must be sofidly filled with mortar and grout and should not exceed 25 mm in width. In
the case of interfaces at ribs and piers, AS 3700 recommends that headers be provided every fourth course, or
alternatively one tie be provided for every 200 mm width at a vertical spacing not exceeding 400 mm.

18,2823

Table6: Values for characteristic vertical shear strength

Code of Practice fiyr MP2 Remarks
AS 3700 1,25 fiey Wire ties provided; fi, < 0,35 MPa
1,20 p* + | Masonry headers provided; fiiy < 0,6 MPa
BS 5628 Part 1 0,7 Brick masonry
{Draft Amendment)
AC| 530/ASCE 5 0,036  *§ | Mortared collar-joints with wire ties ¢

0,073  *§ | Grouted collar-jcints with wire ties
0,085V, § | Headers

’

+ p* is the proportion of shear plane that is intersected by masonry headers

Values can range from 0,036 to 0,073 MPa depending on the type and condition of the inter-
face, the consolidation of the joint and the type of loading '

§ Working stress value, which incorporates factors of safety

*

Table7:  Spacing of headers and ties in double leaf walls *"**

Code of Practice | Tie requirements Header requirements

SABS 0164 Part1 | Flat matal (20 x 3 mm) ties at not | One complete header course to every

and more than 450 mm.horizontal and or less stretcher courses, or the equiva-

BS 5628 Part 1 vertical intervals. lent area of evenly distributed headers.

AS 3700 Cavity type ties at intervals not | Header ;pourse with each alternate unit
exceeding 400 mm centres in each |a header at intervals not exceeding
direction 600 mm or the equivalent number of

evenly distributed header units.

‘ACI530/ASCE 5 | 2,4 to 4 ties per square metre | Headers uniformiy distributed so that the

’ depending on the diameter of the fie, | sum of their cross sectional areas is
subject to a maximum horizontal | greater than 4%7of the wall area.
spacing of 900 mm and a vertical '
spacing of 600 mm.

In a draft amendment to BS 5628 Part 1, it is recommended that the vertical shear stress between two elements of a
section, such as at the junction between the flange and rib of a diaphragm wall, should be resisted by either bonded
masonry construction bridging the interface or appropriate flat metal sections, the size and spacing of which should
be calculated. Roberts = has developed the following formula to determine the shear capacity of wall ties:

fyris
. 8Ty
where T =30

t =

Alternatively, the values for the shear resistance of ties contained in Table 9 of SABS 0164 may be utilised.
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5.5.1

provided that

Reinforced walls

SABS 0164 Part 2 contains the following formulae for the evaluation of the design moment of resistance of
reinforced members; .

Resistance moment Mg = .Aify_z et (11)
Tms '
05A; f, T
where z=d (1 928 yYm
bd i Yins
provided, that _ Mg < Mdz rreneeereene(12)
T

Equation (12) may not apply to members comprising pilaster units, as the determination of the value for fi, of such

“Units is beyond the scope of SABS (164. Should the pilaster units be treated as shutters and minor cracks within the

pilaster itself be permitted, such members may be desngned as reinforced concrete members in accordance with a
Code of Practice such as SABS 0100.%

Equation (7} may be used to evaluate the applied shear stress. The magnitude of the shear resistance of a
reinforced pier is given by:

fy= 035+17.5p ereeeeeee(13)
f, < 0,7MPa.
Basic unit properties

In SABS 0164 Part 1, the size of a brick and of a block is not defined; it is, however, based on British practice
according to which, until fairly recently, a brick was regarded as a masonry unit not exceeding 337,5 mm in length,
225 mm in thickness (width) and 112,5 mm in height. (Currently, British codes refer only to masonry units.)
Consequently, the adoption of the aforementioned dimensions rounded to 340, 225 and 115, respectively, is
considered to be appropriate for the purpose of interpretating the characteristic flexural tensile stresses in respect of
bricks and blocks, as tabulated in SABS 0164 *.

The basic structural propertles of common concrete masonry units having nomlnal compressive strengths of 10,5

) _ and 7,0 MPa for solid and hollow unlts respectively, are summarised in Table 8"

Table 8: Structural properties of concrete masonry units
Characteristic flexural |Chamcieristic Density of masonry
tensile strength compressive)
fiex, MPa strength Ty kN/M®
Unit Unit width | Parallel to Perpendic- | fk mpa
type mm bed joints | ular to bed ’ Natural Clinker
joints Aggregate | Aggregate
"solid+ 90 — 140 0,30 0,90 4148 22,0 18,0
hollow™ 90 0,25 0,60 5.1 15,4 12,6
hollow* 140 0,22 0,53 4,2 12,1 9,9
hollow® 190 0,19 0,45 37 11,2 9,2
+ Height not exceeding 115 mm
* Height = 190 mm

Partial safety factors
Loads (Y})

SABS 0164 Part 1 lays down partial safety factors of 0,9, 1,4 and 1,6 for minimum self weight loads, wind loads, and

Imposed loads, respectively. However, in the case of free-standing walls, the value of 1,4 for wind loads may be

reduced to 1,2. This is consistent with the values given for wind loads in SABS 0180 if the consequence of failure Iz
taken into account, ie. 0,9x 1,3=1,17, say 1,2.

Similarly, on the premise that free-standing walls present a low degree of hazard fo life and limb, the partial safety
factor for imposed foads may be considerad to be 0,9 x 1,6 = 1,44 say 1,45.

— 10—
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5.6.1

5.6.2

Thus the following partial safety factors should be adopied in the design of free-standing walls:

. 0,8 for dead loads contributing to stability or flexural resistance
* 1,2 for wind loads
. 1,45 for imposed loads

SABS 0164 Part 2, on the other hand, simply adopts the partial safety factors laid down in SABS 0160 which are as
described above.

Materials (Y1)

SABS 0164 Part 1 lays down partial safety factors of 2,9; 3,2 and 3,5 for :the compressive and flexural strengths of
masonry, depending on the manufacturing control and construction control exercised. The cost of testing of both the
mortar mix designs and site batching so0 as to satisfy the higher levels of construction control is not usually warranted
by savings attainable in the design of free-standing walls. However, the benefits detived by using masonry units
suppiied by manufacturers who hold the SABS mark for their products and thus qualify for the higher level of
manufacturing control, are considered to be highly advantageous.

Where units are subplied by manufacturers who hold the SABS mark, a partial safety factor of 3.2 may be employed,
failing which a factor of 3,5 should be applied.

The tabulated values of partial safety factors as stated in SABS Part 2, on the other hand, are based on the
assumption that construction control will be duly exercised. Considering that the reinforcement in reinforced free--
standing walls of a height not exceeding that contemplated in this design guide is placed only within the piers, it is

recommended that construction control need not be exercised, and the aforementioned partial safety factors as

described for unreinforced masonry be adopted. (SABS 0164 Part 2 recommends the use of higher safety factors

where construction control is not exermsed )

Values of 2,5 and 3,0, as laid down in Part 1, should be used as the partial safety factor for shear and wall ties,
respectively. Similarly, in the case of reinforced masonry, values of 2,0; 1,4; and 1,15 as laid down in Part 2; should
be adopted for shear, bond and steel strength, respecfively. .

Design loads

Code requirements

SABS 0160 ° requires that all walls be designed to resist the appropriate wind forces. However, if a wall exceeds
1,5 m in height, the following imposed horizontal loads, acting independently from wind ioads, should be resisted:

. a concentrated force of 1,0 kN acting at a height of 1,8 m or at the top of the wall, whichever is the lesser
. a uniformly distributed force of 0,36 kN/m acting at a height of 1,1 m

In masonry, concentrated forces may be assumed to be distributed at an angle of 45° towards the support.
Consequently, stresses induced by concentrated loads may be expected to be low in magnitude, except in the case
of short walls. :

Free-stream velocity pressures
South Africa can be divided into distinct wind velocity pressure zones based on the product of the altitude correction

factor and the square of the characteristic wind speed. Figure 3 shows the division of the country into four such
zones .

_ ZONE1

ZONE 2

ZONE Y |

63 14 L E

ZONE 4

-
UPINGTON

NOTE : All locations in Zone 2 are to be
regarded aa falling Into zone 1 if
altitude exceeds 1000m above MSL.

PORT ELIZABETH

Figure 3 : Wind velocity pressure zones
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Wind speeds are usually measured at 10 m above ground-level. SABS 0160 provides terrain height multipliers for
four terrain categories, as described in Table 9, to enable wind speeds to be determined at heights ranging from 5 to
500 m above ground level.

Table 9: Terrain Categories

Category . Description Examples
9 Virtually no obstructions. Open sea coasts; lake shores; flat trecless
't Obstruction height less than 1,5 m. plains,
2 Widely spaced obstructions (>100 m apart) | Airfields; open parkland; undeveloped out-

with heights and plan dimensions generally | skirts of townships.
between 1,5 and 10 m.

3 Closely spaced obstructions generally the | Wooded areas; suburbs; towns; industrial
size of a domestic house. . areas. '
4 Numerous large, tail {10 to 30 m high), | Large city centres.

closely-spaced obstructions.

The vaiues of the terrain/height multipliers tabulated for the lower range of heights are based on the assumption that
below heights of 5; 5; 7,56 and 20 m in terrain categories 1, 2, 3 and 4, respectively, the wind will be strongly
influenced by local obstructions which may cause acceleration of the flow in their wake *. SABS 0160 does net,

- therefore, permit reductions in wind speed at heights below the aforementioned values.

This approach is a departure from earlier British codes of practice such as CP3 : Chapter v * where arbitrary values
were assigned for heights ranging from 3to 10m " to accommodate the effect of shielding by upwind buildings. The
most recent Australian code of practice, AS 1170.2- 1089 *, tabulates terrain/height. multipliers at a height of 3 m only
in terrain categories 1 and 2, and introduces an addmonal wind speed multiplier to account for shielding effects
under certain conditions in terrain.categories 3 and 4

Free-stream velocity pressures for a 25 ysar period, applicable to free-standing walls up to 3 m high, for the wind
zones and terrain categories defined in Figure 3 and Table 9, respectively, are tabulated in Table 10. in terrain
categories 1 and 2, the terrain/neight multipliers used in the derivation of the tabulated values have been adjusted fo
a height of 3 m above ground level sc as to reflect Australian practice. In terrain categories 3 and 4, the tabulated
values may be reduced by a shleldmg factor, provided that upwind buildings within a 45° sector of radlus 20h
are greater than or equal to h ™ full particulars in this regard are contained in Appendix A.

Table 10: Free stream velocity pressures (Wq, kNlmz)

Terrain category
Zone
1 2 3 4
1 0,73 0,58 0,32 0,30
2 0,83 0,66 0,37 0,35
3 0,96 0,77 0,43 0.40
4 1,18 0,94 0,52 0,49

The values for free stream velocity pressures tabulated in Table 10 need to be modified to account for local
topographical features such as funnelling effects and sudden changes in ground conditions, i.e. at crests of hills,
ridges and escarpments. Guidance for such modifications is given in SABS 0160 and AS 1170.2. (AS 1170.2
modifies free-stream velocity pressures at crests of hills, ridges and escarpments only if the upwind slope, measured
as the ratio of the height of the hill, ridge or escarpment to twice the horizontal distance from the crest to a level haif
the height below the crest, exceeds 0,05 - see Figure 4). '

— 12—
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Wind Direction Crest Escarpment
TE———
- S
H ™ T
- N
H SN

’ L N\ Hill or Ridge
~ N J
| L*
f———————

-
-

¢ = upwind slope

= H/2L
L* = local topegraphical zone.
: = greater of 2,5H or 1,5L.

Figure 4 : Hills, ridges and escarpments

The wind speed profile for a given terrain category does not develop to its full height at the commencement of that
terrain category, but is gradually established. Particular care must be taken in assessing the applicable terrain
category where walls are located in residential townships in close proximity to dissimilar terrain categories, e.g. large
open spaces. Guidance is given in SABS 0160 in regard to the determination of the fetch distance (the distance in
an upwind direction to the wall, from the edge of the terrain category) required before the fully deve[oped free-stream
velocity pressure for the new terrain category can be applied.

Pressure coefficients

SABS 0160 tabulates pressure coefficients for a range of low walls-with varying width to height ratios in respect of
wind perpendlcular to the wall. These coefﬂments are derived from tables contained in the British Code of Practice,
CP3: Chapter V °, for unclad structures . :

However, wind tunnel tests undertaken during the mid-1280s on free-standing walls, both in Australia and the United
Kingdom, indicated that the maximum net pressures occurred at the windward end of the wall near‘a free end or
comer when the wind direction was at approximately 45° to the wall . {The common mode of failure is one where
the end region fractures and falls, leaving the remainder of the wall standing with, typically,“a 45° taper to the
ground}. This phenomenon was found to be more proncunced as the fength of a wall increased. The presence of an
adjacent wall, at right angles to a free end was found to significantly reduce the net wind load near the corner i ’

It is, therefore considered appropriate to adopt the force coefficients contained in the British draft code of practice
BS 6399 * and the Australian code of practice AS 1170.2 for the design of free-standing walls.”" These coefficients -
are reproduced in Tables 11 and 12, respectively, and are graphically illustrated in Figure 5.

Draft BS 6399 code of practice

4h

zh Lf2L%/2

) _
AS 1170.2 code of practice {L"<4h)
{Wind at 45° to wall)

Figure 5 : Force coefficients for free-standing walls |
without end returns '
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5.8

Table 11: Force coefficients for free-standing walls (Draft BS 6399)

Force coefficient

Distance from windward end Wall without end returns . Wall with end returns
{see Figure 5) :

0to 0,3h : 3.4

2,1

0.3h to 2h . 2,1 1.8
2hto 4h 1,7 1,4
2

=4h .12

Table 12: Force coefficients for free-standing walls (0,5< L*/h < 45) (AS 1170.2)

Distance from windward free Wind direction * Force coefficient
end (see Figure 5) '

— ’ Normal 1,2
L*>4h Qto2h 45° 24
2hto dh 45° 1,2
>4h - 45° 0,6
L*<4h QOtolL*2 45° 1,7
' L2t : 45° 1,1

A

[V

Foundation design

Foundations should be designed so as to transmit horizontal forces and overtumning moments inte the ground
without causing the wall to slide, to overturn or to load the subsoil beyond its safe bearing capacity.

SABS 0161 requires that a plain concrete foundation be proportioned so that either the ratio of its projection
beyond the face of a wall, or pier, to its vertical thickness does not exceed 1,5; or the maximum tensile stress in the
foundation concrete at the face of the wall or pier does not exceed 0,03 times the 28 day compressive strength of
the concreie. ’ ’

Limiting dimensions

SABS 0164 Part 1 does not limit deflections in walls by way of deflection ratios or other criteria, as is the case in -
codes of practice for other materials. However, the code doas require that laterally loaded walls satisfy limiting
dimensions, which are akin to slendemess ratios for vertically loaded walls, in order to ensure that walls are not
sensitive 10 errors of design and construction, and to prevent instability ® I the case of free-standing walls these
limits are: ‘ :

h<12tee (14)

‘where tg is equal to the actual thickness of walls without piers, or the flange thickness of a wall with piers, multiplied
by the coefficient K given in Table 13.

Table 13: Stiffness coefficient for wall stiffened by piers.

Ratio s Stitfness coefficient, K
k=2 k=3
6 1.4 2,0
8 1,3 1,7
10 1,2 1.4
15 1,1 1.2
20 or more 1,0 .10

—14 —
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6.1

{AS 3700 uses the term design for robusiness as opposed to fimiting dimensions, and suggests that, in diaphragm
construction, tas should be taken as the overall thickness of the wall. The handbook to BS 5628 “ recommends that,
in the case of Z-shaped walls, 155 should be taken as the overall thickness of the wall.)

Limiting dimensions are also given in respect of wall panels. SABS 0164 requires that the area of panels which are
supported on three sides may not exceed 1350F or 15008, depending upon the degree of fixity of the supports,
whilst the length of such panels between supports may not exceed 50t. AS 3700, in the case of wall panels
supported on two sides, recommends that the horizontal dimension should not exceed 14L. This value is, however,
thought to be somewhat conservative, and a value of 20t is considered to be more appropriate.

SABS 0164 Part 2, in the case of reinforced cantilever beam elements, requires that the height to effective depth
ratio not exceed 7. However, since such elements are free-standing and are subjected predominantly to wind loads,
it is suggested that, by the same reasoning that a 20% increase is permitted in the case of free-standing cantilever
walls, this vaiue be increased to 8.4.

The handbook to BS 5628 Part 2® considers these ratios to be somewhat conservative. AS 3700, in the case of

isolated reinforced piers, recommends that, for robustness, isolated piers should have a height not exceeding 9
times the minirnum pier thickness.

Detailing of reinforced masonry

SABS 0164 Part 2 contains guidance on the detailing of unreinforced masonry; the main guidelines of which are
summarised below. :

The minimum horizontal distance between parallel bars should not be less than the bar diameter, the maximum size
of aggregate plus 5 mm, or 10 mm, which ever is the greater.

Only one reinforcing bar should be used in vertical pockets or coras of cross section not exceeding 125 mm x 125 mm.
The lap length should not be less than 25 times the bar size plus 150 mm or the applicable anchorage bond length,
(A fully stressed hot rolled high yield deformed bar requires an anchorage bond length of 68 times the bar size when

placed in mortar, and 55 times the bar size when placed in infili concrete.)

The effective anchorage length of a hook or bend, measured from the start of the bend to a point four times the bar
size beyond the end of the bend, should be taken as the lesser of: 24 times the bar size; or eight times the internal

radius of a hook; or four times the radius of the bend; as appropriate.

Reinforcing bars, located in cores in hollow units and piers where concrete infill is employed, require no corrosion

protection unless the member in which they are placed comes into contact with aggressive soils, sea water or

corrosive liquids and gases. Where mortar infill is employed, bars should, in industrial environments or where |
members come into contact with fresh water or are located in coastal regions, be galvanised or coated.

The cover to reinforcing bars located in cores in hollow units and piers filled with concrete, is dependent on exposure
conditions, and on the grade and the minimurm cement contenis of the concrete,

AN APPROACH TO THE ROUTINE DESIGN OF UNREINFORCED FREE-STANDING WALLS
Basic assumptions

The routine design of a wide range of walls can be facilitated by the use of design charts *In the derivation of the
design aids and charts which follow, the following assumptions are made:

. No damp-procf courses are present in walls

. Class I! mortar is used {see Section 2.3)

. Sands either comply with SABS 1090 or may be described as good or average in terms of the PCI test
{see Section 2.2.3)

. The minimum nominal compressive strengths of concrete masonry solid and hollow units are 10 5 MPa and

7,0 MPa ,respectively
_ Concrete masonry units, in addition to complying with SABS 1215, have the SABS mark (see Section 5.5.2)
The minimum densities of concrete masonry units are as listed in Table 8
Piers are adequately bonded or tied to walls (see Section 5.3) '
All collar-joints in multi-leaf walls are solidiy filled with mortar and are capable of transmitting shear across the
collar-joint (see Section 5.3)
Walls do not retain soil or other materials exerting horizontal loading
Walls are not located in places of public assembly
The cavities in hollow blocks forming piers and ribs are solidly filted with mortar, grout or infill concrete
Walls either terminate in piers or are fully bonded to returns

— 15 —
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6.2 -

T. “Uncracked walls: t=

Bending’ moments

It can be demonstrated that the ultimate moment due to uniformly distributed line loads acting on the walls is atways
less than or equal to the ultimate moment due 10 wind Ioads Consequently, all horizontal loading except wind

_Ioadlng is ignored in the structural des;gn of walls.

Design calculations for walls without piers may be facilitated by equating the expressions for M, and Mg in

Equations (1) and (2), and the expressions M, and Mp in Equations (1) and (3), and solving for t. The equations’
generated for walls without piers are as foliows:

Wi T h (_r;_+x)

frx 1
[?r; +0,87,, 107°(h+x)] 5

Wi rfh(%+x)

7 . Cracked walls: t= e (16} .

097, {h+x) [1- Tw(h+x)1"m]
2 - i

It should bé noted in Equaticns {15) and (16} that tis proportional to the square root of the wind load. By fixing x and

- assuring a specific value for wind-loading, design graphs can be produced to enable the height of a wall to be

determined for any given wall thickness. Such a design chart is presented in Figure 6 which is based on values of
d = 0,3.m and wind loading = 1,2 x 0,32. The maximum permissible height of a wall for other values of W) may be

-determined by adopting a wall thickness equal to the product of the actual wall thicknéss and the square root of the

ratio of the desired wind foading W), to the value for wind loading used in the determination of the charts (F).
|
|
|
i

_Heighi_: of wall above ground (m)

W= 1,2 X 0,320 kN/m® == all aggregates

T T L T
==k = = == == = =

. Equivalent wall thickness {(mm) LEGEND

. CRACKED SECTION {PLASTIC ANALYSIS)
Note: - : 222 clinker aggregates
= natural aggregates
Dusign charts are based on Equai[onl (15) and {18) where:

d=0,3 m UNCRACKED SECTION (ELASTIC ANALYSIS}

¥ =3,2 (le units bear the SAB5S mark)

fx, fxx and Yy have the values given in Table 8 @ B0 - 140 mm solld units

@ 90 mm hoilow units
- @ 140 mm hollow unlts
@ 190 mm hollow units

Figure 6 : Height of free-standing concrete masonry walls subjected
to wind loads
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The elastic section modulus (Z} of walls with different pier configurations can be expressed as a function proportional
ton, m, kandt AsZis directly proportional to the square of the wall thickness, the ratio {R?) of the section modulus
of a wall with piers to that of a wall without piers, of a thickness equat to the flange thickness of the former wall, is
independent of wall thickness (see Figure 7). If the right hand side of equation (15) is multiplied by R, t will represent
the flange thickness of a wall with piers of a given configuration. It is, however, more convenient to multiply the
flange thickness by R, and to consider the product of these two parameiers 1o be equivalent to the thickness of a
wall without piers.This equivalent wall without piers will then have the same section modulus as the wall with the
given pier configuration, and the maximum height of such a wall may be evaluated directly from Figure 6.

It is worthy of note that SABS 0164 does not differentiate between hollow and solid blocks when tabulating
characteristic flexural strengths. The curves and formulae reproduced in Figures 6 and 7 are based on solid
sections. Theoretically, the section moduius of single-leaf hollow block walls constructed of 90, 140 and 190 mm
wide units should have been reduced by 5, 14 and 19%, respectively. Roberts et al’ suggest that the characteristic
flexural strength of hollow biocks tabulated in BS 5628 Part 1 could be based on their nett strength as opposed to
the gross strength, which would have the effect of increasing fi,.. In the case of 140 and 190 mm wide blocks, fi,
would increase to 0,25 MPa i.e. an increase of between 14 and 32%. On the other hand, fy, for dense concrete
hollow blocks appears to be undervalued in SABS 0164 as well as in BS 5628 Part 1. It is, therefore, considered
appropriate to ignore reductions in section properties due to cores in blocks. :

The value of n, in most codes of practice, is usually given as 12" 7"™® This value is based on empirical
considerations . In the case of walls desighed on the basis of a plastic (gravity stability) analysis, it may be argued
that n should be increased on the grounds that the poriion of wall between piers contributes to the resistance
moment of the wall. This may be true if the wall between piers is infinitely rigid, both in and out of the plane of the
wall, and the wall rotates as a rigid body in response to lateral loading. In practice, however, the pertion of wall
between piers will deflect both in and out of the plane of the wall, and will tend to drag between piers. It is therefore
considered appropriate to restrict the flange width to (12 + m)}t, and to ignore the contnbut[on to stability made by
segments of walls outside these limits. _

Description | Pier Configuration Factor for Unc::t):kad Section Factor for Cracked Section
1= a -
: ' 2 mk ! o |
e P [ /n+mk e
: {n+m)t k (h+m) l'l-+m ! n+m
mt : -
— - kt |
Piers projecting b 3 ‘
oqually ol! both /n+ mk : n+mk [k_-‘.“+l|1k °:|
sides ] K n+m m
{n+mjt {n+m)
=
248 1nz +"(A '—)+ kam (A - _) n+mk [ n+mk® nimk 7'
o ” : A(n+m) _ n+m [: n+mk " n+m °]
1 :
Piers projecting
on one side only OR _ . OR
b n  mk? i.z2 Kzl
(n+mjt 2:7'1"2'* fg tAT It A EX 2rt+m|( l:k n+mk? n+rnk]
{n+m} (k-A) n+m 2{n+mk) me
mt
th, i 3 L |
Diaphragm } ‘t (n+m)k - n(k-2) 2n+mk [k -o 2n+mk ]
(n+mit ] {n+m)k n-+m _ n+m--|-
' .
_ 09 Y w(h+d) Ym n+ K
o= 1 TR -
NOTE : * AND A 2n + 2mk

Figure 7 : Equivalent wall thickness factors
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The equivalent wall concept ocutlined above can be extended to include walls with piers designed on the basis of a
cracked section. This can be achieved by considering R to be square root of the ratio of the product of the area and
the lever arm, adjusted to prevent local crushing, for a wall with piers fo that of a wall without piers of a thickness
equal to the flange of the wall with piers. However, the resulting equation for R is not independent of d, h, fi and Yy,
By selecting values for these parameters to produce the maximum reduction in lever arm for the range of wall

heights covered in Figure 6,.a conservative estimate of R may be made. R will then be related to k, m, nandt, asis

the case in the elastic analysis (see Figure 7}.

If a pier spacing of (12 + m)t or less is adopted (i.e. n = 12), the wall with piers will act as a series of contiguous
cantilever beams since the pier spacing equals the effective flange width of the beam (wy). [f piers are spaced at
intervals in excess of (12+m)t, the behaviour of the wall will be similar to that of a series of cantilevered beams

supporting wall panels which span between such beams. The influence of the increase In load shed by the panels

onio the cantilever beams may be assessed on the assumption that the panel load disperses at 45° with respect to
the supports. This may be regarded as an increase in wind loading and may bé incorporated into the rafio F. At the
same time, the effective width of the cantilever beam needs to be introduced into the equation since R 12/ 6 equals
the section modulus per unit width. (It should be noted that even if wy = (12 + m) t, panel action between the centre
lines of the piers may still occur.)

‘Walls with or without piers may be designed on the basis of either a cracked or uncracked section with the aid of
Figure 6 by simply ensuring that the following relationship is satisfied:

tR Ywg <FX (7

- where X is the equivafent wall thickness, i.e. the ordinate in Figure 6. In practice, it is more convenient to express
equation (17) as: : .

teq= f1 f2 f3 f4 t \}Wf ............. (18)

where f1 = coefficient to accommodate changes in wind velocity pressure (See Table 14),

fo = coefficient to accommodate changes in pressure coefficients (See Table 15).

fq = coefficient to accommodate the pier spacing, if any (See Table 16)."

f4 = coefficient to accommodate pier configuration, if any (See Table 17}.-
[The formulae given in Figure 7, upon which Table 17 is based (n =12), assume that pier sections are solid. The
filling of cavities in piers formed of holiow units with mortar or grout increases the section modulus in the case of an
slastic analysis, and the size of the stress block in a plastic analysis.]

The panels which are supported by piers may be designed in accordance with 7.3.

Table 14: Coefficient for free stream velocity pressure (f{)

Terrain Category
Zaone 1 2 - 3 4
1 0,66 0,74 1,00 1,03
2 0,62 0,70 0,04 0,96
3 0,58 0,64 0,87 0,89
4 0,52 0,58 0,78 0,81

Table 15: - Coefficient for pressure coefficient (fz)#

Wall Location of wall section from a Wall without a return at Wall with a refurn at
type discontinuity - discontinuity : discontinuity. .
L.ong walil Oto 2h , 0,72§ 0,81
{L* = 4h) 2hto 4h 0,84 0,93
: >4h 1,00 1,00
- Short wall
(L* < 4h) - 0,84 - 0184

§ Wall is assumed to terminate in a pier
# L* = QOverall length of wall between discontinuities

— 18—
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Table 16:  Coefficient for pier spacing (f5)*

Height of wall _ Pier spacing, m*
above ' ,

gound,m | 12 |15 {1,821 |24 127 |30 ]| 36 42 1 48 [ 54 | 60 | 65 | 7,0
15 1086088082078 10,75|0,74|0,73|0,73[0,73|0,73| np np np np
1,8 095|086 {0800,75|0,72}070/0,68 | 067 |0,67|067 [067|067| np np
2.1 0,941085|07810,74| 070067065 |062}062]062|0,6210,62]0,62]062
2.4 0930840771073 |069|0,866 (0630860 |0,58{0,57|057|057]057]|0,57
27 0930841077072 0,68 (0651062 |058|056|054]054 05410541054
3.0 0931083 |076]071]067|064061 (0570541053051 ]|0,51}0,511]0,51

np = not permitied
* Pier spacing £ (12 + mjt
#f3 = 1,0 if wall has no plers

Table 17:  Coefficient for pier type (f4) *

Elastic analysis Plastic analysis
(uncracked section}  (cracked analysis)
Fier type/ k
wall type m ' m
1 2 3 4 1 2 3 4
No piers 1 1,00 1,00 .
Piers projecting 2 1,00 1,00 1,10 1,19 1,00 1,17 1,24 | 1,29 -
on one side only 3 1,07 1,37 1,58 1,73 1,24 1,43 1,58 | 1,70
{minimum value) * 4 1,39 1,82 2,11 2,32 144 | 1,74 | 1,87 | 2,14
5 1,74 2,28 2,64 290 | 166 2,07 237 | 261 .
Piers projecting -2 1,00 1,00 1,10 1,17 1,18 1,35 1,43 ;| 1,48
on both sides 3 1,00 | 1,25 1,44 1,58 1,61 1,81 1,92 | 2,01
4 1,21 1,58 1,84 2,05 | 1,98 223 | 240 | 2,52
5 1,45 1,93 2,27 2,53 2,32 264 | 286 | 3,03
Z shaped wall 2 1,47 1,51 — | - 1,43 147 || — —
3 217 2,24 — — 1,82 1,92 — —
4 2,77 2,88 — | — 2,18 2,35 —_ —_
5 3,31 3,46 — — 2,52 2,76 — —
Diaphragm 3 2,95 2,95 — — 2,45 2,49 — e
4 3,76 3,78 — — 2,89 2,98 — —
5 4,47 4,51 — — 3,30 3,44 — —

* See calculation sheet 5 on page 35 for values of maximum value
# Pler spacing {12 + m)t

Limiting dimensions

The height of walls without piers, walls with piers projecting on one or rbo"th' sides',' and of Z-shaped walls with k =2 is
restricted by the limiting dimensions calculated from Equation (14) (see 5.8). These limits are presented graphically
in Figure 8.
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Figure 8 : Maximum height of wall based on effective wall thickness

The horizontal spacing of piers is governed by the limiting dimensions given in 5.8, and by the he'ight to length ratio
of the wall panel. These conditions may be satisfied by selecting a pier spacing within the fimits given in Table 18,
and by ensuring that any vertical control joints provided are located in accordance with Figure 9.
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Figure 9 : Position of control ibints

6.4 Shear

Equation (8) may be expressed as: vi=v@ (19}

: twg
where Q is a shear stress distribution coefficient proportional to n, m and k at a particular point in the cross section of
a solid wall. Vaiues of Q (n = 12) at flange/rib interfaces and at the point where the shear stress is a maximum are
tabulated in Table 18. -

It can be shown that, in the case of walls without piers of solid or hollow unit construction, the maximum shear stress
is always within acceptable limits, provided that the height of the wall-is - within the prescribed limits given in Figure 7.
Diaphragm and Z-shaped walls, as well as walls with piers, should satisfy the following relationship:

tz 3,29 Vi Vo V3 Vg4 vy
: Wy ceerresrennn(20)

where tis in millimetres and:
'vq = coefficient to accommodate changes in wind pressure (see Table 19).
vo = coefficient to accommodate changes in pressure coefficients (see Table 20).
vz = coefficient to accommodate pier spacing (see Table 21); ~ - - -
v4 = coefficient to accommodate pier configuration {see Table 22).
v = coefficient to accommodate type of bonding (see Table 23),
wj = effective flange width, in metres

In the case of diaphragm walls, where flat metal ties are used to tie the webs to the flanges, the following relationship
should be satisfied in addition to equation (20):

41,5 vy vp Vg ¥q4 M
rig wy

where n* is the number of ties provided per metre of rib to resist shear across the rib-flange interface, and r and tg is

expressed in millimetres and w; in metres.

n* =

-2 )




Table 18:  Shear stress distribution coefficients (Q)
Q for shear stress at flange/web Q for maximum shear stress
Pier type k
{see Figure 7) m m
. 1 2 3 4 1 2 3 4
No piers 1 1,50 1,50
Piers projecting 2 576 | 397 | 313 | 263 | 576 | 397 | 313 | 2,63
on one side only 3 5,98 3,44 2,49 2,00 5,98 3,44 249 | 2,00
) 4 4,84 2,62 1,84 1,45 4,84 2,62 1,86 | 1.48
5 3,89 2,04 | 1414 1,10 3,89 2,07 146 | 1,16
Piers projécting 2 2,93 2251 1,88 1,64 283 2,25 1,88 | 1,64
on both sides 3 4,00 2,55 1,94 1,60 4,00 2,55 1,94 | 1,60
4 3,85 | 225 1,65 1,34 3,85 2,25 165 | 1,34
5 3,42 192 1,40 1,13 3,42 1,92 1,40 | 1,13
Z shaped wall 2 | 975 525 — = 9,75 5,25 — —
3 597 3,20 s —_ 6,07 3,30 — m
4 4,10 2,17 — — 4,29 2,35 — —
5 3,08 1,60 — —_ 3,31 1,83 — —
Diaphragm 3 598 | 321 — — 6,04 3,27 — —
4 413 | 221 — — 424 | 2,31 — —
5 312 1,65 — — 3,25 1,78 — -
Table 19:  Coefficient for free stream velocity pressure (v4)
Tetrain category
Zone ‘
1 - 2 3 4
1 2,27 1,81 1,00 0,94
\ 2 2,58 2,086 1,14 1,08
3 3,00 2,41 1,33 1,25
4 3,67 2,94 1,63 1,53
Tahle 20: Coefficient for pressure coefficient (vz)#
: Wwall Location of wall section from Wall without a return at Wall with a return at
;! type discontinuity (see Figure 5) discontinuity discontinuity
Long wall 0 to 2h 1,92 1,54
©(L¥ z 4h} 2h to 4h 1,42 1,17
>4h 1,00 1,00
Short wall
(L* < 4h) - 1,42 1,42
# L* = Overall length of wall between discontinuities
} o Table 21:  Coefficient for pier spacing (V3)#
i Height of wall - Pier spacing, m
: above )
ground,m | 12 | 15 | 1,8 |21 | 24 | 27 |30 |36 |42 |48 |54 |60 |65][70
' 15 1,44 | 169 | 1,89 | 2,05 | 2,16 | 2,23 | 2.25 | 2,25 | 225|225 np | np | mp | mp
1.8 1,80 | 2,14 | 2,43 | 268|288 | 3,04 | 3,15 | 3,24 | 324 [ 3,24 324|324 | np | np
2,1 2,16 (2,50 | 2,97 | 3,31 | 3,60 | 3,85 | 4,05 {432 | 4,41 | 4,41 | 4,41 | 4,41 | 4,41 | 4,41
24 1252|304 351394432466 |4,95 (540|567 |5761576]|576|576|5,76
2,7 2,88 349 [ 4,05|4,57 | 504 | 5,47 | 5,85 {648 | 693|720 7,20 | 7,29 | 7,29 | 7.29
3.0 3,24 | 3,94 | 459|520 | 576 | 6,28 | 6,75 { 7,56 | 8,19 | 8,64 | 8,91 | 9,00 | 9,00 | 9,00
np = not permitted
# vy = h if wall has no piers, where h is in metres
' — 22—
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6.5

6.6

Table22:  Coefficient for pier configuration (vg4)

Pier typs k
(see Figure 7) m
1 2 3 4
No piers 1 1,50
Piers projecting 2 5,76 3,97 3,13 2,63
on one side only 3 5,98 344 | 249 | 200
‘ 4 484 | 262 1,86 1,45
5 3,89 2,07 1,46 1,16
Piers projecting 2 2,93 2,25 1,88 .| 1,64
on both sides 3 4,00 2,55 1,94 1,60
4 3.85 2,25 1,65 1,34
5 3,42 1,92 1,40 1,13
Z shaped wall’ 2 9,75 5,25 — —_—
3 6,07 | 3,30 — —
4 429 | 235 — —
5 3,31 183 | — —
Diaphragm 3 6,04 3,27 — —
4 4,24 2,31 - —
5 3,25 1,78 — — -

Table 23: Coefficient for type of piet/rib bonding (vs)

Pier type (see Figure 7) vg
Diaphragm

— ribs tled with flat metal ties 1,0
— fully bonded ribs . - 1,0
Z-shaped wall (fully bonded) ' 1,0

Piers projecting equaily on both sides

— fully bonded piers 1,0
— piers tied with wire ties 1,4
Piers projecting on one side only

~— fully bonded piers 1,0
— piers tied with wire ties 14

Control joints

10 to 12 mm wide confral joints should be provided at intervals of between 5 and 7 m. Conitrol joints should generally
be located either midway between piers or ribs, or through the centre of the rib or pier, as shown in Figure 9. In the
case of Z-shaped walls, control joints may be placed only midway between the ribs so as to ensure that the
assumptions upon which the section properties are based remain valid.

No reduction in flange width need be contemplated (see 5.3) where joints are provided midway between the piers
and ribs, since the foundation will provide adequate restraint at the sections where the maximum values of bending
moments occur.

Foundations

The maximum permissible bearing pressure, based on an elastic analysis, can be calculated from the following equation:

NN 22
f= As + Z- (22) |
If the applied moment, axial force and the foundation dimensions are expressed as a function of the wall or flange
thickness, t, it can be shown that { is independent of t. The dimensions of foundations supporting walls which either
have no plers or have symmetricat pier configurations, where the maximum bearing pressure does not exceed 50
kPa, are given in Figure 10. Walls which have piers projecting on one side only are subject to eccentricities due to
the wall geometry. Such walls should be designed in accordance with recognised engineering practice. -
T —23— : T -
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Figure 10 : Foundation details

AN APPROACH TO THE ROUTINE DESIGN OF REINFORCED FREE-STANDING WALLS
Basic assumptions

In the derivation of the design aids and charis which foitow, the following assumptions are made:

. No damp-proof courses are present in walls

. Class Il mortar is used (see Section 2.3)

| Sands either comply with SABS 1090 or may be described as good or average in terms of the PCI test {see
. Section 2.2.3)

. The minimum nominal compressive strengths of concrete masonry solid and hollow units are 10,5 MPa and

7,0 MPa, respectively
. Congrete masonry units, in addition to complying with SABS 1215, have the SABS mark (see Section 5.5.2)
The minimum densities of concrete masonry units are as listed in Table 8
Walls do not retain soil or other materials exerting horizontal loading
Walls are not located in places of public assembly
Walls either terminate in piers or are fully bonded to returns
High yield reiniorcing bars are used
infill concrete is Grade 30 or better
. Piers are spaced at equal intervals not exceeding 7,0 m

General arrangements

Different configurations of reinforced free-standing walls comprising an unreinforced wall panel and reinforced
piers/plasters are fliustrated in Figure 11. Depending on the pier spacing, control joints may be formed at either the
_ends of panels or at the centres of alternate wall panels at intervals not exceeding 7,0 m (refer to 4.2). As a variation
to the wall panels illustated in Figure 11, wall panels may be staggered to form Z-shaped walls, the rib between the
panels being remforced s0 as to constitute a reinforced pier.
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§— control joint reinforced pier -3

leler HH

7.0 m (max)
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. PANEL SUPPORTED BY REINFORCED PIERS

control joint pilaster blocks -1.'___1'

v T s =i

1 | 1

7,0 m {max)
PANEL SUPPORTED BY REINFORCED PILASTERS
. Figure 11 : Basic panel configurations

The condition of support restraint exerted by piers/pilasters on wall panels may be deseribed as being sither pinned
or fixed. Panels terminating in pilaster blocks may be regarded as being pinned. Panels containing piers within their
length between control joints, and panels terminating in fully bonded piers, may be regarded as being fully fixed at
their supports. :

The size of a wall panei is governed by its lateral strength and the dimensions of the panel itself. On the other hand,
the height of a free-standing reinforced wall is generally governed by foundation considerations, particularly stability
against overturning. Reinforced strip footings designed to resist overtuming tend to be unduly large due fo the fact
that reinforced free-standing walls are considerably more slender and hence lighter than structuraily equivalent
unreinforced walls. In many instances, the provision of reinforced concrete piers {mini-piles) beneath the reinforced
masonry pilasters/piers designed as laterally loaded, partly buried poles to transmit the lateral loads to-the ground,
may well prove to be more economical.

Panel design

Design calculations for panels can be facilitated by equating the expression for Ma and Mg given in Equations (4)
and (5), and solving for Wi, which would then represent the maximum wind loading which may be applied to a
specific wall panel for given values of H and L, and for a given masonry unit. It can be shown, on the basis of yield
line theory, that the maximum wind load (Wg) which a wall panel is capable of resisting is given by:

Bt .
Wa== e 23
R=TY _ (23)
Where B is a coefficient which is dependent on the type of masonry unit and support conditions for a given panel.
{see Tables 24 to 28). :

Table 24: Vatue of B for panel supported on two adjacent sides +

Height of wall above Length of wall panel for different unit types, m #
foundation
Solid 90 mm hollow | 140 mm hollow | 190 mm holiow

m 1,5 1,75 1,5 1,75 1,5 1,75 1,5 1,75
1,8 159 126 111 88 a7 78 83 67
21 150 117 104 a2 91 72 | 78" 62
2,4 145 112 99 77 88 68 75 | 58
2,7 141 108 06 74 85 65 72 | 56
3,0 138 105 | - 94 72 83 63 71 54
3,3 136 .| 103 92 70 81 62 69 53

+ panel supported by reinforced piers '
# length of wall panel = distance between centre line of pier / pilaster and vertical free edge at control
joint. :
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Table 25: Value of B for panel supported on three sides -— pinned ends*
Unit | Height of Length of wall panel, m #
type |wallabove i
foundation m 3,0 3,5 40 4,5 5,0 5,5 6,0 6,5 7.0
Solid 1.8 96 78 67 58 52 47 43 40 37
units 21 85 71 60 52 45 41 37 35 32
24 78 64 55 47 41 37 34 31 28
27 74 60 50 44 38 34 30 28 26
3,0 70 56 47 40 36 32 28 28 24
3.3 687 54 44 38 33 30 27 24 22
90 mm 1.8 69 57 ‘49 43 38 35 32 30 28
Hollow 21 81 51 43 37 33 30 28 25 24
units 24 56 47 39 34 30 27 24 22 21
2,7 52 42 36 31 27 24 22 20 19
3,0 49 40 33 29 25 23 20 19 17
3.3 47 38 31 27 24 21 19 17 16
140 mm 1,8 60 50 43 37 33 30 28 26 24
Hollow 2,1 54 45 38 33 29 - 26 24 22 21
units 24 49 41 34 30 26 23 21 20 18
2,7 46 37 32 27 24 21 19 18 16
3,0 43 35 29 25 22 20 18 16 15
3.3 41 33 27 24 21 18 17 15 14
190 mm 1,8 52 43 37 32 29 26 | 24 22 21
 Hollow 2.1 46 35 32 28 25 23 21 19 18
units 24 42 35 | . 29 25 22 20 18 17 16
27 39 32 27 23 21 18 17 15 14
3,0 37 30 25 22 19 17 15 14 13
" 38 35 28 24 20 18 16 14 13 12
+ panels supported by reinforced pilasters
# length of wall panel = pier / pilaster spacing
Tabie 26: Value of B for panel supported on three sides — fixed ends *
Unit Height of Length of wall panel, m #
type wall above
foundation m 3,0 3,5 4,0 4.5 50 55 8,0 6,5 7,0
Solid 1.8 150 121 102 89 77 69 62 57 53
units 2,1 139 111 93 79 | 70 62 56 51 46
2.4 131 104 86 73 63 57 51 46 42
2,7 125 99 81 68 59 52 47 42 39
3,0 121 94 77 64 55 48 44 39 36
3,3 117 91 74 62 53 46 41 37 33
90 mm 1,8 106 87 | 74 64 56 50 45 42 39
Hollow 21 98 79 66 57 50 45 | - 40 37 34
units 24 92 73 61 52 46 41 36 33 30
: 2,7 87 69 57 48 | - 42 38 34 30 28
3,0 84 66 54 45 39 35 31 28 26
33 81 683 51 43 37 33 29 27 24
140 mm 1,8 93 76 65 56 49 44 40 37 34
Hollow 21 86 69 58 50 - 44 39 35 32 30
units 24 81 64 53 45 40 36 32 29 27
27 77 60 50 42 37 33 29 27 24
3,0 74 58 47 40 34 30 27 25 23
3,3 71 56 45 38 33 29 25 23 21
190 mm 1,8 a0 65 56 48 42 38 34 31 29
Hollow 2,1 73 59 50 43 38 34 30 28 26
units 24 69 58 46 39 35 31 27 25 23
2.7 65 52 43 36 31 28 25 23 21
3,0 63 49 40 34 29 26 24 21 19
3.3 61 47 39 32 |. 28 24 22 20 i8

+ panels supported by reinforced piers

# length of wall panel = pier / pilaster spacing

— 26—




7.4

Thus, provided that the applied wind load W), does not exceed Wy, the strength of the wall pane! will be adequate.

However, Wi=Fy Wq s (24)

where F4 is the wind pressure coefficient given in Table 27 and Wq is the free stream velocity pressure given in
Tabie 10.

Equating Wg and Wy, in Equations (23} and (24)

Y FqW
t > /—_‘L% ............. (25)

It can be démonstrated that, for the full range of panels given in Tables 24 to 26, the maximum shear stress
determined in accordance with Equation (5) satisfies Equation (4).

Table 27:  Wind pressure coefficient (F4 id

Wall type Location of wall section from a Wall without a return at Wall with a return at
discontinuity discontinuity : discontinuity
Long wall 0to2h 23 ' 1,85
(L* = 4h) 2h to 4h 1,7 1,4
>4h 1,2 1,2
Short wall _
{L* < 4h) — 1,7 1,7
# L* = Overall length of wall between discontinuities; h = height of wall above ground -~

Lateral loading on piers/pilasters

The load shed from the wall panels on to the piers/pilasters may be assessed on the assumption that the panei load
disperses at 45° with respect to the supports. The lateral bending moment exerted on a pier/pilaster is therefore

dependent on the panel geometry — as the H:L ratio of the panel reduces, the moment increases, and atiains a
maximum constant value when L = 2H

The maximum bending moment on pilasters/piers due to the lateral loading of wall panels can be expressed as:

Mgp = Tf Wi (Fy Lertpanel + F1 migHT PANEL) © woovceern(26)

where C is a coefficient which is dependert on the panel geometry (see Table 28 ). (Fq = O if no panel exists on the
side of the pier/pilaster under consideration). -

Table 28: Pier/pilaster moment coefficient (C) for panels

Height of Pier / pilaster spacing

wall above

foundation m 3,0 3,5 4,0 4.5 5,0 5,5 6,0 6,5 7.0
1,8 1,87 1,94 1,94 1,94 1,94 1,94 1,94 np np
21 2,75 | 287 | 3,08 | 3,09 | 309 | 300 | 309 | 309 | 3,09
24 3,76 | 415 | 443 | 458 | 4,81 | 4,61 4,61 4,61 4,61
27 4,91 549 | 506 | 630 | 651 | 6,56 | 6,56 | 6,56 | 6,56
3,0 6,19 | 698 | 767 | 823 | 8,65 | 891 8,00 | 900 | 900
3,3 7.61 864 | 9,56 (10,35 | 11,01 | 11,51 [11,84 |11,97 | 11,98

np - not permitted

Likewise, the maximum shear force on pilaster/piers due to the lateral loading of wall panels can be expressed as:

Vep = Y Wi (Fy (errpaner + F1 morTraner) D oo -(27)

where D is a coefficient which is dependent on the panel geometry (see Table 29). (F4 = O if no panel exists on the
side of the pier/panel under consideration.)
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.. Table 29:  Pier/pilaster shear force coefficient (D) for panels

Height of Pier / pilaster spacing

wall above :

foundation m 3,0 35 4,0 4.5 5,0 55 6,0 6,5 7,0
1,8 168 | 162 | 162 | 182 | 162 | 162 | 1,82 | 162 { 1,62
2,1 203 | 2,14 | 220 | 221 2,21 2,21 2,21 221 | 2.21
24 248 | 267 | 280 | 2,88 | 288 | 288 | 288 | 288 | 2,88
2.7 293 | 319 | 340 | 354 | 363 [ 365 | 365 | 3,65 | 3,65
3.0 338 | 372 | 400 | 422 | 438 | 447 | 450 | 450 | 450
3,3 . 3,83 | 424 | 460 | 489 | 513 | 529 | 540 | 544 | 545

Design of reinforced piers/pilasters

In order o reduce the number of variables in the design of reinforced piers/pilasters, the following assumptions may be made:

All infill comprises a Grade 30 concrete with a minimum cement content of 300 kg/m?

Reinforcement comprises uncoated carbon steel bars or wires with a minimum yield strength of 450 MPa and
a diameter not exceeding 20 mm '

The minimum concrete cover to reinforcement in infills is 40 mm except in the case of reinforced 140 mm
hollow units where the cover is reduced to 30 mm. (In practice, this means that piers constructed with
140 mm hollow units may not be used in industrial environments and coastal areas up to 1 km from the coast
line, whereas the only restriction placed-on piers constructed with other types of unlts and on pilasters, is that
they may not be used in tidal and splash zones, uniess prﬂtected from corrosion. )

In Figure 12, a typical range of reinforced piers/pilasters, as well as design information such as the effective depth
and section width of piers/pilasters is presented. All the physical dimensions required for design purposes may be
obtained from Figure 12. Reinforced piers/pilasters may then be designed by simply ensuring that the values of Mpp
and Vgp calculated in accordance with equation (26) and (27), respectively, is less than the value of My and Vy gwen
in Table 30, for a selected pier configuration.

Table 30:  The moment and shear resistance reinforced piers and pilasters (Md, Vg)

Pier ' Resistance moment (Mg), kNm | Shear resistance {(Vg}, kN
configuration . :
2 (Referto ] Reinforcement in each face

igure 12)  [V10[1v12]1Y16]1Y20 [2Y10] 2Y12]2¥16]2Y20 [ 1Y10[1Y12]1Y16[1¥20] 2Y10] 2Y12]| 2Y16]2Y20
90 mm ' .
solid units

290 x 390 641 84] 93| 93| np| np np| np|13,4[13,7 144 {154 np! np{ np| np
390 x 390 6,7 | 9,11125 125 11,6 |12,6 | 125|125 (17,7 18,1 |18,819,8| 18,4|19,0 (20,6 | 22,6
290 x 490 95 (129|182 (182 np| np{ np| np |184]1881195}120,5]1 npl nmp| np| np
390 x 490 98 |135[21,31245 (177 23,1 |245 (245 [246[|2491256 (2662531259 (274|284

106 mm
solid units

330 x 440 7,5 (1001133 (133 np| np| np| np (1691172178189} np| np| np| np
440 x 440 7.8 |10,7 116,5 |17,7 |13,9 |17, 7 {177 | 17,7 [22,2[22,5|23,3 |24,3| 22,9 | 23,5 | 25,1 | 27,1
330 x 550 "}10,9 |14,2 | 23,4 (25,7 np np np| np(23,2]|23,5|24,3]25,3 np np np np
440x 550 (112|155 25,2 |34,3 |206 | 27,6 | 34,3 34,3 |30,7[31,0]131,8(32,8131,432,0 335|355

140 mm
_ | solid units

©

440x 590 |11,7 | 16,4 |27,2 (38,8 | 22,0 {30,0 {46,0 (466 [31,5(31,8(|32,6|335 32,2 32,8 134,3(386,3
590x590 |11.7 |16,7 |28,3 1414 1227 |31,.4 150,3 |62,5 |42,0 (42,3 [43,144,0]|427[433]44,8]|4638

140 mm
hollow units

140 x 290 521 62| 62 62 np np np np| 61} 64 71| 81 np np np np
290 x 280 60 83(126(12,8 {10,7 [12,8 1128 {128 [11,9|122]12,8 [13,9| 12,6 |13,1 } 14,7 16,7
140x 540 13,0 [17,7127,2 (283 np| np np| np|122(125[133|143] . np{. np npi -np
290 x 540 (13,7 119313231464 |26,0 | 35,7 [ 552 [58.5 | 24,5 (24,8256 126,6 252 258|274 (294

190 mm
hollow units

190x 390 | 82 | 11,0144 144 np| np| np| np 108 [11.1]11.9}1129] np] np[ np] np
300x 390 | 88 (12,3 120,1128,0 (16,4 |22,0 (29,5 (29,5 |21,5[21,8|22,6 (23,6} 222}22,8|24,3|26,3
190x 590 * 14,3 |19,8 (31,7394 np| np| np| np |175]17.81186|195| npl np| np| np

390x 590 |14.7 {21,1 (35,8525 |28,7 |39,8 | 63,8 | 64,0 [35,235,5}36,2|37,2| 358|364 | 38,0400
pilasters ’ ‘

260x260 | 61 | 881561237 [12,3 17,5 | 205 (43,0 [10,2] 105 11,3 [123] 10,8 [ 11,5 [ 151151

(internal)

§ - pier configuration expressed as pier width x pier depth
np - not permitted




REINFORCED PIERS - SOLID UNITS i Y
T

UNIT WIDTH| PIER SIZE |EFFECTIVE| No.of KR! D
m (WxD) | DEPTH () | BaRS -
iz bl 250 2
Sednad 250 4
L . 200890 s 2 W
290x4B0 350 4 .
3304 260 2 !
o 26 4 tL ' D
toe 330550 0 2 £ HEES
40550 30 4 N
440x580 400 2ord
40 5004500 400 ] -
REINFORCED PIERS - HOLLOW UNITS w
UNITWIDTH | PIERSIZE [EFFECTIVE| No. of EIEIIB
M (Wb}  |DEPTH(d) | BARS e
1apen 220 2
140 29(_!:2N 220 4
1400 AT0 2
260x540 470 4
160390 305 2
390:330 305 4
e T80x590 505 2
363500 505 4
PILASTER
PIER SIZE |EFFECTVE| No.of
DEPTH (4} | BARS
300300 210 [4:1

NOTE: *Cover to stesl = 40mm (min} or In the oase of 140mm hellow units = 20mm

*All plers, with the ption of thase strucied using 140mm hollow units, may be used In ail
above ground exterfor envir tz, with the ption of tdal splash zones.

*Plors consiructed using 140mm hollow unlts may not be used In Indusbial zones and withln tkm from
the coast Hine.

FIGURE 12 - Typical Pier / Pilaster Details

. 106mm
- . “’ hick pang!

Fixed -——

Pinned — —

Panel height (H,m)

3 4 4,5 5 53 8
Panel length {L,m)

NOTE: For walls of thickness 140mm and greater, H # 3,3 and L # 7,0 ~

Figure 13 : Maximum size of wall panel supported
on three sides
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7.6

7.7

8.1

Limiting dimensions

Provided that the area of panels with three simply supported (pinned) edges and of continuous panels with fixed
edges does not exceed 13501 and 1500t respectively, and no horizontal dimension éxceeds 50 t the requirements
governing limiting dimensions will be satisfied. Similarly, provided that the length of panels supported along two
sides does not exceed 1,75 m, the horizontal limiting dimension of 20 t stipulated in Section 5.8 will not be exceeded.

Panels whose overall dimensions are within the limits of Tables 24 to 26 and, in the case of paneis with a panel
thickness of 90 or 106mm, within the shaded portion of Figure 13, will satisfy the abovementioned criteria.

Design of foundations

No simplified procedure can be readily devised for the design of foundations for reinforced free-standing walls, as ig
the case for unreinforced free-standing walls. Consequently, such foundations should be designed in accordance
with established engineering pracfice. ’

SIMPLIFIED PROCEDURES FOR THE DESIGN OF UNREINFORCED AND REINFORCED FREE-STANDING
WALLS '
Unreinforced walls

The maximum height of unreinforced free-sfanding walls of a given thickness and pier configuration may be readily
determined using the aforementioned design charts in the following manner:

Step 1:  Determine the wind velocity pressure zone from Figure 3 and select the terrain category from Table 9.
Step2: Verify that the distance between the selected terrain and an upwind dissimilar terrain is adequate, so as to
ensure that the choice of terrain category is in fact valid, and that local topographical features will not

cause an increase in wind loading (refer to 5.6.3),

Step 3:  Obtain the coefficient for free stream velocity pressures (f1) and pressure coefficients (f5) from Tables 14
and 15 respectively . :

Step 4:  Calculate the effective flange width of piers (wg) in metres where wi= (12 + mijt.
Note: we=1,0.if wall has no plers.

Step5:  Determine the value of ty, from the appro- Estimate h and derive the coefficient for pier spacings
priate curve in Figure 6 using the desired (f3) and the coefficient for pier configuration (f4) from
value of h as the abscissa. Tables 16 and 17.

Step&:  Calculate the product of f3 f4 Vw; for Calculate the equivalent wall thickness taq using

' a given wall or flange thickness: the following equation for a given wall or flange
thickness, t:
i .
\‘Wf f3 f4= &g 1eq=f1 fo fg f4 8 NV wy
f-l f2, t '

Step 7: Select the pier spacing and pier ¢configuration, Determine the vaiue of h from the appropriate curve in
and verify that the product of fg 1, \/gva‘ Figure 6, using 15 as calculated in step 6 as the
given in Tables 16 and 17 is greater than ordinate and confirm the value of f3.
the value calculated in Step 5.

Step 8 Should the depth of soil cover above the foundation exceed 0,3m, reduce h by the excess amount.
Step & Ensure that the wall panel between piers is adequate. {Refer to steps 5 and 6in 8.2).
Step 10:  Ensure that h is within the limits given in Figure 8,

Step 11:  Determine the shear coefficients for the free-stream velocity pressure (v4), the pressure coefficient (va),
the pier spacing (vg), the pier configuration (v4) and the type of rib/flange bonding (vg) from Tables 19 to
23 respectively.

Step 12:  Ensure that in all wall types: t2 3,29 vy vo v3 V4 V5
Wi
and, in the case of diaphragm walls with metal ties between the flange and rib that:
415 h vy vo vg vg m
n*z
rtg we
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8.2

9.1

a.1.1

where w; is expressed in metres, t, rand tg in milimetres and n* in number of wall ties provided per linear
metre,

Step 13: Ensure that control joints are provided at intervals not exceeding 5 to 7 metres at the positions shown in
Figure 9.

Step 14: Determine the dimensions of foundations for walls without piers or walls having symmetrical pier
configurations in accordance with Figure 10 with recognised engineering practice.

Reinforced walis

Free-standing walls with reinforced masonry piers or pilasters may be designed using the following procedure:

Step 1:  Determine the wind velocity pressure zone from Figure 3 and select the terrain category from Table 9.

Step2:  Verify that the distance between the selected terrain and an upwind dissimilar terrain is adequats, so as to
ensure that the choice of terrain category is in fact valid, and that local topographical features will not
cause an increase in wind loading (refer to 5.6.3).

Step 3:  Obtain the value of Wq and Fy from Tables 10 and 27, respectively.

Step 4:  Select the panel and pier configuration (see Figure 11), and the coefficient B for the appropriate support
condition from Tables 24, 25 or 26, '

Step 5:  Ensure that, in the case of panels having a panel thickness of 80 or 106 mm, the selected dimensions are
within the shaded portion in Figure 13.

- J1,.2F{Wq R :
Step 6:  Ensure that, in the case of panels: 1 = 1000 \/——— (t in milimetres)

Step 7:  Obtain the coefficient C and D for each panel supported by a plen’pllaster from Tables 28 and Table 29,
raspectively.

Step 8 Calculate the applied moment (Mgp} and shear (Vgp) acting on the piers/pilasters:

Mrp=1.2 Wy (Fq LerrpaneL *+ F1 migHT PanED) ©

Vep=1,2 Wy (Fy Lerrpanel + F1 rigHT F'ANEL) D

Step9:  Select the pier configuration from Figure 12 and ensure that. Mgp and Vgp does not exceed My and Vq as
derived from Tables 30 and 31.

Step 10:  Design the foundation and its reinforcement in accordance with recognised engineering practice.

GENERAL hEQUIREMENTS APPLICABLE TO FREE-STANDING WALLS DESIGNED IN ACCORDANCE WITH
THE SIMPLIFIED PROCEDURES

A check-list of general requirements relating to the construction of free- standihg walls follows. The general and

specific notes prescribed below should be embodied in the construction drawings or in the speclflcatlons pertaining
to the walls in question.

General notes.
Concrete masonry unils to comply with SABS 1215 and have the SABS mark,

Solid and hollow units to have nominal compressive strengths of 10,5 and 7,0 MFPa, respectively.

‘Sand to comply with SABS 1090.

Cement fo be OPC, PC 15 or Maéonry Cement.
Lime to comply with Class A2P of SABS 523.
Mortar to be Class Il in accordance with SABS 0164 Part 1.

Horizontal and perpend joints to be solidly filled with mortar. Bed joint thickness not to exceed 13mm.
— 3] —
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8.1.8

9.1.9

2.1.10

a.1.11

8.2

921

8922

923

9.2.4

:_9.2.5 ‘

926
927
928

8.3

9.3.1

832

9.3.3

8.34

835

9.3.6

237

9.3.8

8.3.9

10.

No earth to be retained by the wall.

No horizontal damp proof courses {dpc) to be provided.

Piers of adequate dimensions fo be provided to support all gates.
Height of mésonry erected in a day not to exceed 1,5 m.
Specific notes pertaining to unreinforced walls.

Collar-joints in muiti-leaf walls to be sofidly filled with mortar. 3,15 mm diameter PWD or crimp wire ties fo be

~ provided at veriical and horizontal intervals not exceeding 450 mm. Alternatively, headers to be provided at vertical

intervals not exceeding 600 mm.

Piers to be tied into walls with headers at least every fourth Vcourse.' Alternatively, 3,15 mm diameter PWD or crimp
wire ties fo be provided for every 200 mm width at vertical intervals not exceeding 300 mm. All collar joints to be
solidly filled with mortar.

Al cavities in hollow masonry units forming piers to be solidly filled with mortar, grout or infill concrete'as the work
proceeds.

10 mm wide control joints to be provided at intervals not exceeding 7 m and at large steps in foundations. Position of
joints to be in accordance with Figure 9. : :

Piars to extend to top of wall without any reduction in their cross-sectional dimensions.

Foundations to be in accordance with ngré 10. (Permissible bearing pressure; 50 kPa.)

- Concrete mix to foundations to consist of cement:sand:19 mm stone in the proportion by volume of 1:4:4.

Walls fo terminate either in a return walf or in a pier.

Specific notes pertaining to reinforced walls

Speéiﬁéd cover fo reinforcement to be méfntained by means of approved spacers.

Reinforcement fo be free from mud, ofl, grease, paint, loose rust and mill scale.

All hdflbw units to be laid on a full bed of mortér.

All excess mortar and mortar droppings to be removed from corés/cavfties prior to filling.

Infill concrete to consist of cement : sand : 13 mm stone in the proportion by volume of 1: 2,5: 2,0.

Infilf concrete to be placed, in layers as the masonry work proceeds, in vertical liffs not exceeding 450 mm or in the
case of hollow units, 900 mm , to within 50 mm of the level of the last course laid, and to be compacted by means of
a rod immediately after placing.

Reinforcement to consist of high yield steel bars complying with SABS 920 and bent in accordance with SABS 82,

Bars or wire not exceeding 6 mm in diameter to be placed in alfernate bed joints in piers for the purpase of fixing
vertical reinforcement in position.

10mm wide control joints are to be provided in accordance with Figure I,

WORKED EXAMPLES OF MASONRY WALL DESIGN

Worked examples illustrating the use of-the simplified procedures for both unreinforced and reinforced free-standing

walls follow hereafter. It should be noted that the design of foundations for unreinforced walls with unsymmetrical
pier configurations and reinforced walls is beyond the scope of this design guide.
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APPENDIX A : WIND SHIELDING MULTIPLIERS

Shielding may be considered in terrain categories 3 and 4 when the height of upwind structures in a 45°
sector of radius 20h, as shown in Figure A, is greater than or equal to h. The effects of shielding by such
upwind structures may {(according to Clause 3.2.7 and Appendix E, Clause 3.2.7, of AS 1770.2) be
evaluated as follows:

[

Calculate the building spacing parameter (D)

oo b (10, 5)
: N bg hg
where
h = the clear height of the wall above finished ground level. -
n =  the number of upwind shielding buildings within the sector shown in Figure A and with a
height = h.
hg = theaverage height of shielding structures.
bg = theaverage breadth of shielding structures normal to the windstream.

Shielding may only be considered if:

i) The heights of the upwind buildings within the sector shown in Figure A are greater than or equal to h.
i)  No "corridors” are present i.e. segments, in which no upwind shielding buildings are sited.

Unreinforced walls:

Multiply t in Step 6 of the Simplified Procedures by fg1 and the constants contained in the formulae provided in
Step 12 by fen.

Reinforced walls:
Muliiply W\, as determined in step 3 of the Simplified Procedures by the factor f5o obtained from Table A.

Table A : Shielding Multiplier

D fs1 fs2

< 15 1,43 | 0,49
30 1,25 | 0,64

6,0 1,11 | 0,81

z 12,0 1,00 | 1,00

l Wind direction

LEGEND

Shielding structure
(hs > )

:l Non-shielding structure

(hg < h)

Wall subjected

to wind Ioading

Figure A : Shielding in complex urban situations
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