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Preface

A growing awareness of the need for better farm structures has in recent years occurred in many
developing countries. So far, farm buildings and structures have, in many countries, been built either, ona
traditional basis without much improvement, or in an inadequate and often too expensive way, guided by
people without appropriate knowledge of the special technical, biological and economic problems
involved, Therefore in 1979, the FAQ/SIDA Cooperative Programme: Rural Structures in East and
South-East Africa was established, with the objective io provide assistance to member countries in the
development of functional, low-cost rural structures using a maximum of locally available building
materials and skills.

To achieve its objective two regional six-months courses on farm structures were conducted by the
Programme in Nairobi to cater for the immediate requirements of Farm Building Specialists. Since then
many universities, colleges and irstitutes have come up with plans or activities aimed to expand the
teaching in farm buildings. It seems logical to include this subject within the department of Agricultural
Engineering because of the agricultural knowledge required, however, clear links with the Extension
Service are also needed to spread understanding and skills to artisans and farmers.

Farm buildings and structures are now important parts of an integrated rural development, [or instance,
about 1wo thirds of the food grain produced in Africa is kept on the farm; this makes it particularly
important to develop methods and structures for effective storage, especially for the new high yielding
grain varieties which are more susceptible to pests than the traditional types.

Improved management and breeding programmes to increase animal production have created a need
for more appropriate animal housing. To improve the standards of living for the rural population, it is
necessary o provide durable, comfortable and healthy homes, with clean water, sanitation facilities and
community infrastructure. '

To improve the assitance given to the rural population, the subject of farm buildings needs 10 be
iincluded at all levels of agricultural education. Farm Building Specialists need to have a thorough
knowledge of farming systems, crops, domestic animals, climatological considerations, aad a genuine
understanding of rural life and the farmer’s social and economic situation. They should also be familiar
with the whole range of building materials and types of construction, from traditional indigenous to
industrially produced, as applied to farm structures, They must be able 1o select appropriate installations
and equipment required for farm buildings. This knowledge will enable them to produce, in cooperation
with the farmer. specifications for functional building designs that provide good environment and durable
construciion, thus contributing to an efficient and economically sound farm operation. To interpret and
explain the drawings and technical documentation to farmers, as well as supervise the construction works
is another important task for ithe Farm Buildings Specialist. They should, however, be aware of when there
is a need 1o consult specialists in related ficlds.

The book is a first attempt to compile a comprehensive text on Farm Structures for Tropical Climates
with emphasis on structures for small to medium scale farms and, to some extent, village scale agriculture
infrastructure, We hope it will contribute to the improvement of teaching on the subject of farm buildings
at all levels in tropical developing countries and to assist professionals already active in Farm Building
Extension.

While the book is primarily intended for use in Teaching Farm Structures in Agricultural courses at
Universities and Colleges. it is also our hope that resources will be made available to produce textbooks
derived from this material, suitable for other school levels. Parts of the background material used come
from East and South-East Africa, but the book can be used in the whole of tropical Africa as well as Latin
America and Southern Asia, the building traditions may vary but the materials available will be similar.

Comments concerning this book and its contents will be appreciated and will be considered for future
revised editions. Comments should be sent to:

Agricultural Engineering Service, AGSE

Food and Agriculture Organization of the Unite Nations,
Via delle Terme di Caracalla,

00100 Rome, Italy.
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Chapter 1

Presentation Technique

Drawing Technique

Drawings are essential for planning buildings, for complet-
ing the engineering design, for estimating the quantities of
materials and relative costs and finally to communicate to
the builder all of the information that the designer has
developed.

Although it is expected that a course in drafting wiil
already have been completed by the reader, those phases of
drawing which are essential in building design, costing and
construction are reviewed in this chapter.

Drawing Equipment

Because building drawings inciude many details, they
should be large enough to be accurately executed and
easily read. The standard formats from the A-series should
be used for all drawings for a building. However, several
detail drawings may be put on one sheet. The A-series
include the following sizes:

AG 841 x 1189mm
Al 594 84imm
A2 420 % 5S4mm
A3 297 420mm
A4 210x 297Tmm

If the building plans tend to be very long, one of the
following altzrnative sizes may be useful;

Al0 594 x [1839mm
A20 420 « 1189mm
A2] 420x 34lmm
A3l 297 = 84Imm
A32 297 = S94mm

If possible, ouly one format should be used for all draw-
ings in a project or alternatively all drawings should have
the same height. The formats A0, A10 and A20 are difficult
to handle and should therefore be avoided. One should
instead try to use a smaller scale or divide the figure into
more drawings.

Obviocusly a goed drawing board, large encugh to hold
the size paper selected, is essential. One of the following
sizes should be suitable:

A0 920 = 1270mm
Al 650 = 920mm

While a sheet of Lardboard or blockboard may be used
as a drawing board, it is advisable to install a hardwood
edge such as ebony. It may be necessary to saw longitudinal

Figure 1.1

Drawing table with T-square,

grooves 75 to 100mm apart in the back of the board to
prevent warping. The board may be placed on atable or on
trestles as shown in Figure 1.1. The board should be
covered with thick white paper or special plastic to make a
smooth surface.

In addition to the board drafting instructions needed for
drawings in lead or ink include:

¢ T-square with an ebony or plastic edge; compass; 30-
60° it is recommended in international standard for draw-
ing pens to be manufactured for the following line widths:
0.13, 0.18, 0.25, 0.35, 0.5, 0.7, 1.0, 1.4 and 2.0mm. It is
prefered, for reasons of clearness, that thick lines are made
twice as wide as thin lines. While the thinnest lines are
difficult to reproduce in the diazo process, 0.35 and 0.7mm
are commonly choosen for a set of drawing pens.

& Black, waterproof drawing ink; cleaning eraser; sharp
knife or scalpel.

& Drawing pencils or clutch pencils. Lead is available in
different hardness (6B-6H). The person who is tracing has
to find the hardness suitable - that which gives even, black
lines without leaving loose graphite which will blacken the
drawing. Usually either of 2H, H, F or HB will prove best.
® Pencil pointer {file or sandpaper pad}; pencil eraser,
erasing shield; dusting brush.

& Templates {or both lead and ink drawing, for different
thickness of lines and for various uses, i.e., lettering, circles,
curves, symbols, etc,
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Drawing Office Practices

Simpl frechand sketches are convenient {orerunners to
final working frequently used for preliminary studies or to
illustrate an explanation during a discussicn. They are also
the logical way far the building designer to convey his ideas
to the draftsman. They may be used for developing plans
by testing a number of aiternative designs or for evolving
detail drawings of complex building elements. They are
particularly usefui in recording details and dimensions
from existing structures or prefabricated units.

A soft pencil, eraser, inexpensive paper and a clipboard
complete the sketchers equipment. Principal lines are
sketched lightly using a number of short strokes. Once the
joining points have been established and lines are satisfac-
torily straight, they may be darkened as needed to give
emphasis and easy reading. Although they are not given a
scale and need be in only approximate proportion, all

rmaacirmenante chonld ha slaarly chaum with moncion
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lines and legible figures and symbols.

Just as with final drawings, plan (1op} and section (front
+ side) views are simplest 10 sketch and dimension. How-
ever, isometric sketches are useful in presenting a more
pictorial view of a structure.

When a final design has been chosen, it is drawn with
instruments on tracing paper so that prints tmay be readily
made. A 70;75g paper is usually sufficient. However, if
many prints are to be made a heavier paper should be used.

Plastic tracing fitm is a new material which is more
durable for handling and storage and has the advantage
that ink can be removed with a moist eraser. It is however
much more expensive than iracing paper and requires the

use of special lead and drawing pens, since its surface is,

nauch harder.

Vhatever paper is chosen, it is best to use drafting tape
to affix it 1o the table as the low adhesion allows easy
removal without damage.

Drawings should always have borders and title boxes as
shown in Figures 1.2 and 1.3. The wide border on one side
allows several drawings to be bound together. The titie box
provides identification of the drawing, the designer, the
draftsman and a date. The revision table above the box
keeps an accurate record of all revisions.

Prints of the originals will be folded to A4 if stored in
folders or binders. The title box should be visible on the
folded print and it sheuld be possible ie unfoid the print
without taking it cut of the binder. The drawing originals
should never be folded!

Before starting to draw, one should estimate how large

tha fioure vill he and rentar it An tha nans A warthuwhils
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aid to include is a small figure identifying the location of a
detail drawing, in relation to the master plan.

If text is to be writien on the drawing, it will normally be
placed on the right or the bottom part of the drawing, The
text is used to explain symbols, methods of notation and
abbreviations used in the drawing. It is also possible 10 give
directions about materials, designs, surface treatments,
assembly locations, etc.

Capital letters of a straight upright type are used on
building drawings:

Clear lettering can be produced as easily and as swiftly as
scratchy letters, by using the correct technique. Form each
character by using a sequence of separate, simple strokes

Figure 1.2a A4 and A3.

Figure 1.2 Borders for various drawing formats.

Figure 1.2b A2, Al ond AO.
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Figure 1.3 Tirlebox with revision rable.

for the lines and bows. Use the least possible pressure and
hold the pen upright and at 45° angle to the line of writing,

Suggested heights for the letters are: 3mm for textin the
figures, measurements and descriptive text; 5 and Tmm for
headings and for drawings which are going to be reduced.

Lettering will normally run from left to right on the sheet
and be parallel 1o the bottom edge. When it becomes
necessary for lettering to rur vertically, it sheuld always
run from the bottom upwards. (This applies alse to strings
of dimensions).

Horizontal guidelines are essential unless the draftsman
is very experienced and skillful. They may be drawn lightly
in pencil for subsequent erasure when the lettering is inink
or may take the form of a closely gridded sheet laid under-
neath the tracing paper.

Letters and words are spaced by eye rather than by
measuring. If the proportion, form and spacing of the
letters is properly executed, the result will be legible and
pleasing to the eye,

ABCDEFGHIJKLMNOPQRS
TUVWXYZ 12345678910
abcdefghijklmnop gretuvwxyz

CLEAR LETTERING CAN BE PROPUCED AS EASILY
VUSING THE CORRECT TECHNCHY FTTERS
l] l‘I:"'

o

GUIDELINES

Figure 1.4 Letrering on building drawings.

The thickness of lines should be chosen so that the
figures on the drawing are easy to read. The outer contour
of the building and the walls between rooms should be
thicker than equipment, fittings and measurements. The
major outline will then be noted first and the details later.

The view should be chosen so that a minimum of hidden
contours need be shown. Concealed contours and those in
front of the cut are shown with broken or dotted lines, but
should be included only when necessary to aid in the
interpretation of the drawing.

It requires practice to draw lines of even thickness and
blackness with lead. It is imperative to use a pencil with a
sharp point. By rotating the pencil while drawing, the point
will stay sharp longer. A/l lines should be drawn with the
help of a ruler, except when sketching or drawing a
perspective,

Dimensions are a very important part of the drawing
and must be unequivocal and complete. No measurements
should have to be calculated by the one who is using the
drawing. Duplicate dimensions should be avoided since
one may be forgotten if a change is made,

Dimensions should be easy to read and placed where the
reader will expect to find them. They should appear 1mm
above the line and be placed so that they can be read either
from the bottom or the right edge of the drawing. Dimen-
sions should appear outside the figure if it does not make
interpretation difficult. Related dimensions should be
placed together, preferably in the same string. Dimensicons
may be given in a chain (See Figure 1.5a) or from a
commen point (Figure 1.5¢), the latter being used mainly
when surveying existing buildings.

Contour lines on maps, site plans and master plans are
drawn as unbroken lines to show the levels after the site
work has been completed. The levels, as they were before
the huilding activities started, are drawn with broken lines,
Contour lines are not shown within structures. Sze Figure
L.6.

Sometimes outer walls and room-dividing walls are
shaded with a pencil for emphasis. Alternatively, thicker




lines may be used. Elevations are maore attractive if shad-
ows are shown under the roof, in windows, doors, etc. In
addition, the use of hatching to show the texture of the
surfaces of the face-work will provide a better impression
of how the finished building will appear.

e MO0 LT L0 LW0, X,

'

a Partial measurements in a chain.

150
5001 70 L
T
ﬂy._@f‘q%\?;f 15 DR B—
150 50
T 200+150 « 50 + 200

b Incase of lack of space the measurements can be shown
with arrows or on an extended line.

= .

L1

&) 2000 ., 3200, 4100, 5000, 8000

¢ Measuremenis given from a common starting point.

- oo
- 620, 125 a0
Plan

+ 620 .
R _ 15 R + 400
Section

d Indication of levels and siopes in a plan and section.
Flgure 1.5 Techniques for giving dimensions.

Note that the lines indicating the limits of the dimension do
not touch the figure.

A wide range of transfer symbols is available including
symbols used for hatching, letering, furniture, electrical
equipment, water equipment, v:getation, ctc. It is also
possible 1o make symbols and copy them on self-adhesive
transfer plastic in a photo-copy machine. However, dry
transfer symbols may not adhere permanently and thus be
lost, See Figure 1.8,

Conventions of various kinds are used to give a graphi-
cal indication of different materials. Where hatching is
used, it should be kept simple. Some conventions in com-
mon use are given in Figure 1.9, i other conventions are
used their meanings should be explained on the drawing.
However, different materials are generally more clearly
indicated by a proper annotation and this alse allows the
specification of qualities, etc.

Hatching and shading, especially if done with a pencil,
are often done on the back of the drawing in order to avoid
blackening and to make it easier to make any revisions on
the drawing.

Drawing Reproduction

Prints of the original drawings are always used to present
the project to the client, government authorities, manufac-
turers, building contractors, etc. In practically all cases,
one of the following processes will be used:

Electro-static copying, used in most modern photocopy-
ing machines, has the advantage that the original may be
on opaque paper. But most machines have a maximum size
of A4 and even very expensive machines will not go beyond
the A3-size.

The diazo or dyeline process relies upon ultra-violet light
passing through a translucent original and activating diaz-
onium salts carried ot ithe copy paper. The image thus
formed is developed by the action of ammonia vapour ora
liquid develper. Most machines in this ficld wilt take paper
up to 1200mm wide and, if supplied in roll form, virtually
unlimited length. Paper is also available in standard
A-formats.

Where no machines are available copies can be made by
exposing the sensitized paper overlaid with the translucent
original to sunlight for a few minutes and then developing
the copy with ammonia.

Prints arc available in three colours: black for architec-
tural drawings, blue for design drawings and red for instal-
lation drawings.

Diazo copying requires high contrast between lines and
background. If {for some reason lines drawn in lead are noi
sealed or the background has been blackened by loose
graphite, the copy will come out blurred, or with a dark
background.

When drawings are submitted for printing, they should
be rolled with the side camrying the text outwards, other-
wise they may make a roll inside the printing machine and
be destroyed.

Due to shrinking or the method of copying, prints are
seldom absolutely to scale. Accordingly, one should never
obtain dimensions by measuring on a construction draw-
ing, with a scale on the print!
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Figure 1.6 Drawing contour lines.

Diazo process originals can also be duplicated on plastic
tracing film giving copies with brown lines which can
themselves be copied on paper. Such copies may be used
where, for example, a basic plan view is to be converted
into various installation drawings ctc.

Original drawings should be stored unfolided either
hanging or lying on shelves or in drawers. A simple hanger
can be made {rom a piece of cardboard with two clothes-
pegs glued 1o the surface as shown in Figure 1.10.

The drawings should be stored in a cool, dry and dark
room. Itis well to note that a large stack of drawings can be
very heavy and put a considerable load on shelves, drawers
and hanger rails. Dust can be a problem in the dry season
and if shelves are used, measures for control of termite and
insect attacks may be necessary.

Copies can be stored in the same way as originals or, in

addition, folded in binders or rolied. They should be stored
in darkness to avoid fading.

As the number of copies and originals increase in the
drawing office through self-production or by obtaining
from other sources, it is useful to have an indexing system.,

Documentation of a Building Project

A building project normally requires several types of draw-
ings which will be discussed in sequence in this section. In
small- and medium-sized projects, two or three drawings
may be combined into one, whereas in large projects each
title listed may require several drawings. One should not
include so much information on one drawing, that inter-
pretation becomes difficult.
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SYMBOLS FOR WATER INSTALLATION SY4BOLS FOR ELE CTRICAL INSTALLATILN

e Celling switth
EC’DK "_\_; \Wash hand basin f Cord opernted ceiting switch
V ﬁ Two way switch
< .
:@ Sink ond drier .’ . J One way * itch
— »e S One way .. gong swich
; @ Push switch
Shower
=3 Electric befl
O O x (alig lghting point (butb)
_| Snower tray {ﬁ} : Leiling lighing poirt with drop cord
6 x {eling lighting point { bulh) i section
i KD X Wail lighting point (bulb}
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P Pump
Electric cooker
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Soil vent pipe
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Figure 1.8  Symbols for installations in buildings.
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Figure 1.9 Symbols for materials.

Site Plan
Scale 1:1000. 1:500, or 1:200

The location of the building in relation to its surround-
ings, including:

& Existing buildings, roads, footpaths and graveled or
paved areas,

® The topography of the site with both existing and
finished levels;

® Plantings, [encing, walls, gates, etc.;

® North point and prevailing wind direction;

® The extent of earth works including cutting, filling and
retaining walls.

Plan of External Service Runs
Scale 1:500, or 1:200
The layout of external service runs including:

Electricity, telephone;

Well or other source of water;

Drainage (run-off rain water, ground water);
Drainage (waste water, urine, manure);
Sanitation (septic tank, infiltration).

External service runs are often included in the site plan
or the foundation plan.

Foundation Plan
Scale 1:200. 1:100 or 1:50

® Earth work for foundation;
& Drainage;
®  Footings and foundation.

Hook cut incardboard
or metal hook used
!

.Lardboard

‘/

Figure 1.10  Simple cardboard hanger for drawings.

M M
U L

=
Clothpegs glued to tardboard

Plan View
Scale 1:200, 1:100 or 1.50

Outer walils;

Load bearing walls;

Partitions;

Main openings in walls and pactitions (doors and
windows);

Door sitings;

Stairs in outline;

Fixed equipment, cupboards and furniture;

Sanitary fittings;

Major dimensions of rooms, openings and wallbreaks
and their positions;

® Section and detail indications;

® Room names;

¢ Grid and column references (when applicable),

® In multi-siorey buildings a plan is required for each
floor.
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Section
Scale 1:100 or 1:50

& Structural system for the building;

® Major dimensions of height and levels and roof slopes:
® Annotalions on maierials for walls, ceiling, roof and
floar;

¢ Foundation (il not in separate foundation plan).

Elevation
Scale 1:.200, 1:100 or 1:50

Doars:

Windows,

Miscellaneous external components;

& Shading and hatching for texture of facing surfaces
{optional);

& Dimensions of all projections from the building includ-
ing rool averhangs.

& 8 ®

Details
Scale 1:20, 1110, 15, [L2or I

The information that a builder needs Lo know for each
element of the building he is to construct may be classified
as follows:

Whar has 10 be installed ot erected, including information
about its nature and physical dimensions.

Where it is to be placed, demanding graphic and dimen-
sional information regarding its location.

How it is to be placed or fixed in relation to adjacent
clements.

The designer must inciude all details necessary for the
builder to complete all elements of the building, When
standard practice, general specifications or buiiding codes
are not followed, it is particularly important o include
complete detail drawings, annotations and specifications.

Where prelabricated elements are used, for example
windows, a specification rather than a detail drawing is
adequate. This allows the builder to chose the least expen-
sive alternative that meets the specification.

Where machinery and equipment require special foun-
dattons, supports, openings and cavities, the required
detail drawings will, in most cases, be supplied by the
manufacturer.

Oftten there is no need to produce detail drawings specifi-
cally for each projeci. An established drawing office will
have detail drawings covering the most frequent require-
ments which may be affixed to current projects,

Plan of Electrical Installations
Scale 1:200, 1:100 or 1:50

#® Incoming power supply and all wire locations;
®  Main swilch, fuses, meter;
* Location of machinery and swiiches;
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# Location of lighting points and switches, internal and
external,

®  Sockets;

® Annotations and dimensions.

Plan of Water and Sanitary Installations
Scale 1:200, 1:100 or 1:50

Pump, pressure tank, storage tank:

Water heater:

Water pipe locations;

Tapping points, valves and control equipment;
Waste water pipe location;

Waste water drains; sanitary installations;
Annotations, dimensions, levels, slopes.

LI B BN A BN

List of Drawings

Where there are several drawings for a building project loss
or omission of a single drawings may be avoided by listing
all of thern on an Ad paper. Information on iatest revisions
will ensure that all drawings are up to date,

Technical Specifications

The technical specifications should set out quality stand-
ards for materials and workmanship in respect to building
elements that have been described in the drawings. Where
general specifications are available they are commonly
referred to and only divergencies are specified in the tech-
nical specilications.

However, in drawings for small- and medium-sized farm
building projects, one tends to include much of the infor-
mation normally given in the specifications, directly onthe
drawings.

As a basic rule, information should only be given once,
either in the specifications, or on the drawing. Otherwise
there is a risk that one place will be forgotien in a revision
and thus cavse confusion.

Functional and Manage.nent

Instructions

Frequently information has to be transferred to the person
using a structure {0 enable him to utilise it in the most
efficient way cr the way intended by the designer. In, a pig
house, for example, different types of pens are intended for
pigs of certain age intervals. Alleys and door swings may
have been designed to facilitate handling of pigs during
ttansfer between pens. 1n a grain‘store the walls may have
been designed to resist the pressure from grains stored in
bulk to a specified depth.



Bill of Quantities

The bill of quantities contains a list of all building materials
required and is necessary to make a detailed cost estimate
and a delivery plan. It can not be produced however, until
the detailed working drawings and specifications have been
completed.

Cost Estimate

The client will requirc a cost estimate 10 determine whether
the building should be constructed or not. He needs to
know whether the proposed design is within his financial
means and/or whether the returns of the intended use of
the building will justify the investment.

Time Schedule

A simple progress chart as shown in figure 1.11 will consid-
erably facilitaie the planning of the building operations
and subsequent activities.

The farmer may obtain information on when he and any
farm labourers will be involved in construction operations,
when animals and feed should be delivered, when a breed-
ing programme should be started or the latest starting date
for the construction of a grain store to be completed before
harvest. All this is the type of information needed to enable
the returns of the investment to be collected as early as
possible. A contractor will require a more detailed chart for
the actual construction operations to promote an econom-
ical use of labour, materials and equipment.

Specifications, bill of quantitics, cost estimating and
time scheduling will be further dealt with in Chapter 6.

Projections
Projections are oiten useful in presenting a proposed build-
ing to someone who is not familiar with the presentationin
plan, section and elevation drawings.

However, the rural population, in particular illiterates,
may understand pictures and illustrations in a different

way than intended or not at all. Even the idea that a
message can be contained in a picture and that something
can be learned from it can be new. This is mainly because
they do not see many pictures and have not learned to
understand the symbolic language often used in illustra-
tions. Some of the most common difficulties in compre-
hension of illustrations involve close- up illustrations
where a part, e.g., a person’s hands or head, is used to
represent the whole. While too much detail, particularly in
the background may be confusing, outlined or stick figures
contain too little detail, and are not as recognizable as
toned-in line drawings. Perspectives, where objects in the
distance are drawn smalier can present difficuities as can
pictures of small items, e.g. insects, drawn to a much larger
size than the actual. Best understood are pictures contain-
ing a single message and portraying a cuiture, e.g., persons
or clothinyg that the viewer can identify with.

Isometric or oblique projections are useful in presenting
a pictorial, although slightly distorted, view of a structure
and are particularly suitable for free-hand sketching. The
axonometric projection is best suited to chow the interior
of rooms with its furniture, equipment or machinery. The
two point perspective is a bit more complicated to con-
struct, but gives a true pictorial view of a building as it will
appear if standing at about the same level as the building
and at some distance.

All types of projections can be constructed to scale, but
they become really useful to the building designer once the
technique is so familiar that most of the details in the
drawing and eventually even the major contours of the
picture may be drawn frechand.

Isometric Projection

With isometric projection, horizontal lines of both front
view and side view of the building are drawn 1o X° from
the horizontal using dimensions to scale. Vertical lines
remain vertical and the same scale is used. Curved and
slanted lines are developed by working within lightly
sketched squares or rectangles, which are erased after use.

Activities menth nc

11234

910111712} 13[146 (15

Prepare working drawings

Prepare biils of guantities -

Tendering =

Site clearing & Excavation

Burlding operations

Delivery of feed & animais

Commencing farrowing

G| =[] -] it &) |~

Commencing sale of pigs

Figure 1.11  Time schedule.



Oblique Projection

An oblique projection starts with a front view of the build-
ing. The horizontal lines in the adjacent side are then draw
to an angle, usually 30° or 45°, from the horizontal. The
dimensions on the adjacent side are made equal to 0.8 of
the full size if 30° is used or 0.5 if 457 is used. Curved and
slanted lines are constructed in the same manner as in
isometric projections.

39° 30°

Figure 1.12a [sometric

Figure 1.12b  Obligue projections.

Figure 1.12
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Axonometric Projection

En axonometric prejection the plan view of the building is
placed on the drawing table with its side inclined from the
horizontal at any angle. Usually 30°, 45° or 60° is chosen
since those are the angles of the set squares. All vertical
lines of the building remain vertical and are drawn to the
scale of the plan view,

Figure 1.13  Axonomelric projection.

Perspective

The different technical terms used in perspective drawing
can be explained if you imagine yourself standing in front
of a window looking out at a building at some angle so that
two sides of the building are visible. Trace on the window
pane the outline of the building as you see it through the
giass. You have then just made a perspective drawing of the
building and if the glass could be removed and laid on the
drafting table the drawing would look like any perspective
drawing made on paper.
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Station point is the viewing point, supposedly occupied
by the eye of the observer. The viewing poini is also deter-
mined by the eye level, usually assumed to be 1.7m above
ground level. Looking across a large body of water or a
plain, the sky and water/ground appears {0 meet in the
distance - the horizon line. This must always be considercd
present even when hidden by intervening objects. The
horizon line is at eye level.

When standing and looking down a straight road, the
edges of the road appear to meet at a point - the vanishing
point, which is on the horizon line and therefore also at eye
level.

Similarly parallel horizontal lines of a building appear to
meet at vanishing points, one for each visual side.

The outline of the building was broughi to the window
by vour vision - vision rays. The picture was traced on the
window pane, which therefore can be cailed picture piane.

Since the technigue with a window pane obviously can
not be used for a proposed but still non-existing building,
the perspective has to be constructed from available docu-
mentation. A perspective drawing of a building can be
constructed using the plan view or, if several buildings are

' 10 be included, the site plan would be more suitable. In
addition one would require elevations of all visual sides of
the building(s) i.e., in the case of one building the front
elevation and one end elevation.

Construction of a Perspective

Step I Locate a suitable station point (SP).

The distance between the station point and the object
represents the true distance from the viewer to the building
ia the scaie of the drawing. Accordingly, the longer the
distance the smaller the building will appear in the picture.

Nextdraw a centre line of vision i.e., a line from the station
point to the building. Fix the drawing on ihe drawing
board with the centre line of vision {CLV) in a vertical
position and cover with a transparent paper. Check that
the building is falling within a 60° cone of vision, since
parts of it falling outside this cone will appear distorted
when looking at the picture.

Step 2 Locate the picture plane (PP) and vanishing
points (VP).

The picture plane is a line drawn at 90° 1o the centre of
vision line i.e., horizontal on the drawing board. The dis-
tance between the station point and the picture plane will
directly influence the size of the perspective picture. Think
again of the situation where the outline of a building was
traced on a window pane. If the window pane was moved
closer, the outline picture would be smaller. Thus, if the
reader of a perspective drawing is to get an image of the
true size of the illustrated building, he will have to look at
the perspective from the same distance as the distance
between the station point and the picture plane when it was
constructed. Therefore this distance is normally taken to be
400 to 600mm. The vanishing points are then located by
drawing lines from the station point to the picture plane
parallel to the visual sides of the building.

Step 3 Locate the horizon line (Hz) and the ground line
(GL).

The horizon line can be located anywhere on the paper
as long as it is parallel to the picture plane, but leaving
enough empty space to allow the perspective picture to be
constructed around it. The ground line is then drawn paral-
lel to the horizon line at a distance corresponding 1o the eye
level 10 the scale of the drawing, The horizon line will
always be above the ground line if the view point is above

Powve H
T 7 z
IR DR Elas ne mes
1 gl Gt .
|
i PP

Figure 1.14a  Construction of a perspective drawing.




ground level. The vanishing points are then vertically
transferred to the horizon line. 1t is helpful to put needlesin
the vanishing points on the horizon line to guide the ruler in
further construction of the perspective.

Step+4 Locate a height line (HL) and mark the heights on
this line.

True heights of the building can only be scaled on a
height line in the perspective picture. Start by locating a
height line on which heights concerning the front wall can
be scaled. This is a vertical line from the point on the
picture plane where it is crossed by a line extended from the
front wall in the plan view. The point where the height line
crosses the ground line will represent ground level and all
heighs in the front wall can now be scaled from this point
to the scale of the plan view. Top and bottom lines for the
front wall can now be drawn from the vanishing point
through the marks on the height line.

Step 5  Visual rays (VR) to locate points in the perspective
view.

Visual rays are drawn to locate the exact position of the
corners of the front wall in the perspective. The rays are
drawn from the station point through the point 1o be
located in the perspective to the picture plane. From the
picture plane the line is continued vertically to the intersec-
tion with the top and bottom lines. With further visual rays
the outline of the visual walls can be drawn in the
perspective.

Step 6 Further height lines and visual rays.

To find the top line for a double pitched roof a new
height line must be constructed since that height is at a
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plane behind that of the front wall. Visual rays are then
used to find the ends of the ridge. Doors and windows in
the front wall are constructed with the height line for the
front wall and further visual rays to find points in the
perspective.

Step 7 Completing the perspective view.

When the major outline of the building and principal
objects in the visual sides, such as doors and windows, have
been constructed in the perspective view, the drawing tends
to be quite crowded with lines. Further details are therefore
usualty more ¢asily constructed freehand.

Finish the perspective by drawing vegetation and miscel-
laneous objects which will appear in the surroundings of
the building. People in the picture will always be drawn
with their eyes on the horizon line. The size will then
determine the distance to the viewer. Finally cover the
perspective drawing with tracing paper and redraw the
picture leaving out ail the construction lines.

Model Buildings

Any person, including those who have had a good basic
education, will need considerable experience to be able to
visualise fully a building from a set of drawings. The farm
building engineer will therefore soon learn that the average
farmer not only finds it very difficult to understand simple
plan view and section drawings, but may even find it hard
to interpret fully rendered perspectives. However, the fact
that a model, unlike drawings, is thréc-dimensional and
thus can be viewed from all sides brings more realism to the
presentation and usually results in communication and
transfer of ideas.

Figure 1.14b
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There are three types of models in common use for
presentation of farm building projects:

® Three-dimensional maps or site plans are used Lo pres-
ent development plans for large areas or the addition of a
new buiiding on an old site with already existing structures.
These models have contours to show the topography while
struciures are carried out in simple blockform with card-
board or solid wood, usually without any attempt to show
detail,

® Basic study models are used for examination of rela-
tionships and forms of rooms and spaces in proposed
buildings. They are often built in cardboard, and there is
usually livtle attempt 10 show details, although furnishings
and equipment may be indicated. Windows and door
openings are shown with dark coloured areas or left open.
Contours are shown only if they are of importance for the
building layout.

® Fully developed models may be used in extension
campaigns, for public exhibition, etc. These models show
details to scale and have close representation of actual
materials and colours. Part of the roof is left out or made
removable in models aiming to show the interior of a
building.

A sturdy base for the model, made of either plywood or
particle board, not only facilitates handling but also adds
to the protection of the model. For models to be displayed
in public it is advisable to have well finished borders,
preferably in hardwoed and, although expensive, an
" acrylic plastic (Plexiglass) cover, During transport a ply-
wood box, without boitom, fixed to the base of the model
with screws, will give sufficient protection if handled with
care.

The size of the model is determined by the scale at which
it is made and the size of the actual project. While detail is
easier to include in a model made to a large scale, too much
detail may distract from the main outlines and essential
features; and-if too large, the model will be more costly and
difficult to transport. Basic study models are often made to
a scale of 1:50 or 1:100 to aliow for coordination with the
drawings, whil fully developed models of small structures
may be made to a scale of 1:20 or even larger, Whatever
scale is used for the model, it is desirable to include some
familiar objects, such as people or cars, to the same scale as
the model to give the observer an idea of the size of the
actual structure.

The construction of contours and elevations requires
access to a map or a site plan with contour lines to the same
scale to be used in the model. One way of showing contours
is to build up with layers of cardboard or styrofoam sheets
having a thickness equal to the scale of the real diffzrence in
height between contour lines. Employing one cardboard
piece for each contour line, trace the line on to the card-
board using carbon paper, cut out the contour, place it on
the model and secure it with glue. The contours can be
either left as they are, giving sharp, distinet lines or be
smoothed io a morenatural roil, using sandpaper or putty.
For more elaborate models the landscaping may be repres-
ented by painting. Trees and bushes can be made from

pieces of sponge or steel wool on twigs or toothpicks.
Coloured sawdust can be used for grass and fine sand for
gravel, If available, model railroad supplies and other
hobby materials can be useful,

Although the same or close simulations of the materials
employed in the actual building are used for the most
elaborate models, cardboard, or for models made to alarge
scale, plywood, is usually easier 1o work with and can be
finished by painting to represent most types of materials.
Cardboard or plywood of the right scale thickness for use
as walls are often not available, but it will make no differ-
ence as long as the overall scalv dimensions of the building
are maintained. Round wooden posis commonly used in
farm buildings for post and beam or pole construction are
conveniently made from twigs or hardwood sticks. Any
finish on the walls to represent openings or materials
should be applied before the mouel is put together. Neat,
clean-cut lines are easier to accomplish in this way. Whilea
plain cardboard roof is adequate for most purposes, corru-
gated paper painted to a suitable colour may be used to
represent corrugated roofing materials and thin grass glued
on to the cardboard can be used to represent thatch.

Models can be increased in strength and rigidity by
bracing the walls with square pieces of cardboard in posi-
tions where they will not show in the finished model.
Bracing is particularly important in models which are
going to be painted as paint will tend to warp cardboard
and sheet wood if applied over large areas. Regardless of
the material being represented, colours shouid be subdued
and have a flat, not glossy, finish. Distemper or water
colour is best for use on cardboard and unsealed wood, but
care must be taken to remove excess glue as this will seal
the surface and cause the colour to peel off.

A photograph of the model may be used in cases where it
is not feasible to transport the mcviel or when photos need
to be included in information material and the actval
building has not yet been completed. Models often appear
more realistic when photographed, particularly in black
and white, because of better contrast, but adequate lighting
from a direction which produces a plausible pattern or sun
and shadow on the buiiding must be assured. Quidoor
photography allows for a sky or terrain background to be
incorporated into the photograph of the model.

i _Hardwood  tinarders

{ardbodrd  bulding

; Plywood or chipboard bas¢

{8wtt up rapagraphy

Figure 1.15  Basic study model.
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Chapter 2

Surveying

A simple survey of a building site provides accurate infor-
mation needed to locate a building in relation to other

structures or natural features. Data from the survey is then
used far rlra\_mnub a man of the site inclndine contours and
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drainage Lines if needed. Once lecated, the building foun-
dation must be squared and leveled. This chapter will cover
the several procedures involved.

Distances

Steel tapes or surveyor’s chams are used for measuring
distances when stations are far apart and the tape or chain
musl be dragged repeatedly. Linen or fiberglass tapes are
more suitable for measuring shorter distances such as
offsets when making a chain survey, or in laying out a
foundation. To obtain accurate resulis a chaining crew
must first practice tensioning the chain or tape so that the
tension will be equal on each measurement.

Range poles are 2 to 3 metre metal or wooden poles
painted with red and white stripes, and used for sighting
along the line to be measured.

Land arrows come in sets of 10 and are set out by the
lead man in a chaining crew and picked up by the following
man. The number picked up will be a check on the number
of lengths chained.

A field book is used in which to draw sketches and record
measurements,

When measuring for maps or site plans, horizontal dis-
tances are required. Thus when chaining on sloping land,
stepping will be necessary, This procedure allows the tape
or chain to be kept level, as checked with a hand or line

Plumb - bob

The

level, while the point on the ground under the high end of
the tape is located with a piumb bob as shown in Figure 2.1.

Angles

There are several types of tripod-mounted levels available,
some of which are equipped with horizontal rings allowing
them 1o be used for measuring or setting out horizontal
angles. Theadilites are designed to measure or set out both
horizontal and vertical angles. Although these surveying
instruments provide the most accurate means of measuring
angles, they are expensive and rather delicate. Fortunately
much of the surveying of rural building sites involves only
distances, %0° angles and contours which may be measured
or set out with rather simple equipment.

One of the simplest, yet accurate means of setting out the
90° corners of a building foundation makes use of
Pythagora's theorem or the 3. 4, 5 rule (or any multiple of
the same). Starting at the cocner of the foundation site, a
line is stretched representing one side of the foundation.

A distance of 4m along the line is marked. Then another
line is stretched from the corner at approximately 90° and
Im is measured along this line. When using the tape
between the 4m and the 3m marks, the second line is swung
slightly until exactly 5m is measured between the marks.
The first two lines then form a 90° angle.

Figure 2.2 illustrates this procedure as well as the
method of swinging an arc 1o erect a perpendicular.

Two simple instruments for setting out right angles are
the cross stave and the optical square (Figure 2.3). Either
one is mounted at eye level on a range rod at the comer
where the angle is to be set out. In either case the instru-
ment is turned carefully until one line of the right angle can
be sighted. Then the second Tine can be swung slightly until
it can also be sighted.

distance measured in each step
. depends on whether a Heavy Chain
ora Light Tape 5 use

Figure 2.1 Stepping on sloping grbund.
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Figure 2.2a The 3, 4, 3 rule.

AQ = QB
Figure 2.2b  Erecting a perpendicular.

Figure 2.3b  Optical square.

Figurz 2.3

Vertical Alignment

A surveyor's plumb line consists of a sturdy cord, a dis-
tance bar and a conically shaped plumb bob with a har-
dened steel point. It is used for positioning surveying
instruments or when stepping with a tape or chain. It may
also be used to check the vertical alignment of foundations,
walls and posts. A simple plumb line for these latter jobs
can be made from string and a stone.

Surveying 19

-~ Distance bar

L

U- ——— Plumb bob
7,

Figuic 2.4. Plumb bobs.

4

Levelling

Just as in the case of angle measurement, there is a wide
variety of surveying instruments used for leveiling. Most
are designed for accuracy and are rather expensive,
Although built for use in the field or on a building site, like
any precision instrument, they require careful handling
and regular attention to ensure good service.

Fortunately, there are several rather simple devices that
may be used for levelling foundations, running conteurs or
aiding in step-chaining.

Builder's levels are made of wood, plastic or alumninium
and are available in several lengths, one metre being a
convenient size. The bubble tubes are graded for sensitivity
to suit the work. Most are now made of plastic and filled
with fluoroscent liquid, an aid in poor light.

Line levels are designed to hang on a tightly stretched
line. Both of these types are useful in foundation construc-
tion work.

(o0 =500 )

ALUMINIUM LINE AND SURFACE LEVEL

Figure 2.5 Builder's level and line level.

Hapd levels and Abney levels are both hand-held
instruments incorporating a spirit bubble tube and a split
image mirror, Thus, when they are held to the eye and the
bubble centered, one is looking at a point at exactly eye
level, They are useful for keeping a chain or tape horizontal
when stepping and for doing simple contouring. The accu-
racy of work with either of these levels may be improved
somewhat by placing the level on a rod of known length,
still keeping the instrument at approximately eye level, As
they have either a low-power scope or no telescope, they
are only suitable for distances of up to approximately 30
metres,




For leveling the lines used in laying out a foundation, a
builder’s water level is a simple, inexpensive device that
provides a satisfactory degree of accuracy. It consists of a
length of rubber or plastic tubing at each end of which
there is a transparent sight tube of glass or plastic. It works
well over a distance of about 30m and is particularly useful
for transferring levels around corners, from ocutside a
building to inside, or around obstacles where the two
leveling points ase not intervisible. 1t is also a useful tool for
obtaining the slope in pipe runs. Note Figure 2.6 for the
method of use.

.—=woler level ——.
o . -— Gloss tubes -..

L Set corner profiles at one corner as at right.

2 Place hose as shown.

3 Fill with water until water level is at top of corner
profile "A".

4  Mark water level at opposite end B and set profile to
mark.

Figure 2.6 Setting out corner profiles.

Chain Surveying
In achain survey, the area to be surveyed is encliosed by one
or more triangles whose sides are measured and recorded.
Then the perpendicular distance from the side of a triangle
to each point of detail such as irees, buildings, boundaries,
etc. is measured. From this information a detailed plan of
the site can be drawn te scale. A proposed structure may
then be superimposed on the plan and its location trans-
ferred to the actual land site.

The following step-by-step procedure is used in a chain
survey:

1 Make a preliminary survey by walking around the site,
deciding where to put stations and where the main survey
lines should be arranged. Stations should be selected so
that they are intervisible and the lines laid out 50 that
obstacles are avoided. Make a sketch of the site in the field
book (Figure 2.7a).
2 Seithe range poles, chain the triangle sides and record
the distances.
3 Meas..re the perpendicular offsets from the chain lines
to the details of the site. This will be easier to do if the chain
lines have been arranged so that offsets can be kept as short
as possible. Record the measurements in the field book
(Figure 2.7b). Each page should record offsets along one
chain line. Entries start from the bottom of the page and
details are entered to the left or right of the center column
where distances along the chain line are noted.

Not all details are measured by perpendicular offsets.
Sometimes it is more accurate and convenient to use pairs
of inclined offsets which together with a portion of the

chain form acute-angled triangles. Note the top corner of
the house in Figure. 2.7b.

Ragg

1Propopnsed

Figure 2.7a  Field book sketch of the site with stations
and main survey lines.

q-___m.s_!_'!_

\0865

» \':) ¢ LS5
tE
57
- ggh
| 128
£
145

PROPOSEQ
BAR i
%3

s
L)
o

Y
[ =]
~
r
iy

| —————
TR B &7

Figure 2.7b  Field book recordings of offsets along chain
line A-D.
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4 If contour lines need to be included on the map or site
plan, the next step will be to measure levels with a levelling
instrument and a staff. '

The grid method is most commoniy used in connection
with construction projects provided the ground does not
slope too steeply. The grid is pegged out on the site in the
position considered most suitable and levels are taken at
points where lines intersect. Sides of squares may be 5 to
30m, according to the degree of accuracy required. K the
near to each point on a sketch or drawing similar to that
shown in Figure 2.7c. Allernatively staff readings may be
recorded in a field book. Each point has a reference letter
and number.

If all points on Lhe site willi be within range of the
levelling instrument, and providing the staff at each point
can be seen through the telescope, the instrument shouid
preferably be set up near the middle of the site, so that all
readings can be taken from one position. The first staff
reading is made on an Ordinance Bench Mark, {(O.B.M.} if
one is available in the near vicinity, or alternatively on asite
datum which may be assumed 1o be at a reduced level of
10.0m, or any other convenient height.

It is normal practice to leave a number of selected and
carefully driven pegs in position on the site to assist in the
work of setting out when development work commences.

Froni the spot levels obtained by this grid method, the

contours can be drawn, the volume of earth to be exca-
vated can be calee!ated and the average level of the grid can
be determined.
5 Map or site plan. Start by making a scale drawing
showing the main surveying lines. Then plot the offsets to
buildings and other features in the same order as they were
recorded in the fieldbook.

If contour lines are 1o be included start by drawing the
grid to the scale of the drawing. The contour lines may then
be indicated by interpolation. Contour points are plotted
on each line between each pair of spot levels in the grid
assuming the ground has a fairly constant slope, A smooth
curve is then drawn 10 link up points of the same height,
Note that contour lines cannot cross, but only come close
at points where the gradient of the ground surface is steep.

To produce the final map or site plan, cover the prelimi-
nary drawing with tracing paper and draw the final plan
leaving out the survey lines, offset lines and the grid,

Setting out Building Work

Before a decision abou the final siting of a building can be
made, a number of factors have to be taken into account,
Consideration must be given to local authority and plan-
ning regulations, to functional requirements, orientation,
view, prevailing wind, noise, shelter, water supply, access,
slope of ground, privacy, and the type of soil on which to
build.

Orientation can be important. Perhaps the best position
for comfort is an east-west alignment, This arrangement
eliminates much glare by confining the sun’s rays to the end
walis only. 11 also allows cross ventilation - very necessary
when the humidity is high,

I
[

Surveying

-+ Site datum (8dm)

Line A-0

Figure 2.7¢c  Site plan made up 10 scale from field book
recordings. '

To set out a building it is necessary to have a base line
{one side of the building) and a fixed point on the line,
usually one corner of the building. At this point, as at ali
other corners, a peg is first driven and then a nail is driven
in the top of the peg to mark the exact position of the
corner,

The distance from one peg to the next is carefully mea-
sured with a steel tape and the peg and nail firmly driven,
Depending on the size and nature of the building, the
correct position of all other lines and pegs in relation to the
base line and each other may be obtained by means of:

a A levelling instrument fitted with a horizontal circle.
b A cross stave or optical square,
¢ A flexible tape, using the 3:4:5 method.

d - A builder’s square, See Figure 2.8.

Setting oyt Sethng out —
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Figure 2.8 Builder’s square.




Having obtained the direction of all lines, measured all
distances and driven pegs and nails at the points, a check
on the accuracy of the setting out may be made by measur-
ing the overall horizontal distances in both directions.
Pairs of lines should be exactly equal,

Check again on the accuracy of the setting out by meas-
uring the diagonals of the rectangle. For buildings having
sides from 5 to 20m long, the length of the diagonals A and
B in Figure 2.9 should not differ more than 0.5%. If
adjustments are necessary following this check, it is advis-
able to keep the two longest paratlel sides fixed and to
make the required adjustments on the short sides.

Finally check the drawing with the seiting cut to ensure
that lines and corners are in their correct positions and that
dimensions are correct,
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Figure 2.9 Corner profiles and checking for accuracy.

When the setting out and checking have been done
timber profiles are erecied. Profiles consist of horizontal
rails supported by vertical pegs set up clear of the excava-
tion. Inside and outside faces of the wall and the width of
the foundation are marked on the horizontal rail by means
of fine nails or sawcuts. Strings are laier streiched between
these nails or sawcuts on spposite rails to guide the workers
during trench excavation and footing and foundation wall
construction,

Ideally, profiles should be set up for all corners and
internal walls, The profile shown at A in Figure 2.10 should
be located at A, if the foundation area is to be excavated.

Figure 2.10  Plan of walls and profiles.

Excavation Depth Control

When any building work is to be done, it is usually neces-
sary to excavate at least a foundation trench. Frequently, if
concrete is to be used, some excavation is required in order
to make the floor finish at the level required. In addition, it
may be necessary to finish a surface such as a roadway or
ditch-botiom to an even gradient. In all these cases it is
necessary to control the depth of the excavation to ensure
that the correct amount of soil is removed.

L

Sight Rails

Sight rails are made either across the line of an excava-
tion such as a trench as shown in Figure 2.11, or alongside
an area such as a roadway or floor. If the excavation is to
be level, then the tops of the crosspieces must all be at the
same height, If there is a gradient to the excavation, how-
ever, the tops of the sight rails should be at heights such
that they fall cn the same gradient (Figure 2.12).

On a small buiiding site it may be possible to use a long
straightedge with a spirit level to get the sight rails level,
However, with longer excavations or where a gradient is
required, it may be necessary to use a tape and level to get
the appropriate fall from one sight rail to another.

Traveller :
A traveller, also known as a “boning rod”, is ‘T" shaped and
normally wooden. The overall length is the same as the
distance from the sight rail down to the excavation depth
required, as shown in Figure 2.11. It can be an advantage
therefore to set the sight rails up at a known height above
the excavation. For example, a level excavation will nor-
mally be specified as having a minimum depth. If a trench
is required with a minimum depth of say 0.5m and the
ground rises along the length of the trench by 0.7m, then
the first profile must be set high enough for the second to be
above the ground, and a traveller of 1.5m may be used. The
first profile will then be 1m above the ground. Sec Figure
213,

As the excavation progresses, the depth can be checked
by looking across from the top of one profile to another. As
long as the traveller crosspiece an be seen, the excavation
is not deep enough and should be continued until the
crosspiece is just invisible.

Volume of Earth to be Removed

The labor and expense involved in moving soil can be
substantial. Careful planning and volume cstimation can
keep the amount moved to a minimum.

When the land is essentially level, the volume to be
removed from an excavation can be estimated by multiply-
ing the cross section area of the excavation by the length.

Often, however, the land has a considerable slope and
must be leveled before construction can begin. In some
cases the soil must be removed from the site, but frequently
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what is removed from the building site can be use for fill in
an adjacent area. Estimating how much to “cut™ se the soil
removed just equals the “fill” required to give a level site is
somewhat more difficult. Several approaches are
explained in surveying books, but a graphical method
using the information from the site contour map should be
satisfactory for rural building construction.

A scale drawing of the building foundation is made and
the contours syperimposed on it (Figure 2.14a). A line is
drawn through the center of the building plan and a section
constructed using the values obtained from the intersec-
tions of the contour lines and the section line (Figure
2 14b).

{ontours superimposed on
Building plan

Figure2.l14a Contours for establishing a cut and fill line.

A horizontal line is then drawn that is estimated to
produce equal areas for cut and fill. The elevation of the
line indicates an optimum elevation for the building, The
approximate volume to be moved is given by the equation:

V = 14 hbw
K x006%x6%6
= 10.8 m?
Further Reading
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Figure 2.14b, ¢ Estimating cut and fill.

when h = height above line
b = base of cut area
w = width of cut area

If the slope is not as uniform as illustrated in Figure
2.14b, the slope line must be averaged as shown in Figure

2.14c. In this example the volume to be moved is estimated
to be 45.6m?2.

V=1 hbw
=hx19x48x10

When excavated, the volume of firm soil will increase by
approximately 209%. If this soil is used for fill, it must either
be allowed to settle for some time or be compacted to
reduce the volume back to the original before any con-
struction work can begin. In addition, African soils are
generally prone to settlement and erosion. Probiems may
be experienced in wet areas at the edge of the fill if it is not
adequately stabilized with vegetation or a retaining wall.
Therefore the ‘cut and fill* technique should be avoided and
if used, a reinforced concrete footing may be required.
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Chapter 3
Building Materials

Building Materials
A wide range of building materials is available for rural
building construction, The proper selection of materials o
be used in a particular building can influence the original
cost, maintenance, ease of cleaning, durability and of
course, appearance.

Several factors need to be considered in choosing the
materials [or a construction job, including:

1 Type and function of the building and the specific
characteristics required of the materials used, ie., great
strength, water resistance, wear resistance, attractive
appearance, etc.

2 Economic aspects of the building in terms of original
investment and annual cost of maintenance.

3 Availability of materials in the area.

4 Availability of the skilled labour required to install
some types of materials.

§ Quality and durability of different types of materials.

6 Transporation costs.

7 Selection of materials with properties, dimensions and
means of installation that are compatible,

8 Cultural acceptability or personal preference.

Wood

Wood is a commonly used building material in many parts
of the world because of its reasonable cost, ease of working,
attractive appearance and adequate life if protected from
moisture and insects. However, forests are a valuable natu-
ral resource that must be protected, particularly in areas
with marginal rainfall. Thus, as good a material as wood is,
there are regions where other snaterials should be consi-
dered fisst simply on 3 conservation basis,

Wood for building iz available from many different
species with widely varying characteristics, Some species
are used in the form of small poles for light construction
while other species are aliowed to mature so that timber
(fumber in many countries) may be sawn from the large
logs. The species that produce small inexpensive poles in
rather short growing periods often grow in the fringes of
agricultural land and can be used without danger to the
ecology of the region.

‘The various species of wood have a number of physical
characteristics that will be discussed in relation to the use of
the wood in building construction.

Hardwoods vs Softwoods

Wood cut from deciduous trees (those which drop their
leaves sometime during the year) is spoken of as hardwood,
while that cut from coniferous {needle bearing) trees is
spoken of as softwood. Unfortunately, there is no relation-

ship as to whether the wood is actually soft or hard in this
classification. In this book, hardweod respectively, soft-
wood, will be used to classify wood with hard
characteristics.

Wood Characteristics

Strength in wood is its ability to resist breaking when it is
used in beams and columns. Not only is strength related to
the species, but also to moisture content and defects,
Strength is also quite closely related to density.

Hardness is the resistance to denting and wear. Hard
woods are more difficult to work but are required for tools,
tool handles, flooring and other applications subject to
wear, or where a high polish is desired.

Woods that are stiff resist deflection or bending when
loaded. Stiff woods are not necessarily very strong. They
may resist bending to a point and then break suddenly.

Tough woods will deflect considerably before breaking,
Even after fracturing, the fibres tend to hang together and
resist separation. Tough woods are resistant to shock
loading,

Warping is the twisting, bending, bowing distortions
shown by some woods. The method of sawing and curing
affects the amount of warping, but some species are much
more prone to warping than others,

Nail holding resistance for hard woods is greater than
for softer woods. However, woods that are so hard that
they are subject to splitting when nailed, lose much of their
holding ability. Pre-boring to 75% of nail size avoids
splitting.

The warkability such as sawing, shaping and nailing is
better for soft, low density woods than hard woods but
they usually cannot be given a high polish.

Narural decay resistance is particularly important in the
warm humid regions of East and Southeast Africa, Thereis
a wide range of resistance shown by different species.
However, {or all species, heartwood (darker center area of
the tree) is more resistant than the sapwood (lighter outer
area of the tree). In addition to selection for natural decay
resistance, wood preservatives should be considered where
contact with the ground is likely.

Paimt holding ability differs between woods, and as a
rule this should be considered when selecting materials.

Defects in Wood

Defects to watch for in selecting timber are:

Brirtle heart, found near the centre of many tropical
trees, makes the wood break with a brittle fracture.

Wide growth rings indicate rapid growth resulting in
thin-walled fibres with consequent loss of density and
strength.
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Fissuresinclude checks, splits, shakes and resin pockets.

Knots are the part of a branch which has become
enclosed in a growing tree. Dead knots are often loose
thereby reducing the effective area which can take tensile
stress. Knots also often deflect the fibres reducing strength
in tension.

Decay, which resulis from moisture levels between 21
and 25% in the presence of air, reduces the strength of the
wood and spoils its appearance.

Insect damage caused by borers or termites.

The fungi which feed on wood can be divided into three
main categories: staining fungi, moulds and decay fungi.
All these fungi thrive under moist conditions. The staining
fungi live mainly on the sapwood but they may penetrate
deeply into the wood and spoil the timber’s attractive
appearance. The monlds do not penetrate below the sur-
face and they do not scem to affect the strength of the
wood, but they look unsightly. The decay fungi eat the cell
walls of the wood. This causes the tree to lose its strength
and often reduces it to a crumbling, rotting mass. These
decaying {ungi never attack timber which is seasoned to a
moisture content of less than 20% and which is kept well
ventilated and dry.

The main species of borers which attach tropical woods
are the pinhole borer and the Lyctus or powder post beetle,
The pinhole borer attacks newly felled logs and sometimes
standing trees. The attack can occur within hours of fzliing.
The bectles do not normally continue to sperate in sea-
soned timber. The powder post beetle attacks seasoned
tropical hardwoeds - particularly those which contain
starch on which the larvae feed. Timber is sometimes
sprayed in the yard to protect it until it is transported.

Termites are normally of two kinds, the drywood types
which are able to fly, and the subterranean type. Termites
usually operate under cover and it is only after the first
signs of damage appear that the full exient is realised.
Flying termites usually enter the end grain of untreated
timber and build up acolony from inside, finally devouring
ail the interior wood and leaving only a thin skin behind.
Some subterrancan termites, white ants, operate from a
central colony and travel in search of food, Their nests or
hills sometimes achieve great size and house millions of
ants. No timber is completely immune to attack from ants
or other insects, but there are great variations among the
speicies.. The density of the timber is no guide to its resist-
ance to termite damage, some of the lighter timbers being
more immune than heavier varieties.

Weathering is the disintegration of wood caused by
alternate shrinkage and sweliing due to rain, rapid change
of temperature, humidity, and the action of sunlight. Paint-
ing, properly carried out, dogs much to prevent weather-
ing, The paint must be of external quality, however, and
anplied according to the maker’s instructions.

Poles and Timber

Woaoden Poles

In agricultural buildings, wood is often used in the form in
which it has grown, i.., round poles. In some areas where

enough trees are grown on the farm or in local forests,

" wooden poles can be obtained at very low cost. These poles

have many uses in small building construction such as
columns for the ioad bearing structure, rafters, trusses and
purlins. Smaller dimension sticks are often used as wall
material or as framework in mud walls. '

Where straight poles are selected for construction, it will
be as easy to work with round timber as with sawn timber.
However, somewhat crooked poles can also be used if they
are turned and twisted and put into positions in which the
effects of the bends are unimportant,

Round timber can generally be considered stronger than
sawn timber of the same section area, since the fibres in
round timber are intact. The pole is normally tapered and
therefore the smallest section area, the top end, must be
used in calculation of compressive and tensile strength.

A great number of species can be considered when select-
ing poles for building construction, but only a limited
number are available on the commercial market. Some
species are more suitable for silvicullure (growing on
farms) and silvipasture (growing on pastures) than others,
but must always be selected to suit local climatic and soil
conditions. Generally there are several species suitable for
each location that are fast and straight growing and pro-
duce strong and durable timber. Some species will, in
addition to building poles or iimber, produce {odder for
the animals, fruits, fuelwood, etc.

Many species of eucalyptus, from which gum poles are
obtained, are very fast and straight-growing hard woods.
However, they warp and split easily. Dimensions suitable
for building construction are obtained by harvesting the
still immature trees. Gum poles provide a strong and dura-
ble material if chemically treated.

In high altitude areas several species of acacia produce
good building poles. Acacia melanoxylon (Australian
Blackwood) is very resistant to attack by termites, but
grows a bit slower than eucalyptus. In low to medium-
altitude areas with sandy soils and low rainfall, Casuarina
Species produces straight and durable poles,

Pole connectors.

Figure 3.1



Cedar posts for fencing are obtained by splitiing large
logs. The posts are durable, resistant to rot and attack by
termites. They are aiso suitable for wall posts in building
construction.

In coastal areas, mangrove poles are widely used for
posts in walls and trusses in roofs.

Unprocessed round wood material can be joined by
being nailed or tied with string or wire. A special connector
has been developed to join round wood in trusses where
several members may have to be connected at each paint,

Sawing Timber

The rate at which a tree grows varies with the scason, The
resulting growth rings of alternate high and [ow density
form the grain in the sawed timber (lumber). The method
of sawing has considerabie effect on the appearance, resist~
ance to warping, shrinking, paint holding ability and wear
resistance of the {inal piece.

There are several methods of sawing a log into boards
and planks giving different ways for the growth rings to
relate to the surface, i.e., more or less parallel to the surface
in plain sawn and at right angles in radial sawn.

Radially sawn boards shrink less and are less liable to
cup and twist and are easier to season. Unfortunately,
methods of cutting which produce a high proportion of
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quarter sawn timber are wasteful and therefore only used
to produce material for high-class joinery work. See
Figures 3.2 and 1.3,

Offcuts

Because the tree is tapered and cylindrical and boards and
planks are rectangular, the outer pieces will come off with
tapered edges and less than full dimensions throughout the
length. Such pieces, called offcurs, can be sometimes
obtained at low cost and used for rough building.

Seasoning of Timber

The strength, stiffness and dimensional stability of wood is
refated to its moisture content, Hence, if wood is dried
{(scasoned) before use, not only can higher strength values
be used in design, but a more durabie structure will result.
Indeveloping countries, most timber is not seasoned and it
is sold in what is called its green state,

Timber must be stacked, supported and sometimes
retrained so as to minimize distortion during seasoning. If
drying is too rapid, the outer parts, in particular the unpro-
tected ends, shrink before the interior, surface checking
and splitting result, and ring and heart shakes may extend.
Some timber species are more difficult to season satisfac-
torily than others.
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Figure 3.2 Methods of sawing timber.




28

g, N
e

- (Y

@mnln BEST
ME QM

Cupping of plain sawn
bhoords caused by greater
shaortening of Longer
growth nngs  dryng

frain {slashk )
Sawn

R odinl sown

Ovailing

Dramonding
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Air Seasoning

Timber should be protected from rain and from the ground
and stacked so that air can circulate frecly around all
surfaces. Thus the risks of twisting and cupping and attack
by fongi and insects are minimized. In favourable condi-
tions, thin sofiwoods can be air seasoned in weeks but in
unfavourable conditions some hardwoods require a year
Or more.
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Figure 3.4 Air drying of timber.

Artificial Seasoning

Artificial seasoning can be either moderate or rapid
depending on the temperature of the air injected into the
chamber where the timber is piled, and the rate at which the
air is circulated and extracted from the chamber. This
method is expensive and can only be applied on smail
quantities of timber. Timber can be artificially seasoned
from the green condition, but often hot air scasoning is
used only at a later stage after most of the moisture has
been removed with air seasoning.

Smoke seasoning is a moderate proeess and involves
placing the timber over a bonfire. it can take a month or
two depending on the size and type of wood being sea-
soned. This method is considered to be both a seasoning
and a treating method for timber. Presumably it protects
the 1imber against pest attacks and increases durability.
However, it is not very reliable and can lead to splitting of
the timber because of lack of control of the heat from the
bonfire.

Care of Seasoned Timber

Timber should be protected from moisture on the building
site, Close piling and covering with tarpaulins delays the
absorption of atmospheric moisture, particularly in the
interior of the pile,

Timber Grade Standards and Sizes

Grades

Grades are established by various government agencies.
Even within one country more than one grading system
may be in use. For small construction jobs, the grade may
not be important, but in large projects where materials are
bought by specification, it is important to indicate the
grade standard being required.

Grades that provide specific information in structural
design are most vseful. For instance, the grade standard
established by the Kenya Bureau of Standards iilustrates
this point in Table 3.1,

Table 3.1 Timber Grades.and Applications
Grade
F Furniture, high-class joinery

GJ Genz:al joinery

$75  Stmuctural grade, having a value of 75% of basic

Applications

siress .

S50  Structural grade, having a value of 50% of basic
stress

C A general construction grade for non-stressed
construction

L A low grade for low-quality work

Itisthe S 75 and S 50 grades that are significant in building
construction as will be seen in later sections.




Sizes

Timber in East and Southeast Africa is available in a
number of S.1. metric sizes, but not all are available in all
localities. The dimension indicates actual size as sawn.
Smoothing will reduce the timber to less than dimension
size,

Timber Measurement for Trade

Timber is normaily sold in metre {(or foot) running length;
however, the price may be calculated per cubic metre when
sold in large quantities. Basic lengths are from 1.8 (0 6.3m
although pieces more than about 5.1m are scarce and
costly. Timber normally comes in running lengths, that is,
not sorted for length.

Strength of Wood

Building materials of any type which are loaded are said to
be subjected to a fibre stress. The safe fibre siress for a
material is the load which the material will safely resist,
Wood, like other materials has safe fibre stress values given
in N/fmm? which have been determined by destructive
testing to get [irst an ultimate stress, and then, by the use of
various correction and safety factors, safe fibre stresses to
use in designing.

Table 3.2 lists basic wdrking stress values for several
types of loading in 5 strength groups. Table 3.3 divides
some representative species into the strength groups to be
used in Table 3.2.

There are dozens of additional species of trees found in
East Africa many of which are used only in very local areas.
In order to obtain approximate working stress data for
these indigenous species, their densities may be used to
place them in the proper group for Table 3.2. If the density
is not known, a good approximation can be found quite
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easily. A bucket, a graduated cylinder (millilitres) and an
accurate scale for weighing a sample of the wood will be
needed. The procedure is:

1 weigh the sample,

2 place bucket on a level surface and fill to rim with
water,

3 carefully submerge sample and then remove,

4 refill bucket from graduated cylinder, noting the
amount of water needed to refill the bucket.

5 Density = weight/volume = kg/m?

6 Place species in appropriate group using appropriate
density column for a green or dry sample. See Table 3.2,
column 3 or 4.

Table 3.2 lists basic working stress valucs. For design
purposes these should be adjusted for anumber of different
variables including: grade, moisture content, duration of
load, exposure, and use of the structure,

Grades
According to Kenya Forest Department the grades should
be used as follows

Use
Grade | 75% of basic working stress value
Grade 2 50% of basic working stress value
Grade 3 35% of basic working stress value
Grade 4 159 of basic working stress value
Moisture

Table values need to be reduced when timber is installed
green and will re..iain wet and uncured continuously. Use
Figure 3.5 to find a suitable stress value for green wood
corresponding to the dry value in Table 3.2,

Table 3.2 Guide to Basic Working Stresses Values and Module of Elasticity for Timber

Maximum compression Max. shearing
Max. bending strength strength
Strength Strength Density Density sirength and Modulus of
group rating green 12% M.C. tension || to grain elasticity
litograin  Liograin  Beams Joinis
kgim* kg/m? N/mm? KN/ mm? Njmm? N/ mm? Nfmm! B/mm?
i Weak < 510 < 406 10 40 25 0.6 0 04
2 Fairly
strong 521-650 401-500 5 6.0 [0.0 1.2 L.} 16
3 Strong 651830 50E-640 20 1.5 13.0 20 e 24
4 Very sitong E31-1040  541-800 L} 9.0 200 32 24 35
5 Exceprionally
sirong > 1041 3. H] 50 10.5 29.0 5.0 32 41
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Table 3.3 Some Representative Timbers Grouped
According to Strength and Density

Group  Latin Name Common Name

Pinus radiata 12yr Young pine
Polyscias kikayuensis ~ Muati

2 Cordia abyssinica Muringa
Pinus patula (17yn)*  Pine
Pinus radiaia {1 7yr} Pine
Cupressus lusitanica**  East African Cypress

3 Podocarpus
Juniperus procera
Detea usambarensis
Acacia melypoxylon
Grevillia robusta Grevillia/ Silky Oak
Vitex keniensis* Vitex; Muhuru/ Mern Ouk
Prerocarpus angolensis Muninga
Khay anthotheca Alrican Mahogany
Eucalyptus regnans Australian Mountain Ash

Podof Musengera

African Pencil Cedar/ Muarakwa
East Alrican Camphorwood; Muzaiti
Australian Blackwood

4 ‘Cassipourea malosana  Pillarwood; Musaisi
Dombeya poetrenii Mucko
Eucalyptus saligna Saligna gum/Sydney blue gum
Premna maxima® e
Alzelia quanensis Alzelia
5 Olea hechsieten East Alrican Olive/ Musharags

* gne group lower in compression perpendicular to grain
** one group lower in joint shear

Exposure

Timbers exposed to severe weather and decay hazards
should be designed using a 25% stress value decrease,
particularly for columns and for bearing points.

Timber Preservation

The main structucal softwood timbers of East and
Southecast Africa are not naturally durable. If used in
conditions subject to fungal, insect or termite attack, they
will fail after some time. To avoid this, the timber used in
permanent structures should be treated with a preservative.

Effective preservation depends on the preservative
and how it is applied. An effective preservative should be
poisonous to fungi and insects, permanent, able to pene-
trate sufficiently, cheap and readily available. It should not
corrode metal fastenings, nor should the timber be ren-
dered more flammable by its use, It is sometimes desirable
to have a preservative-treated surface which can be
painted.

If a structure is correctly designed and built, and the
moisture content of its tirber does not exceed 20%, then a
preservative treatment is generally unnecessary as protec-
tion against fungal attack. Where the above conditions are
not present, however, there will be a risk of fungal decay,
and proper preservation is recommended.

Wood Preservatives

Creosote is an effective general purposc preservative,
cheap and widely used for exterior work and to a lesser
degree inside. It is a black to brownish oil produced by the
distillation of coal-tar, and has many of the properties
required of a preservative, but it increases flammability, is
subjecl to cvaporation, and creosoted wood cannot be
painted. It should not be used on interiors if the character-
istic smell would be objectionable. Unfonunately creosote
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caution.

Cogl-tar as a preservative is not as effective as the creo-
sote produced from it. Tar is less poisonous, it does not
penetrate the timber because of its viscosity, it is blacker
than creosote and it is unsuitable for interior wood work.

Unleachable merallic salts dre mostly based on copper
salts, A combination of copper/chrome/ arsenate is used.
The copper and arsenical salt are the toxic preservatives
which are rendered nonleaching {cannot be washed out) by
the chrome salt acting as a fixing agent. The timber is
impregnated by a “vacuvm-pressure” process. Preserva-
tion by metallic salt is being increasingly used since the
treated surfaces are odourless and can be painted or glued.

Waier-soluable preservatives are not satisfactory for
exterior use, as they are liable to be removed from the
timber by rain, They are, however, very suitable for interior
work, as they are comparatively odourless and colourless,
and the timber can be painted.

Used engine oil can often, at least in small quantities, be
obtained free of charge. The oil contains many residual
products from combustion and some of them will act as
preservatives, but it is not nearly as effective as commercial
preservatives. It can be thinned with diesel fuel for better
penetration. The combination of 40/ of used engine oil
and {{ of Ddeldrin is a viable alternative in rural
construction.

Methods of Wood Preservation

To be effective preservation three main metheds of
preservation:

1 Pressure impregnation of timber placed in a horizontal
steel cylinder is one of the best ways to apply preservatives
into the wood. Creosote is the main preservative used, but
unleachable metallic salts are also commonly applied by
this method. Water-bome preservatives must be applied
with the pressure treatment if the timber will be exposed to
rain or ground moisture. Surface-applied water-borne pre-
servatives quickly leach away lcaving the timber
unprotected.

2 Open tank treatment, known as steeping or soaking is
used for relatively small guantities of timber.

2 Hot and cold steeping. The tank with the preservative
and timber is heated 1o nearly boiling, held for one to two
hours and then ailowed to coel. During the heating period
the cells and the air in the cells expand and some of the air is
expelled. As the timber and preservative cool the timber
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contracts and the partial vacuum created causes the liquid
to be gradually absorbed into the timber.

b The timber can be steeped in either hot or cold preser-
vative, but it is not as effective as hot and cold steeping.
Creosote or metallic salts can be applied by these methods.

3 Superficial preservation includes dipping, spraying and
brush application. None o' :hese surface treatments are as
effective as the pressure and open-tank systems, as the
preservative only penetrates the timber slightly. The wood
must be seasoned and the surface shounld be dry and clean
before application. Greater penetration generally results if
the preservative is applied hot, especially if creosote is used.
The timber should have two coats at Jeast; the first coating
allowed to dry before the next is applied. Creosote is the
most common preservative used for this method. Superfi-
cial treatment with clear liquids is not recommended since
the proper application is difficult to control.

Manufactured Building Boards
There are a number of building boards made from wood
veneers of the waste products af the timber industry that
are convenient and economical materials to use in building
construction. In general, they offer excellent bracing for
the building frame and a saving in {abor because they are
available in large sizes requiring a minimum of fitting.
Some manufactured boards are designed with rather
specific characteristics such as fire resistance, ease of clean-
ing, high insulating value or resistance to weathering,

Plywood

Plywood is produced by gluing together three to seven
veneers that have been peeled from logs. The grain of each
succeeding veneer is turned 90° from the previous ome,
resulting in a board that has considerable strength and
rigidity in all directions, Waterproof glue is most com-
monly used giving a product that is highly resistant to
moisture. Waterproof glue panels should always be chosen
{or farm buildings. As the wood itself is not waterproof, the
panels are still subject to swelling and shrinking from
moisture changes.

THREE PLY

Figure 3.6 Plywood.

Grades of Plywood

Plywood is generally given 4 to 5 grades based on the
appearauce of the surface veneers. Each panel has a double
letter grade, i.e., as to indicate the grade of the face of the
panel and the back of the panel. The top-grade surface is
generally free enough from defects to be finished naturally,
while the second-best grade is good for painting. Lower
grades are used for structural applications where appear-
ance is of little significance. Theoretically from 10 to 15
different grade combinations are possible. In actual prac-
tice only part of them will be available from the timber
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Sizes of Plywood Panels

The Kenya Bureau of standards lists twelve panel sizes and
9 different thicknesses, Combining grades, panel sizes and
thicknesses, there are numerous possible combinations,
howevei, only a few will be manufactured. The most com-
mon panel size is 2400 by 1200mm in thicknesses of 9, 12,
15 and 19mm.

Plywood as Structural Members

Plywood panels are made from many different species of
wood and have a wide range in strength and stiffness.
Either the manufacturer or a trade association which pub-
lishes grade standards to which manufacturers adhere, can
provide specific strength characteristics for plywood. In
general, plywood panels should equal or exceed the
strengths shown in Table 3 4,

Table 3.4 Safe Spans for Plywood Panels Paralled to
Grain of Plvs

Load
167Pa 4790Pa
Thickness {170kg/ m?) (490kg/ m?)
Ymm 400mm _—
12mm 600mm -
15mm 7H0mm 300mm
19mm 925mm 400mm

MULTI PLY




Other Manufactured Boards
Blockboards and laminboards are made of strips of wood
from 8 to 25mm wide, glued together and covered with one
or more veneers on each side. At least one pair of corres-
ponding veneers will have the grain at right angles to the
grain of the core. Thus, if the finish grain is to run parallet
with the core, there must be at least two veneers per side.
The same 12 panel sizes listed for plywood ate also listed
for the blockboard. However, the thicknesses are greater,
ranging from 15 to 50mm i 5mm increments. The same
appearance, giades and types of glue listed for plywood
also apply to blockboards. Blockboard panels are often
used for doors.

Figure 3.7b  Particle board.

Farticleboards are formed by pressing chips or {lakes of
wood between pairs of heated platens so that the particles
lie in random fashion with their longer dimensions paraliei
to the surface of the board. The chips are bonded with
thermosetting synthetic resins. Depending on the size of
the particles, these boards are variously known as particle-
board, chipboard or waferboard. Strength and rigidity
generally increase with density, but that alone is not a
measure of quality, as moisture resistance varies consider-
ably and most particleboards should not be used in moist
locations,

Softboards are made from uncompressed woodchips or
sugarcane fibres mixed with water and glue or resins,
giving a density below 350kg/ m®. They are inexpensive and
can be used for wall or ceiling surfaces that are not subject
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to high moisture conditions. Softboards have little resist-
ance to rupture and must be supported frequently (300 to
400mm) when installed. The 2400 by 1200mm size is most
common in thicknesses of 6.4 to 2Smm.

Mediumboards, having a density ranging from 350 to
800kg/ m3, are used for paneling, in particular those having
a density at the higher end of the range. The 2400 by 1200
size is most common and thicknesses range from 6.4 to
19.0mm.,

Hardboards are made of wood fibres compressed to
over 800kg/m?. They are usually smooth on one surface
and textured on the other. The 2400 by [200mm size is
most common in thicknesses of 3 to 12.7mm. An oil-
treated grade labeied “tempered” has good resisiance to
moisture.

Other Wood Products

Woodwool slabs consist of fong wood shavings mixed with
cement and formed into slabs 25 to 100mm thick and with
a high proportion of thermal insulating voids. Although
combustible, they are not easily ignited and provide good
sound absorption.

Shingles are cut from clear rot-free timber logs. They are
made about 2mm thick at the top end and [0mm thick at
the bottom and usually about 400mm long. Some woods
need treatment with preservatives before being used as
roofing shingles, whereas others will last 10 to 15 years
without treatment.

Sawdust is a by-product from sawmills. It is a good
natural insulating material and also a good bedding mate-
nal for use in animal housing,

Wicker made from shrubs, bushes and trees is used
cither directly for fencing or wall-cladding or can be sealed
by smearing on mud, plaster, eic.

Other Organic Materials

Bamboo

Bamboo is a perennial grass with over 550 species found in
the tropical, subtropical and temperate zones. It contains a
large percentage of fibre which has high tensile, bending
and straining capacity.

However, bamboos have some shortcomings which
{imit their application. The fow durability of bamboo con-
stitutes one of its most serious defects along with its flam-
mability and its tendency to split easily. This usually pre-
vents the use of nails. Cutting a notch or a mortise in a
bamboo drastically reduces its ultimate streagth. The
remedy is the use of nodes as places of support and joints,
and the use of lashing materials (strings) in place of nails.
Dry bamboo is extremely susceptible to fire, but it can be
covered or treated with a fire retarding material.

The strength properties of ‘bamboo vary widely with
species, growing conditions, position within the culm, sea-
soning, and moisture content. Generally bamboo is as




strong as timber in compression and very much stronger in
tension. However, bambc o is weak in shear, only about 8%
of compressive strength where timber normally has 20 to
30%. It is mainly used in building construction for wall
poles, frames, roof construction, roofing and water pipes,
and after splitting, to form flattened boards or woven wall,
floor and ceiling panels.

New stalks of bamboo are formed annually in clumps
growing out of the spreading roots. The individual bam-
boo shoots complete their growth within a period of four to
six months in the first growing season. A strengthening
process takes place during the subsequent two to three
years and the culm reaches maturity after the fifth or sixth
year or even later depending on the species. It must be cut
before blooming since it looses its resistance and dies after
blooming. Some bambous grow to 35 metres in height
while others are no more than shrubs. Diameters may vary
from 10 to 3mm.

To fit
vertikal
memhler

Wire orvine
binding

Doubie butt
bent jeint

Tounge bent tight across
member and tied

Connection of bamboo
“oround pins

Figure 3.8  Lashing bamboo joints.

Bamboo without proper scasoning and preserving
treatment will rot and be attacked by insects particularly so
if used in moist locations such as in earth foundations.

Bamboo Joints

As nailing causes splitting and notching, drastically reduc-
ing the strength of a bamboo culm, lashes are generally
used as binding elements in framing. They may be split
from the bamboo itself, or made from vines, reeds or bark
of certain trees. Soft galvanized wire is also used for bind-
ing. When bending, bamboo can be kept from splitting by
boiling or steaming and bending it while hot.

Splitting Bamboo

Several methods can be used fos plitting bamboo culms.
The edges of the strips can be razor-sharp and should be
handled carefully. See figure 3.9.

Figure 3.98 Make four cuts in the upper end of the culm
with a splitting knife.

>/ S W

Figure 3.9b  Split the culm the rest of the way by driving a
hardwood cross along the cuts.




Figure 3.9c Use a knife to split the harder outer sirip
from the soft, pithy inner strip which is usuatly discarded.

Figure 3.9 Splitting bamboo culms.

Bamboo Preservation

Immediately after cuiting, the fresh-cut lower end of the
culm should be dusted with insecticide. The bamboo is
then air seasoned for 4 to 8 weeks depending on the
ambient humidity, The bamboo should be stacked well off
the ground so that air can circulate freely. When the culms
have dried as much as conditions will permit, they should
be trimmed and all cut surfaces immediately dusted with
insecticide, The seasomng is finished in a well-ventilated
shelter where the culms are protected from rain and dew. If
the bamboo is to be stored for a long time, stacks and
storage shelves should be treated with an insecticide every
six months. Bamboo which has already been attacked by
nsects, fungus or rot should never be used for consiruc-
tion. Culms which have fissures, cracks or cuts in the
surface should also be rejected.

Natural Fibres

Natural fibres have been used for building since ancient
times. Fibrous materials can be used by themselves as
roofing material or for walls and mats. Naturai fibres can
also be combined with hydraulic-setting binders to make
various types of roofing boards, wall boards, blocks and
shingles. Animal hair is often used as reinforcing in plaster.

Thatch

Thatch, whether grass, reeds, palm or banana leaves, is
susceptible to decay due to attack by fungi and insects and
to destruction by fire. Preservative treatment is desirable
but expensive, A treatment combining copper sulphate,
sodium chromate, and acetic acid reduces attack by rot and
may considerably increase the life span of a thaiched roof,
See Chapter 5.

Grass
The use of thatched roofs is common in many countries
and suitable grass can be found almost everywhere. When
well laid and maintained it can last for 10 to 20 years or
longer.

A good quality thatching grass must be fibrous and
tough with a minimum length of one metre. It should also
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have thin stems withonut hollows, a low content of easily
digestible nutrients and the ability to withstand repeated
wetting without decaying.

An annual treatment with a mixture of the following
chemicals will improve fire resistance of a thatched roof
and also give some protection against decay; 14kg Ammo-
nium Sulphate, Tkg Ammonium carbonate, 3.5kg Borax,
1.5kg Boric acid, 7kg Alumn, 200kg water.

Reeds

Reeds must be dry before use as building material and can
be impregnated or sprayed with copper-chrome preserva-
tives to prevent roiting. Ammonium phosphate and
ammonium sulphate are used o protect the reeds against
fire. See Chapter 5.

Reeds can be woven into mats for use as wall or ceiling
panels, shade roofs, etc. The mats can be easily plastered.
In tropical areas thatch from untreated reeds may last only
one year, but if well laid, treated and maintained, it can last
510 10 years.

Sisal Stems

Before dying the sisal plant will, at 7 to 12 years of age,
shoot a pole to carry the flowers. The pole may reach a
height of 6m or more and has a fibrous circumnference,
which makes it tough, but the inner parts are quite soft.
Sisal poles have limited structural strength and durability,
but are sometimes used for wall cladding in semi-open
strucwures, such as maize cribs, The poles can be split and
are joined in the same way as bamboo.

Sisal Fibre

Sisal fibre is one of the strongest natural fibres. It has
traditionally been used as a reinforcement in gypsum plas-
ter sheets. Sisal fibres have the ability to withstand degra-
dation due to bacteriological attack better than other
organic fibres, but are attacked by the alkalinity of cement.
However, research has been carried out to make sisal fibre,
Iike other natural fibre composiies, a reliable cement rein-
forcement for long term use in exposed situations. See
Secticn Fibre Reinlorced Concrete.

Coir Waste

Coir is the by-product of coconuts. The husk is used for
making coir mats, cushions and as fuel. It can be mixed
with cement, glue or resins either to produce low density
boards having good insulating and sound absorption
properties, or be compressed to make building boards. It is
also used as reinforcement in cement for making roofing
sheets.




Elephant Grass

Elephant grass is a tall plant similar to bamboo, but with
the difference that the stem is not hollow. The fibres of the
grass can be used to partly or wholly replace the asbestos in
flat and corrugated roofing sheets. However the sheets are
more brittle and have a slightly lower strength than
asbestos-cement sheets.

Straw

Baled straw, if supported by a frame work of wooden
poles, can be used to construct temporary walls. Straw has
also been used as raw material for manufactured building
beards. Straw and split bamboo can be cement-plastered
to permanent structures such as vaults and domes at low
cost.

Natural Stone Products

Natural stones are strong in compression and are generally
extremely durable, although deterioration may resuit from
soluble sait action, wetting and drying, or thermal move-
ment. According to the manner of their geological forma-
tion, all stones used in building fall into one of three classes:
igneous, sedimentary or metamorphic.

Igneous rock are mostly very hard and difficult to cut to
size and shape. However, the are very Jurable.

Sedimentary rocks such as sandstone and imestone are
used extensively for building. They are not difficult to work
and yet are quite durable. Coral stone is found in coastal
arcas where chips or small stones are used in mud walls.
Coral stone is also cut into blocks, and although not very
strong, can be used in foundations and walls in multi-
storey houses.

Metamorphic stones consist of older stones which have
been subjected to intense heat and pressure causing struc-
tural change. Thus, clay becomes slate, limestone marble
and sandstone quartzite, Slate develops cleavage planes
during formation. Roofing slates are split along these
planes. They make very durable roof surfaces, but require
strong frames because of their heavy weight.

At the building site the stones can be dressed to obtaina
smooth surface. Often only the side or sides that will be
visible are dressed.

Stones may also be used in the forms and sizes in which
they naturaily occur and be imbedded in mortar fot foun-
dation and wall construction, Stones are also crushed and
sorted for size and use. Small size crushed stone is used in
making concrete. Large sizes are used as hardcore for
filling purposes.

Earth as Building Material

Earth is one of the oldest materials used for building
construction in rural areas, Advantages of earth as a build-
ing material are:

1 It is resistant to fire.
2 Iltischeaper than most alternative wall materials and is

readily available at most building sites.

3 Ithas very high thermal capacity that enables it to keep
the inside of a building cool when the outside is hot and
vice versa,

4 ltis a good noise absorbent.

§ It is casy to work using simple tools and skills.

These qualities encourage and facilitate self-help and
community participation in house building.

Despite its good qualities, the material has the following
weaknesses as a building material:

I It has low resistance to water penetration resulting in
crumbling and structural failure.

2 It hasa very high shrinkage/swelling ratio resulting in
major structural cracks when exposed to changing weather
conditions.

3 Tt has low resistance 1o abrasion and requires frequent
repairs and maintenance when used in building
construction,

However, there are several ways to overcome most of
these weaknesses and make earth a suitable building mate-
rial for many purposes.

Soil Classification

Soil and earth are synonomous when used in relation to
building construction. It refers to subsoil and should not be
confused with the geological or agricultural definition of
soil, which includes the weathered organic material in top-
soil. Topsoil is generally removed before any engineering
works are carried out, or before soil is excavated forusc as
a building material. Mud is the mixture of one or several
types of soil with water.

There are several ways in which soil may be classified: by
geological origin, by mineral content {chemical composi-
tion), by particle size or by consistency (mainly related to
its moisture content).

Particle Size

Soils are grouped and named according to their particle
size, as shown in Table 1.5,

Grading
The soil materials in Table 3.6 seldom occur separately and
this necessitates a further classification according to the
percentage of each that the soil contains. This is shown in
the soil classification triangle from which it can be seen
that, ior example, asandy clay loam is defined as soil which
contaius 50 to 809 sand, 0 to 30% silt and 20 to 30%; clay.
Only a few mixes can be used directly as found for
building construction with good resulis. However, many
mixes can be improved to make good building material by
correcting the mix and/or adding stabilizers.




Building Materials 31

Table 3.5 Classification of Swil Particles
Size of
Material particles Means of Field Identification
Gravel 60-2mm Coarse pieces of rock, which are round, flat or angular.
Sand 2-0.06mm Sand breaks down completely when dry, the particles are visible to the naked eye
and grinty 1o the fingers.
Silt 0.06-0.002mm  Particles are not visible to the naked eye, but slightly gritty to the fingers.
Moist lumps can be moulded but not rolled into threads. Dry lumps are fairly easy
to powder.
Clay Smaller than  Smooth and greasy to touch. Holds together when dry and is sticky when moist.
0.002mm
Organic Upto Spongy or stingy appearance. The organic matter is fibrous rotted or partiaily
several cm rotted vegetation, It has the odour of wet decaying wood.

Gravel, sand and <ilt are sometimes subdivided into coarse, medium and fine fractions.

Sandy clay

N
Sandy clay loam ..~

Silty clay
___%__Silty clay loam

Sand — o / - Silt
$ . ; 2
0 0 20 2| L0 5 & W 8 % 100
Sandy laam | [Lm._:am | sitty toam
Silt %

Figure 3.10  Soil classification triangle.

The clay fraction is of major importance in earth con-
struction since it binds the larger particles together. How-
ever, soils with more than 3005 clay tend to have very high
shrinkageswelling ratios which, together with their ten-
dency tc absorb moisture, may result in major cracks in the
end product. High clay soils require very high proportions
of stabifizer or a combination of stabilizers.

Some soils produce unpredictable results due to unde-
sirable chemical rzactions with the stabilizer. Black cotton
soil, a very dark coloured clay, is an example of such a soil.
Generally soils which are good for building constructicn
purposes, are characterised by good grading, i.e. they con-
tain a mix of different sized particles similar to the ratios in

Table 3.6, so that all voids between larger particles are
filled by smaller ones. Depending on use, the maximum
size of course particles should be 4 te 20mm.

Laterite soils, which are widely distributed throughout
the tropical and subtropical regions, generally give very
good results, especially if stabilized with cement or lime.
Laterite soils can be best described as highly weathered
tropical soils containing varying proportions of iron and
aluminium oxides, which are present in the form of clay
minerals, and usually large amounts of quartz. Their
colours range from ochre ihrough red, brown or violet 1o
black. The darker, the harder, heavier and more resistant
to moisture it is. Some laterites harden on exposure to air.




Table 3.6  Soil Grudings Suitable for Construction

Clay Silt Clay & Sand
Use % % Si% %

Gravel Sand & Cobble
% Gravel% %

Soluble
Salis%

Organic
matter?

Rammed
earth 5-20 10-30 15-35
walls

35-80

Pressed
soi} 5-25 15-35 20-40
blocks

40-80

Mud .
bricks 10-30 10-40 20-50 50-80
(adobe)

Ideal,

general 15 20 35 60
purpose

mix

0-30 30-80 0-10 0-0.3 0-1.0

0-20 60-80 — 00.3 0-1.0

— 50-80 — 0-0.3 0-1.6

If the soil at hand is not suitable it may be improved oy adding clay or sand. The best soils for construction are sandy
loam and sandy clay loam. Sandy clay gives fair results if stabilized.

Plasticity Index

Clays vary greatly in physical and chemical characteristics.
Because of the extremely fine particles it is very difficult to
investigate the properties, but some of them can be conve-
niently expressed in terms of plasticity by using standard
tests,

Depending on the amount of :Enisture in asoil, it may be
liquid, plastic, semi-solid or solid. As a soil dries, the
moisture content decreases, as does the volume of the
sampte. With a very high moisture content the soil will flow
under its own weight and is said to be liquid. At the liguid
limit the moisture content has fallen so that the soil ceases
to flow and becomes piastic, and is continuously deformed
when a force is applied, but retains its new shape when the
force is removed. A further reduction of the moisture
content will eventually cause the soil to crumble under load
and not deform plastically. The moisture content at this
point is known as the plastic limit. The numerical differ-
ence between the moisture content at liquid limit and at the
plastic limit is called the plasticity index. Both the liquid
limit and the plasticity index are affectzd by the amount of
clay, and the type of clay minerals present.

A high liquid limit and plasticity index indicates a soil
that has great affinity for water and will therefore be more
susceptible to moisture movements, which can iead to
cracks,

Soil Testing Methods

As indicated above, some soils are more suitable as build-
ing material than others. It is therefore essential to have a
means to identify different types of soil. There are a
number of methods ranging from laboratory tests to sim-
ple field tests. Lahoratery soil tests are recommended if
production of buildings on a large scale (i.c., several
houses) is intended.

Since soils can vary widely within small areas, samples of
the soil 10 be tesied musi be taken from exactly the area
where soii is going to be dug for the construction. Soil
samples should be collected from several places distributed
over the whole of the selected area. First remove the topsoil
(any dark soil with roots and plants in it), usually less than
60cm. Then dig a pit to a depth of 1.5m and collect soil for
the sample at various depths between 0.8 and 1.5m. The
total volume required for a simple ficld test is about a
bucketful whereas a complete laboratory test requires
about 50kg. Mix the sample thoroughly, dry it in the sun,
break up any jumps and pass it through a 5 to 10mm
screen,

In the laboratory the classification by particle size is
done by sieving the coarse-grained material (sand and
gravel) and by sedimentation for fine-grained material (silt
and clay). The plasticity index is determined with the
Atterberg limit test.

Soil tests will only give an indication of the suitability of
the soil for construction purposes and the type and amount
of stabilizer to be used. However, other properties such as
workability and behaviour during compaction may dis-
card an otherwise suitable soil. Therefore soil tests should
be combined with tests on the finished products, at least
where design and use call for high strength and durability.

Normally for small projects a simple sedimentation test
combined with a bar shrinkage test gives enough informa-
tion about the proportions of various particle sizes and the
ptastic properties of the soil.

Simple Sedimentation Test

This test gives an impression of the grading of the soil and
allows the combined silt and clay contents to be calculated.
Take a large clear glass bottle or jar with a flat bottom and




fill it /3 full with seil from the sample. Add water until the
bottie is 2/3 full. Two teaspoons of salt may be added to
dissolve the soil more rapidly. Close the bottle and shake it
vigorously and allow the contents to settle for one hour.
Shake it again and let it setie for at least 8 hours.

The soil sample should now show a fairly distinct line
below which the individual particles can be seen with the
naked eye. Measure the thickness of the combined silt and
clay layer above the line and calculate it as a percentage of
the total height of the soil sample.
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LY 0
PRSI

Sann Ll

Figure 3.11 Simple sedimentation.

The test tends to give a lower figure than laboratory tests
due to some silt and clay being trapped in the sand and
because some material remains suspended in the water
above the sample.

The main disadvantage with this test is that the silt and
clay fractions cannot be determined separately. Because
silt behaves differently from clay this could result in mis-
taken conclusions about the soil’s suitability for stabiliza-
tion and as a building material.

Bar Shrinkage Test

This test gives an indication of the plasticity index of the
soil, since the shrinkage ratio of the soil when dried in its
plastic state is related to its plasticity index.

WET S0IL BAR

Figure 3.12  Box for bar shrinkage test.
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A wooden or metal box without a top and with a square
cross section of 30 to 40mm per side and a length of 500 to
600msm, js filled with soil from the sample, Before filling,
the soil should be mixed with waier to slightly more than
the liquid limit. The consistency is right when a V-shaped
groove cut in the soil will close after about 5 1aps on the
box. Grease or oil the box, fill with the soil and compact it
well, paying special attention to the corners. Smooth the
surface by scraping off the excess soil. Place the box in the
shade for seven days. The drying can be hastened by plac-
ing the box at room temperature for one day and thenin a
110°C oven until the soil is dry.

If the soil bar after drying has more than three large
cracks in addition to the end gaps the 50il is not suitable.
Measure the shrinkage ratio by pushing the dried sample to
one end of the box and calculate the length of the gap as a
percentage of the length of the box. The soil is not suitable
for stabilization if the shrinkage ratio is more than [0%i.e.
a gap of 60mm in a 600mm long box. The higher the
shrinkage ratio, the more stabilizer has to be used. Shrin-
kage ratio is counted as follows (see Figure 3.12).

Shrinkage ratio =

(Length of wet bar) - (Length of dried bar) |00
Length of wet bar

Soil Stabilization

The main weakness of earth as a building material lies in its
low resistance to water. Overhanging eaves and verandas
help considerably, but tropical rains of any intensity can
damage unprotected walls. Because of the clay fraction,
which is necessary for cohesion, walls built of unstabilized
soil will swell on taking up water and shrink on drying.
This may lead to severe cracking and difficulty in getting
protective renderings to adhere to the wall.

However, the quality as a building material of nearly any
inorganic soil can be improved remarkably with the addi-
tion of the correct stabilizer in a suitable amount. The aim
of soil stabilization is to increase the soils resistance to
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destructive weather conditions in one or more of the fol-
lowing ways:

1 By cementing the particles of the soil together, leading
to increased strength and cohesion.

2 By reducing the movements (shrinkage and swelling) of
the soil when its moisture, content varies due to weather
conditions,

3 By making the soil waterproof or at least less permeable
to moisture.

A great number of substances may be used for soil
stabilization. Because of the many different kinds of soils
and the many types of stabilizers, there is not one answer
for all cases. It is up to the builder to make trial blocks with
various amounts and kinds of stabilizers.

Stabilizers in common use are:

Sand or clay

Portland cement

Lime

Bitumen

Pozzolanas (e.g., fly ash, rice husk ash, volcanic ash)
Natural fibres (e.g., grass, straw, sisal, sawdust)
Sodium silicate (water-glass)

Commercial soil stabilizers (for roads)

Resins

Whey

Molasses

Gypsum

Cow dung

- 80800000 s e e

Many other substances may also be used for soil stabili-
zation although their use is not well documented and test
results are scarce,

Sand or clay is added to improve the grading of a soil.
Sand is added to soils which are too clayey and clay to soils
which are too sandy. The strength and cohesion of the
sandy soil is increased while moisture movement of a clay
soil is reduced. Improved grading of the soil material does
not stabilize the soil to a high degree, but will increase the
effect of and reduce the required amount of other stabiliz-
ers. The clay or clayey soil must be pulverized before
mixing with the sandy soil or sand. This may prove difficult
in many cases.

Portland cement greatly improves the compressive
strength and imperviousness and may also reduce moisture
movement, especially when used with sandy soils. As a
rough puide, sandy soils need 5 to 109, cement for stabiliza-
tion, silty soils [0 to [2.5% and clayey soils [2.5 to [5%.
Compaction when ramming or pressing blocks will greatly
influence the result,

The cement must be thoroughly mixed with dry soil.
This can be rather difficult especially if the soil is clayey. As
soon as water is added the cement starts reacting and the
mix must therefore be used immediately ({ to 2 hours). If
the soil - cement hardens before moulding, it must be
discarded. Soil-cement blocks should be cured for at least
seven days under moist or damp conditions.

Non-hydraulic lime or slaked lim= gives best results
when used with fine soils, i.e., silty and clayey soiis. Lime
decreases moisturc movement and permeability by reac-
tion with the clay to form strong bonds between the soil
partictes. The amount of lime used varies from 4 to 14%.
Limne breaks down Jumps and makes it easier to mix clayey
soils. Curing at high temperatures makes the cementing
molecules stronger and that should be an advantage in the
tropics. The curing time is longer than for soil-cement.

Combination of lime and cement is used when a soil has
too much clay for cement stabilization or too little clay for
an extensive reaction with the lime, Lime will make the soil
easier to work and the cement will increase the strength.
Equal parts of lime and cement are used. Mixing the dry
soil witl: lime first, makes the soil more workable. Blocks
are cured for at least 7 days under moist conditions.

Bitumen (or asphalt) emulsion and cutback are mainly
used to improve impermeability of the soil and keep it from
losing its strength when wet, but may cause some decrease
in dry strength, They are only used with very sandy soils,
since it would be very difficuit to mix them with clayey
soils, Bitumen in its natural form is too thick to be added to
soil without heating, so it has to be thinned with other
liquids to make it workable. The easiest way is to mix it
with water to make an emulsion, After the emulsion has
been added to the soil the water will separate leaving a’
bitumen film on the soil grains.

If the bitumen emulsion is fast-settling, i.e., the water
separates too quickly before it is mixed into the soil, the
bitumen must instead be dissoived in kerosine or naphtha.
This mix is called cutback and shouid be handled with care
since it represents a fire hazard and explosion risk. Aftera
soil has been treated with cutback it must be spread out to
allow the kerosene to evaporate,

The bitumen content used is 2 to 4%; more may seriously
reduce the compressive strength of the soil.

Combination of lime and pozzolana makes a binder
which may be almost as good as portland cement. Itis used
in the same way as a combination of lime and cement, but 2
to 4 parts of pozzolana are mixed to one part of lime and
the curing time is longer than for ordinary cement.

Natural fibres, used in a mixing ratio of about 4%,
greatly reduce moisture movement, but will make dry soil
blocks weaker and more permeable to water.

Sodium silicate or water-glass is best used to coat the
outside of soil blocks as a waterproofing agent.

Cob

Cob is used extensively in tropical Africa, where suitable
soils are obtainable over wide areas. The best soil mix
consisis of gravel, sand, silt and clay in roughly equal
proportions. Sometimes chopped grass or straw is added
to reduce cracking. If the clay content is high, sand may be
added. Laterite makes an excellent material for cob
walling.

When a suitable soil has beerf found the topsoil is
removed and the subsoil dug up. Water is slowly added to
the loose soil, which is kneaded by treading, until the soil




has a wet plastic consistency. Natural fibres are added for
stabilization if required.

The wet cob is rolled into balls or lumps about 20cm in
diameter which are then bedded on the wall to form
courses about 60cm high. The outside of the wall may be
scraped smooth. In arid and semi-arid climates this type of
wall may last for years if built on a proper foundation and
protected from rain by a roof overhang or verandah.

Wattle and Daub (Mud and Wattle)

This method of building small houses is very common
where bamboo or stalks (e.g., sisal} are available. It consists
of a framework of split bamboo, stalks or wooden sticks
supported by wood or bamboo poles. The soil, preparzd as
cob, is daubed on either side of the laths which act as
reinforcement. Most soil is suitable for this construction,
but if it is too clayey, the cracking may be excessive. To
minimize cracking, stones are mixed with the soil or laid in
the wooden skeleton. When mudding the inside of a build-
ing, the soil is ofien 1aken from the floor. Although this
increases the ceiling height, it also makes flooding during
the rainy season much more likely.

During drying, the weig* t of the soil is transferred to the
wooden structure, with _ire total weight of the construction
eventually resting on the poles.

Wattle-and-daub construction generally has a short
lifespan due to erosion of the soil, and the uncven setiling
of poles and damage by fungi and termites. However, the
durability can be improved considerahly (20 to 40 years) by
using a proper foundation, raising the building off the
ground, applying a surface treatment and by using termite-
resistant or treated poles.

Clay/Straw

The technique of building walls of clay/straw has been
highly developed in China where grain storage bins of up to
8m diameter, 8.5m height and 2506 tonnes holding capacity
have been constructed with these materials.

Any type of straw can be used, but it must be of good
guality. The clay should be of strong plasticity, containing
less than 5% sand. Some lime may be added for stabiliza-
tion if the sand content is a bit too high.

First, the straw bundles are produced. The straw is
pruned, levelled at the root ends and then divided into two
halves, which are turned in opposite direction and placed
together so that they overlap by about two thirds of the
length of the straw, The straw bundle is then spread out flat
and soaked with clay mud. A thorough covering of each
straw is essential for the final strength. The straw is then
twisted together and any excess mud removed. The final
clay/straw bundle should be thick in the middle and
tapered at both ends, have a length of 80 to |00¢m and a
diameter at the middle of about Scm. The ideal proportion
of straw and clay is 1:7 on a dry-weight basis.

The clay/straw bundles are placed on the wall either
straight and flat or slightly twisted together. Walls ‘or grain
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bins should have a thickness in centimetres equal to the
internal diameter in metres +12, i.e., a 6m diameter bin
should have a wall thickness of at least 18cm. It is impor-
tant to compact the wall thoroughly during the construc-
tion to ensure high density, strength and durability. The
wall must be built in separate layers, usvally about 20cm,
which are left to dry out 10 about 50% moisture content
before the next layer is added.

Rammed Earth

This consists of rammiag slightly damp soil between stout
formwork with heavy rammers. It makes fairly strong and
durable walls and floors when made thick enough with
properly prepared, stabilized soil.

When used for walls the soil may contain some cobble,
but the maximum size should be less than one-quarter of
the thickness of the wall. When cement is used for stabiliza-
tion it must be mixed with the dry soil by hand or in a
concrete mixer, until the dry mixture has a uniform greyish
colour, The amount of cement required is approximately 5
to 79 for interior walls, 7 to 10% for feundations and
exterior walls and 10 to 15% for floors. The amount of
stabilizer required will vary however with the compeosition
of the soil, the type of siabilizer and the use. For this reason
trial blocks should be made and tested wo determine the
cortect amount of stabilizer.

Water is sprinkied on the soil while it is being mixed. If
the soil is sticky from a high clay content, hand mixing will
be necessary. When the correct amount of water has been
added, the soil will form a firm lump when squeczed in the
hand and just enough moisture should appear on the sur-
face to give a shiny appearance.

After the mixing has been completed the soil should be
placed in the formwork immediately. The formwork can be
either fixed or sliding but must be stout. The soil is placed
in layers of about 10cm and each layer thoroughly com-
pressed with a ram weighing 8 to 10kg before the next layer
is placed. If water shows on the surface during ramming the
50il mix is {00 wet,

If cement or pozzolana has been used for stabilization
the product shouid be cured for 1 to 2 weeks in a moist
condition before it is allowed to dry out. This can be done
by either keeping the product enclosed in the formwork or
by covering it with damp bags or grass which are watered
daily.

Adobe or Sun-dried Soil (mud) Blocks
The best soil for adobe is one which can, when plastic, be
easily moulded into an egg-size ball, and when allowed 1o
dry in the sun becomes hard, shows little deformity and no
mote than very fine cracks. If wide cracks develop, the soil
does not contain enough silt or sand and sand may be
added as a stabilizer.

Preparing the Soil

When a suitable soil has been found all topsoii must be
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removed. Then the soil is loosened to a depth of 15cm.
Water and sand, if needed, are added and worked into the
loose soil by treading barefooted while turning the mass
with a spade.

Water is added slowly and the soil mixed thoroughly
until all lamps are broken up and it becomes homogeneous
and plastic. When it is the right consistancy for moulding it
is cast in a wooden mould made with 1 to J compartments
and with dimensions as shown in Figure 3.13.

Before the mould is initially used, it should be tho-
roughly soaked in oil. Because of shrinkage the finished
blocks will be smaller than the moulds, and depending on
bonding, will give a wall thickness of about 230mm,
270mm and 410mm.

Figure 3.13 Wooden moulds for making adobe blocks.
Made of sawn timber 100%25mm.

Moulding the Blocks
To prevent sticking, the mould must be soaked in water,
before being placed on evel ground and filled with mud.
The mud is kneaded until all corners of the mould are filled
and the excess is scraped off. The mould is lified and the
blocks are left on the ground for drying. Each time the
mould is dipped in water before repeating the process.
After drying for three or four days the blocks will have
hardened sufficiently to be handled and are turned on edge
to hasten drying. After another ten days the blocks can be

stacked loosely in a pile. Adobe blocks should dry out as
slowly as possible 1o avoid cracks, with a total curing time
of at least one month.

The quality of the blocks depends largely on the work-
manship, especially the thoroughness with which they are
moulded. If the quality is good, only one in ten blocks
should be jost due 1o cracking, breakage or deformities,

Stabilized-Soil Blocks

When a suitable soil has been found the topsoil should be
removed and the subsoil dug out and spread out to dry in
the sun for a few days.

Large particles and lumps must be removed before the
50il is used by breaking the larger lumps and passing all the
soil through a 10mm screen. If the proportion of gravel in
the soil is high a finer screen, 4.5 to 6mm, should be used.
The wire screen, usually about one metre square, is rocked
in a horizontal position by one man holding handles at one
end, the other end being suspended in ropes from above.
The amount of loose dry 50il needed will normally be {.4to
1.7 times its volume in the compacted blocks.

Mixing

The amount of stabilizer to be used will depend on the type
of soil, the type of stabilizer and the building component
being made. Table 3.7 and 3.8 gives a guide line to the
necessary minimum mixing ratio of soil-cement for blocks
compacted in a mechanical press. For blocks compacted in
a hydraulic press the cement requirement can be reduced
considerably, whereas a slight increase will be needed for
handrammed blocks. The correct proportion of stabilizer
is determined by making test blocks with varying propor-
tions of stabilizer as described later.

Table 3.7 Cemeni: Soil Raiio related to shrinkage ratio
in the bar shrinkage test

Shrinkage Cement to soil ratio
0-25% : 1:18
25-5% 1:16
5-7.5% 1:14
1.5- W% 1:12

Table 3.8  Cement: Soil ratio related 1o the combined silt
and clay content in the simple sedimentation test

Clay &
silt Interior  Exterior Floor
content  walls walls Foundations slab
0-109% I:16 1:16 I:16 1:8
10-25% 1:22 I:16 1:16 L:11
25-40% 1:22 1:1 1:1! I:1




Table 3.9 Batching for Stabilized-Soil Blocks
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Approx. Requirement Number of blocks per 50kg cement
Proportions cement of loose Size of blocks
cement:soil content s0il per
by volume by weight 50kg cement 290x [ 50 250x 140=9) = 140=120 29071407 140 290=215=140

1:22 5% 1080 litre Job 203 152 130 85
t:18 6% 880 tinre 301 167 125 107 70
I:k6 h 780 licre 268 149 1 95 62
8% 690 litre 135 X1 98 84 54
9% 590 hiure W03 113 a4 72 47
1% 540 litre 187 104 78 &6 43
i:10 % 490 litre 170 99 7l 61 39
1:9 [2% 440 litre 154 85 64 55 6
1:8.5 13% 420 liure 146 8l 61 52 k2
b8 5% 190 litzre 138 76 57 49 32

The importance of thoroughly mixing the dry soil first
with the stabilicer and then with the moisture, in two
distinct steps, cannot be emphasized too strongly,

The quantity of cemient and dry soil is measured with a Hinges
tmeasuring box, bucket or tin, never with a shovel, and put e T
either on a clean, even and hard surface for hand mixing or
into a drum-type mixer {concrete mixer). They are mixed
until the dry mixture has a uniform greyish colour. Water
is added, preferably through a sprinkler, while the mixing
is continued. When the correct amount of water has been
added, the soil, when squeezed into a ball, should retain its
shape without soiling the hand. The ball should be capabie
of being puiled apart without disintegrating, but it should
disintegrate when dropped from shoulder height on to a
hard surface.

Lock

Compaction by Hand-ramming

Moulds with one or more compartments can be made
either from hard wood or steel. The mould shouid have
hinges at one or two corners so that it can be opened easily
without spoiling the block. The mould has no bottom and
is preferably placed on a pallet rather than directly on the
ground when moulding the block.

The mould is treatzd as often as required with oil to
make the block surface smooth and to prevent the biock
from sticking 1o the mould. The soil mixture should be
placed in Jayers in the mould and each layer thoroughly
compacted with a fat-bottomed ram weighing 4 to 5kg.
Each block may need as many as 80 good blows with the
ram. The top of the block is leveled off and the block and
mould carried 1o the curing store where the mould is
removed, and then the whole process is repeated.

Compaction with a Mechanical Press

There are a numerous number of mechanical block-
making machines on the market. Both motor driven, which
can make several blocks at a time, and hand-operated.

Figure 3.14 Mould for hand-rammed stabilized-soil
blocks made of 20mm plane timber.

They all consist of a metal mould in which a moist soil mix
is compressed.

Figure 3.15 Mechanical press for block making.




The moulding for a hand-operated press is done as
follows:

a The inside of the compaction-chamber is cleaned and
oiled and a pallet is placed in the bottom, if required.

b A measured amount of soil mix is poured into the
compaction-chamber and the soil compacted into the
corners by hand.

¢ The lid is closed and the handle pulled down. The
amount of soil mix is correct if the handle can be moved
down to stop a little above a horizontal level,

d The block is ejected and carried on the pallet, to the
curing site and the pallet is returned to the press for re-use.

Curing of Blocks

Soil-cement blocks shculd be placed on the ground in the
shade, as close together as possible and be kept damip (e.g.,
with wet grass). After one or two days the blocks can be
carefully stacked and again kept damp for one to two
weeks. After this period the blocks are allowed to air-dry
for two to three weeks in an openly stacked pile before use,

Testing of Blocks

In the laboratory, dry strength and wet strength are deter-
mined by crushing two well-cured blocks in an hydraulic
press, the first in a dry state, and the second after having
been soaked in watet for 24 hours. Durability is tested by
snesying the blocks with water according to a standard
procedure and making observations for any erosion or
pitting.

In order to find out how much stabilizer is required, the
following simple weather resistance test carried out in the
field may give a satisfactory answer,

At least three different soil mixes having differeni
stabilizer-soil ratios are prepared and at least three blocks
are made {rom each of the different mixes.

Mixing, compaction and curing must be done in the
same way as planned for the whole block production. At
the end of the curing period three blocks are selected from
eack set, immersed in a tank, pond or stream all night and
dried in the sun all day. This wetting and drying is repeated
for seven days.

The correci amount of stabilizer to use is the smallest
amount with which all the three blocks in a set pass the test.
A few small holes can be allowed on the compaction
surface, but if many holes appear on all surfaces the blocks
are too weak, If the blocks have passed the test and the dry
block produces a metallic ring when tapped with a
hammer, they will have satisfactory durability and
hardness,

If the blocks fail the test, the reason may be any of the
following:

Unsuitable soil; insufficient amount of stabilizer; incorrect
type of stabilizer; inadequately dried or lumpy soit; lumpy
cement; insulicient mixing of the stabilizer; too much or

too little water added; not enough compaction; incorrect
curing.

Comparison of Masonry Units Made of

Various Materials
There are many methods of making bricks and blocks,
several of which are suitable for local production since they
are labour intensive but do not require especially skilled
labour.

The decision on which method of block or brick making
to use depends on several factors, such as:

the raw materials available;

the characteristics of the seil;

raw material and production costs;

the requisite standards of stability, compression
strength, water resistance, etc. 3 N/mm? is often regarded
as the minimum compressive strength for use in one-storey
buildings:

® theexisting facilities for the maintenance of production
tools and machines;

#®  the nceded productivity,

Burnt-Clay Bricks

Burnt-clay bricks have good resistance to meisture, insects
and erosion and create a good room environment. They are
medium in cost and have medium-to-high compressive
strength.

Bricks can be made with sophisticated factory methods,
simple labour-intensive methods or a range of mechanized
technologies in between. The labour-intensive production
methods are most suitable for rural areas where the
demand for bricks is limited. The bricks produced by hand
will have relatively lower quality, especiaily compressive
strength, and will tend to have irregular dimensions. How-
ever, they are economical and require little capital invest-
ment or transportation cost. Bricks made in this manner
have been used in buildings which have lasted for centuries.
Their longevity has depended on the quality of the ingre-
dients, the skill of the artisans and the climate in which they
were used.

Brick Making

Four main ingredients are required for brick making: suit-
able clay and sand, water, fuel and manpower. The clay
must be easily available, be plastic when mixed with small
amounts of water, develop strength upon drying and
develop hard and durable use-strength when burned.
Suitable soils contain 25 to 50% clay and silt and 50 10
75% coarser material as determined by the simple sedimen-
tation test. The soil must be well graded. Another test
consists of rolling out by hand on a flat surface a long
cylinder with a 10mm diameter from moistned soil and



Table 3.10  Characteristics of Masonry Unils
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then picking it up by one end and letting it hang unsup-
ported. A soil is adequate for brick making if the piece of
cylinder that breaks off is between 50 and 150mm Jong. In
the bar shrinkage test, using a mould 300mm long and
50mm wide and deep, a suitable soil should show no
cracking or only a little on the surface and shrink less than
7%, i.e., less than 20mm.

The clay is obtained by chipping it out of aclay bank and
when necessary, mixing it with sand to a mixture that will
not crack during drying. Water is gradually added to make
the clay piastic.

In making bricks, the mould must be cleaned periodi-
cally with water. Before each brick is formed, the mould is
sprinkied with sand. A lump or clot of clay just slightly

larger than required for a brick is rolied into a wedge shape
and then in sand before it is thrown, point down, into the
mould. Thrown correctly, the mouid will be completcly
filled and the excess clay is then shaved off the top witha
boweutter. The sand in the mould and on the clot helps
release the newly formed brick.

The bricks should be left to dry for about three days in
the place where they were made. They will then be strong
enough to be stacked, as shown in Figure 3.17, for at least
one week of further drying. Clay tends to become Jighter in
colour when dry and, when sufficiently dried, the brick,
upon being broken in half, will show no color differential
throughout the section area. During drying the bricks
should be protected from rain.




TIE BRICK

Figure 3.17 Stacking paviern for brick drying.

Kiln Construction and Brick Firing
It is during the firing that the bricks receive their strength.
In the presence of high heai, the alkalies in the clay,
together with small amounts of oxides of iron and other
metals, are joined in chemical union with the alumina and
silica in the clay to form a dense and durable mass.

A kiln is a furnace or oven in which bricks are fired or
heat treated to develop hardness. Where brickmaking is
done on a large scale, the firing operation is performed in a

continuous-process kiln referred to as a tunnel kiln. In
making brick on a small scale, firing is a periodic operation
wherein the bricks are placed in the kiln, the fire started and
heat developed, and then, after several days of firing, the
fuel is cut off from the fire and the entire kiln and its load
are allowed to cool down naturally.

BRICK Wall

FIRE T
GRIDS

Figure 3.18  Kiln for brick firing.

The kiln is filled with weli-dried bricks, stacked in the
same manner as during the drying. The top of the stack in
the kiln is then sealed with mud. Some openings are left
through which combustion gases can escape. Pieces of
sheet metal are provided to slide over the openings to
control the rate at which the fire burns.

Although a range of fuels can be used in this kiln, wood
or charcoal are the most common. When the kiln is at the
prime heat for firing, a ¢ -red hue develops (corres-
ponding to a temperature range of 875 to 900°C). This
condition is held for about 6 hours. Sufficient fuel must be
available when the burning starts since the entire load of
bricks might be lost if the fires were allowed to die down
during the operation. Firing with wood will require four to
{ive days.

During the firing the bricks will shrink as much as 105,
As they are taken out of the kiln they should be sorted to
different grades, the main criteria being strength, irregular
dimensions, cracks and sometimes discoloration and stain.

Binders
When binders are mixed with sand, gravel and water, they
make for a strong and long iasting mortar or concrete.
Binders can be broadly classified as non-hydraulic or
hydraulic. The hydraulic binders harden through a chemi-
cal reaction with water making them impervious to water
and therefore able to harden under water. Portland
cement, blast-furnance cement (super sulphated), pozzola-
nas and high- alumina cement belong to the hydraulic



binders. High-calcium limes (fat cr pure limes) are non-
hydraulic since they harden by reaction with the carbon
dioxide in the air, If, however limc is produced from limes-
tone containing clay, compounds similar to those in por-
tland cement will be formed, i.e., hydraulic lime.

Lime
Non-hydraudic lime is high-calcium lhimes that are pro-
duced by burning fairly pure limestone, essentialiy calcium
carbonate, so as to drive off the carbon dioxide leaving
caleium oXide or quicklime. The burning process requires a
temperature of 900 to 1100° C. Quicklime must be handled
with great care because it reacts with moisture on the skin
ang the heat produced may cause burns. When water is
added to quicklime considerable heat is evolved, expansion
takes place breaking down the quick lime pieces to a fine
powder and the resulting product is calcium hydroxide,
also called hydrated lime, or staked fime.

After drying the powder is passed through a 3mm sieve,
and pouted into bags for storage (in dry conditions) and
distribution.

Process Substances Chemically
Burning Limestone - Quick lime  CaCOs3 -
Ca0 + COn
Slaking Quick lime - Slaked lime Ca0O+ H20-
Ca(OH)2
Hardening Slaked lime - Limestone Ca(OH)+CO2-
' CaCOs + H20

Slaked lime is mainly useqd in building because it is fat,
i.e., it makes workable mortar and rendering and plaster
mixes. A lime moriar becomes stiff initially by evaporation
or loss of water to absorptive materials such as bricks, but
subsequent hardening depends on the chemical reaction
with carbon dioxide from the air (carbonation) reforming
the original calcium carbonate (limestone).

Non-hydraulic lime is also produced from limestones
with 2 high content of magnesium carbonate, It is less
easily slaked, but some of the magnesium oxide remaining
unsiaked may carbonate and produce greater strength than
high-calcium lime.

Hydraulic lime is produced by mixing and grinding
together limestone and clay material, and then burning it in
a kiln.

It is stronger but less fat or plastic than non-hydraulic
lime. During the burning the calcium oxide from the limes-
tone will react with siliceous matter from the clay forming
dicalcium silicate. This compound may react with water
forming ‘mineral glue’ - tricalcium disilicate hydrate, The
reaction is slow and may take weeks or months, but after
some time a very good strength is achieved.

The reaction forming dicalcium silicate requires a very
high temperature to be complete. In practical production a
lower temperature of 1200°C is used leaving some of the
ingredients in their original state. Due to the temperature
the himestone will lose the carbon dioxide and thus form
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quicklime. If a correct amount of water is added the quick-

lime will slake forming a fine powder, Note, however, that
excess water will lead to premature hardening due to
hydraulic reaction.

Cement

Portland cement hardens more quickly and develops con-
siderably higher strength than hydraulic lime. This is
because cement contains tricalcium silicate. However, the
manufacturing process is much more complicated than
that of lime. The ingredients are mixed in definite and
controlled proportions and then ground to a very fine
powder. The fine grinding is necessary since the formation
of tricalcium silicate can only take place in a solid state and
therefore only the surface of the partic’ss in the mix are
accessible for the chemical reaction which requires a
temperature of 1250 to 1900°C to be completed.

During the burning the small particles of limestone and
clay are sintered together to clinker. After cooling this is
ground to cement powder, a small amount of gypsum
being added during the grinding. The finer the cement
particles, the larger the surface area which is available for
hydration by water and the more rapid the setting and
hardening occurs. Cement is normally sold in 50kg bags
but occasionally is available in bulk at a lower price.

Ordinary portland cement is the least expensive and by
far the most widely used type of cement. It is suitable for all
normal purposes.

Rapid-hardening portland cernent is more finely ground
and thus has a faster chemical reaction with water and
develops strength more rapidly. It has the same strength
after 7 days that ordinary portland cement has after 28
days. Early hardening may be useful where early stripping
of form work and early loading of the structure is required.

Low-hear portland cement develops strength very
slowly. It is used in very thick concrete work where the heat
generated by the chemical reactions in ordinary portland
cement would be excessive and lead to serious cracking,

Chemistry of Cement

The main components of standard portland cement are:

® Lime (calcium oxide; 669) in the form of limestone
® Silica (silicum dioxide; 22%) a component in most
quartz, which forms the particles of clays

® Aluminium oxide (49} found :r: large quantities in
many clays. The proportion of alumin oxide in the clay can
be adjusted by the addition of bauxit, which is mainly
water soluble aluminium oxide.

Iron oxide (3%) found in iron ore and in clay
Magnesium oxide (29)

Sulphut dioxide (2%)

Miscellanecus components (19}

L I

The manufacturing process aims to produce a material
with a high content of tricalcium silicate, usually 55 to 62%
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of the crystals in the clinker. Other crystals formed are:
about 15% dicalcium silicate, (the same component as the
hydraulic binder in hydraulic lime), 8 10 10% tricalcium
aluminate and 9% tetracalcium aluminate ferrite, Since
cement sinters during the burning it is very important that
no calcium oxide, quicklime, remains in the finished pro-
duct. The quicklime will remain embedded in the clinker
even after very fine grinding and not be available for
slaking until the hardening process of the cement has gone
quite far. When finally the quicklime particles are slaked
they expand and break the structure already developed.
The proportion of limestone in the initial mix must there-
fore be within 0.1%.

When cement is mixed with water the chemical reactions
which are so important for the hardening start. The most
important is the forming of tricalcium disilicate hydrate,
‘mineral glue’, from hydrated calcium oxide and silica.

2(3Ca0-Si0y) + 6H20 = 3Ca0-25i0y3H,0 + 3Ca(OH):
and
22Ca0-8i0) + IH0 = ICa0-28i023H10 + CafOH);2

The reaction between dicalcium silicate and water is
slow and will thus only contribute to the strength of the
concrete after considerable time. Aluminate would inter-
fere with these processes, hence the addition of gypsum at
the end of the manufacturing process. The gypsum forms
an insoluble compound with the aluminate.

In the process of hydration the cement will chemically
bind water corresponding to about cne-quarter of its
weight. Additional water evaporates leaving voids, which
reduce the density and therefore strength and durability of
the end products.

Pozzolana

A pozzolana is a siliceous material which, in finely divided
form, can react with lime in the presence of moisture at
normal temperatures and pressures to form compounds
possessing cementious properties. Unfortunately the
cementitious properties of pozzolana mixtures are highly
variable and unprediciable,

A wide variety of materials, both natural and artificial
may be pozzolanic. The silica content constitutes more
than half the weight of the pozzolana. Volcanic ash was the
first pozzolana used when the Romans made concrete from
it for many large and durable buildings, Deposits of vol-
canic ash are likely (o be found wherever there are active or
recently active volcanoes. Other natural pozzolana are
derived from rock or earth in which the silica constituent
contains the mineral opal and from the lateritic soils com-
monly found in Africa. Artificial pozzolana includes fly
ash from the combustion of coal in thermo-electric power
plants, burnt ciays and shales, blast furnace slag formed in
the process of iron manufacture, and rice husk ash and the
ash from other agricultural wastes,

The energy requirement for the manufacture of portland
cement is very high. By comparison, lime and hydraulic

lime can be produced at less than half the energy require-
ment, and natural pozzolana may be used directly without
any processing. Artificial pozzolana requires some heating,
but less than half as much as is required for lime
production.

Pozzolana and lime can be produced with much less
sophisticated technology than portland cement. This
means that pozzolana can be produced at relatively low
cost and requires much less foreign exchange than cement.
However, it takes two 10 three times the volume of pozzo-
lana required to make a concrete with the same strength as
with portland cement and this adds to the cost for transport
and handling.

The main use of pozzolanas is for lime-pozzolana mor-
tars, for blended pozzolanic cements and as an adraixture
in concrete mix. Replacing up to 30% of the portiand
cement with pozzolana will produce 65 to 95% of the
strength of portland cement concrete at 28 days. The
strength normally improves with age since pozzolana
reacts more slowly than cement, and at one year about the
same strength is obtained.

Concrete _
Concrete is a building material made by mixing cement
paste (portland cement and water) and aggregate (sand and
stone}. The cement-paste is the “glue™ which binds the
particles in the apgregate together. The strength of the
cement-paste depends on the relative proportions of water
and cement; a more diluted paste being weaker. Also the
relative proportions of cement-paste and aggregate affects
the strength; a higher proportion of the paste making
stronger concrete, The concrete hardens through the chem-
ical reaction between water and cement without the need
for air. Once the initial set has taken place concrete cures
well under water. Strength is gained gradually, depending
on the speed of the chemical reaction,

Admixtures are sometimes included in the concrete mix
to achieve certain properties. Reinforcement steel is used
for added strength, particularly for tensile stresses.
Concrete is normally mixed at the building site and placed
in forms of the desired shape in the place the unit will
occupy in the finished structure. Units can also be precast
either at the building site or ai a factory.

Properties of Concrete
Concrete is associated with high strength, hardness, dura-
bility, imperviousness and mouldability. It is a poor ther-
mal insulator, but has high thermal capacity. Concrete is
not flammable and has good fire resistance, but there is a
serious Joss of strength at high temperatures. Concrete
made with ordinary portland cement has low resistance to
acids and sulphates but good resistance to alkalies.
Concrete is a relatively expensive building material for
farm structures. The cost can be lowered if some of the
portland cement is replaced with pozzolana. However,
when pozzolanas are used the chemical reaction is slower




and strength development is delayed.

The compressive strength depends on the proportions of
the ingredients, i.e., the cement-water ratio and the cement-
aggregate ratio. Since the aggregate forms the bulk of
hardened concrete, iis strength will alse have some influ-
ence. Direct tensile strength is generally low, only !/s to
'/ 14 of the compressive strength and is normally neglected
in design calculations, especially in design of reinforced
concrete.

Compressive strength is measured by crushing cubes
having 15cm per side. The cubes are cured for 28 days
under standardized temperature and humidity and then
crushed in a hydraulic press. Charactenistic strength values
at 28 days are those below which not more than 5% of the
test resuits fall. The grades used are C7, C10, C15, C20,
C25, C30, C40, C50 and C60, each corresponding to a
characteristic crushing strengih of 7.0, 10.0, 15.0 N/mm?,
eic.

Table .11 Tvpical Strength Development of Concrete
Average crushing strength
Ordinary portland cement
Storage in
Age air 18°C Storage in
at 65% R H water
test N/mm? N/ mm?
| day 5.5 —_
3 days 15.0 15.2
7 days 220 227
28 days 310 345
3 months 37.2 4.1

(! cement - 6 aggregate, by weight, 0.60 water - cement
ratio).

In some literature the required grade of concrete is noted
by the proportiens of cement - sand - stone, so called
nominal mixes rather than the compressive strength.
Therefore some common nominal mixes have been included
in Table 3.12. Note, however, that the amount of water
added to such a mix will have a preat influence on the
compressive strength of the cured concrete.

The leaner of the nominal mixes listed opposite the C7
and CI10 grades are only workable with very well-graded
aggregates ranging up to quite large sizes.

Ingredients

Cement

Ordinary portland cement is used for most farm structures.
It is sold in paper bags contai~ing 50kg or approximately
37 litres. Cement must be stoved in a dry place, protected
from ground moisture, and for periods not exceeding a
month or iwo, Even damp air can spoil cement. It should
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Table 3.12  Suggested Use for Various Concrete Grades
and Nominal Mixes

Nominal
Grade mix U
C? I:3:8  Strip footings; trench fill

Cl0 1:4:6 {foundations; stanchion bases; non-
1:3:6 reinforced foundations; oversite
1:4:5 concrete and bindings under slabs;
1:3:5 floors with very light traffic: mass
concrete, etc.

Cls 1:3:5 Foundation walls; basement walls;
C20 I:3:4  structural concrete; walls: reinforced
1:2:4  floor slabs; (loors for dairy and beef
1:3:3  caitle, pigs and poultry; floors in
grain and potato stores, hay barns,
and machinery stores; septic tanks,
waler storage tanks; slabs for farm-
yard manure; roads, driveways,
pavings and walks;stairways.

C25 i:2:4  All concrete in milking parlours,
C30 [:2:3  dairies, silage silos and feed and
C35 1:1.3:3  drinking troughs; floors subject to

1:1:2  severe wear and weather or weak
acid and alkali solutions; roads and
pavings frequently used by heavy
machinery and lorries; small bridges;
retaining walls and dams; suspended
floors, beams and lintels; floors used
by heavy, smali-wheeied equipment,
for example lift trucks; fencing posts,
precast concrele components.

C40 Concrete in very severe exposure;
C50 prefabricated structural elements;
€60 pre-stressed concrete.

be the consistancy of powder when used. If lumps have
developed the quality has decreased, but it can still be used
if the lumps can be crushed between the fingers. '

Aggregate

Aggregate or ballast is either gravel or crushed stone,
Those aggregates passing through a Smm sieve are called
fine aggregate or sand and those retained are called coarse
aggregate or stone. The aggregate should be hard, clean
and free of salt and vegetable matter. Toe much silt and
organic matter makes the aggregate unsuitable for
concrete.

Test for Siltis done by putting 80mm of sand in a 200mm
high transparent bottle. Add water up to 160mm height.
Shake the bottle vigorously and allow the contents to settle
until the following day. If the silt layer, which will settle on
top of the sand, is less than 6mm the sand can be used



without further treatment, If the silt content is higher, the
sand must be washed.

Test for Organic Matter is done by putting 80mm of
sand in a 200mm high transparent bottle. Add a 3% solu-
tion of sodium hydroxide up to 120mm. Note that sedium
hydroxide, which can be bought from a chemist, is danger-
ous to the skin. Cork the bottle and shake it vigorously for
30 seconds and leave it standing until the following day. If
the liquid on top of the sand turns dark brown or coffee
coloured, the sand should not be used. “Straw” color is
satisfactory for mosi jobs, but not for those requiring the
greatest strength or water resistance. Note however that
some ferrous compounds may react with the sodium
hydroxide and cause the brown colour.

Grading of the aggregate refers to proportioning of dif-
ferent sizes of the aggregate material and greatly influences
the quality, permeability and workability of the concrete.
With a well-graded aggregate the various sizes of particles
intermesh leaving a minimum volume of voids to be filled
with the more costly cement paste. The particles also flow
together readily, i.c., the aggregate is workable, enabling
less water to be used. The grading is expressed as a percen-
tage by weight of aggregate passing through various sieves,
A well-graded aggregate will have a fairly even distribution
of sizes,

Moisture Comtent in sand is simporiant since sand mix-
ing ratio often refers to kg dry sand and the maximum
amount of water includes the moisture in the aggregate,
The moisture content is determined by taking a representa-
tive sample of | kg. The sample is accurately weighed and
spread thinly on a plate, soaked with spirit (alcohol) and
burned while stirring. When the sample has cooied it is
weighed again. The weight-loss amounts to the weight of
the water which has evaporated, and is expressed as a
percentage by dividing the weighe lost by the weight of the
dried sample. Normal moisture content of naturally moist
sand is 2.5 to 5.5%. That much less water is added to the
concrete mixture,

Density is the weight per volume of the solid mass
excluding voids, and is determined by putting one kilo of
dry aggregate in one litre of water. The density is the weight
of the dry aggregate (1kg) divided by the volume of water
forced out of place. Normal values for density of aggregate
{sand and stone) are 2600 to 2700 kg/m? and for cement
3100 kg/ m?.

Bulk density is the weight per volume of the agpregate
including voids and is determined by weighing 1 litre of the
agpregate. Normal values for coarse aggregate are 1500 to
1650 kg/m*. Completely dry and very wet sand have the
same volume bui due to the bulking characteristic of damp
sand it has a greater volume. The bulk density of a typical
naturatly moist sand is 15 to 25% lower than coarse aggre-
gate of the same material, i.e., 1300 to 1500 kg/m3,

Size and Texture of Aggregare affects the concrete. The
larger particles of coarse aggregate may not exceed one
quarter of the minimum thickness of the concrete member
being cast. In reinforced concrete the coarse aggregate
must be able 1o pass between the reinforcement bars,
20mm being normally regarded as maximum size.

Aggregate with larger surface area and rough texture,

i.e., crushed stone, allows greater adhesive forces to
develop but will give less workable concrete,

Stock piles of aggregate should be close to the mixing
place. Sand and stone should be kept separate, If a hard
surface is not available, the bottom of the pile should not be
used to avoid defilement with soil. In hot, sunny climates, a
shade should be provided or the aggregate sprinkled with
water for cooling. Hot apgregate materials make poor
concrete.,

Water

Water should be reasonably free from impurities such as
suspended solids, organic matter apd salts. This require-
ment is usually satisfied by using water which is fit for
drinking. Sea water can be used if fresh water is not availa-
ble, but not for reinforced concrete, and the strength of the
concrete will be reduced by up to 15%.

Batching

The concrete mix should contain enough sand to fill all the
voids between the coarse aggregate, enough cement paste
to cover all particles with a complete film, and encugh
water to complete the chemical reaction. Requirements for
batching ordinary concrete mixes of various grades and
workability can be seen in Appendix V: |-2.

The water - cement ratio is an expression for the relative
proportions of water, including the moisture in damp
aggregate, and cement in the cement paste. The strongest
concrete is obtained with the lowest water - cement ratio
which gives a workable mix that can be thoroughly com-
pacted, Note that every 1% of water in excess of what is
needed will reduce the strength by up to 5%. Water-cement
ratic should however, not be below 0.4:1 since this is the
minimum required to hydrate the cement.
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Figure 3.19  Relation between compressive strength and
water- cement ratio by weight in fully compacted concrete
ar 28 days.

The aggregate - cement ratio will influence on the con-
crete price since the amount of cement used per cubic metre
will be changed. However to produce a workable mix, with



be increased and this will reduce the strength of the har-
dened concrete. [t is not possible to give a specific relation-
ship between water - cement ratio, aggregate - cement ratio
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and texture of the aggregate.

Workability describes the ease with which the concrete
mix can be compacted, Workability should not be increased
by adding water to a given mixing ratio since this will
increase the water - cement ratio and thereby reduce the
strength. Instead it should be abtained by use of a well-
graded aggregate (adjustment of the relative proportions of
sand and stone), use of smooth and rounded rather than
irregularly shaped aggregate or, by decreasing the aggre-
gate - cement ratio.

Batching Measuring is done by weight or by velume,
Baiching by weight is more exact but is only used at large
construction sites. Batching by volume is used when con-
strucling farm buildings. Accurate batching is more impor-
tant for higher grades of concrete. Batching by weight is
recommended for concrete of grade C30 and higher.
Checking the bulk density of the aggregate will allow
greater accuracy when grade C20 or higher is batched by
volume, A 50kg bag of cement can be split into halves by
cutting across the middle of the top side of a bag lying flat
on the floor. The bag is then grabbed at the middle and
lifted 50 that the bag splits into two halves.

A bucket or box can be used as a measuring unit. The
materials should be placed loosely in the measuring unit
and not compacted. It is convenient to construct a cubic
box with 335mm sides, since it will contain 37 litres, which
is the volume of one bag of cement. If the box is made
without a bottom and placed on the mixing plaiform while
being filled, it is easily emptied by simply lifting it. The
ingredients should never be measured with a shovsl or
spade.

Calculations of Amounts of Ingredie usisdonefrom the
number of cubic metres of concréete required.

The sum of the ingredient volumes will be greater than
the volume of concrete, because the sand will fill the voids
between the coarse aggregate. The materials normally have
3010 50% greater volume than the concrete mix; 5 to 10% s
allowed for waste and spill. The cement added does not
noticeably increase the volume. The above assumptions
are used in Example | in roughly estimating the amount of
ingredients needed, In Example 2, a more accurate method
of calculating the amount of concrete obtained from the
ingredients is shown.

Example 1

Calculate the amount of material; needed to construct a
rectangular concrete floor 7.5m by 4.0m and 7cm thick.
Use a nominal mix of 1:3:6. 50kg of cement is equal 10 371

Total volume of conctete}equircd =
7.5m x 4.0m x 0.07m = 2.1m?

Total volume of ingredients, assuming 30
decrease in volume when mixed and 5% waste =
2. 1m? + 2.1{30% + 5+)m? = 2.84m?

Building Materiais 51

The volume of the ingredients is proportional to the
number of parts in the nominal mix. In this case there area
total of 10 parts (1+3+6) in the mix, but the cement does not

affact the valume so nnl\.r the? parts forsand and stone are
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Cement = n = 0,32m3 or 320/
Sand = 28423 - go5m

3
Stone = 2'349" 6 - |.80m?

Number of bags of cement re(iuired =320/ 37=8.6 bags,
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Weight of sand required = 0.95m? x 1.45 tonnes/m? =
1.4 tonnes

Weight of stone required = 1.89m? = 1.60 tonnes/m? =
3.1 tonnes

Maximum size of stones = 70mm = 4 = 17mm

Example 2
Assume a 1:3:5 cement - sand - stone concrete mix by
volume using naturally moist aggregates and adding 62
litres of water. What will the basic strength and the volume
of mix be if 2 bags of cement are used.

Additional assumptions:

Moisture content of sand: 4%

Moisture content of stones: 1.5%

Bulk density of the sand: 1400kg/m?3

Bulk density of the stones: 1600kg/m?

Solid density of aggregate materials: 2650kg/m?
Solid density of cement: 3100kg/m?

Density of water; 1000 kg/ m’

1 Calculate the volume of the aggregate in the mix.
2 bags of cement have a volume of 2 x 377 = 741

The volume of sand is 3 » 74/ = 222}

The volume of stones is 5 x 74/ = 370}

2 Calculate the weight of the aggrepates.
2 ’=
Sand 1000 m = 1400kg/ m) = 31tkg

3% -
SlouesTo—O-O m? = 1600 kg/m? = 592kg

3. Calculate the amount of water contained in the aggregate

Water in the sand 311kg * %‘f 12kg




Water in the stones 592kg = i00

9kg

4 Adjust amounis in the batch for water contents in
aggregate.

Cement 100kg (unaltered)

Sand Jlikg - 12kg = 299kg

Stones 592kg - 9kg = 583kg

Total amount of dry aggregate = 299kg + 583kg = 882kg
Water = 62kg + 12kg + 9kg = 83kg

5 Calculate water - cement ratio and cement - aggregate
ratio.

Watet - cement ratio = _B3kg water =0.83
100kg cement

i . _ _882kg apprepate _
Aggregate - cement ratio T00kg cement B8

The water - cement ratio indicates that the mix has a basic
strength corresponding to a CI0 mix. See Appendix
V. 1-2.

6 Calculate the “solid volume™ of the ingredients in the
mix, excluding the air voids in the apgregaie and cement.

Cement 100kg/ 3100kg/ m? = 0.032m?
Aggregate  882kg/2650kg/m? = 0.333m?
Water 83kg/ 1000kg/m? = 0.083m?

0.448m?

The total volume of 1:3:5 mix obtained from 2 bags of
cement is 0.45m’.

Note that the 0.45m3 of concrete is only 2/3 of the sum of
the volumes of the components - 0,074 + 0,222 + 0.370,

Mixing

Mechanical mixing is the best way of mixiug concrete.
Batch mixers with a tilting drum for use on building sites
are available in sizes from 85 to 400 litres. Power for the
drum rotation is supplied by a petrol engine or an electric
motor whereas the tilting of the drum is done manually.
The pear-shaped drum has blades inside for efficient mix-
ing. Mixing should be allowed to proceed for at least 2.5

Table 3.13  Requirements per Cubic Metre for Batching Nominal Concrete Mixes

Naturally moist aggregate!

Cement Sand to
Proportions No. of Sand Stones Aggrepate: total
by S50kg cement aggregate
Volume bags m? tonnes n? tonnes ratio %
1:4:8 31 0.46 0.67 0.92 1.48 134 31
1:4:6 17 0.54 0.79 0.81 1.30 11.0 37
1:5:5 3.7 0.69 1.00 0.69 110 10.9 47
1:3:6 4.0 0.44 0.64 0.89 1.42 10.0 k1|
1:4:5 40 0.60 0.87 0.75 1.20 9.9 41
I:3:5 44 0.49 0.71 0.82 1.31 89 5
1:4:4 4.5 0.66 0.96 0.66 1.06 8.7 47
1:3:4 50 0.56 0.81 0.74 1.19 1.7 40
1:4:3 5.1 0.75 1.09 8.57 0.91 1.6 4
I:2:4 5.7 042 0.62 0.85 1.36 6.7 3l
1:3:3 5.8 0.65 0.94 0.65 1.03 6.5 47
1:2:3 6.7 0.50 0.72 0.74 1.19 5.5 37
1:1:5:3 1.3 0.41 0.59 0.82 1.30 50 31
1:2:2 8.1 0.60 0.87 0,60 0.96 44 47
1:1:5:2 920 0.50 0.72 0.67 1.06 i9 40
1:1:2 10.1 0.37 0.54 0.75 1.19 33 3l

These quantities are calculated with the assumption of sand having a bulk density of 1450kg/ m* and stone 1600kg/m®. The
density of the aggregate material being 2650kg/ m=.




Table 3.14 Mixing Warer! Requirements for Dense
Concrete for Different Consistencies and Maximum Sizes
of Aggregate

Water requirement // m? concrete

Maximum Vi3 If3-1fg We-1f12
size of High Medium Plastic
aggrepate? workability  workability consistency
10mm 245 230 2
l4mm 230 215 200
20mm 215 200 i85
25mm 200 190 175
40mm 185 175 160

! lncludes moisture in aggregate. The quantities of
mixing water are maximums for use with reasonably weli-
graded, weli-shaped, angular coarse aggregate.

For slump see table 3.15,

minutes after all ingredients have been added. For small
scale work in rural areas it may be difficult and rather
expensive to get @ mechanical mixer.

Figure 3.20 Batch mixer.

A simple hand-powered concrete mixer can be manufac-
tured from an empty oil drum set in a frame of galvanized
pipe. Figure 3.21 shows a hand crank, but the drive can
casily be converted to machine power.

Figure 3,21

Home-but concrete mixer.
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Hand mixing is normally adopted on smail jobs. Mixing
should be done on a close-boarded platform or a concrete
floor near to where the concrete is to be placed and never
on bare ground because of earth contamination,

The foliowing method for hand mixing is recommended:

1 The measured quantities of sand and cement are mixed
by turning over with a shovel at least 3 times.

2 About three-quarters of the water is added to the mix-
ture a little at a time.

3 Mixing is continued until the mixture becomes homo-
gencous and workable.

4 The measured quantity of stones, after being wetted
with part of the remaining water, is spread over the mixture
and the mixing continned, all ingredients being turned over
at least three times in the process, using as little water as
possible to get a workable mix.

All tools and the platform should be cleaned with water
when there is a break in the mixing, 2nd at the end of the
day.

Slump Test

The slump test gives an approximate indication of the
workability of the wet concrete mix. Fill a conically shaped
bucket with the wet concrete mix and compact it tho-
roughly. Turn the bucket upside down on the mixing
platform. Lift the bucket, place it next to the concrete heap
and measure the slump as shown in Figure 3.22.

Placing and Compaction

Concrete should be placed with a minitmum of delay after
the mixing is completed, and certainly within 30 minutes,
Special care should be taken when transporting wet mixes,
since the vibrations of a moving wheelbarrow may cause
the mix to segregate. The mix should not be allowed to
flow or be dropped into position from a height greater than
) metre. The concrete should be placed with a shovel in
layers no deeper than 1 5cm and compacted before the next
layer is placed,

When slabs are cast, the surface is levelled out with a
screed board which also is used to compact the concrete
mix as soon as it has been placed to remove any trapped
air. The less workable the mix is, the more porous it is and
the more compaction is necessary. For every per cent of -
entrapped air the concrete loses up to 5% of its strength.
However excessive compaction of wet mixes brings fine
particles to the top resulting in a weak, dusty surface.

Manual compaction is commonly used for construction
of farm buildings. It can be used for mixes with high and
medium workability and for plastic mixes. Wet mixes used
for walls are compacied by punting with a batten, stick or
piece of reinforcement bar. Knocking on the formwork
also helps. Less workable mixes like those used for floors
and pavings are best compacted with a tampe:.
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Figure 3.22  Concrete slump reses.

Table 3.15 Concrete Slump for Various Uses

Method of
Consistency  Slump Use compaclion
High 1j2-141  Constructions with narrow passages and/or complex shapes. Heavily Manual
workability reinforced concrete.
Medium 1/3.1js  All normal uses. Non-reinforced and normally reinforced concrete. Manual
workability
Plastic 1f6 - T{12  Open structures with fairly open reinforcement, which are hcavily worked Manual or
manually for compaction like floors and pavings. M.ass concrete. Mechanical
Suff 0-'/12 Non-reinforced or sparsely reinforced open struccures like floors and pavings Mechanical
which are mechanically vibrated. Factory pre (abrication of concrete goods.
Congcrete blocks.
Damp e Factory prefabrication of the concrete goods. Mechanical
or Pressure

Figure .23  Manual compaction of foundation and floor
slab.

The stiffer mixes can be thoroughly compacted only
with mecharical vibrators. For walls and foundations a
poker vibrator (a vibrating pole} is immersed in the placed
concrete mix at points up to 50cm apart. Floors and pav-
ings are vibrated with a beam vibrator. Figure 3.24 Mechanical vibrators.




Construction Joints

The casting should be planned so that the work on a
member can be completed before the end of the day. If cast
concrete is left for more than 2 hours it will set so much that
there is no direct continuation between the old and new
concrete. Joints are potentially weak and should be
planned where they will effect the strength of the member
as little as possible, Joints should be straight, either vertical
or horizontal. When resuming work, the old surface should
be roughened and cleaned and then treated with a thick

mixture of water and cement.

Formwork
Formwork provides the shape and surface texture of con-
crete members and supports the concrete during setting
and hardening.

The simplest type of form is possible for pavement edges,
floor slabs, pathways, etc.

ohe
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Figure 3.25 Simple type of formwork for concrete slab.

In )arge concrete slabs, such as a floor, cracks tend 1o
occur during the early setting period. In a normal slab
where waterlightness is not essential, this can be controlled
by laying the concrete in squares with joints between allow-
ing the concrete to move slightly without causing cracksin
the slab. The distance between the joints should not exceed
3 metres. The simplest type is a so-called dry joint. The
concrete is poured directly against the aiready hardened
concrete of another square.

A more sophisticated method is a filled joins. A gap of

Imm minimum is left between the squares and filled with

bitumen or any comparable material.

Forms for walls must be strongly supported, because
concrete, when wet, exerts great pressure on the side
boards. The greater the heighi, the greater the pressure. A
concrete wall will not normally be thinner than 10cm, or
15cm in the case of reinforced concrete, I it is higher than
one meter it should not be less than 20cm ¢hick to make it
possible to compact the concicts properly with a tamper,
The joints of the formwork must be tight enough to prevent
loss of water and cement. If the surface of the finished wall
is to be visible and no further treatment is anticipated,
tongued and grooved boards, planed on the inside can be
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used to provide a smooth and attractive surface. Alterna-
tively 12mm plywood sheets can be used. The dimensions
and spacing of studs and ties are shown in Figure 3.26. The
proper spacing and instaiiation of the ties is important to
prevent distortion or complete failure of the forms,

Forms must not only be well braced, but they must be
anchored securety 10 prevent them from floating up, allow-
ing the concrete to run out from underneath.

The forms should be brushed with oil and watered tho-
roughly before filling with concrete. This is done to prevent
water in the concrete from being absorbed by the wooden
boards and to prevent the concrete from sticking to the
forms. Soluble oil is best, but in practice used engine oil
mixed with equal parts of diesel fuel is the easiest and
cheapest matenal to use. .

Wooden forms can, if handled carefully, be used several
times before they are abandoned. If there is a repeated need
for the same shape it is advantageous to make the forms of
steel sheets.

The form work can be taken away after 3 days, but
leaving it for 7 days makes it casier to keep the concrete
wel, .

In order 10 save on material for the formwork and its
supporting structure, tall silos and columns are cast with a
slip form. The form is not built to the full height of the silo,
but may in fact be only a few metres high. As the casting of
concrete proceeds the form is lifted. The work has to
proceed at a speed which allows the concrete to set beforeit
leaves the bottom of the form. This technique requires
complicated design calculations, »killed labour and
supervision.

Curing Concrete

Concrete will set in three days but the chemical reaction
between water and cement continues much longer. If the
water disappears through evaporation, the chemical reac-
tion will step. It is therefore very important to keep the
concrete wet (damp) for at least 7 days.

Premature drying out may also result in cracking due to
shrinkage, During curing the strength and impermeability
increases and the surface hardens against abrasion. Water-
ing of the concrete should start as soon as the surface is
hard enough to avoid damage, but not later than 10 to 12
hours afier casting. Covering the concrete with sacks,
grass, hessian, a layer of sand or polythene helps to retain
the moisture and protects the surface from dry winds. This
is particularly important in tropical climates,

Temperature is also an important factor in curing. For
temperatures above 0°C and below 40°C strength devel-
opment is a function of temperature and time. At tempera-
tures above 40°C the stiffening and hardening may be
faster than desired and result in lower strength.

The approximate curing time needed to achieve charac-
teristic compressive strengtir at various curing tempera-
tures for concrete mixes of ordinary portland cement.
Show in figure 3.27
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Figure 3.26 Dimensions and spacing of studs and ties in
Jormwork for walls.

—

[ LI L T 3 b o & T

Figure 3.27 Curing times for concrete,

Finishes on Concrete

The surface of newly-placed concrete shouid not be
worked until some setting has taken place. The type of
finish should be compatible with the intended use. In the

case of a floor, a non-skid surface for humans and animals
is desirable.
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Tamped finish: The tamper leaves a coarse rippled sur-
face when it has been used to compact the concrete.

Tamper drawn finish: A less pronounced ripple can be
produced by moving a slightly tilted tamper on its tail end
over the surface.

Broomed finish: A broom of medium stiffness is drawn
over the freshly tamped surface to give a fairly rough
texture.

Wood floated finish: For a smooth, sandy texture the
concrete can be wood-floated after tamping. The float is
used with a semi-circular sweeping motion, the leading
edge being slightly raised; this levels out the opples and
produces a surface with a fing, gritty texture, a finish often
used for floors in animal houses.

Steel trowelled finish: Steel trowelling after wood float-
ing gives a smoother surface with very good wearing guali-
ties. However, in wet conditions, it can be slippery.

Surfaces with the aggregate exposed can be used for
decorative purposes but can also give a rough, durable
surface on horizontal slabs. This surface can be obtained
by removing cement and sand by spraying water on the
new concrete, or by positioning aggregate by hand in the
unset concrete,




Reinforced Concrete

Concrete is strong in compression but relatively weak in
tension. The underside of a loaded beam, such as a lintel
over a door, is in tension.

_[_:D. b CoMmiisssion T
W TEMSION —P

1]

Figure 3.28  Stresses in a concrete lintel,

Concrete subject to tension loading must be reinforced
with steel bars or mesh. The amount and type of rein-
forcement should be carefully calculated or alternatively, a
standard design obtained from a reliable source should be
followed without variation.

Important factors relative to reinforced concrete:

1 The steel bars should be cleaned of rust and dirt before
they are placed.

2 Inordet to obtain good adhesion between the concrete
and the steel bars, the bars should be overlappad where
they join by at least forty times the diameter. When plain
bars are used the ends of the bars must be hooked.

3 The reinforcement bars should be tied together well
and supported so they won’t move when concrete is placed
and compacted.

4 The steel bars must be in the tensile zone and covered
with concrete 1o a thickness of three times the diameter or
by at least 25mm to protect them from water and air which
causes rusting.

§ The concrete must be well compacted around the bars,
6 Concrete should be at least C20 or 1:2:4 nowinal mix
and have a maximum aggregate size of 20mm.

Concrete floors are sometimes reinforced with welded
steel mesh or chicken wire, placed 25mm from the upper
surface of the concrete, to limit the size of any cracking.
However, such load-distributing reinforcement is neces~
sary only when loadings are heavy, the underlying soil is
not dependable, or when cracking must be minimized as in
water tanks.
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Figure 3.29  Placing reinforcement bars.

Concrete Blocks - Sand-Cement Blocks
It is faster to build with concrete blocks than with bricks
and the amount of mortar is reduced to less than half. If
face shell bedding is used, in which the morntar is placed
only aleng the edges of the blocks, the consumption of
mortar is reduced by a further 509%. However, the total
cement required for the blocks and morar is far greater
than that required for the mortar in a brick wall.

Concrete blocks are often made of 1:3:6 concrete with a
maxirgum size aggregate of 10mm or a cement-sand mix-
ture with a ratio of 1:7, I8 or 1:9. These mixtures, if
properly cured, give concrete blocks a compression
strength well above what is required in a one-sterey build-
ing. The blocks may be solid, cellular or hellow. Cellular
blocks have cavities with one end closed while in hollow
blocks the cavities pass through. Lightweight aggregate
such as cracked pumice stone is sometimes used.

Blocks are made 1o a number of coordinating sizes, the
actual sizes being about 10mm less to allow for the thick-
ness of the mortar.

Block Manufacturing

Blocks can be made by using a simple block-making
machine operated by an engine or by hand. They can also
be made by using simple wooden moulds on a platform or
floor. The mould can be lined with flat steel plates to
prevent damage during tamping and to reduce wear on the
mould. In large-scale production steel moulds are often
used. The wooden mould is initially oiled overnight and
need not be oiled each time it is filled. 1t is sufficient to wipe
it clean with a cloth. The conerete, of stiff or plastic consis-
tency, is placed in the mould in layers and each layer is
compacted with a 3kg rammer.

The mould in Figure 3.30 has a lid made so that it can
pass through the rest of the mould. The slightly tapered
sides can be removed by lifting the handles while holding
down the lid with one foot.
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Figure 3.30 Wooden mould for solid concrete blocks.

The mould illustrated in Figure 3.31 has a steel plate cut
to the shape of the block which is put on as a lid and held
down as the holiow-making pieces are withdrawn. Bolts
are then loosened and the sides of the mould removed with
a swift motion. All parts of the mould should be slightly
tapered so they can be easily removed from the block.

Starting the day afier the blocks have been made, water
is sprinkled on them for two weeks during curing, After 48
hours the blocks can be removed for stacking, but the
wetting is continued. After curing, the blocks are dried, If
damp blocks are put in a wall, they wiil shrink and cause
cracks. To assure maximum drying, the biocks are stacked
imerspaced, exposed to the prevailing wind and in the case
of hollow blocks, with the cavities laid horizontal to forma
continuous passage for the circulating air.

Decorative and Ventilating Blocks

Decorative concrete or sand/cement blocks can serve sev-
eral purposes:

®  Provide light and security without installing windows,
or shutters.

Figure 3.31
blocks.

Mould for hollow or cellular concrete

Concrete block

®Provide permanent ventilation.
#Give an attractive appearance,

In addition, some are designed to keep out rain while
others include mosquito-proofing.

Blocks of simple shape can be made in a wooden mould
by inserting pieces of wood to obtain the desired shape, but
more complicated designs usually require a professionally
made steel mould.

Mortar
Mortar is & plastic mixture of water and binding materials
used to join concrete blocks, bricks or other masonry units.

It is desirable for mortar to hold moisture, be piastic
enough to stick to the trowel and the blocks or bricks and
finally to develop adequate strength without cracking.

Mortar need not be stronger than the units it joins. In
fact cracks are more likely to appear in the blocks or bricks
if the mortar is excessively strong.

There are several types of mortars each suitable for
particular applications and of varying costs. Most of these
mortars include sand as an ingredient, In al! cases the sand
should be clean, free of organic matenial, be welt graded (a
variety of sizes) and not exceed 3mm of silt in the sedimen-
tation test. In most cases, particle size should not exceed
3mm as the mortar will be “harsh* and difficult to work
with.

Lime moriar is typically mixed | part lime to 3 of sand.
Two types of lime are available. Hydraulic lime hardens
quickly and should be used within an hour. It is suitable for
both above and below ground applications. Non-hydraulic
lime requires air to harden and can only be used above
ground, If smoothed off while standing, a pile of this 1ype
of lime mortar can be stored for several days.

Moyld made of 25mm timfler




Figure 3.32 Ventilating and decorative concrete blocks.

Cenent mortar is stronger and more waterproof than
line mortar, but is difficult to work with because it is not
*fat” or plastic and falls away from the blocks or bricks
during placement. In addition, cement mortar is more
costly “han other types. Consequently it is used in only a
few applications such as a damp-proof course or in some
limited areas where heavy loads are expected. A 1:3 mix
usirg fine sand is usually required to get adeguate
plasticity,

Compo mortar is made with cement, lime and sand. In
some localities a 50:50 cement-lime mix is sold as mortar
cement. The addition of the lime reduces the cost and
improves the workability. A 1:2:9, cement-lime-sand mix is
suitable for general purposes, while a 1:1:6 is better for
exposed surfaces and a 1:3:12 can be used forinterior walis
or stone walls where the extra plasticity is helpful.

Moriar can alsc be made using pozzolana, bitumen,
cut-back or soil. A 1:2:9 lime-pozzolana-sand mortar
about equals a 1:6 cement-sand mortar. Adobe and
stabilized-soil blocks are often laid in a mortar of the same
composition as the blocks.

Tables 3.16 and 3.17 provide information on the mate-
rials required for a cubic metre of various mortars and the
amount of moriar per square meter for several building
units.

Starting with cement mortar, strength decreases with

each type, although ability to accommodate movement
increases.

Finishing Mortar

This is sometimes used on floors and other surfaces to give
asmooth finish or as an extremely hard coating to increase
the resistance to wear. While such a top coating is prone to
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Table 3.16 Materials Reguired per Cubic Meter of
Martar

Cement Lime Sand
Type bags kg m?
Cement mortar 1:5 6.0 — It
Compo mortar 1:1:6 5.0 100.0 1.1
Compo moriar 1:2:9 33 13.5 1.1
Compo mortar 1:8 37 — 1.1
Compo montar 1:3:12 2.5 150.0 L1
Lime mortar [:3 — 200.0 1.1

Tabie 3.17  Mortar Required for Various Types of Walls

Amount required
Type of wall per m? wall
11.5cm brickwall 0.25m?
22.2cm brickwall 0.51m3
[0cm sand-cement block wail 0.008m?
15¢m sand-cement block wall 0.011m3
20cm sand-cement block wall 0.015m?

cracking, it seldom increases strength and is difficult to
apply without causing loose or weak parts. Concrete floors
can normally be cast to finished level directly and be givena
sufficiently smooth and hard surface without a top coating.
For coating, a mix of I part cement and 2104 partssand
is used. The coatingis placed ina | to 2cm thick layer witha
steel trowel. Before application, the surface of the under
laying concrete siab should be cleaned and moistened.




Plastering and Rendering

The term plasiering is usually applied to interior walls and
ceilings to give jointless, hygenic and usually smooth surfa-
ces often over uneven backgrounds. Exterior plastering is
usually called exterior rendering.

Cement plaster can be used on mast types of walls.
except it does not adhere well to soil-block walls as the
shrinking and swelling tead to crack the plaster, The mix-
ing ratio is | part cement and 5 parts sand, and if the plaster
is too harsh, 0.5 to 1 part of lime can be added. The wall is
first moistened and then the plaster is applied in two coats
of about Smm each, allowing at least 24 hours between
layers. Cement plaster should not be applied on a wall
while exposed to the sun.

Dagga pilaster is a mixture of clay soil, such as red or
brown laterite, stabilizer and water. The plaster is
improved by adding lime or ccment as a stabilizer and
bitumen for waterproofing. A pood mixture is 1 part Lime
or cement, 3 parts clay, 6 parts sand, 0.2 part bitumen and
water, Dagga plaster is applied on previously moistened
earth or adobe brick walls with a thickness of 10 to 25mm,

Ferrocement

Ferrocement is a highly versatile form of reinforced con-
crete made with closely spaced light reinforcing rods or
wire mesh and acement and sand mortar, 11 can be worked
with relatively unskilled labour.

The function of the wire mesh and reinforcing rods is
first to act as a lath providing the form to support the
mortar in its plastic state, while in the hardened state, they
absorb the tensile stresses in the structure which the mortar
alone is not able to withstand.

The reinforcing can be assembled in any desired shape
and the mortar applied in layers to both sides. Simple
shapes such as water tanks can be assembled with wooden
sticks as suppert for the reinfercing while the first coat of
mortar is applied.

The mortar should have a mixing ratio of 1:2 to §:4
cement- sand by volume, using the richer mix for the
thinnest structures. The water-cement ratio should be
below 0.5/ 1.0. Lime can be added in the proportion | part
lime to 5 parts cement in order to improve workability.

The mechanical behavior of ferrocement is dependent
upon the type, quantity, orientation and strength of the
mesh and reinforcing rods. Of the several types of mesh
being used, the most common are illustrated in Figure 3.33.

Standard galvanized mesh (galvanized after weaving) is
adequate. Non-galvanized wire has adequate strength but
the probiem of rusting in limits its use.

A construction similar to ferrocement has recently been
developed for small watertanks, sheds, huts, etc. It consists
of welded 150mm square reinforcement mesh (6mm rods)
covered with hessian and plastered in the same way as
ferrocement,

Fibre-Reinforced Concrete
Fibre-reinforced concrete members can be made thinner
than those with conventional reinforcement because the

a Hexagonal wire mesh (chicken wire mesh).

b Welded wire mesh — strongest.

¢ Woven mesh — strong.

/

4
d Expanded wire mesh.

Figure 3.33  Reinforcement mesh for ferrocement.




corrosion- protective cover over the steci bars is not neces-
sary. The fibres improve flexible strength and resistance to
cracking.

Commonly used fibres are asbestos, steel {(0.25mm
diameter}, sisal, elephant grass, eic.

Asbestos Cement (A-C)

Ashestos, a silicate of magnesiom, occurrs as a rock which
can be split into extremely thin fibres from 2 to $00mm
long. These have good resistance to alkalis, neuwtral salts
and organic solvents, and the varieties used for building
products have good resistance to acids. Asbestos is non-
combustible and able to withstand high temperatures
without change.

Inhalation of dust causes asbestosis (a discase of the
lungs) and asbestos is now used only where no alternative
fibre is available. Workers must wear masks and use great
care not to inhale any asbestos dust!

The fibres being strong in tension and flexible, are used
as reinforcement with portland cement, lime and bitumen
binders, in asbestos-cement and asbestos-silica- lime pro-
ducts, vinyl floor tiles and in bitumen felts. Asbestos-
cement is used in farm structures for corrugated roofing
sheets, ridges and sanitary pipes.

Sisal-Fibre-Reinforced Cement (SFRC)
Sisal and other vepetable fibres have only recently come
intc use for reinforcement of concrete.

Sisal fibre can be used as short, discontinuous fibres (15
to 75mm in length) or as continuous long fibres over 75mm
in length, Sometimes both short and long fibres are used
together. The manner in which the {ibres arr incorporated
into the matrix affects the properties of the compasite both
in the fresh state as well as in the hardened state,

Sisal fibres may deteriorate if not treated. Although the
alkalinity of the concrete helps to protect the fibres from
outside attack, it may itself attack the fibres chemically by
decomposing the lignin.

Sisal-fibre reinforcing is used with various cement-sand
mixing ratios, depending on the use:

wall plastering 1:3
guttering 1:2
roofing tiles 1:l
corrugated roofing sheets 1:0.5

The sand shoulid be passed through a sieve with 1.5mm
to 2mm holes {e.g.. mosquite netting). The mixing water
must be pure and the mix kept as dry as possible while still
being workable.

Between 16g and 17g of short (25mm} dry sisal fibres are
added to the mix for each kilogramme of cement. The short
fibres are mixed into the dry cement and sand before
adding water. Sisal fibres have a high water absorption,
and some extra water may have to be added to the mix to
compensate for this.
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When mixing there is a tendency for the fibres to ball and
separate out from the rest of the mix. This tendency will
increase with longer fibres, but if fibres shorter than 25mm
are used the reinforcing effect wili be reduced. In most
cases, the inix is then trowelled on to a mesh of full-length
sisal fibres.

Making Corrugated Reinforced Roofing
Sheets

Homemade reinforced cormugated roofing is usually cast to
standard width, but only one metre long because of its
additional weight. Commercial asbestos-cement roofing is
heavier than corrugate stecl and the home tnade shects are
still heavier. Thus special attention must be given to rafier
Of truss sizes to ensure a safe structure.

The casting procedure for SFRC is involved, but once
the proper equipment has been assembled and several
sheets have been made the process becomes much easier.

A concrete block cast over a Im length of ashestos-
cement roofing is needed as a face for the casting of the roof
sheets. The block is cast within a form, 100mm high, which
will give a block of sufficient strength after a few days
curing. Two or more Im lengths of A-C roofing will be
needed as well as a piece of 18mm plywood 1.2m by 1.2m
and a sheet of heavy duty polythene 2.25m long and 1lm
wide. The polythene is folded in the middle and a thin
batten 9mm by 15mm is stapled fast at the fold. Strips of
9mm plywood or wood are nailed along two edges of the
plywood sheet leaving exactly 1m between them as shown
in Figure 3.34. :

Following are the steps in the casting procedure:

1 Fit an asbestos cement sheet on to the moulding block
and cover with the piece of plywood with the edge strips at
the ends of the sheet. The polythene is placed over the
plywood and the top sheet folded back off the plywood.
2 Prepare a mix of 9kg cement, 4.5kg sand, 150g short
sisal fibres (25mm} and 4.5 litres of water. Also prepare
four 60g bundles of sisa! fibres, as long as possible.

3 Use one-third of the mortar mix to trowel a thin even
layer over the polythene. Take two of the four sisal bundles
and distribute the fibres evenly, the second bundle at right
angles to the first, forming a mat of fibres. This is covered
with mortar and another mat, using the remaining two
bundles. Finally all the sisal is covered with the remaining
mortar, and the surface screeded even with the edge strips
on the plywood.

4 Cover with the top sheet of polythene, ensuring that the
mortar is of even thickness all over and that no air bubbles
remain under the polythene.

5  While holding the batten strip at the fold in the poly-
thene, carefully remove the plywood sheet to allow the new
sisal-cement sheet to fall onto the asbestoscement sheet,
At the same time press the new sheet into the corrugations
using a PVC drain pipe of 90mm diameter. Compact the
new sheet by placing another asbestos sheet on top and
treading on it. Holes for mounting are punched with a
Smm dowel 25mm {rom the end.id the gulleys (crests when
mounted on the roof) of the fresh sheet.




62

Top layer of polythene

Pyl - Pipe

Lower tayer of polytheas

Flat wonden

L wooden shehs Toncrete muiden block

dding toard

Figure 3.34  Phywood casting board and polythene “envelope”.

6 Remove the asbestos sheet bearing the sisal-cement
sheet from the moulding block and leave it until the cement
in the new sheet has set, preferably two days. Then care-
fully remove the new sheer, peel off the polythene and cure
the new sheet for at least one weck, preferably immersed in
a walter tank.

7 N more polythene and asbestos-cement sheets are
available, casting can proceed immediately.

Walls Using Sisal-Cement Plastering

Technique

Soil blocks can be used for inexpensive walls with good
thermal insulation. However, they are easily damaged by
impact and eroded by rain. One way of solving these
problems is to plaster the face of the wall. Ordinarily
mortar plaster tends to crack and peel off as it does not
expand at the same rate as the soil, This can be overcome
by letting long sisal fibres pass through the wall to be
incorporated into the mortar on each face. The double skin
so formed provides sufficient strength and waterproofing
to the wall to enable soil blocks to be laid wiihout joining
moriar between the blocks.

Sisal fibres(200g per mPwall) .-

Plaster 1.3 containing
16-17q short sisal fibres

L Seil block

per kg cement

Figure 3.35 Sisal-cement piastering technigue.

Meials
Several ferrous metals (those containing iron) are useful in
farm building construction. Cast iron is used for making
sanitary waste pipe and fittings. Steef consists of iron plus a
small percentage of carbon in chemical combination.
High-carbon or hard stee! is used for tools with cutting
edges. Medivm-carbon steel is used for structural members
such as “I" beams, reinforcing bars and implement frames.,
Low-carbon or mild steel is wsed for pipe, nails, screws,
wire, screening, fencing and corrugated roof sheets,
Non-ferrous metals such as aluminium and copper are
cotrosion resistant and are often chosen on that account.
Copper is used for electric wire, tubing for water supply
and for flashing. Aluminium is most commonly used for
corrugated roofing sheets, gutters and the accompanying
nails. Using nails of the same material avoids the problem
of corrosion due to electrolytic action. Brass is a corrosion
resistant alloy of copper and zinc which is used extensively
for building hardware.

Corrosion

Air and moisture accelerate corrosion in ferrous materials
unless they are protected. Acids tend to corrode copper
while alkalies such as found in animal waste, pertland
cement and lime, as well as some soils, wili cause rapid
corrosion of aluminium and zinc. Electrolytic action
caused by slight voltages set up when dissimilar metals are
in contact with each other in the presence of water also
encourages corrosion in some metals. Aluminium is par-
ticularly subject to electrolytic corrosion.

Corrosion can be reduced by carefully selecting retal
products for the application; reducing the time that the
metal will be wet by preventing condensation and promot-
ing good drainage, avoiding contact between dissimilar
metals, and by using corrosion-inhibiting coatings.

Corrosion Inhibiting Coatings
Copper, aluminium, stainless stecls and cast iron tend to
form oxide coatings that provide a considerable amount of




self-protection from corrosion. However, most other steels
require protective coatings if they are exposed to moisture
and air. Methods used include zinc coating (galvanizing),
vitreous-enamel glazing and painting. Painting is the only
method practical for field application, although grease and
oil will provide temporary protection,

Before painting, the metal surface must be clean, dry and
free of oil. Both bjtuminous and oii-based paints with
metallic-oxide pigments offer good protection if they are
carefully applied in continuous layers. Twolo three coats
offer the best protection.

Building Hardware

Nails

A nail relies on the grip around its shank and the shear
strenpth of its cross-section to give strength to a joint, 1t is
important to select the cight type and size of nail for any
particular situation. Nails are specified by theic type, length
and gauge (the higher the gauge number - the smaller the
shank diameter). See Table 3.18. Most nails are made from
mild steel wire. In a corresive environment galvanized,
copper-plated, copper or aluminium nails are used. A large
nutber of types and sizes of nails are available on the
market. The nails most commoanly used in farm building
are;

Round plain-headed nails or round wire nails are used
for general carpentry work. As they have a tendency to
split thin members, the following rule is often used: the
diameter of the nail should not exceed !{7 of the thickness
of the tirnber.

Table 3.18 Dimensivns and Approximate Number per
Kilo of Commoniy Used Sizes of Round Wire Nails

Length Diameter Approx.
Inches mm mm nofkg

6 150 6.0 29
5 i25 56 42
4 100 4.5 77
3 75 375 54
2.5 65 3.35 230
2 50 265 440
LS 40 20 970

25 1.8 1720

Lost-head nails have a smaller head which can be set
below the surface of the wood. Their holding power is
lower because the head can more casily be pulled through
the wood.

Panel pins are fine wire nails with small heads used for
{ixing plywood and hardboard panels,

Clout or slate nails have large heads and are used for
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fixing tiles, slates and soft board. Felt nails have even larger
heads.

Concrete nails are made from harder steel, which allows
them to be driven into concrete or masonry work.

Staples are U-shaped nails with two points and are used
mainly to fasten wires.

Roofing nails have a square twisted shank and a washer
attached to the head. Roofing felt or rubber may be used
under the washer to prevent leakage. The nail and the
washer should be galvanized to prevent corrosion, They
are used for fixing corrugated sheet materials and must be
long enough to go at least 20mm inte the wood. Alterna-
tively wire nails with used bottle caps for washers can be
used.
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Figure 3.36  Types of nails.

Screws and Bolts
Wood screws have a thread which gives them greater hold-
ing power and resistance 1o withdrawal than nails and they
can be easily removed without damage to the wood. For a
screw to function properly it must be inserted by rotation
and not by being driven with a bammer. It is usually
necessary to drill a pilot hole for the shank of the screw,
Screws made of mild steel are normally preferred because
they are stronger. A wide range of {inishes, such as galvan-
ized, painted and plated, are available.

Screws are classified accordifig to the shape of their head
as countersunk, raised, round or recessed (not slotted
across the full width), Coach screws have a square head




and are turned with a spanner, They are used for heavy
construction work and should have a metal washer under
the head 1o prevent damage to the wood surface. Screws
are sold in boxes containing a gross (144 screws) and are
specified by their material, finish, type, length and gauge.
Unlike the wire gauge used {or nails, the larger the screw
gauge number, the greater the diameter of the shank.

Bolts provide still stronger joints than either nails or
screws. As Lhe joint is secured by tightening the nut onto
the bolt, the load in most cases becomes entirely a shear
force. Bolts are used for heavy loads such as at the joints in
a gantry hoist frame, the corners of a ring beam installed
for earthguake protection or to secure the hinges for heavy
doors. Most bolts used with wood have a rounded head
and a square xhank just under the head. Only one spanner
is required for these ‘coach’ bolts. Square head bolts,
requiring two spanners, are also available, Washers help to
prevent the nuts from sinking into the wood.
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Figure 3.37 Types of wood screws and bolts.

Table 3.19 Conversion of Screw Gauge to Millimetres

Hinges

Hinges are classified by their function, length of flap and
the material from which they are made and come in many
different types and sizes. Hinges for farm buildings are
mainly manufactured of mild steel and provided with a
corrosion-inhibiting coating. The most common types are:

Steel butt hinge is commonly used for windows, shutters
and small doors, since itis cheap and durable, If the pin can
be removed from the outside it is not burglar-proof. The
flaps are usually set in recesses in the door or window and
frame,

The H-hinge is similar to the butt hinge but is usually
surface mounted.

The T-hinge is mostly used for hanging match-boarded
doors, For security reasons the strap of the T-hinge should
be fixed to the door with at least one coach bolt, which can
not be easily upscrewed from the outside.

The band-and-hook hinge is a stronger type of T-hinge
and is used for heavy doors and gates. This type is suitable
for fabrication at the site or by the local blacksmith.
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Figure .38 Types of hinges.

Locks and Latches

Any device used to keep a door in the closed position can
be classificd s a lock or laich. A lock is activated by means
of a key whereas a latch is operated by a lever or bar, Locks
can be obtained with a latch bolt so that the door can be
kept in a closed position without using the key. Locks in
doors are usually fixed at a height of 1050mm. Some
examples of common locks and latches used in farm build-
ings are illustrated in Figure 3.39.

Serew gauge 0 | 2 3 4 5 6 7 B 9 15 2 14 16 i8 p. ] M 28 1
Nominal 152 178 208 239 274 110 145 3B 4.7 452 4388 559 630 701 .72 $43 086 MW 1270
diameter of
unthreaded

shank, mm
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Figure 3.39 Types of locks and latches.

Glass

Glass suitable for general window glazing is made mainly
from soda, lime and silica. The ingredients are heated ina
furnace to about 1500°C and fuse together in the molten
state. Sheets are then formed by a process of drawing,
floating or rolling. The ordinary glazing quality is manu-
factured by drawing in thicknesses ranging from 2 to 6mm.
It is transparent with 90% light transmission. Because the
two surfaces are never perfectly flat or parallel there is
always some visual distortion. Plate glass is manufactured
with ground and polished surfaces and should be free of
imperfections.

Glass in buildings is required (o resist loads including
wind loads, impact by persons and animals and sometimes
thermal and other stresses. Generally the thickness must
increase with the area of glass pane. Glass is elastic right up
to its breaking point, but is also completely brittle so there
is no permanent set or warning of impending failure. The
support provided for glass will affect its strength perfor-
mance. Glass should be cut to give a minimum clearance of
2mm all around the frame to ailow for thermal movements.

Plastics

Plastics are among the newest building materials, ranging
from material strong enough (o replace metal to foam-like
products. Plastics are considered to be mainly organic
materials derived {rom petroleum and, to a small extent
coal, which at some stage in processing are plastic when
heated.

The range of properties is so great that generalizations
are difficult to make. However, plastics are usually light in
weight and have a good strength to weight ratie, but rigid-
ity is lower than that of virtuaily all other building mate-
rials, and creep is high.
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Plastics have low thermal conductivity and thermal
capacity, but thermal movement is high. They resist a wide
range of chemicals and do not corrode, but they tend to
become brittle with age.

Most plastics are combustible and may release poison-
ous gases in a fire, Some are highly flammable, while others
are difficult to burn.

Plastics lend themselves to a wide range of manufactur-
ing techmiques, and products are available in many forms-
solid and cellular, from soft and flexible to rigid, from
transparent to opaque. Various texturcs and colours
{many of which fade if used out-of-doors) are available.
Plastics are classified as:

Thermoplastics which always soften when heated and
harden again on cooling, provided they are not overheated,

Thermosetting plastics which undergo an irreversible
chemical change in which the molecular chains crosslink so
they cannot subsequently be appreciably softened by heat.
Excessive heating causes charring.

Thermoplastics

Polythene is tough, water- and oilproof and can be manu-
factured in many colours, In buildings it is used for cold
water pipes, plumbing and sanitary ware and polythene
film (translucent or black). Film should not be unnecessar-
ily subjecied to prolonged heat over 50°C or to direct
sunlight. The translucent film will last only one to twe
years exposed to sunlight, but the carbon pigmentation of
the biack film increases resistance to sunlight.

Polyvinyl chioride (PVC)will not burn and can be made
in rigid or flexible form. It is used for rainwater goods,
drains, pipes, ducts, electric cable insulation, etc.

Acrylics, a group of plastics containing, polymethyl
methacrylate, transmit more light than giass, and can be
easily moulded or curved 10 almost any shape.

Thermosetting Plastics
The main vse of thermosetting plastics in buildings is as
impregnants for paper fabrics, binders for particle boards,
adhesives paints and clear finishes . Phenol formaldehyde
(bakelite) is used for electrical insulating accessories. Urea-
formaldehyde is used for particle board manufacture.
Epoxide resins are, for most uses, provided in two parts,
a resin and a curing agent. They are extremely tough and
stable and adhere well to most materials. Sificone resins are
water repellant and used for waterproofing in masonry.
Note that fluid plastics can be very toxic.

Rubber

Rubbers are similar 10 thermosetting plastics. In the manu-
facturing process a number of ‘substances are mixed with
latex, a natural polymer. Carbon black is added to increase
strength in tension and (o improve wearing properties.




After forming, the product is vulcanised by heating

, under pressure, usually with sulphur present. In this pro-

cess the strength and elasticity is increased. Ebonite is a
fully vulcanised, hard rubber.

Maodified and synthetic rubbers {¢lastomers) are increas-

ingly being used for building products. Forexample unlike -

natural rubbers they often have good resistance to oil and
solvents. One of them, butyl is extremely tough, has good
weather resistance, excellent resistance to acids and a very
low permeability to air. Synthetic rubber fillers and nail
washers are used with metal roofirg.

Bituminous Products

These include bitumen (called asphalt in the USA), coal tar
and pitch. They are usually dark brown or biack and are in
general durable materials, resistant to mary chemicals.
They resist the passage of water and water vapour, espe-
cially if they have been applied hot.

Bitumen occurs naturally as rock asphalt or lake asphalt
or can be distilled from petroleum. It is used for road
paving, paint, damp-proof membranes, joint filler, stabil-
1zer in soil blocks, etc.

Paints

Paint preserves, protects and decorates surfaces ang cpa-
bles them to be cleaned easily. All paints contain a binder
which hardens. Other ingredients found in various paints
include: pigments, strainers, extenders, driers, haideners,
thinners, solvents and gelling agents. Some water-thinned
paints contain emulsifiers.

Because of the cost involved, few buildings in the rurat
areas are paintcd, When paint can be afforded priotity
should be given to surfaces likely to rust, rot or decay
because of exposure to rain or dampness and to rcoms like
a kitchen or a dairy where hygiene demands easily cleaned
surfaces. White and other light colours reflect more light
than dark colours and can be used in rooms like a sitting
room or a workshop to make the room lighter,

Painting

Adequate preparation of the surface to be painted is essen-
tial. The surface should be smooth (not shiny for this
would not give good anchor), clean, dry and stable. Old,
loose paint should be brushed off before a new coat is
applied. Most commercial paints are supplied with direc-
tions for use, which should be read carefully before the

work is started. The paint film is usually built up in two or
more coats;

Priming paints are used for the first coat to seal and
protect the surface and to give a smooth surface for subse-

quent coats. They are produced for application 10 wood,
metal and plaster.

Undercoating paints arc sometimes used to obscure the
primer, as a further protective coating and to provide the
correct surface for the finishing paint.

Finishing paints are produced with a wide range of
colours and finishes (e.g., matt, scmi-matt, gloss). Some
commonly used types of paint for farm structures are
detailed below, but many olhers are manufactured with
special properties like water and chemical resistance, heat
resistance, fire retardant, anti-condensation, fungicidal,
insecticidal, etc.

Qil- and Resin-based Paints

Oil paints are based on natural drying oils {e.g., linseed oil).
They are being gradually replaced by alkyd and emulsion
paints.

Alkyd painis are oil-based paints madified by the addi-
tion of synthetic resins 1o improve durability, flexibility,
drying and gloss. They are quite expensive.

Synihetic resin paints contain substantial proportions of
thermosetting resins, such as acrylics, polyurethane or
epoxides, and are often packaged in two parts. They have
excellent strength, adhesion and durability, but are very
cxpensive.

Bitumenous paimts are used to protect steelwork and
iron sheeting from rust and wood from decay. They are
black or dark in colour and tend to crack in hot sunlight,
They can be overpainted with ordinary paint only after a
suitable sealer has been appiied.

Varnishes are either oil/ resin or spirit-based and mainly
used to protect wood with a transparent finish, but protec-
tion is inferior compared to opaque finishes. Spirit-based
varnish is only used for interior surfaces.

Water-thinned Paints

Non-washable distemper consists of chalk powder mixed
with animat glue dissolved in hot water. It is cheap but
casily rubbed or washed off and therefore only suitable for
whitening ceilings.

Washable distemper (water paint) consists of drying oil
or casein emulsified in water and additions of pigments and
extenders. Hardening is slow but after a month it can
withstand moderate scrubbing. It weathers fairly well out-
doors and is fairly cheap,

White wash (lime wash) consists of lime mixed with
water. It can be used on all types of walls including earth
walls and is cheap, but its lack of water resistance and its
poor weathering properties make it inferior to emulsion
paint for outdoor surfaces. However, an addition of tallow
or cement gives some degree of durability for external use.
White wash can be made in the following way:

1 Mix 8 litres (9kg) quicklime with about 18 litres boiling
water, adding the water slowly and stirring constantly until
a thin paste results.

2 Add 2 litres salt and stir thoroughly.




——

3 Add water to bring the white wash to a suitable
consistency.

4 Ifexternal quality is requised add a handful cement per
10 litres white wash just before use.

Emulsion painis have the pigments and binder (vinyl,
acrylic, urethane or styrene polymers) dispersed as small
globules in water, They harden quickly, are guite 1ough
and weather resistant and of medium cost. They adhere
well to most 'Gacl\gfﬁiluda, but si“u. uu.j arc pei’menbl\.. an
oil-based primer may be required to seal porous exterior
surfaces,

Cement-based paints are often used for exteriors and are
quite inexpensive. They contain white portland cement,
pigments if other colcurs are desired, and water repellents,
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and are sold in powder form. Water is added just before use
to make a suitable consistency. Paint that has thickened
raust not be thinned further. It adheres well to brickwork,
concrete and renderings but not to timber, metal or paint

of other types. Surfaces should be dampened before
painting.

Cement slurries make economical surface coatings on
masonry and concrete, but earth walls that shrink and
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of cement and/ or lime, clean fine sand and enough water to
make a thick liquid. A good slurry is made from | part
cement and | part lime and up to 4 parts of sand. It is
applied on the dampened surface with a large brush or a
used bag, herce the name “bag washing”,
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Chapter 4

Structural Design

Introduction

A structure is designed to perform a certain function. To
perform this function satisfactorily it must have sufficient
strength and rigidity. Economy, durability and an attrac-
tive appearance are also of importance in structural design.

Structures are subjected to a variety of loads either singly
or in combination. These include the self-weight of the
materials used for construction as well as the weight of
products stored, animals housed or water dammed. The
short-term loads due to wind and even earthquakes must
also be included. The designer must have an understanding
of the nature and significance of these forces and apply this
knowledge 10 the design, materials and methods of con-
struction if the structure is 1o safely survive all sitnations.
Each of the various elements, such as ties, struts and
beams, has a unique purpose in maintaining the integrity of
the structure and must be designed to have sufficient
strength to withstand the maximum stress to which it may
be subjected.

The many building materials available differ greatly in
their resistance to loading and in other characteristics that
relate to their use in various building elements. They must
be selected carefully to be suitable for the type or types of
loading which are determined during the structural design
procedure.

The analysis of all farm building structures is based on
certain fundamental principles which are addressed in this
chapter.

Approximations

It is necessary for the designer to fully understand the
principles of statics and mechanics of materials as well as
the function of structural members. It is as a result of this
understanding that he is able to make assumptions and
approximations which enable him to reduce complex
situations to a level at which simple design techniques
produce adequate, although sometimes over-designed,
SHUCEURSS,

Design Codes

Many countries have their own structoral design codes,
codes of practice or technical documents which perform a
similar function. It is necessary for a designer to become
familiar with local requirements or recommendations in
regard (o correct practice. In this chapter some examples
are given, occasionally in a simplified form, in order to
demonstrate procedures. They should not be assumed to
apply to all areas or situations,

Basic Principles of Statics

Structural engineering is concerned with the strength, stiff-
ness and stability of structures such as buildings, dams,
bridges and retaining walls, Although a building is con-
structed from the foundation upwards, the designer has to
start at the top with the roof and work his way downwards.
There are two distinct stages in structural design. First the
structural cngineer with his experience, intuition and
knowledge makes an imaginative choice of preliminary
design in terms of layout, materials and erection methods.
Estimates of the various forms of loading are made and
then the chosen design is subjected to detailed analysis
based on the principles of statics. Statics is one main
branch of mechanics and deals with forces on bodies,
which are ‘at resi® (static equilibrium). The other main
branch, dynamics, deals with moving bodies, such as parts
of machines.

Static Equilibrium
Forces acting in one plane (i.c., coplanar) and in equilibrium
must satisfy onz of the following sets of conditions:
Yy EF,=0 ZF:0 XF,:0 IM,=0
%0 SF,=0o0r IM.=00rIM,=00rIM,=0
x EM.=0 IMy=0 3IMy=0 IM.=0

where F refers to forces and M refers to moments of forces.

Static Determinacy

If a body is in equilibrium under the action of coplanar
forces, the equations of statics above must apply. In
general then, three independent unknowns can be deter-
mined from the three equations. Note that if applied and
reaction forces are parallel (i.e., in one direction only) only
two separate equations obtain and then only two unknowns
can be determined. Such systems of forces are said to be
statically determinate.

Force

A force is defined as any caunse which tends to alter the state
or rest of a body or its state of uniform motion in a straight
line. A force can be defined quantitatively as the product of
the mass of the body, which the force is acting on, and the
acceleration of the force,

P-ma

where

P = applied force

m= mass of the body (kg)

a = acceleration caused by the force (m/s?)




The SI units for force are therefore kg m/s? which is
designated a Newton (N). The following multiples are
often used:

IkN = [,O0ON, IMN = 1,000,000N

All objects on earth tend to acoelerate toward the centre
of the earth due 1o gravitational attraction, hence the force
of gravitation acting on a body with the mass (m) is the
product of the mass and the acceleration due to gravity (g),
which has a magnitude of 9.81 m/s2,

F=mg=vpg  where

F = force (N)

m= mass (kg)

g = acceleration due to gravity (9.8m/s?)
v = volume {m?)

p = density (kg/m?)

Vector

Most [orces have magnitude and direction and can be
shown as a vector. Its point of application must also be
specified. A vector is illustrated by a line, whose length is
proportional to the magnitude to some scale and an arrow
which shows the direction.

Vector Addition

The sum of two or more vectors is called the resultant, The
resultant of two concurrent vectors is obtained by con-
strucling a vector diagram of the two vectors.

The vectors to be added are arranged in tip-to-tail
fashion. Where three or more vectors are to be added they
can be arranged in the same manner and this is called a
polygon. A line drawn to close the triangle or polygon
(from start to finishing point) forms the resultant vector.

The subtraction of a vector is defined as the addition of
the corresponding negative vector.
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Resolution of a Force

In analysis and calculation it is often convenient to con-
sider the effects of a force in other directions than that of
the force itsell, especially along the Cartesian (xx-yy) axes.
The force effects along these axes are called vector compo-
nents and are obtained by reversing the vector addition
method,

F is the component of F in the 'y’ direction Fy = F sin &
Fx is the component of F in the *x” direction Fx = F cos &

Concurrent Coplanar Forces

Forces whose line of action meet at one point are said to be
concurrent. Coplanar forces lie in the same plane, whereas
non-coplanar forces have to be related to a three dimen-
sional space and require two items of directional data
together with the magnitude. Two coplaner non-parallel
forces will always be concurrent.

Equilibrium of a Particle
When the resultant of all forces acting on a particle is zero,
the particle is in equilibrium, i.e., it is not disturbed from its
existing state of rest (or uniform movement).

The closed triangle or polygon is a graphical expression
of the equilibrium of a particle.




The equilibrium of a particle to which a single force is
applied may be maintained by the application of second
force, which is equal in magnitude and direction, but oppo-
site in sense, to the first force. This second force, since it
restores equilibrium, is called the eguilibriam:. When a
particle is acted upon by two or more forces, the equilib-
riant has to be equal and opposite to the resultant of the
system. Thus the equilibriant is the vector drawn closing
the vector diagram and connecting the finishing point to
the starting point.

Free-body Diagram of a Particle

A sketch showing the physical conditions of a problemn is
known as a space diagram. This can be reduced to a
diagram showing a particie and all the forces acting on it.
Such a diagram is called a free-body diagram.

Example 1
Determine the tension in each of the ropes AB and AC

SPACE DIAGRAM

TAB TAC

980N

FREE BDOY DIAGRAM
for point A

980N

Example 2

A rigid rod is hinged to a vertical support and held at 50° to
the horizontal by means of a cable when a weight of 250N is
suspended as shown in the figure. Determine the tension in
the cable and the compression in the rod, ignoring the
weight of the rod.

/
;
]
:
:
/
’
4
7
/
?

Space diagram

65°
h0°

Free-body diagram for point A

Tension 180N

Compresston
265N

Force Triangle




The forces may also be calculated using the law of sines:

Compression in rod _Tension in cable _ 250N
sin 75° T sin40° sin6S°

Point of Concurrency
Three coplanar forces that are in equilibrium, must all pass
through the same point. This does not necessarily apply for
more than three forees.

If two forces (which are not parallel) do not meet at their
points of contact with a body such as a structural member,
their lines of action can be extended until they meet.

Colinear Forces
Colinear forces are parallel and concurrent. The sum of the
forces must be zero fo: the system to be in equilibrium.

Table 4.1  Actions and Reactions
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Copianar, Non-Concurrent, Parallel Forces
Three or more paralle! forces are required. They will be in
equilibrium if the sum of the forces equals zero and the sum
of the moments around a point in the plane equals zero.
Equilibrium is also indicated by two sums of moments
equal to zero,

Reactions

Structural components are usually held in equilibrium by
being secured to rigid fixing points; these are often other
parts of the same structure. The fixing points or supports
will react against the tendency of the applied forces (loads)
to cause the member to move, So the forces generated in
the supports are called reactions.

Flexible cable or rope

4
AN

Force exerted by the cable or rope is always tension
away from the fixing, in the direction of the tangent to
the cable curve,

Smooth surfaces

e,

Reaction is normal to the surface, i.c., at right angles to
the 1angent.

)
g

R
*“%w

Rough sur/f%

Rough surface is capable of supporting a tangental
force as well as a normal reaction. Resultant reaction
is vectorial sum of these two.

Roller support

?

Reaction is normal to the supporting surface only.

Pin support

lFi

A freely hinged support is fixed in position, hence the
two reaction forces, but is not restrained in direction - it
is free to rotate.

Buili-in support
y y

iy -HGI:

v

AR RN

The sun,- .1t is capable of providing a lengitudinal
reaction (H), a lateral or transverse reaction (¥),and a
moment {M). The body is fixed in position and fixed in
direction.




In general, a structural member has to be held or sup-
ported at a minimum of two points (an exception to this is
the cantilever). Anyone who has tried ‘balancing’ a long
pole or something similar will realize that although only
one support is theoretically necessary two are used to pive
satisfactory stability.

Resultant of Gravitation Forces

The whole weight of a body can be assumed to act at the
centre of gravity of the body for the purpose of determining
supporting reactions of a system of forces which are in
equilibrium, Note that for other purposes the gravitation
forces cannot always be treated this way.

Example 3

A ladder rests against a smooth wall and a man weighing
900N stands on it at the middic. The weight of the ladder is
100N. Determine the support reactions at the wall (R.,) and
at the ground (Rg).

W= [900+100}IN

ém

AR AR AN

|
k-

30m

Space diagram

Free-body diagram of ladder

A
R =1030N
1000N Y
Rw = 250N
Force diagram

Since the wall is smooth the reaction R, must be at right
angies to the surface of ¢the wall and is therefore horizontal.
A vertical component would have indicated a friction force
between the ladder and the wall, At the bottom the ladder
is resting onthe ground which is not smooth, and therefore
the reaction R must have both a vertical and a horizontal
component.

Since the two weight forces in this example have the
same line of acticn, they can be combined inte a single
force reducing the prablem from one having four forces to
one having only three forces. The point of concurrency (A)
can then be found, giving the direction of the ground
reaction force, This in turn enables the force vector dia-
gram to be drawn and hence the wall and ground reactions
determined.,

Example 4

A pin-jointed framework {truss) carries two loads as
shown. The end A is pinned to a rigid support whilst the
end B has a roller support. Determine the supporting
reactions graphically:

i Combine the two applied forces into one and find line
of action,

12 kN

A 15kN 8




2 Because of the roller support reaction Ry will be verti-
cal. Therefore the resultant line (Ry) must be extended to
intersect the vertical reaction of support B. This point is the
point of concurrency for the resultant load, the reaction at
B and the reaction at A.

12
/ ' k¥ ; RL 15
—
* R’ |Rg
C

3 From this point of concurrency, draw a line through
the support pin at A. This gives the line of action of the
reaction at A.

LD

4 Use these three force directions and the magnitude of

R to draw the force diagram, from which R, and Ry can
be found.

Answer: R, = 12.2 kN at 21° to horizontal.
Rg = 12.7 kN vertical.

The link polygon (see an engineering handbook) may
also be usea to determine the reactions to a beam or a truss,
though it is asually quicker and easier to obtain the reac-
tions by calc ulation, the method shown in Example 4, ora
combinatior of calculation and drawing.

The following conditions must however be satisfied.

1 Al forces {apart from the two reactions) must be
known completely, i.e., magnitude, line of action and
direction.

2 The line of action of one of the reactions must be
known.

3 At least one point on the line of action for the other
reaciion must be known, (2 and 3 reduce the number of
unknowns related 10 the equations of equilibrium to an
acceptable level.)

Moments of Forces
The effect of a force on a rigid body depends on its point of
application as well as its magnitude and direction. It is
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common knowledge that a smatl force can have a large
turning effect or leverage. In mechanics, the term rroment
is used instead of turning effect,

The moment of force with a magnitude (F) about a
turning point (O) is defined as: M = F = d, where d is the
perpendicular distance from O to the line of action of force
F. The distance d is often calied lever ann. A moment has
dimensions of force times length (Nm). The direction of a
moment about a point or axis is defined by the direction of
the rotation that the force tends to give to the body. A
clockwise moment is usually considered as having a posi-
tive sign and an anti-clockwise moment a negative sign.

The determination of the moment of a force in a
coplanar system will be simplified if the force and its point
of application are resolved into jts horizontal and vertical
components.

Free-body Diagram for a Rigid Body
In solving a problem it is essential to consider all forces
acting on the body and to exclude any force which is not

- directly applied io the body. The first step in the solution of

a problem should therefore be to draw a free-body
diagram.

1 Choose the free body to be used, isolate it from any
other body and sketch its outline.

2 Locate all external forces on the free body and clearly
mark their magnitude and direction. This should include
the weight of the free body which is applied at the centre of
gravity,

3 Locate and mark unknown external forces and reac-
tions, in the free-body diagram.

4 Include all dimensions that indicate the location, and
direction of forces.

Example 3 continued

Since the ladder in Example 3 is at rest, the conditions of
equilibrinm for a rigid body can be used to calculate the
reactions. By taking moments around the point where the
ladder rests on the ground, the moment of the reaction Rg
can be ignored since it has no lever arm (moment is zero).
According to the third condition for equilibrium, the sum
of moments must equal zero, therefore:

(6 * R,) - (900N x 1.5m) - (100N x 1.5m) = 0
R, = 250N

"The vertical component of Rg must, according to the
second condition, be equal but opposite to the sum of the
weight of the ladder and the weight of the person on the
ladder, since those two are the only vertical forces and the
sum of the vertical forces must equal zero,

i.e.. Rgy = 000N
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Using the first condition of equilibrium it can be seen
that the horizontal component of Rg must be equal but
opposite in directicn to R, 1.e.;

Rg; = 250N

Since R is the third side of aforce triangle, where the other
two sides are the horizontal and vertical components, the
magnitude of Rg can be calculated as:

10002 + 2502 = 030N

Resultant of Parallel Forces

If two or more parallel forees are applied to a horizontal
beam, then theoretically the beamn can be held in equili-
brium by the application of a single force (reaction) which
is equal and opposite to the resultant, R. The equilibrant of
the downward forces must be equal and oppuosite to their
resultant, This provides a method for calculating the resul-
tant of a system of parallel forces. However, two reactions
are required to ensure the necessary stability and a more
likely arrangement will have two or more supports.

The reactions R, and Rg must both be vertical, since
there is no horizontal force component. Furthermore the
sum of the reaction forces R, and Ry must be equal to the
sum of the downward acting forces,

Beam Reactions

BOKN  70#N 100kN JOKN

The magnitude of the reactions may be found by the
application of the third condition for equilibrium, i.e., the
algebraic sum of the moments of the forces about any point
must be zero.

Take the moments around point A, then:

(80 x 2) + (70 x 4) + (100 x 7) + (30 x 10} - (Rg * 12} = 0
Rp = 120kN

Ra is now easily found with the application of the second
condition for equilibrium.

Ra-75-70 - 100 -30 + Rp = 0;

Rp = [20kN gives:
R, = 160kN.

Couples
Two aqual, parallel and opposite but not colinear forces
are said to be a couple.

A couple acting on a body produces rotation. Note that
the couple cannot be balanced by a single force. To pro-
duce equitibrium another couple of equal and opposite
moment is required.

150 mm

150 mm F = 20N

Loading Systems

Before any of the various load eficets (tension, compres-
sion, bending etc.) can be considered, the applied icads
must be rationalized into a number of ordered systems.
Irregular Joading is difficult to deal with exactly but even
the most irregular loads may be reduced and approximated
10 a number of regular systems, These can then be dealt
with in mathematical terms using the principle of superpo-
sition 10 estimate the overall combined effect.

Concentrated loads are those which can be assumed to
act at asingle point e.g., a weight hanging from a ceiling, or
a man pushing against a box.

Concentrated loads are represented by a single arrow
drawn in the direction and through the point of action of
the force. The magnitude of the force is always indicaied.

Uniformly distributed loads, written as u.d... are those
which can be assumed to act uniformly over an area or
along the length of a structural member, ¢.g., roof loads,
wind loads, the effect of the weight of water on a horizontal
surface, etc. g

For the purpose of calculation, a u.d.L is normally con-
sidered in a plane and is represented as shown,



In calculating reactions, uniformly distributed loads can
in most, but not all cases be represented by a concentrated
load equal to the total distributed load and passing through
the centre of gravity of the distributed load.

Fhis technique must not be used for calculation of shear
force, bending moment or deflection.

Example 5

Consider a suspended floor where the loads are sup-
ported by a set of irregularly placed beams. Let the load
arising from the weight of the floor itself and the weight of
any material placed on top of it (c.g., stored grain) be
10kN/m?. Determine the u.d.l. acting on beam A and
beam C.

FLOOR SECTION

Ir 1 8| 1 BEAM
A B C D
FLOOR PLAN
T ™ TT
! A ' 5
i II 1| |
| 1: L I
: ]I :I | DEJ
) Ty ; ol
i "l \
t 11 |
l 1| I

11 i

T

=

20m 30m 20m

S+

—
A

1t can be seen from the figure below that beam A carries
the floor loads contributed by half the arca between the
beams A and B i.c_, the shaded area L. Beam C carries the
Joads contributed by the shaded area M.

=]
3

. 40m

NN

2-0m

—
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Therefore beam A carries a total load of:
Im = 4m x 10kN/m? = 40kN, or 40kN/4 = 10kN/m.
In the same way the loading of beam C can be caleulated

to 25kN/ m. The loading per metre run can then be used to
calculate the required size of the beatns.

10kN /m

40m

B,

Loading of Beam A

25 kN/m
It
1]

1
11
1
L

Loading of Beam C

Distributed loads with linear variation is another com-
mon iload situation.

The loading shape is triangular and is the result of such
actions as the pressure of water on retaining walls and
dams.
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Shearing Force and Bending Moment

A beam is a structural member subject to lateral loading in
vhich the developed resistance to deformation is of flexu-
ral character, The primary load effect that a beam is
designed to resist is that of bending moments, but in addi-
tion, the effects of transverse or vertical shearing forces
must be considered.

Cansider the cantilever AB shown in (a). For equili-
brium, the reaction force at A must be vertical and equal to
the load W,

The cantilever must therefore transmit the effect of load
W to the support at A by developing resistance (on vertical
cross-section planes between the load and the support) to
the load effect called shearing force. Failure to transmit the
shearing force at any given section, e.g., section x-x, will
cause the beam to fracture as in (b). The bending effect of
the load will cause the beam to deform as in{c). To prevent
ratation of the beam at the support A, there must be a
reaction moment at A, shown as M, which is equal to the
product of load W and the distance from W to point A.

The shearing force and the bending moment transmitted
across the section x-x may be considered as the force and
moment respectively that are necessary to maintain equili-
briun if a cul is made severing the beam at x-x, The
free-body diagrams of the two portions of the beam are
shown in (d).

Then the shearing force between Aand C=Q, = W
and the bending moment between A and C= M, = W,

Note: Both the shearing force and the bending moment will
be zero between C and B.

{A) W
/]
A J{ B
AL ]
] C
;1‘ X
A
R=Ww
{8}
W
4a
/A N
7, | 13
1 |
y C
N X
R

{C)
W
2a
Ma ‘(':‘ ““““““ 1B
7]
4 X C
{0}

Definitions
Shear force (Q) is the algebraic sum of ail the transverse
forces acting to the left or to the right ol the chosen section.
Bending moment (M) at any transverse cross sectionof a
straight beam is the algebraic sum of the moments, taken
about an axis passing through the centroid of the cross
section, of all the forces applied to the beam on either side
of the chosen cross section.

Table 4.2  Shearing and Bending Forces

Sigh conventivn
Lood ettee!  [Symbot Units
Positiva {4) I Hanative -}
|
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SHESRING ] —_— — "
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FoRce ‘up on the LaH" Wown an the it N
. e "
| pemome |, “SAGGING MOGGING' i
MOMENT [(be hore i comprectinrk (bp Home 0 tersion ) m

Shear Force Variation

Concentrated loads will change the value of the shear force
only at points where they occur, i.e., the shear force
remains censtant in between. When the load is uniformly
distribuicd, however, the shear force will vary at a uniform
rate Thus it will be seen that uniform loads cause gradual
and uniform change of shear, whilst concentrated loads
brin; a sudden change in the value of the shear force.



Bending Moment Variation

Concentrated loads will cause a uniform change of the
bending moment between the points of action of the loads.
In the case of uniformly distributed loads, the rate of
change of the bending moment will be parabolic. Maxi-
mum values of bending moment will accur whete the shear
force is zero or where it changes sign.

Shear-Force and Bending-Moment Diagrams
Represeniaiive diagrams of the disiribuiion of shearing
force and bending moment are often required at several
stages in the design process. These diagrams are obtained
by plotting graphs with the beams as the base and the
values of the particular effect as ordinates. It is usual to
construct these diagrams in s2ts of three, representing the
distribution of loads, shearing forces and bending
moments respectively. These graphical representations
provide useful information regarding:

a the most likely section where a beam may fail in shear
or in bending

b where reinforcement may be required in certain types
of beams, e.g., concrete beams

¢ the shear-force diagram will provide useful information
about the bending moment at any point

d the bending-moment diagram gives useful information
on the deflected shape of the beam.

The following example will show how the three dia-
grams are constructed:

Example &

1 Draw a beam-loading diagram showing all loads and
relevant dimensions. This is simply a free-body diagram of
the beam.

a= tim N bz 10m 1 10m
1 | W, = 4kN/m —
+
Wi = ZiN/m 1r|

2 Determine the reactions at the supports. First use the
condition for equilibrium of moments about point

E. ZMg = 0.
ME={P~a)+(w,tbx%)+w;xc{b+§)-Rg(b+c)=0

Mg =10 % 10) + (2 x 10 % 5)+ 4 % 10 x (15) - Rg (20) = 0
Rg = kN

N I L} oy
i LIESIEN ir

2F, =0 hence
IF,zRg+Rg-P-(wixb)-(wy2c)=0
ZF, = Rg+30-10-(2x 10)-(4x 10} =0
Rg = 40kN

3 Drawthe shear-force diagram (SFD) directly below the
loading diagram and choose a convenient scale to
represent the shear force.

Calculate the values of the shear force to the left and to
the right of all critical points. Critical points are:

ol T
LIS Thy

& at concentr ads
@ at reactions
# at points where the magnitude of a distributed load

changes. .

a Consider a section through the beam just to the left of
D, and find the algebraic sum of all vertical forces to the left
of this section.

ZF,=0 . shear foree to the left of D is zero

b Consider a section just to the right of D, algebraic sum
of forces to lefi of this section is 10kN down to the left.

Hence shear force to right of D is 10kN (Negative)

¢ The same resul s in 2} above will be found for any
such section between D and E. The shear-foree diagram
between D and E is thus a horizontal line at -10kN.
d Consider a section just to the right of E, algebraic sum
of lorces to the left of this section is made up of P and Rg
given, shear force equals (-10 + 40)kN = + 30kN, ie., up to
the left of section, Thus at E shear-force diagram changes
from -10kN to + 30kN.

As we approach the right-hand end of the beam we find
the mathematics easier to consider the right hand side of
any section.
¢ Section just to left of F, shear force = (4kN/m = 10m) -
{30kN) using the sign convention Lo determine positive or
negative. Shear force here equals + 40 - 30 = + 10kN.

{ Section just to right of F, shear force = +40- 30 =+10kN
(i.e., no sudden change at F).

g Section just to left of G, shear force = -30kN

b Variation of shear under a u.d.l. must be Linear,




Note the following from the shear force diagram:

& Maximum shear Force occurs at E and G where the
values are + 30kN and 30kN respectively. These two trans-
verse sections are the two most likely points for failure in
shear.

® The maximum bending moment will occur where the
shear force is zero or where the shear force changes sign.
However, note that cantilivered beams always will have
maximum bending at the fixed end.

The SFD in the above example has two points where the
shear force is zero. One is at E and the other is H between F
and G. The position of H can be calculated from the fact
that at F the shear foree is 10kN and under the action of the
u.d.1. 1o the right of F it reduces at the rate of 4kN/m. It will
read a value of zero after 2.5m, i.e., the point H is 2.5m to
the oght of F.

4 Draw the bending moment diagram (BMD) directly
under the SFD and choose a convenient scale to represent
the bending moment. Calculate values of the bending
moment at all critical points. Critical points for bending
moment are:

# ends of the beam

#®  where the shear force is zero or changes sign

® oiher points which by experience are known to be
critical.

Values of bending moment are calculated using the
definition and sign convention and considering eacn load
{to one side of the poini} separately. It is ihe effect that one
load would have on the bent shape at the chosen point that
determines the sign.

a For B.M. at D consider left side of this point My =0
b ForB.M. at E consider left side of this point Mg =P xa
and beam would assume a hogging shape;

My = (10 * 10) = -100kNm

¢ For B,M, at F consider loads to right of point, asagging
beam results and:

Mg = {4 = 10 = 1042} + (30 = 10} = 100kNm

d B.M. a1 G is obvicusly zero

¢ Al point H we have maximum bending moment:
considering forces to right of this point gives

My = (4= 7.5/ 2 = 7.5) + (30 x 7.5) = }12.5 (sagging)

f The variation of bending moment under a u.d.l. is
parabolic

g MU the inclusion of other points would be helpful in
drawing the curve, they should also be plotted.

Note the following from the bending-moment diagram:

¢ Maximum negative bending-moment hogging
(100kNm) occurs at E and maximum positive bending-
momeni sagging (112.5kNm) occurs at a point between F
and G. When designing beams in materials such as con-
crete, the steel reinforcememt vrould have to be placed
according to these moments,

4=¥m e Km L +0m
¥ o !._ - o -

Pz 10kN N '!!l LY
[T b
‘ -

e R

® The BMD wili also give an indication as to how the
loaded beam will deflect. Positive bending moments (sag-
ging) cause compression in the top fibres of the beam,
hence they tend to bend the beam with the concave side
downwards.

& At the supported ends of asimple beam and at the {ree
end of a cantilevered beam, where there can be no resist-
ance to bending, the bending moment is always zero.

Forces in Pin-jointed Frames
Designing of a framework necessitates finding the forces in
the members. For the calculation of primary stresses each
member is considered to be pin-jointed at each end so that
it can transmit an axial force only in the direction of the line
connecting the pin joints at each end. The force can be a
pure tension (conventionally designated positive) in which
case the member is called a iie or a pure compression
(conventionally designated negative) when the member is
calleG a strut,

These are internal forves which must be in equilibrium
with the external applied forces.
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To deiermine the forces in the members one can use a
number of different techniques.

Joint analysis: This is based on considering the equili-
brium of cach joint in turn and using the free-body diagram
for each joint.

Method of sections: The free-body diagram consi-
dered is for a portion of the framework to one side or the
other of a cut section. The forces in the members cut by the
section are included in the free-body diagram. Application
of the equations of equilibrium will solve the unknown
forces in the cut section. This provides an analytical solu-
tion and is most useful when requinng the answers for one
or two members only.

Example 7
9 kN 12kN kN
LB L A8 10
H 6 F|
A 23PN E

W0m
{ ali 30760° 90°triangle )

Um0 10m , 10m
4

Find the forces and their direction in the members BH and
HG by using the method of sections.

D R

Fygis found by taking a moment about point C, consider-
ing the right hand section (RHS) of the cut I-1 is in
equilibrinm. The forces Fyc and Fpe- have no moment

about point Cp_since they intersect at and pass through ihe
point.

M, =0 “(Fyug x CG) + @ x CD) - (Rg * 20) = 0
CG = FX = 10 tan X° = 5,774

_wp . FE
CD=DE =35

__EX _
FE=- "5 = 11,547m
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CD= %;5535-,, = 13,333m

RE = "*2'“9 = 15kN

Hence (Fyg * 5,774) + (9 x 13,333) - (15 x 20) = 0
Fuo = 31,17

Take section 2-2,

Since HC = FE = 11,547
(Fau = 11,547 + (9= 13333)-(15x20) = ¢
Fpu = 15,50kN

It can be seen that Fgy and Fupy and Fpy must be
clockwise 1o have equilibrivm about point C. The members
GH and HB are therefore in tension.

Mechanics of Materials

Direct Stress

When a force is transmitted through a body, the body tends
1o change its shape. Although these deformations seldom
can be seen by the naked eye, the many fibres or particles
which make up the body, transmit the force throughout the
length and section of the body, and the {ibres doing this
work are said to be in a state of stress. Thus, a stress may be
described as a mobilized internal reaction which resists any
tendency towards deformation. Since the effect of the force
is distributed over the cross-section area of the body, srress
is defined as force transmitted or resisted per unit area.
Thus Stress = Force

Area

The upit for stress in $.1. is newtons per square metre
(N/m?). This is also called a pascal (Pa). However, il is
often more convenient to uses the multiple N/ mm?.

Note that IN/mm?=1 MN/m?= IMPa




Tensile and compressive stress, which result (rom forces
acting perpendicular to the plane of cross section in ques-
tion, are known as normal stress and are usually symbol-
ized with (the Greek letter sigma), sometires given a suffix
t for tension (&) or a ¢ for compression (¢r,). Shear stress is
produced by forces acting parallel or tangential to the
plane of cross section and is symbolized with 7 (Greek letter
tau),

Tensile Stress

Example §
Consider a steel bar which is thinner at the middle of its

length than elsewhere, and which is subject to an axial pul!
of 45kN.

n

hel W

€
[
=
W

If the bar were to fall in tension, it would be due to
breaking where the amount of material is a minimum. The
total force tending to cause the bar to fracture is 45k N at all
cross sections, but whereas the effect of the force is distrib-
uted over a cross-sectional area of 1200mm: for part of the
length of the bar, it is distributed over only 300mm? at the
middie position. Thus, the tensile stress is greatest in the
middie and is:

43kN

o 00m? - L50N { mm?
Compressive Stress
Example 9

A brick pier is 0.7m square and 3m high and weighs
19k N/m?. It is supporting an axial load from a column of
490k N. The load is spread uniformly over the top of the
pier, so the arrow shown merely represents the resultant of
the load, Calculate a) the stress in the brickwork imme-

diately under the column, b) the siress at the bottom of the
pier.

430KN

P A

Im

- -~

Solution a
Cross-section area = 0.49m?

490kN
0.49m?

Stress=oc= =1000kN/m? or IN/mm?

Solution b
Weight of pier: = 0.7m * 0.7m = 3.0m x 19kN/m? = 28kN

Total load = 490 + 28 = 518kN
and

SI8kN
0.49m2

Siress= o, = =1057kN/m? or [.06N/ mm?

Shear Stress

Example 10

A rivet is conneciing two picces of flat steel, If the loads are
large enough, the rivet couid fail in shear, i.c., not breakiog
but sliding of its fibres. Calculate the shear stress of the
rivet when the steel bars are subject to an axial pull of 6kN.




Note that the rivets do, in fact, strengthen the connection
by pressing the two steel bars together, but this strength,
due to friction, cannot be calculated easily and is therefore
neglected, i.e., the rivet is assumed to give all strength to the
connection.

Cross-section area of rivet = ¥ x 7 » 102 = 78,5 mm?

_ . __6kN _ )
Shearstress=7~ —-——-—-—78_ SomE - T6N/mm

Strain
When loads of any type are applied to a body, the body will
always undergo dimension changes, this is called deforma-
tivn, Thus, tensiie and compressive stresses cause changes
in length; torsional-shearing siresses cause twisting, and
bearing stresses cause indentation in the bearing surface.
In farm structures, where mainly a uniaxial state of
stress is considered, the major deformation is in the axial
direction. There are always smal! deformations present in
the other two dimensions, but they are seldom of
significance.

. . _ Change inlength _ _ al.
Diirect Strain Original length £ 1

Eloggarog At
I

— -

- Gniginal jengih L

o Strained tength
LAl

By definition strain is a ratio of change and thus it is a
dimensionless quantity.

Elasticity
Al solid maierials will deform when they are stressed, and
as the stress is increased, the deformation also increases. In
many cases, when the foad causing the deformation is
removed, the material returns to its original size and shape
and is said to be elastic. If the stress is steadily increased, a
point is reached when, after the removal of the load, not all
of the induced strain is recovered. This limiting value of
stress is called the elasric fimiz. Within the elastic range,
strain is proportional to the stress causing it. This is called
the modulus of elasticity. The greatest stress for which
strain is still proportional is called the fimir of proportion-
ality (Hooke's law).

Thus, if a graph is produced of stress against strain as the
load is gradually applied, the first portion of the graph will
be a straight line. The slope of this straight line is the
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constant of proportionality, modulus of elasticity (E). or
Young's modulus and should be thought of as a measure of
the stiffness of a material.

Stress _ _FL
Strain  AaL

Modulus of elasticity = E =

The modulus of elasticity will have the same units as
stress (N/mm?2), This is because strain has no units.

A convenient way of demonstrating clastic behaviour is
10 plot a graph of the results of a simple tensile test carried
out on a thin mild-steel rod. The rod is hung vertically and
a series of forces applied at the lower end. Two gauge
points are marked on the rod and the distance between
them measured after each force increment has been added.
The test is continued until the rod breaks.

. Utimate & masimgm siress
Joper pd o5 - iress 8t
P ) toiture
L et - Lowef ¥ield poinl

%msﬁ: timit
ymi ot praporli enaliy

Stresgal| 5,
3
Sramie) -
Figure 4.1  Behaviour of mild-steel rod under tension.
Example 11

Two timber posts, 150mm square and 4m high, are
subject to an axial load of 108 kN each. One post is made of
pine timber (E = 7800N/ mm?) and the other is Australian
blackwood (E = 15300N/mm?). How much will they
shorten due to the load?

Cross-section area A = 22500mm?; length L = 4000mm

F L _ 108000 x 4000

Pine: aL = A_E_m = |.3mm
) C ¢ _ 108000 = 4000 _
Australian blackwood: AL = 57500 < 15300 E.Imm

Factor of Safety

The permissible stresses must, of course, be less than the
stresses which would cause failure of the members of the
structure: in other words there must be an ample safety
margin. (In 2000 B.C. a building code declared the life of
the builder be forfeited should the house collapse and kitt
the owner).



Also deformations must be limited since excessive
deflection may give rise to troubles such as cracking of
ceilings, partitions and finishes, as well as adversely affect-
ing the functional needs.

Structural design is not an exact science, and calculated
values of reactions, stresses etc., whilst they may be
mathematically correct for the theoretical structore (i.c.,
the model), may be only approximate s far as the actual
behaviour of the structure is concerned,

For these and other reasons it is necessary to make the
design stress, working stress, allowable stress and permiss-
ible stress less than the ultimate stress or the yield stress.
This margin is called factor of safery.

Ultimate (or vield) stress
Factor of safety

Design stress =

1n the case of a material such as concrete, which does not
have a well-defined yield point, or brittle materials which
behave in a linear manner up to failure, the factor of safety
is related to the ultimate stress (maximum stress befor
breakage). Other materials, such as steel, have a yisld point
where a sudden increase in strain oceurs, and at which
point the stress is lower than the ultimate stress. In this
case, the factor of salety is related to the yicld stress in order
to avoid unacceptable deformations.

The value of the factor of safety has to be chosen with a
variety of conditions in mind, such as:

# the accuracy in the loading assumptions

#® the permanency of the loads

® the probability for casualties or big economic losses in
case of failure

the purpose of the building

the uniformity of the building material

the workmanship expected from the builder

the strengih properties of the materials

the level of quality control ensuring that the materials
are in accordance with their specifications

®  the type of stresses devzloped

# the building material cost

However, values of 3 to 5 are normally choscn when the
factoc of safety is relaied to ultimate stress and values of 1.4
to 2.4 when related to yield-point stress.

In the case of building materials such as steel and timber,
different factors of safety are sometimes considered for
common loading systems and for cxceptional loading sys-
tems in order to save materials. Common loadings are
those which occur frequentlf, whereas a smaller safety
margin aiay be considered for exceptional loadings, which
occur less frequently and seldom with full intensity, e.g..
wind pressure, earthquakes, etc.

Structural Elements and Loading

Applied Loads

These fall into threr inain categories: dead loads, wind
ioads and other imposed loads.

Dead loads are loads due to the self-weight of all per-
manent construction, including roof, walls, floor, et¢. The
self- weights of some parts of a structure, e.g., roof clad-
ding, can be calculated from the manufacturer’s data
sheets, but the seli-weight of the structural elements cannot
be accurately determined until the design is completed.
Hence estimates of self-weight of some members must be
made before commencing a design analysis and the values
checked at the completion of the design.

Wind loads are impuosed loads, but are ugually treated as
a separate category owing to their transitory nature and
their complexity. Very often wind loading provestobe the
most critical load imposed on agricultural buildings. Wind
loads are naturally dependent on wind speed, but also on
location, size, shape, height and construction of a building,

Specific information concerning various types of loads is
presented in Chapter 5.

In designing a structure, it is necessary to consider which
combination of dead and imposed loads can give rise to the
ritost critical condition of loading. Not all the imposed
loads will necessarily reach their maximum values at the
same time. In some cases, for example light open sheds,
wind foads may tend to cause the roof structure to lift,
producing an effect opposite in direction to that of the dead
load.

Imposed loads are loads related to the use of the struc-
ture and to the environmental conditions, e.g., weight of
stored products, equipment, livestock, vehicles, furniture
and people who use the building. Imposed loads include
earthquake loads, wind loads and snow loads where appli-
cable; and are sometimes referred to as superimposed
foads, because they are in addition to the dead loads.

Dynamic loading is due to the change of loading, result-
ing directly from movement of loads. For example, a grain
bin may be effected by dynamic loading if filled suddenly
from a suspeuded hopper; it is not sufficient to consider the
ioad enly when the bin is either empty or full.

Principle of Superposition

This states that the effect of a number of loads applied at
the same time is the algebraic sum of the effects of the
loads, applied singly.

GhM FLh ] Sk by wiN LT3
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Using standard load cases, and applying the principle of
superposition, complex loading patterns can be solved.
Standard case values of shear force, bending moment or
deflection at particular positions along a member can be
evaluated and then the total value of such parameters for
the actual loading system found by algebraic summation.



Effects of Loading

When the loads have been transformed into definable load
systems, the designer must then consider how the loads will
be transmitted through the structure. Loads are not trars-
mitted as such, but as load effects.

When considering a structural member which occupies a
certain space, it is vsval to orientate the Cartesian 2-z axis
along the length of the member and the x-x and y-y axes
along the horizontal and vertical cross-sectional axes
respectively.

Primary Load Effects
A primary load effect is defined as being the direct resuit of
a force or a moment, which has a specific orientation with
respect to the three axes. Any single load or combination of
loads can give rise to one or more of these primary load
effects. In most cases a member will be designed basically
to sustain one load effect, usually the one producing the
greatest effect. In more complex situations the forces and
momenss are resolved into their components along the
axes and then the load effects are first studied separately
for one axis at a time, and then later their combined effects
are considered when giving the member its size and shape,

The choice of material for a member may be influenced
to some extent by the type of loading. For instance, con-
crete has little or no strength in tension and can therefore
hardly be used by itself as a tie.

Tension, compression, shear, bending and torsion are all
primary oad effects. Secondary load effects such as deflec-
tion are detived from the primary joad effects.

Structural Elemerits

Cable

Cables, cords, strings, ropes and wires are flexible because
of their small latera} dimensions in relation to their length
and have therefore very limited resistance to bending.
Cables are the most efficient structural elements since they
allow every fibre of the cross section to resist the applied
loads up to any allowable stress. Their applications are

however, limited by the fact that they can be used only in
tension.
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Rod

Rods, bars and poles are used to resist tensile or compres-
sive loads. In a rod or a bar under axial tension, the full
cross section can be considered and the full allowable stress
for the material can be used in design calculations.

Column

Rods or bars under compression are the basis for vertical
structural elements such as columns, stanchions, piers and
pillars. They are often used to transfer load effects from
beams, slabs and roof trusses to the foundations. They may
be loaded axially or they may have to be designed to resist
bending when the load is eccentric.

Ties and Struts

When bars are connected with pin joints and the resulting
structure loaded at the joints, a structural framework
called a pin jointed truss or lattice frame is obtained. The
members are only subjected to axial loads and members in

tension are called ties while members in compression are
called struts.




Beam

A beam is a member used to resist a load acting across its
longitudinal axis by transferring the effect over a distance
between supports - referred to us the span.
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The load on a beam causes longitudinal tension and
compression stresses and shear stresses. The magnitudes of
these will vary along and within the beam.

The span that a beam can usefully cover is limited due to
the self-weight of the beam, i.e , it will eventually reach a
length when it is only capable of supporting itself. This
problem is overcome to a degree with the hollow web beam
and the lattice girder or frame. The safe span for long
!ightly loaded beams can be increased somewhat by remov-
ing material from the web even though the shear capacity
wil be reduced.

HOLLDW WIEB HEAM

Arch

The arch can be shaped such that, for a particular loading,
all sections of the arch are under simple compression with
no bending. Arches exert vertical and horizontal thrusts on
their supports, which can prove troublesome in the design
of supporting walls. This problem of horizontal thrust can
be removed by connecting a tension member between the
support points.

SIMPLE  ARCH

| |

TIE

T BOW STRING ARCH T

Design of Members in Direct Stress

Tensile Systems

Tensile systems allow maximum use of the material
because every fibre of the cross section can be extended to
resist the applied loads up to any allowable stress.

As with other structural systems, tensile systems require
depth to economically transfer loads across a span. As the
sag (h) is decreased, the tensions in the cable (T, and Ty)
increase. Further decreases in the sag would again increase
the magmitudes of T; and T, until the ultimate condition,
an infinite force, would be required to transfer a vertical
load across a cable that is horizontal (obviously an
impossibility).




if Pz 100N
T1 = T2= SB

£

FORCE DIAGRAM FOR POINT A
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A distinguishing feature of tensile systeras is that vertical
loads produce both vertical and horizuntal reactions.
Because cables cannot resist bending or shear, thry transfer
all loads in tension along their lengths. The connection of a
cable to its supports acts as a pin joint {hinge) with the
result that the reaction (R) must be exactly equal and
opposite to the tension in the cable (T). The R can be
resolved into the vertical and horizontal directions produc-
ing the forces ¥ and H. The horizontal reaction (H) is
known as the thrust.

The values of the components of the reactions can be
obtained by using the conditions of static equilibrium and
resolving the cable tensions into vertical and horizontal
components at the support points.

Exampie 12

Two identical ropes support aload P of 5 kN as shownin
the figure, Calculate the required diameter of the rope, if its
ultimate strength is 30 N/mm? and a factor of safety of 4.0
is applied. Also determine the horizontal support reaction
at B.

if P=100N
then

/P

FORCE DIAGRAM fOR POINT A

6

FREE BODY DIAGRAM
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. Force oy 4.3 %100
Stress = Area area required = =5 = 573mm?
2
A = :-’r—:—
thus d =\ / 44—:-;5—7§=2‘imm( in)
BY
, BH
30° i
T2

Al support B, reaction composed of two components.

By = Ty sin 30° = 2.5 sin 30° = 1.25kN
By = Ty cos 30° = 2.5 cos 30° = 2.17kN

Short Columns

A column which is short (i.e., the height is small compared
to the cross section area) is likely to fail due to crushing of
the material.

Note however, that slender columns, being tall com-
pared to the cross section area, are more likely to fail by
buckling with a much smaller load than that which would
cause failure due to crushing. Buckling is dealt with later.

b Py

Shori columns

e

e

Slender columas

Example 13

A square concrete column, which is §.5m high, is made
of a nominal concrete mix of 1;2:4, with a permissible
direct compression strass of 5.3N/mm?2. What is the
required cross section area if the column is required to
carry an axial load of 300kN?

F J00000N

A 2% 53N/mne

= 56600mm?

i.., the cotumn should be minimum 240mm square.

Properties of Structural Sections

1t will be necessary, for example, when designing beams in
bending, columns in buckling, ete., to refer to a number of
basic georrctrical properties of the cross sections of struc-
tural members.

Area

Cross-section areas (A) arc generally calculated in mm?,
since the dimensions of most structural members are given
in mm, and values for design stresses found in tables are
usually given in N/mm?2.




Centre of Gravity or Centroid

This is a point about which the area of the section is evenly
distributed. Note that the centroid is sometimes outside the
actual cross section of the struciural element.

Reference Axes

It is usval to consider the reference axes of structural
sections as those passing through the centroid. In general,
the x-x axis is drawn perpendicular to the greatest lateral
dimension of the section, and the y-y axis is drawn perpen-
dicular to the x-x axis, intersecting it at the centroid.

X —-— . -+ - - X
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Moment of Inertia
Area moment of inertia (I), or as it is correctly called,
second moment of area, i$ a preperty which measures the
distribution of area around a particular axis of a cross
seclion, and is an important factor in its resistance to
bending. Other factors such as the strength of the material
from which a beam is made, are alse important for resist-
ance to bending, and are allowed for in other ways. The
moment of incrtia only measures how the geometric prop-
eriies or shape of a section affects its value as a beam or
slender column. The best shape for a section is one which
has the greater part of its area as far as possible away from
its centroidal, neutral axis.

For design purposcs it is necessary to use the moment of
inertia of a section about the relevant axis or axes.

Calculation of Moment of Inertia

Consider a rectangle and let it consist of an infinite number
of strips. The moment of inertia about the x-x axis of such
a strip is then the area of the strip multiplied by the square
of the perpendicular distance from its centroid to the x-x
axis, i.e.:

bx Ay xy2

__)H(__.
—

The sum of ali such products is the moment of inertia about
the x-x axis for the whole cross section.

By applying calculus and integrating as follows, the exact
value for the moment of inertia can be obtained.

;2
bdl
L= f by? dy =75

/2

For a circular cross section:

_mrDe
o=

Moments of inertia for other cross sections are given
later and in Table 4.3, For strictural rolled-steei sections,
the moment of inertia can be found tabulated in hand-
books. Some examples are given in Appendix V:a.




Principle of Parallel Axes

The principle of parallel axes states: To find the moment of
inertia of any area (e.g., top flange of beam shown below)
about any axis parallel to its centroidal axis, the product of
the area of the shape and the square of the perpendicular
distance between the axes must be added to the moment of
inertia about the centroidal axis of that shape,

Example 14

Determine the moment of inertia about the x-X axis and
the y-y axis for the I-beam shown in the figure. The beam
has a web of 10mm plywood and the flanges are made of 38
by 100mm timber, which are nailed and glued to the ply-
wood web.

Tinber 38x 100

L _] gk 3 le
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— Plywood § x " }
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L 1 * 11

The whole cross section of the beam and the cross sec-
tion of the web botly have their cenitroids on the x-x axis,
which therefore is their centroidal axis. Similarly, the F-F
axis is the centroidal axis for the top flange.

bd® _ 10 x 300°
12 12

I, of the web using = 22.5 % 108mmé

The moment of intertia of one flange about its own
centroidal axis (F-F):

Igr of one flange = j# = 7.2 10mm?*

and from the principle of parallel axes, the I,; of one
flange equals:

7.2 % 105 + 86 = 100 = 2002
= 351.2 x 10Pmm*

The total 1, of the web plus two flanges thus equals:

Lix = 22.5 = [0% + 351.2 x 105 + 351.2 = 106 = 725 = 105mm?*

The Iy of the above beam section is most easily found by
adding the 1,, of the three rectangles of which it consists,
because the y-y axis is their common neutral axis, and
moments of inertia may be added or subtracted if they are
related to the same axis.

100 %86 300 x 10?

by=2x—"73 i

=2x 3.3 = 106+ 0.025 = 106

= 10.6 * 10mm*

Section Modulus

In problems involving bending stresses in beams, a prop-
erty called section modeus{Z) s useful. 1t is the ratio of the
moment of inertia (I) about the neutral axis of the section
to the distance (C) from the neutral axis to the edge of the
section,

Unsymmetrical Cross Sections
Sections for which a centroidal reference axis is not an axis
of symmetry will have two section moduli for that axis.
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Radius of Gyration

Radius of gyration (r) is the property of a cross section
which measures the distribution of the area of the cross
section in relation to the axis. Ln structural design it is used




in relation to the length of compression members, such as
columns and struts, to estimate their slenderness ratio and
hence their tendency for buckling. Slender compression
members iend to buckle about the axis for which the radius
of gyration is a minimum value. From the equations below,
it will be seen that the least radius of gyration is related to
the axis about which the least moment of inertia occurs.

(general relationship 1 = Ar?)

Table 4.3  Properties of Structural Sections
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Design of Simple Beams

Bending Stresses

When a sponge is put across iwo supports and gently
pressed downwards between the supporis, the pores at the
top will close indicating compression, and the pores at the
bottom will open wider indicating tension, Similarly, a
beam of any elastic material such as wood or steel will
produce a change in shape when external loads are acting
onit.

Section Area Moment of inertia Section Modulus Radius of Gyration Distance from
(mm?) or {mm*) or {tm*) {mm* or {m*} {mm) or {m} extreme fibre to
{m?} centroid (mm) or (m)
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Figure 4.2 Bending effects on beams.

The stresses will vary from maximum compression at
the top to maximum tension at the bottom. Where the
stress changes from compressive to tensile, there will be one
layer which remains unstressed and this is called the neutral
layer or the ncutral axis (NA).

This is why beams with I-section are so effective. Th=
main part of its material is concentrated in the flanges,
away from the neutral axis. Hence, the maximum stresses
occur where there is maximun material to resist them.

If the material is assumed to be elastic, then the stress
distribution can be represented by two triangular shapes
with the line of action of the resultant force of each triangle
of stress at its centroid,

The couple produced by the compression and tension

triangles of stress is the imternal-reaction couple of the
beath section.

The moment caused by the external loads acting on the
beam will be resisted by the moment of this internal couple.
Therefore:

M = Mp = C{or T} * h where:

M = the external moment

Mp = the internal resisting moment

C = resultant of all cornpressive forces on the cross sec-
tion of the beam

T = resuitant of all tensile forces on the cross section of
the beam

h = lever arm of the reaction couple

Now consider a small element withthe arca{R)at a
distance (a) from the neutral axis (N/A).

Note that it is common practice to use the symbol f for
bending stress rather than the more general symbol . Max-
imnum compressive stress (i) is assumed to occur in this
case at the top of the beam, Therefore, by similar triangles,
the stress in the chosen element is:

fe

.fL._!E- f.zax—.
a ¥ooax Yrmax

Since force = stress x area; the force on the element

=f,

The resisting moment due to the small element is:
force » distance (a)

t-xRxa=-Rax L
M

The total resisting moment due to all such small ele-
ments in the cross section is:

Mg = ZRa? » fe

AR




Rut £Ra? = [, the moment of inertia about the neutral axis
and therefore

f.
Mp=1i-~
R Yo

Since the section modulus Z, = 1

Mg=fxZ.=M; similarly Mp=fixZ,= M

The maximum compressive stress (f;) will oceur in the
cross section area of the beam where the bending moraent
(M) is greatest. A size and shape of cross section, Le., is
section modulus (Z), must be selected such that the §, does
not exceed an allowable value. Allowabl: working stress
values can be tound in building codes o engineering
handbooks.

From the diagrams below it can be seen Lhat the concept
of a “resisting” couple can be seen in many structural
members and systems.

Ml 1A
Recrangular Beams
Y S
Al
, :
Nl a "
s
L4 .
/I T

Girders and I-Beams ('s of web area can be added to
each flange area for moment resistance).

Rectangular Reinforced-Concrete Beams (Note that the

steel bars are assumed o carry the whole of the tensile
forces).
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Reinforced-Concreic T-Beamis

In summary the following equation is used to test for
safe bending:

f.=1= Mi““ where:

f« = ailowable bending stress

{ = actual bending stress

My = maximum bending moment
Z = section medulus

Horizontal Shear

The horizontal shear force (Q) at a given cross sectionina
beam induces a shearing stress which acts tangentially to
the horizontal cross-sectional plane. The average value of
this shear stress is:

r= 2

where A is the transverse cross sectional area. This average
value is used when designing riveis, bolts, welded joints.

The existence of such a horizontal stress can be illus-
trated by bending a paper pad. The papers will slide relative
to each other, but in a beam this is prevented by the
developed shear stress.

Siiding of layers

~ Nosliding of {ayers

Figure 4.3  Shearing effects on beams.
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However, the shear stresses are not equal across the
cross section. At the top and bottom edge of the beam they
must be zero, since no horizontal shear stresses can
develop.

If the shear stresses at a certain distance from the neutral
axis are considered, their value can be determined accord-
ing to the following formula:

7= Q____l_; :: - where:

T = shear stress
Q = shear force
AA = area for the part of the section being sheared off

y = perpendicuiar distance {rom the centroid of AA to

the neutral axis

I = moment of inertia for the whole cross section

b = width of the section at the place where shear stress is
being calculated,

forareaAA <—— T -4

Y
— ——
—
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Maximum Horizontsl Skear Force in Beams

It can be shown that the maximum shear stress r,, ina
beam will occur at the neutral axis. Thus, the following
relations for the maximum shear stress in beams of differ-
ent shapes can be deduced, assuming the maximum shear
force (Q) to be the end reaction at a beam support
(column).

For rectangular sections 1, = 2 .3 . L5 Q

Zbd 2A A
o . 0 L Q
For square sechons Tmax = -—2-;‘; = l.S-‘;'i-

For circular sections Fpuy = "3,,-]): _3%

For I-shaped sections of steel beams, a convenient
approximation is to assume that all shearing resistance is
afforded by the web plus that part of the flanges that is a
continuation of the web.

Thus;

For I - sections T,y = where:

2
dxt

d = depth of beam
t = thickness of web

If timber and steel beams with spans normally used in
buildings are made large enough to resist the tensile and
compressive stresses caused by bending, they are usually
strong encugh also to resist the horizontal shear stresses.
However, the size or strength of short, heavily loaded
timber beams may be limited by these stresses,

Deflection of Beams

Excessive deflections are unacceptable in building con-
struction, since they can cause cracking of plaster in ceil-
ings and can result in jamming of doors and windows.
Most building codes limit the amount of allowable deflec-
tion as a proportion of the member’s length, i.c. 1/180,
1/240 or 1360 of the length.

For standard cases of loading the deflection formulae can
be expressed as:

WL?
El

Spax = Ko ® where:

Bax = maximum deflection (mm)

K. = constant depending on the type of loading and theend
support conditions

W = total load (N)

L = effective span (mm)

E = modulus of elasticity (N/mm?)

1 = moment of inertia (mm?)



It can be seen that deflection is greatly influenced by the
span L, and that the best resistance is provided by beams
which have the most depth (d}, resulting in a large moment
of inertia.

Note that the effective span is greater than the clear span.
It is convenient to use the centre to centre distance of the
sSupports as an approximation to the effective span.

Some of the standard cases of loading and resulting
deflection for beams can be found later in this section.

Design Criteria
The design of bcams is dependent upon the following
factors:

Magnitude and type of loading
Duration of loading

Clear span

Maierial of the beam

Shape of the beam cross section

U o tar b

Beams are designed by use of the following formulae:

1. Bending Stress

f,=f=——  where

{, = allowable bending stress

f = actual bending stress

Mpax = maximum bending moment
Z = section modulus

This re!ationship derives from simpled beam theory and

Mmgx = fl'll.lx

Ina Ymax

and . Z
¥max

The maximum bending stress will be found in the
section of the beam where the maximnm bending moment
occurs. The maximum moment can be obtained from the
B.M. diagram.

2.  Shear Siress

For rectangular cross-sections:

tw = T= 3;)‘“]“ 3’-9"-‘32%‘

o

For circular cross-sections:

rw2r=4—9-——-x mex - J6Qumar,
IxA 3md?
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For I-shaped cross-secticns cf steel beams

r.,Zrz-Oﬁ——'":

T = allowable shear stress

7 = actual shear stress

Qmax = maximura shear force
A = cross-section area

Allowable shear stress like the allowable bending stress
differs for different materials and can be obtained from a
building code. Maximum shear force is obtained from the
shear force diagram.

3. Deflection

In addition, limitations sometimes are placed on maximum
deflection of the beam.

.y WL
Goax = Ke gy

Example 15

Consider a floor where beams are spaced at 1200mm and
have a span of 4000mm. The beams are seasoned cypress
with the following properties:

fw = 8.0Nfmm?, 7w =0.7N/mm?, E = 8.400N/mm?, density
500kg/ m*
Loading on floor and including floor is 2.5kN/m?.

Allowable deflection is §L4'6

.,

—
1
1

—~
.

R,

€
) % “*
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1 Beam loading: w = |.2m = 2.5kN/m? = 3kN/m
Assume a 100 by 250mm cross section for the beams.
Beam mass = 0.1 x 0.25 x 500 = 9.81 = 122.6N/m =
0.12kN/m

Total w=3+0.12=312kN/m

2 Calculate teactions and draw shear-force and bending
moment diagrams

W =312 kN[m
T I

-"‘f" le ﬁ*
r i

SFD -6 24

3 Calculate maximum bending moment (M,,,,) using
equation for a simple beam, uniformly loaded. See table
44

wl? _ 3124

M = =g 3

= 6.24kNm = 6.24 x 106/ Nmm

4 Find the required section medulus (Z)

Zooy = e 282 - 78 s 00

§ Find a suitable beam depth assuming 100mm breaths:

From table 4.3 the section moduius for a rectangular shape
is Z =1 { PR bd?

oy, [f6Z _ [6x0TB 0P _
.d\/: 2 /—-————-—m = 216mm

Choose a 100 by 225mm timber. The timber required is a
little less than that assumed. No recalculations are required
unless it is estimated that a smaller size timber would be
adequate if a smaller size had been assumed initially.

6 Check for shear Ic;ading:

3  3x6.24 % 102 .
TE A - 2x100% 225 - 04N/ mm?

Since the safe for the timber is 0.7N/mm?, the section is
adequate in resistance to horizontal shear.

7 Check deflection to ensure less than /24 of the span,
From table 4.4

-5 WL3

6m=3ﬁ *E where:
E = 8400N/ mm?
_bd* __100x 2258 _
I= =1 95 » 105mm*

W=312kN/m = 4m = 12.48kN = 12.48 = BN
L=4=x10’mm

L5 1248 1 x @1 _
Oom = 354 " T ga0Dx95x 106 | oMM

The allowable deflection, 400/240 = 16.7 >>13
“ beam is satisfactory.

Bending Moments Caused by Askew
Loads

If beam is loaded so that the resulting bending moment is
not about one of the main axes, the moment has to be
resolved into components acting about the main axes. The
stresses are then calculated separately relative to each axis
and the totai stress is found by adding the stresses caused by
the components of the moment.

Example 15

Design a timber purlin, which will span rafters 2.4m on
center. The angle of the roof slope is 30° and the purlin will
support a vertical dead load of 250N/ m and a wind load of
200N /m acting normal to the roof. The allowable bending
stress () for the timber used is 8N/ mm?, The timber den-
sity is 600kg/m?.

1 Assume a purlin cross-sectionsize of 50 x 125mm. Find
an estimated sel{-load.

W =0.05x0.125 = 600 < 9.81 = 37N/m
The total dead load becomes 250 + 37 = 28IN/m

2 Find the components of the loads relative to the main
axes.

W, =200N/m + 287N/ m * cos 30° = 448.5N/m
W, = 287N/m = sin 30° = 143.5N/m




! W
w2= 200 Nm

3 Calculate the bending moments about each axis for a
uniformly distributed load. The purlin is assumed to be a
simple beam.

- WL _ wl?
M = 8 8
i. x L2 "
Mupasy = 2 SL = 443: Z¥ - 323 % ('Nmm
x 12 x 2
Moy = L SL = 143; 24 = 103 x 10°'Nmm

4 The aciual stress in the timber must be no greater than
the allowable stress,

fe Mons |, Moy o

Z Z,

5 Try the assumed purlin size of 50 * 150mm.

2
Z :% : 50“(1)252 = {30 x 10’mm?
z, =4 . 25250 | o v
6 I3
U331 103100 _ )
£= 130 = 10 * §2x |08 T 2.5+2=45N/mm?

This size is safe, but a smaller size may be satisfactory.
Try 50 = 100mm.

db? _ 50 = 1002

ZI.:T= _6—-:83xlojmm3
2 =
Z,:E :M=42‘|03mm3
6 6
CXaxi0r | 103 1P _ )
f= 83 = 10° 42 x 10 39+ 235 = 64N/ mm?

Structural Design 95

This is mu~h closer to the allowable stress. To save
msicy, also 50 » 75mm should be tried. In this case § > fu
and therefore 50 » 100mm is chosen.

Universal Steel Beams

Steel beams of various cross-sectional shapes are commer-
cially available. Even though the properties of their cross
sections can be calculated with the formulae given in the
section “Design of members in direct stress” it is easier to
obtain them from hand book tables. These tables will also
take into consideration the effect of rounded edges, welds,
ete.

Sections of steel beams are indicated with a combination
of letters and a number, where the letters represent the
shape of the section and the number is the dimension,
usually height, of the section in millimetres, ¢.g., 1IPE 100.In
the case of HE sections, the number is followed by a letter
indicating the thickness of the web and flanges, e.g., HE
180B.

An exampie of an alternative method of notation is
305 x 102 UB 25, i.e., 305 by 102mm universal beam weigh-
ing 25kg/m.

The following example demonsirates another method of
taking into account the self-weight of the structural member
being designed.

Example 17
A steel beam, used as a lintel over a door opening, is
required to span 4.0m between centres of simple supports.
The beam will be carrying a 220mm thick and 2.2m high
brick wall, weighing 20kN/m?. Allowable bending stress is
155N {mm?,

Uniformly distributed load caused by brickwork is
0.22x22=40x=20=87kN.

Assumed self weight for the beam is 1.5kN.,

(Note: triangular load distribution for bricks above lintel
would result in a slightly lower value of load).

Total uniformly distributed load W=38.7 + 1.5=40.2kN

Mm = Es"]: - 40.2;4.0 = zo'lkNm-_-m_l x lOﬁNmm
T - 207._.__-;5 21 - 0,122 x 10omm? = 122cm? (as shown

in tables)

Suitable sections as found in a handbook would be:

Section Zyx Mass

INP 160 117 e 179 kg/m
IPE 130 146 cm? 18.8 keg/m
HE 140 A 155 cm? 24.7 kg/m
HE 120A 144 cm? 26.7 kg/m




Choose INP 160 because it is closest to the required
section modulus and has the lowest weight. Then recalcu-
late the required Z using the INP 160 weight:

4.0 % 17.9 = 9.8 = 702N which is less than the assumed self
weight of L5kN. A recheck on Z required reveals a value of
119cm? which is close enough.

Continuous Beams

A single continuons beam extending over a number of
supports will safely carry a greater load than a series of
simple beams extending from support to support. Consider
the Shear Force and Bending Movement diagrams for the
following two beam loadings:

I oI
A

Although the total value of the load has increased, the
maximum shear force remains the same but the maximum

bending is reduced when the beam is cantilevered over the
supports.

—— T —r—

i - g

CONTINUOUS PBEAM

R E e

SIMPLE BEAM

Although continuous beams are statically indeterminate
and the calculations are complex, approximate values can’
be found with simplified equations. Conservative equations
for two situations are as follows:

Load concentrated between supports: BM = %‘
Load uniformly distributed: BM = %‘r

It is best to treat the two end sections as simple beams.

Standard Cases of Beam Loading

A number of beam loading cases occur frequently and it is
useful to have standard expressions for these available,
Several of these will be found in Tabie 4.4.

Composite Beams

In small-scale buildings the spans are relatively small, and
with normal loading, solid rectangular or square sections
are generally the most economical beams. But where
members beyond the available sizes and /or length of solid

timber are required, one of the following combinations may
be chosen:

1 Aranging several pieces of timber or steel into a struc-
turai frame or truss.
2 Universal steel beams.




Table 44 Beam Equations
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Loading Diagram Shear Force at x: Qx Bending Moment at x: Mx  Deflection at x: §x
W . Wb _ Wab
ad b R Me ==y Walb?
Whenazb dc = 1EIL
F i % Qu=-2 WL
A z-22 _ WL
arb=1L L MC- &4
Total W = wlL .
W - WL = SwLL
] - Qa= 7 Mmax = g Bmax = IE4EL
N L
Tulalw=%l-”* W wh .
y Q=3"=73 Muax 0064 ML | Gonax = 0.00652
W atx = 0519
AT L x] B Q=377 "% atx=0.577L
L
Toal W= 2=
2 LW _wb L wlz -_wlL!
y Qa=3-=3 Mrmax # 73 Bumax =35
W wl _L _ L
Zoem— e ax=5 alx=-=5
% Y5 Q=37 "% 2 )
A J.“" Qa=Qp=W Ma = - WL op= WL
T 3EI
E
Tolasl W=wlL
4 Q=W Mﬁ-._ﬂ'-_w_l': bp= —"N.r—]:‘-’: wl!
p LTS B - 172 3El  3EI
L Qa=0
Tolalw=‘;—|"
W QA W LWL wl? LWl
] Ma= =377 - ¢ 5 o8]
A B8 Qaz=0
Y
W Wb Wab?
1, b Qa="1 Ma=-T75 5= Waib2
; . B W Wah ¢ " 3EIL
N ) - ——t
; L QB:-—I':- Mp=- L?
a*b=l
Toral W= wl Q W
ATT WD
:mu.muumi B Q:- Y Ma=Mp=- 97 3B4ET
: i ' 2
Total W = %L Qa3
o WL wl? o WL
b W Ma=-p'=" 30 Sman *5e4EY
g Q= -3 2
A r%-‘«s Mn=~%‘=-% at x = 0.475L
W W W
w WL = WL
H—Lri—rLT Q=" Mmax = “g~* Gmax o2
R, R,
Woow W
i w WL ' WL
QA= Mmax = 73 Smox S g
RE L An, 2 1 IB4ET
. .




3 Built-up timber sections with the beam members cither
nailed, glued or bolted together into a solid section, or with
the beam members spaced apart and only connected at
intervals,

4 Strengthening the solid timber section by the addition of
steel plates to form a “flitch-beam™.

5 Plywood web beams with one or several webs,

6 Reinforced-concrete beams.

Built-up Timber Beams

When designing large members, there are advantages in
building up solid sections from smalier pieces since these are
less expensive and easier to obtain. Smaller pieces also
season properly without checking, The composite beams
may be built up in ways that minimize warping and permit
rigid connections between columns and beams. At the same
time the importance of timber defects is decreased, since the
load is distributed to several pieces, not all having defects in
the same area.

~ Bult up sclid beam

member

Figure 4.4  Built-up beams and trusses.

Built-up solid beams are normally formed by using verti-
cal pieces nailed or bolted together, nailing being satisfac-
tory for beams up to about 250mm in depth, although these
may require the use of bolts at the ends if the shear stresses
are high. Simply multiplying the strength of one beam by
ihe number is satisfactory as long as the staggered joints
OCCUr OVer supports,

Built-up sections with the members spaced apart are used
mainly where the forces are tensile, such as in the bottom
chords of a truss. Where used in beams designed to resist
bending buckling of the individual members may have to be
considered if those members have a large depth to width
ratio. This can, however, be avoided by appropriate spacing
of stiffeners which connect the spaced members at intervats,

Where the loading is heavy, the beam will require consid-
erable depth, resulting in a large section modulus to keep
the stresses within the allowable value. If sufficient depth
cannot be obtained in one memuer, it may be achieved by
combining several members, as, fo1 example, where the

simnian e o olrad —_— o H
members are plued together to form a laminate.

Columns

The column is essentially a compression member, but the
manner in which it tends to fail and the amount of load
which causes failure depend on:

& The material of which the column is made.
® The shape of cross section of the column.
® The end conditions of the column.

The first point is obvious - a steel column can carry a
greater load than timber column of similar size.

Columns having a large cross-section area compared to
the height are likely to fail by crushing. These “short
columns” have been dealt with earlier.

Buckling of Slender Columns

1f along, thin, flexible rod is loaded axially in compression,
it will deflect a noticeable amount. This phenomenon is
called buckling and occurs when the stresses in the rod are
still well below those required to cause a compression/
shearing-type failure, Buckling is dangerous in that it is
sudden and once started is progressive.

Although the buckling of a column can be compared with
the bending of a beam, there is an imponant difference in
that the designer can choose the axis about which a beam
bends, but normally the column will take the line of least
resistance and buckle in the direction where the column has
the least iateral unsupporied dimension. '




Since the loads on columns are never perfectly axial and
the columns are not nerfectly straight, there will always be
smal! bending moments induced in the column when it is
coimipiessad.

There may be parts of the cross section area where the
sum of the compressive stresses caused by the load on the
column could reach values larger than the allowable or even
the ultimate strength of the material.

Therefore the allowable compressive sirength 8. is
reduced by a factor ka, which depends on the slenderness
ratio and the material used.

Pow = ka = 8o * A Where:
Po. = allowable load with respect to buckiing
ka = reduction factor, which depends on the slenderness
ratio
O = allowable compressive stress
A = cross-section area of the column

When the load on a column is not axiat but eccentric, a
bending stress is induced in the column as well as a direct
compressive stress, This bending stress will have to be con-
sidered when designing the column with respect to buckling,

Slenderness Ratio

As stated carlier. the relationship between the length of the
column, its lateral dimensions and the end fixity conditions
wiil strongly affect the resistance of the column to buckling,
An expression called slenderness rario has been developed

1o describe this relationship:
KL _ ¢
r r
where:

A = slenderness ratio

K =effective length factor, whose vaiue depends on how
the ends of the column are fixed

L = length of the column

1
2
i = effective length of the column (K x L}

r = radius of gyration (r =

There are four types of end conditions for a column or
strut:

lp V € Rotzhon
1 7

/i side movement
i . f_-i

/
!

/
[

1 Total freedom of rotation and side movement - like the
top of a flagpole. This is the weakest end condition.
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p

<

\
B Rotation

—
—

2 Fixed in position but not in direction (pinned).

3 Fixed in direction but not in position.

4 Fised in position and in direction,

The consideration of the two end cenditions together
results in the following theoretical values for the effective
length factor. (K, = factor usually used in practice).
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; !
!
L | K=10
|
U
Both ends pinned
§
!
/
"l
i K= 20

/

{

: K=05
A Kp=065
\

Eraaet

Both ends fixed in direction and position.

K= 07
V] Kpx 085

One end pinned, the other fixed in direction and position,

Columns and struts with both ends fixed in position and
effectively restrained in direction would theoretically have
an effective length of half the actual length. However, in
practics this type of end condition is almost never perfect
and therefore somewhat higher values for K are used and
can be found in building codes. In fact, in order to avoid
unpleasant surprises, the ends are often considered pinned
(K, = 1.0)even if the ends in reality are restrained or partiatly
restrained in direction.

The effective length can be different with respect to the
different cross-sectional axes:

\

1. Atimber strut which is restrained at the centre has only
half, The effective length when buckling about the y-y axis,
as when buckling about the x-x axis. Such a strut can
therefore have a thickness less than its width.

2. In the structural {ramework, the braces will reduce the
effective length to 1 when the column A-B is bucklirg
sideways, but since there is no bracing restricting buckling
forwards and backwards, the effective length for buckling in
these directions is 3/ Similarly, the bracing struts have
effective lengths of %4 d and d respectively.
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N the effeitive length and the least lateral width of the
e column:
oy
= L
g ; b
-t [_
e Example 18
- Design a timber column which is 3 metres long, supported
N as shown in the figure and loaded with a compressive load
Al of I5kN.
- Allowable compressive stress (o) for the timber is
5.2N/mny.
3. The leg of aframe, which is pinned to the foundation has
the effective length /= 2 L, but if the top is effectively secured
for sideways movement, the effective length is reduced to /=
L.
15k N
—_—
Pin

4. In a system of post and lintel where the bottom of the
post is effectively held in position and secured in direction
by being cast in concrete, the effective length /=2 L.

d
_ P .._—a_
Axially Loaded Timber Columns T
Timber columns are designed with the following formulae:

A=I:—L and Pow = Ka % 6 % A d o0 b
| ; ) ’
|
1

Note that in some building codes a value of sienderness
ratio in the casc of sawn timber is taken as the ratio between

Table 4.5 Reduction Factor, (k), for Siresses with Respect 1o the Slenderness Raiio for Weod Columns

Slenderness
Ratio

29 S8 87 115 144 173 202 230 260 288 346 406 462 520

= e

- -

10 20 k1)) 40 50 60 70 80 9 100 120 140 160 180

ka 10 100 091 081 072 063 053 044 035 028 020 014 011 040
b = Jeast ditension of cross section, r = radius of gyration
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1 In this case the end conditions for buckling about the
X-X axis are not the same as about the y-y axis. Therefore
both directions must be designed for buckling. (Where the
end conditions are the same, it is sufficient to check for
buckling in the direction which has the least radius of
gyration).

Find the effective length for buckiing about both axis.
Buckling about the x-x axis, both ends pinned:

& = 1.0 = 3000 = 3000mm

Buckling about the y-y axis, both ends fixed:

1, = 0.65 * 3000 = 1950mm

2 Choose a trial cross section, which should have its larg-
est lateral dimension resisting the buckling about the axis
with the largest effective length. Try 50 x 125mm. The

section properties are;

A =Dbxd =50« 125 = 6250mm?

ne—9— =45 . 3 imm
3 2\/5 2\/3 .

50

14.4mm

2\/'

3 Find the allowable load with regard to buckling on the
column for buckling in Soth directions.

L _ 3000 .
£ = -E :—m- = 83 ki = 041 (from table 4.5)
1950 .
A, =-ﬁ- =ia = 135 2k = 0.16 (from table 4.5)
P\: = kA ® o'c * A

Pu. = 0.41 x 5.2 x 6250mm? = 13325N
Pu, = 0.16 x 5.2 x 6250mm? = 5200N

4 The allowable load with respect to buckling is smaller
than the actual load. Therefore a bigger cross section has to
be chosen. Try 75 x 125 mm and repeat steps 2 and 3.

Section properties;

A =75 = 125 = 9375mm?

57-— =36 lmm

75
=—F= =217
Iy Vg mm

Find the allowable buckling lcad for the new cruss section:

A _ 3000
Ay = w360 83 gives ka. = 0.41
b _ 1950 -
Ay ‘-’- N7 = 90 gives iy = 0.35

Pux =041 = 5.2 = 9375 = 19988N say 20kN

Pyy =0.35 x 5.2 x 9375 = 17063N say I7kN

The allowable load with respect to buckling on the
column with cross section 75 x 125mm is therefore 17kN.
This is bigger than the actual load, but further iterations to
find exactly the section to carry the 15kN are not necessary,

The compressive stress in the chosen cross section will be:

_ F _ 15000

T ="A " To375

= L.6N/mm?

This is much less than the allowable compressive stress
which made no allowance for slenderness.

Axially Loaded Steel Columns

The allowable loads for steel columns with respect tc buc-
kling can be calculaied in the same manner as for timber.
However, the relation between the slenderness ratio and the
reduction factor (k,) is slightly different as seen in Table
4.6.

Table 4.6 Reduction Factor (k) for Stresses with Respeci to the Slenderness Ratio for Steel Columns

A 10 2 30 40 50 60 70 80 9 100 1o -1} 130 140
ka 097 095 092 0%0 086  0.8) 074 067 059 0S5t 045 039 0M 0
A 150 160 170 180 1% W0 20 220 2% 240 2% W0 350

ka 0% 0B 0 0¥ 017 015 0l4 01} 012  0dl 040 007 005




Example 19

Calculate the safe load on a hollow square steel stanchion,
whose external dimensions are 120 x 120mm. The walis of
the column are 6mm thick and the allowable compressive
stress 7o = 150N/ mm?. The column is 4 metres high and
both ends are held effectively in position, but one is also
restrained in direction.

The effective length of the column
{=0.85L = 0.85 = 4000 = 3400mm,

.. 1 BDP-bd® _
o=y = A 12(BD-b)
1207-108°  _
\/ 12207 - Togy " feomm

A= T 266 73 giving K = 0.72 by interpolation

Pu= ka* @ x A =072 x 150 (1202 - 108%) = 295kN.

Axially Loaded Concrete Columns

Most building codes permit the use of plain concrete only in
short columns, i.e., columns where the ratio of the effective
length to least lateral dimension does not exceed 15, i.e.
It = 15. If the sienderness ratio is between 10 and 15, the
allowable compressive strength must be reduced. The tables
of figures relating to // b in place of a true slenderness ratio
are only approximate, since radii of gyration depend on
both b and d values in the cross section, and must be used
with caution. In the case of a circular column:

b= TD x /12 = 0.87D, where
D = the diameter of the cohimn.

Tabled.7 Permissible Compressive Stress (P..)in Ci oncr;'re
Jor Columns (Nfmm?)

Concrete Mix Slenderness ratio, ifb
=10 H| 12 13 14 15
Prescribed
Cio 12 l 10 29 28 2.7
C15 9 k¥ ] 37 36 i5 14
[ 1] 43 4.6 45 43 42 4.1
Nominal
1:3:5 3) 10 29 28 27 2.6
1;2:4 kX ] 37 36 15 34 33
1:1.53 47 45 44 42 4,1 40

Higher values of stresses may be permilred, depending on levels of super-
vision work.

Higher values of stress may be permitted, depending on
levels of supervision of work,

Structural Design 103

Example 20

A concrete column, with an effective length of 4 metres hasa
crosssection of 300 » 400mm. Calculate the allowable axial
load, if a nominal concrete mix 1:2:4 is to be used.

o4 _ 4000
Slendemess ratio o 300 - 13.3

Hence table gives P, = 3.47 N/mm? by interpolation,
Py = P * A = 3.47 = 300 = 400 = 416.4 kN.

Eccentrically Loaded Timber and Steel

Columns
Where a column is eccentrically loaded, two load effects
have to be considered:

The axial compressive stress caused by the load. The
bending stresses caused by the eccentricity of the load.

Obviously, by the law of superposition, the added stresses
of the two load affects must be below the allowable stress.

Therefore —— + i =1 ie

Pcw fw
axial comp. stress bending stress <
allowable comp. stress allowable bending stress ™

g, [ <=1 which can be transferred to
k,i L/ o fw

Example 21

Determine within 25mm the required diameter of a timber
post loaded as shown in the figure, The bottom of the post is
fixed in both position and direction by being cast in a
concrete foundation. Allowable stresses for the timber used
are 0o, = 9 N/mm? and f. = 10N/mm2.

U P=30kN

[l es500]F= SkN

Ny
7

7
|

3000

L =

r—tln
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The load of 5kN on the cantilever causes a bending
moment of M = F x g = 5kN * 0.5m = 2.5kNm in the post
below the cantilever.

The effective length of the post = L x K = 3000 x 2.1 =
6300mm. Try with a post having the diameter 200mm.

The cross sectional properties are:

interpolation in Table 4.5 gives ka = (.18

P I M

*

® — =
kvA L Z =0

30000 .9

30000 9 . 25108
01831400 10

785400 - 817N/ mm? < 9N/ mm?
If the post has a diameter of 200mm, it will be able to
carry the loads, but the task was to determine the diameter

within 25mm. Therefore a diameter of 175mm must aiso be
tried.

_ 6300

A= 4375

=144 kaz0.13

0000 9 25x108

0.13 = 24050 10 " “167480

= 23N/ mm? > IN/mm?
This diameter is too small, so a diameter of 200mm
should be chosen. It will be appreciated that the choice of

effective length based on end fixity has a great effect on the
solution.

Plain and Centrally Reinforced Concrete
Walls

Basically walls are designed in the same manner as columns,
but there are a few differences, A wall is distinguished from
a column by having a length which is more than five times
the thickness.

Plain concrete walls should have a minimum thickness of
100mm.

Where the load on the wall is eccentric, the wall must
have centrally placed reinforcement of at least 0.28% of the
cross section area if the eccentricity ratio e/ b exceeds 0.20.
This reinforcement may not be included in the load-
carrying capacity of the wall.

4f

b

|
|
|
|
1
!
|
|

Many agricultural buildings have walls built of biocks or
bricks. The same design approach as that shown for plain
concrete with axial loading can be used. The maximum
allowable compressive stresses must be ascertained, but the
reduction ratios can be used as before,

Example 22

Determine the maximurn allowable load ==~ metre of 2
120mm thick wall, with an effective height of >.8 metres and
made from concrete grade Ci5, a) when the load is central,
b) when the load is eccentric by 20rmm,

e ratiq 1 = 2800 _
Slendemness ratio b= 120 =233

a Interpolation gives:

Pre=28- 333— (28-20=22IN/mm? = 2.2TMN/m?

Allowable load P, = A x P, =
1.0 =0.12 x 2.27 x 10¢ = 272.4kN/m wall

b Ratio of eccentricity -+ = % = 0.167

A double interpolation gives:
Pew = 1.06N/ mm? = 1.06MN/m?

Allowable load Py =1.0%0.12 x 1'%%03 127.2kN/mwall

Central reinforcement is not required since ib << 0.20
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Table 4.8 Alowable Compressive Stress, Pre for Concrete Used in Walls (Nfmnt?)
Concrete  Slenderness Ratio of Eccentricity of the load e/b
Grade or Ratio I{b
Mix Plain Concrele Walls Centrally Reinfosced Concsele Walls
0.00 0.10 0.20 0.30 0.40 0.50
25 24 1.7 09 — —_ —_
C% 20 33 23 1.4 0.8 04 03
15 4.1 30 2.0 0.8 04 0.3
=10 43 37 2.7 08 04 0.3
25 2.0 1.3 0.7 — — -
Cis 20 2.8 i.9 1.1 0.7 0.35 0.25
15 34 24 1.7 0.7 0.35 0.25
=10 19 30 22 0.7 0.35 0.25
20 23 1.6 1.0 0.5 0.3 0.2
Clo 15 2.7 20 1.4 0.5 03 0.2
=10 3.2 2.5 1.8 0.5 0.3 0.2
25 23 1.6 0.3 —_— — —
LL3 20 32 2.2 1.3 0.8 04 0.3
1:1:2 15 4.1 29 19 0.8 04 0.3
=10 4.7 36 2.6 0.8 04 0.3
20 30 2.1 1.3 0.7 0.35 0.25
1:2:3 15 kW 2.7 1.9 0.7 .35 0.25
=10 43 34 2.5 0.7 0.35 0.25
X 2.7 1.8 1.0 0.6 0.3 0.2
1:2:4 15 33 2.3 1.6 0.6 0.3 0.2
=10 38 29 2.1 0.6 0.3 0.2

Higher values of stress may be permitted, depending on levels of supervision wotk.

Trusses situated at a distance from the neutral axis. In effect, the
It can be seen from the stress distribution of a loaded beam flanges carried the bending in the form of tension stress in
that the greatest stress occurs at the top and bottom extrem- one flange and compression stress in the other, while the
ities of the beam. shear was carried by the web.

For these situations where bending is high but shear is
low, for example in roof design, material can be saved by
rising a framework design. A tmss is a pin-jointed
framework,

SNN =]

-
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A truss concentrates the maximum amount of materials
as far away as possible from the neutral axis. With the
This led to the improvement on a rectangular section by (csalting greater moment arm (h), much larger moments

introducing the I-section in which the large flanges were can be resisted.
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Resistance of a truss at a section is provided by:
M=Cx=h=T=h, whereC =T in parallel cords and:

C = compression in the top chord o1 the truss.
T = tension in bottom chord of a simpiy supported truss.
by = vertical height of truss section.

If either C, T or h can be increased, then the truss will be
capable of resisting heavier loads. The value of h can be
increased by making a deeper truss.

Allowable C or T stresses can be increased by choosing a
larger cross section for the chords of the truss, or by chang-
ing to a stronger material,

A framework or truss can be considered as a beam with
the major pari of the web removed. This is possible where
bending stresses are more significant than shear stresses,
The simple beam has a constant section along its length, yet
the bending and shear stresses vary. The truss, made up of a
number of simple members, can be fabricated to take into
account this change in stress along its length.

The pitched-roof truss is the best example of this,
although the original shape was probably designed to shed
rain water. Roof trusses consist of sloping rafters which
meet at the ridge, a main tic connecting the feet of the
rafters, and internal bracing members. They are used to
support a roof covering ih conjunction with purlins, which
are members laid longitudinally across the rafters, the roof
covering being attached to the purlins. The arrangement of
internal bracing depends on the span, Rafters are normally
divided into equai lengths, and ideally, the purlins are sup-
ported at the joints, so that the rafters are only subjected to
axial forces. This is not always practicable, since purlin
spacing is dependent on the type of roof covering. When the
purlins are not supporied at the panel joints, the rafter
members must be designed for bending as well as axial
force. See Figure 4.5,

The internal bracing members of a truss should be trian-
gulated and, as far as possible, be arranged so that long
members are in lension and compression members are short
to avoid buckling problems,

The outlines in Figure 4.6 give typical forms for various
spans The thick lines indicate struts.

Ridge

.

1
,: Main tie
il

Figure 4.5  Truss components.

Internal bracing

Eaves

The lattice girder, also called a truss, is a plane frame of
open web construction, usually having parallel chords or
booms at top and bottorn. There are two main types, the N
{or Pratt) girder and the Warren girder. They are very useful
in long-span construction, in which their smail depth-to-
span ratio, generally about !/10 to ! /14, gives them a distinct
advantage over roof trusses.

Steel and timber trusses are usually designed assuming
pinjointed members. In practice, timber trusses are
assernbled with bolts, nails or special connectors, and steel
trusses are bolied, riveted or welded. Although these rigid
joints impose secondary stresses, it is seldom necessary to
consider them in the design procedure, The following steps
should be considered when designing a truss:

1 Select general layout of truss members and truss
spacing.

2 Estimate external loads to be applied including self-
weight of truss, purlins and roof covering, together with
wind loads.

3 Determine critical (worst combinations) loading. It is
usual to consider dead loads alone, and then dead and
imposed loads combined.

4 Analyze framework to find forces in all members.

5 Select material and section to produce in each member a
stress value which does not exceed the permissible value,
Particular care must be taken with compression mewmbers
(struts), or members normally in tension but subject to
stress reversal due 1o wind uplift.

Unless there are particular constructiona! requirements,
roof trusses should, as far as possible, be spaced to achieve a
minimum of weight and economy of materials used in the
total roof structure. As the distance between trusses is
increased, the weight of the purlins tends to increase more
rapidly than that of the trusses. For spans up to about 20m,
the spacing of steel trusses is likely to be about 4m, and in
the case of timber, 2m.

The pitch, or slope, of a roof depends on locality,
imposed loading and type of covering. Heavy rainfall may
require steep slopes for rapid drainage; a slope of 22° is
common for corrugated steel and asbestos roofing sheets,
Manufacturers of roofing material usually make recom-
mendations regarding suitable slopes and fixings.

Bending
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PO A AV

PALLADIAN TRUSS

PRATT TRUSS
UPTO  Bm span

W or BELGIAN TRUSS

FAN TRUSS

PRATT TRUSS

UPTD 12m scan

0 0

N - GIRDER

LONG SPAN CONSTRUCTION

Figure 4.6 Types of trusses.

Toenabie the designer to determine the maximum design
load for each member, the member forces can be evaluated
¢ither by calculation or graphical means, and the results
tabulated as shown:

Member | Dead | lmposed | Dead + Imposed | Wind Deesign
Load Load Load Load Load
D 1 D+l w

A simplified approach can be used if the intention is to
use a common section throughout. Once the layout has
been chosen, the member which will carry the maximum
load can be established. An ur.derstanding of the problems
of instability of compression members will lead the designer
to concentrate on the top chord or rafter members. A force
diagram or method of sections can then be used to deter-
mine the load on these members, and the necessary size.

Example 23
A farm building comprised of block walls carries stecl roof
trusses over a span of 8m. Roofing sheets determine the

purlin spacings.

T T

WARREN GIRDER

0%
138
[
Bom 5
‘1

'
r

P VA~

¥ 2-0!11,'
LAYOUT CHOSEN
{nodes at purlin points)

Assume a force analysis shows maximum rafter forces of
approximately SOkN in compression (D + I) and 30kN in
tension (D + W), outer main tie member S0kN tension
(D + ) and 30kN compression (D + W), A reversal of forces
due to the uplift action of wind will cause the outer main tie
member to have SOkN of tension and 30kN of compression.
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Consulting a structural engineering handboaok reveals
that a steel angle with a section of 65mm » 50mm * 6mmm and
an effective length of 1.8m can safely carry 29kN in
compression.

Rafiter: Using two angles back-to-back will be satisfac-

tory, since distance between restraints is only 1.38m. (Note
angles must be battened together along the length of the
rafter).
Main Tie; The 65mm * 50mm >~ 6mm section can carry the
required tensile force. Althcugh its length is a little greater
than 1.8m, the compressive load brought about by the uplift
of the wind is safe since the design codes allow a greater
siendemess ratio for intermittent loads such as wind.

Firished Design: Note the use of a sole plate to safely
distribute the load to the blockwork wall, so that the bear-
ing stress of the blocks is not exceeded. See Figure 4.7.

Frames

Apart from the roof truss, there are a number of other
structural frames commoniy used in farm building con-
struction. They include portal frames, pole barns, and post-
and-beam frames.

A single-bay portal frame consists of a horizontal beam
or pitched rafters joined rigidly to vertical stanchions on
cither side to form a continuous plane frame. For the
purposes of desigm, portal frames can be classified into three
types: fixed base, pinned base (2 pins), pinned base and
ridge {3 pins).

The rigid joints and fixed bases have to withstand bend-
ing moments and all bases are subjected to horizontal as
well as vertical reactions. Hence foundation design requires
special attention. The externally applied ioads cause bend-
ing moments, shear forces and axial forces in the frame.

350
so_f_““‘*
s L L i}
zleT BT 1 s
bl b ] + B 1‘1'_'— TT'—tg_
\2%12 mm holes in §mm thick soleplate 150 100
B0
’_.*-._____?_.--‘"H[ .
RAFTER Z-65x50x6 1T _"315 — \
] [}

350 . /".___H_____,..--‘ ‘l‘

)

[}
1
l

750

Notes:
All welds to be 4mm fillet
All boits to be M6
Gusset plates te be Bmm ihick

Internal bracing shown 65x 50x 6 to use commen sectien
tsize can be reduced if others available)

Al sections in grade 43 steel

Purlin supports: 70=70 = & with 2x6 g holes

Figure 4.7  Finished design of roof truss.




Portal frames are statically indeterminate structures and the
complexity of the analysis precludes coverage here. How-
ever, the results of such calculations for a number of stand-
ard cases of loading are tabulated in handbooks. Using
these and the principle of superposition, the designer can
determine the structural section required for the frame.
Determining the maximum values of the bending moment,
shear foree and axial force acting anywhere in the frame;
allows the selection of an adequate section for use through-
out the frame. Care must be exercised to ensure that all
foints and connections are adequatz.

Portal frames may be made of steel, reinferced concrete
or limber. With wider spans the structural components
become massive il timber or reinforced concrete is used.
Hence, steel frames are most common for spans over 20m.
At the eaves, where maximum bending mosments occur, the
section used will need a greater depth than at other points in
the frame,

Cigure 4.8 Portal or rigid frame.

Pole barns are usually built with a relatively simple foun-
dation, deeper than usual, and backfilled with rammed
earth. Pole barns are braced between columns and rafters in
cach divection. The braces serve to reduce the effective
length of compression members and the effective span of
rafters and other beam members. This leads to a structure
which is simple to analyze and design, and can be a low-cost
form of construction.

A shed type building is a simple construction consisting
of beams (horizontal or sloping), supported at their ends on
walls or posts. There may be one or more intermediate
supports depending on building width. Purlins running
longitudinally suppori the roof covering. As the principle
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members are simple or continuous beams, (very often
timber of rectangular section), the stress analysis aspect of
the design is straight forward. When the beam is supporied
by timber posts, the post design is not difficult since the load
is assumed Lo be axial. Like the poles in the pole barn, the
foundation can consist of a simple pad of concrete beneath
the post, or the base of the post can be set into concrete,

Example 24
Designing of a building using block walls, timber posts and
rafters

Deslgn sec’rion

TMBER POSTS

It is assumed that the knee braces reduce the effective span
of the rafters between the central wall and the timber posts.

277TkN 2TTKN 2 7TTkN
1-38ml 138m lo-ﬂ.m
post knee T
brace
503
s7p SFD LEN)
- 057 - 328
311
M
B M D (kNm)

Self-weights and service load have been estimated. Conti-
nuity over post and brace have been disregarded. This
provides a simple but safe member.

Max. shear force SkN
Max. bending moment 3120kNmm Try 2 rafters 38 » 200
(back to back)

3009

= X
sy © 049N/mm

_3,
Max. shear stress = 2d - %
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Max. bending stress = "T” - % =
320 % 1P % 6 _ ,
T 2000 = 6.2N/mm’

Tables of allowables stresses indicate that most hard-
woods, but not all softwoods are adequate.

Load transferred to ouier wall by rafters is a little over
3kN. Assuming the strength of the blocks is at least
2.8N/mm?2, the area required:

%3.03_ = 1072mm?, since rafter underside is 76mm the

W72 _

minimum interface across wall is 6 - t4mm

Hence, there is no problem of load transfer to wall.
Assume posts 100 « 100mm and 2.5m long, % =25 and

table 4.5 gives K, = 0.38
With o, = 5.2N/mm? allowable for design,
0.38 « 5.2N/mm? x 1002 = 20kN The load is safe.

Connections

Timber Structure

The methods used to join members include lapped and butt
connectores. Bolt and connector jc ats, nailed joints and
glued joints and sometimes a combination of two are
examples of lapped connections. Butt connections require
the use of plates or gussets. In all cases the joints should be
designed by calculating the shear forces that will occur in the
members.

If two members overlap the joint is called a single-lap
Jjoint. 1If one is lapped by two other members, i.c., sand-
wiched between them, it is called a double-lap joint.

With a single lap the joint is under eccentric loading. For
small-span trusses carrying light loads, this is not signifi-
cant, but when the joints carry large Joads eccentricity
should be avoided by the use of double-lap joints. Double
members are also used to obtain a satisfactory arrangemment
of members in the truss as a whole,

Sandwich construction enables the necessary sectional
area of a member to be obtained by the use of relatively thin
timbers, any double members in compression being blocked
apart and fixed in position to provide the nccessary
stiffness.

Butt Joints

The use of gussets permits members to butt against each
other in the same plane, avoids eccentric loading on the

juints and provides, where necessary, greater joining arca
than is possible with iapped members. This is often an
imporant factor in nailed and glued joints. Arrangement of
members on a single centre line is usually possible with
gussets.

When full-length timber is not available for a member, a
butt joint with cover plates can be used 1o join two pieces
together. This shouid be avoided, if possible, for the top
members (raftecs) of a truss and positioned near mid-span
for the bottom member {main tie).

/
2
» il

I - wmaﬂ

Cover plates
- £ >
7~ y.4
f 4 A
-
Figure 4.9  Butt Joints.
Bolt and Connector Joints

Simple bolted joints should only be used for lightly loaded
joints, since the bearing area at the hole (hole diameter times
member thickness) and the relatively low bearing stress
allowed for the timber compared with that of the steel bolt,
may cause the timber hole to elongate and fail.

Timber connectors arc metal rings or toothed plates used
to increase the efficiency of bolied joimts. They are
embedded half into each of the adjacent members and
iransmit load from one to the other. The type most com-
monly used for light structures is the toothed-piate connec-
tor, a mild-steel plate cut and stamped to form triangular
teeth projecting on each side that embed in the surfaces of
the members ap on tightening the bolt which passes through
the joint. The double-sided toothed connector transmits the
load and the bolt is assumed to take no load.

Glued Joints -
Glues made from synthetic resins produce the most efficient
form of joint, as strong as or even stronger than the timber




joined, and many are immune to attack by dampness and -

decay. With this type of joint all contact surfaces must be
planed smooth, and the necessary pressure provided during
setting of the glue. Bolts or nails which act as cramps are
often used and left in place,

The members may be glued directly to each other using
lapped joints or single-thickness construction may be used
by the adoption of gussets. As with nailed joints, lapped
members may not provide sufficient gluing area and gussets
must then be used to provide the extra area.

Glued joints are more often used when trusses are pre-
fabricated because control over temperature, joint fit and
clamping pressure is essential. For home use glue is oftne
used together with nail joints.

Figure 4.10 Double sided Toothed Plate connector.

Nailed Joints
Joining by nails is the least efficient of the three methods
referred to, but is an inexpensive and simple method, and
can be impraved upon by using glue in combination with
the nails,

When trusses are pre-fabricated in factories, nailing
plates are often used to connect the member, These fasten-
ers come in two types:

1 A thin-gauge piate called a pierced plate fastener, which
has holes punched regularly over its surface to receive nails.
The pierced plate can also be used for on-site fabrication.

2 A heavier plate with 1eeth punched from the plate and
bent up 90 degrees, called a toothed-plate fastener, or con-
nector. The type, in which the teeth are an integral part of
the plate, must be driven in by a hydraulic press ot reller.

Structural Design

Figure 4.11

Truss gussets.

Figure 4.1

Toothed plate fastener

Nailing plates for truss construction.
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In order to permit the development of the full 1oad at each
nail, and to avoid splitting of the wood, minimum spacings
between nails and distances from the edges and ends of the
member are necessary.

Mailing patterns for use on timber structures are usually
available locally. They are dependent on the quality and
type of nails and timber used, and are based on the safe
lateral nail load.

The Housing Research and Development Unit of the
University of Nairobi investigated timber nailed joints made

Table 4.9 Minimum nailing spaces

with spacings in accordance with the continental standard
for timber joints, which proved to be satisfactory. The main
principles are given in table 4.9 and 4.10,

Connections in Steel Structures

Connections may be bolted, riveted or welded. The prinei-
pal design considerations are shear, tension and compres-
sion, and the calculations are relatively straightforward for
the types of design covered.

e:r_ 4 } —+— 1 T 1’_)
“r e e e T
* - + + + 1
:—k"’*d"n”“t’”i
Lloaded edge of
member 21 "
s y; Nailing area
Nailing ar_ea, ! y x To d dul I 2 &
d’ f , "
7 / 0 | 5d 10d 5d -—- I5d
= - 0 5d 5d 1d 554 8 I5d
Y4 ’\".o 0 5d 5d 10d  6d 84 154
30 5d 5d 10d 6.5d 8d 15d
Loaded end member 1
40 5d 5d 10d id 8d 15
50 5d 5d Iod 7.5d 8d 154
=60 5d 5d 10d 8d 8d 15d

’
Nailing areg’ 4 ?F
1 s S 1
/ /e

Loaded edga
Loaded end of member?

d: Diameter of nail mm.

r.: Distance from extreme row of uails to unloaded edge of
member,

d;: Distance between two nails in nailing area, measured
perpendicular to axis of member,

dy: Distance between two nails measured paraliel to axis of
meémber,

1y: Distance from extreme row of nails to Joaded edge of
member.

e.: Distance from the nearest row of nails to the unloaded
end of member.

ey Distance from the nearest row of nails to the loaded end
of member.




Connections in single shear at bottom boom of truss

Figure 4,13 Connections for steel frames.

Stability

Stability problems in a building are due mainly to horizon-
tal loads such as those resulting from wind pressure, storage
of granular products against walls, soil pressure against
foundations, and sometimes earthquakes.

Overturning of foundation walls and foundation piers
and pads is counteracted by the width of the footing and the
weight of the structure. Only in special cases will it be
necessary to give extra support in the form of buttresses.

Table 4,10  Basic Lateral Loads per Nail
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Rolts in shear and tension at ridge of portal frame

Overturning of external walls is counteracted by the sup-
port of perpendicular walls and partitions. Note however,
that not all types of walls, for exampie framed walls, arc
adequately rigid along their length without diagonal brac-
ing. If supporting walls are widely spaced and/ or the horiz-
ontal loads are large, extra support can be supplied by the
construction of picrs, columns or buttresses. See Chapter 3.

Diagonal bracing is used to make framed walls and
structures stff, Long braces should preferably transfer the

Continental
Nail Diameter {mm) 21 24 28 A

Kenya Nail
Diameter (mm) 1.8 20 2.65

Basic Lateral

Nail Load (N) 9 120 140 190 220 250 30

34 38 42 46 51 56 6.1

175 4.5 56 60

370 430 450 540 600 630 750 880 960 1000

(Int the case of pre-bored nail holks 0.8 times nail diameter, the lateral nail load can be increased by 25%).
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load with a tensile stress to avoid buckling. Braces are
usually supplied in pairs, i.e., on both diagonals, so that one
will always be in tension independent of wind direction.

If the framed wall is covered with a sheet material, like
plywood, chipboard or metal sheets, the lateral forces on
the frame can be counteracted by shear in the sheets, This
design requires that the sheets to be securely fixed to the
frame, both horizontally and vertically, The sheets must
also be strong enough to resist buckling or {ailure through
shear.

| Aternate direction

Wind Force nh_renu foece

= /1[\“ =
--—-—’ ‘_
—_— L
[ " e
AW NN
1:_
Frtl:tl’ Sheet materiat
thoroughty Foned
e the frame

Masonry and concrete walls which are stiff and capable
of resisting lateral wind loading are called shear walls.

Portal or rigid frame buildings are normally stable later-
ally, when ihe wind pressure acts on the long sides. How-
ever, when the wind loads occur at the gable ends, the
frames may need extra support from longitudinal bracing.
Tension rods are frequently used.

Figure 4.14  Bracing for portal frame.

Post-and-beam or shed-frame buildings will, in most
cases, require wind bracing, both along and across the
building since there are no rigid connections at the top of the
wall to transfer loads across and along the building. The
same applies to buildings emploving roof trusses, End brac-
ing should be installed.

Walls with long spans between the supporting crosswalls,
partitions or buttresses tend to bend inwards due to wind
load or outwards if bulk grain or other produce is stored
against the wall. At the bottom of the wall this tendency is
counteracted by the rigidity of the foundation (designed not
to slide) and the support of a floor structure. The top of the
wall 13 given stability by the support of the ceiling or roof

-structure or a specially designed wall beam which is securely

anchored to the wall.

The designer maist consider the ability of the building to
withstand horizontal lpading from any and all directions,
without unacceptable deformation.

Retaining Walls

Wall Failure

Walls are commonly used to retain soil on sloping sites,
water in a pond or bulk products within a storage area.
There are several limiting conditions which, if exceeded, can
lead to the failure of a retaining wall. Each must be
addressed in designing a wall.

1 Overturning - This occurs when the turning moment
due to lateral forces exceeds that due to the self-weight of
the wall. The factor of safety against overturning should be-
at least two.

|
|
|
|
Dverturning
i
!

-

T T

2 Sliging - The wall will slide if the lateral thrust exceeds
the frictional resistance developed between the base of the
wall and the soil. The factor of safety against sliding should
be about two,

Sliding




3 Bearing on Ground - The normal pressure between the
base of the wail and the soil beneath can cause a bearing
failure of the soil, if the ultimate bearing capacity is
exceeded. Usually the allowable bearing pressure will be
one-third of the ultimate value. Note that the pressure
distribution across the base is not constant.

Bearing
pressure

LIS EATS S S

4 Rotational Skip - The wall and a large amount of the
rerained material rotate about some point O, if the shear
resistance developed along a circular are is exceeded. The
ana'vsis is too complex to include here,

/ /
Rotangh [ P/
N\ / I /
A / : <

S 5 [ e
ARG S S S S

5 Wall Material Failure - The structure itself must be
capable of withstanding the internal stresses set up, thas is,
the stresses must not exceed allowable values. Factors of
safety used here depend on the material and the level of the
designer’s knowledge in respect 1o the loads actually app-
lied. Naturally, both shear and bending must be considered,
but the most critical condition is likely 1o be tension failure
of the Yront’ face.

Joint

taityre in
blackwork
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Gravity walls and dams are dependent on the effect of
gravity, largely from self-weight of the wali itself, for stabil-
ity. Other types of walls rely on a rigid base, combined with
a wall designed against bending to provide an adequate
structure.

Tension
bending
failure

777777[%'_¢(//t/////

Pressure Exerted by Retained Material

Liquid Pressure

The pressure in a liquid is directly proportional to both the
depth and the specific weight of the liquid (w) which is the
weight per unit volume.

w=pg(N/md) where:

p = density of liquid (kg/n’)
g = gravitational acceleration (9.81m/s?)

Free surface

IS LSS

The pressure at a given depth acts equally in all direc-
tions, and the resultant force on a dam or wall face is normal
10 the face. The pressure due to the liquid can be treated as a
distributed load with linear variation in a triangular load
form, having a centroid two-thirds of the way down the wet
face. ‘

p=pgH = wH {(N/m?) and:

2
P=E!2-l— acﬁngatadepthof—% H
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It should be noted that a wall retaining a material that is
saturated (water-logged) must resist this liquid pressure in
addition to the lateral pressure from the retained material,

Example 25
Gravity Wall Retaining Water

06m
k—i
e T
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|
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m

Consider a mass concrete dam with the cross section
shown which retains water to 3m depth.

Assume;

Ground safe bearing capacity 300kN/m2.

Coefficient of sliding friction at base 0.7.

Specific weight of concrete 23kN/m’.

1 Find water force P:
All calcuiations per metre length of wall:

wH? _ 9810 x

P = 3 = 44 kN (acting !m up face)

2  Find mass of Im Length of Wall:
W = A x | = specific weight

oy
=3 x !0.6*21.0, » 23 = 82.8kN

3 Find line of action of w:
Taking moments of area about vertical face:

)'( = AXy + Ao,
At Az
_(3%06x03)+(0.6x3x1.0)
18+18

=0.65m

Hence setf-weight of wall acts 0.25m to left of base centre
line.

4  Find vertical compressive stress on base:

w 82.8
A =18

= 46kN/m?

5 Find moment chout cenire line of base

M = {1 = 44.1) - (0.25 = 82.8); (clockwise) - (anticlockwise)
M =234 kNm

6 Find bending stresses/ pressures

= = _.hﬂ where;
oy = Py = You
o bdd 12 LB
1= 2 T 0.486m*
I.8

. 23.4 x 0.486

Oy © Pb = 0.9

= 12.6kN/m?
7 Find actual stresses/pressures

oc=P=—

W, M,
AT

o5 = Py = 46 + 12,6 = 58.6kN/m? (comp)
op = Pp =46 - 12.6 = 33.4kN/m? (comp)

{(Note: Compression only indicates the resultant P and W
would intersect the base line within its middle third).

8 Compare maximum pressure with allowable bearing
capacity:

Prax = 58.6kN/m?

This is less than the allowable safe bearing capacity of the
s0il. Hence wall-soil interface is safe in bearing.

9 Compare actual stresses in wall with allowable vahies:

Max. stress = 58.6 kN/m? (Compression) and no tensile
stress at any point across wall. Hence wall material is safe.




10 Check overturning:

Pz &b kN

1ml |
\L W=82%

64115

Overturning moment about D = 44.] = 1 = 44.1kNm
Stabilising moment about D = 82.8 = 1.15 = 95.22kNm

Factor of safety overtuming = 2%‘2_3_ = 216

Wall safe in overturning.

11 Check sliding

hF:

Frictional resistance = W
#W = 0.7 = 82.8 = 58kN
Horizontal thrust = P = 44, 1kN

Since required factor against sliding is 2, there is a
deficiency of
(2~ 44.1) - 58 = 30.2 kN.

Additional anchorage against sliding shouid be provided.

Example 26

Circular Water Tank
Diameter 5m, depth of water Im
Water weighs 9.8 x 105N/ m?
Pressure (P) at depth of 3m

Structural Design =~ 17

P;= wH = 9.8 x 105 x 3 = 29 4kN/m?

This acts vertically over the whole base, thus design base
for u.d.l. of 29.4kN/m?,

Pressure Py also acts laterally on the side wall at its
bottom edge. This pressure decreases linearly to zero at the
water surface.

Total force on base = P;Ap = 29.4 « X =577.3kN
{acting at centre of base)

Total foree on side per metre of perimeter wall:

P§H = 29.42lXB =44.1kN/m run (acting 1m above base)

Pressure Due to Granular Materials

Granular materials such as sandy soils, gravelly soils and
grain possess the property of internal friction (friction
between adjacent grains), but are assumed not to nossess the
property of cohesion. If a quantity of such mate... linadry
condition is tipped on to a flat surface, it will form a conical
heap, the shape maintained by this internal friction between
grains, The angle of the sloping side is known as the angle of
repose.

Argle of repose

S S LSS S
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For a dry material the angle of repose is usuaily equal to
the angle of shearing resistance of the material. This angle of
shearing resistance is called the angle of internol friction (6).
The angle of friction is the essential property of a granular
material on which Rankines theory is based, This theory
enables the lateral pressure to be expressed as a proportion
of the vertical pressure, which was shown (above) to depend
on specific weight and depth only.

In this case at adepth h, the active lateral pressure is given
by: .

P=k=xwxh  where:
k = a constant dependent on the materials involved

There exists some friction between the retained material
and the wall face, but usually this is disregarded giving a

relatively simple relationship for k:
_1-siné@
k= Trsng Wher

& = the angle of friction

Pa = z:—%z wH (N/m?) where:

Ps = total force per m of wallface (N)

- (1-sing) wH?

P = Trsing) * 7 (N/mlength of wall

P, = total force per m of wall face (N)

This gives the approximate honizontal resultant force on
a vertical wall face, when retaining material that is level with
the top of the wall. If the surface of the retained material is
sloping up from the wall at an angle equal to its angle of

repose, a modification is required,
Example 27
Wall retaining soil
AP Y T
SO'L h8 \\\\:\‘\ w0 ‘\\\\

Wt
L RN

r beams

Steel posts set
in cencrete

Consider the wall shown retaining loose sandy soil to a
depth of 2 metres. Tables provide angle of friction 35°,
specific weight 18.6kN/m?. Assuming smooth vertical
surface and horizontal soil surface using Rankine's theory
gives:

P :L—-—Min xF—-—H:
(Issnd 2
_ (1-5in35°) 186x22
P = (l+5ill35°)x 5 kN/m length

P = 10.1 kN/m length of wall

If steel posts are placed at 2.5m centres, each post can be
approximated to a vertical cantilever beam 2.5m long
carrying a total distributed load of 10.1 » 2.5 = 25.25kN of
lincar variation from z=ro at the top to a maximum at the
base. The steel post and foundation concretc must be
capable of resisting the applied load, principally in bending
but also in shear,

The timber crossbeams can be analyzed as bearns simply
supported over a span of 2.5m, each carrying a uniformly
distributed load, This load is equal to the product of the face
area of the bearn and the pressure in the soil at a depth
indicated by the centroid of area of the beam face.

- (1-sin8)
P= (rsmg *¥
if beam face is 0.3m high,

h=20-0.15= 1.85m
p =027 x 18.6 x 1.85 =9.29 kN/m?

Total u.d.l. on beam = 9.29 x 0.3 » 2.5 = 6.97 kN
The maximum bending moment at the centre of the span
can be determined and the beam section checked.

Example 28

Grain Storage Bin

(The theory given does not apply to deep bins). A shallow
bin can bz defined as one having a sidewall height of less
than

§ tan (45° + %)‘ for a square bin of side length S.

Consider a square bin of side length 4m and retaining
shelled maize comn to a depth of 2m. Assume & = 27°;

specific weight is 7.7kN/m?,
Critical height is:

] &, _
3 tan (450 +-i) =

XTES

tan {45° + 13.5°) = 2 x [.63 = 3.26m

Design as shallow bin since depth of grain is only 2m,
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Further Reading
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Maximum pressure at base of wall:

. (L-sin®, o
P = U+sind)

2 (=827 g0 ) 5 9gkN/m?

© (1 +5in 27°)
or resultant force P :n.w; - = 1L.57kN/m
{acting 2/ym above base of wall)

Note the design of the wall is complex if it consists of a
plate of uniform thickness, but if the wall is thought of as
consisting of a number of vertical members cantilevered
from the floor, an approach similar to that taken in the wall

retaining soil can be used.
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Chapter §
Elements of Construction

Elements of Construction

‘When designing a building, an architect plans fot spacial,
environmental and visual requirements. Once these
requiremnents are satisfied, it is necessary to detail the fabric
of the building. The choice of materials and the manner in
which they are put together to form building ckements such
as foundation, waiis, floor and roof, depend largely upon
their properties telative to environmental requirements
and their strength properties. The apprehension of build-
ing construction thus involve an understanding of the
nature and characteristics of a number of materials, of
methods to process them and form them into building units
and components, of structural principles, of stability and
behaviour under load, of building production operations
and of building economics.

The limited number of materials available in the rural
areas of east and south east Africa result in a limited
number of structural forms and methods of construction.
Different socio-economic conditions and cultural beliefs
are reflected in varying local building traditions. While
knowledge of the indigenous building technology is wide-
spread, a farmer and his family normally can erect a build-
ing using traditional materials and mathods without the
assistance of skilled or specialized craftsmen. However,
population growth and external influences are gradually
changing people’s lives and the agricultural practices some
traditional materials arc getting scarce. Hence, better
understanding of traditional materials and methods is
needed to allow them to be used more efficiently and
effectively. While complete understanding of the indigen-
ous technology will enable the architect to design and detail
good but cheap buildings, new materials with differing
properties may need to be introduced to complement the
older and allow for new structural form to develop.

Loads on Building Components
Loads are usyally divided into the following categories:

Dead loads which result from the ma: - of all the ele-
ments of the building including foot ..gs, foundation,
walls, suspended floors, frame and roof. These loads are
permanent, fixed and relatively easy to caiculate.

Live loads which resolt from the mass of animals, peo-
ple, equipment and stored products. Although the mass of

these loads can be readily calculated, the fact that the |

number or amount of components may vary considerabty
from time to time makes live loads more difficult to esii-
mate than dead loads,

Also included as live loads are the forces of nature -
wind, earthquake and snow.

Where wind velocities have been recorded, the following
equation can be used to determine the expected pressures
on building walls:

q=0,0127 Vik where:

q = basic veiocity pressure, Pa
V = wind velocity, m/s
k = (h/6.1)7
h = design height of building, m
(eave height for low and medinm roof pitches)
6.1 = height at which wind velocities were often
recorded for Table 5.°.

While the use of local wind velocity data allows the most
accurate calculation of wind pressures on buildings, in the
absence of such data, estimates can be made from the
Beaufort Scale of Winds given in Table 5.1.

Table 5.1 Beaufort Scale of Winds

Velocity in m; »
6.1m above
ground

Strung breeze Large branches in motion; i-14
whistling in telephone wires;
umbrellas used with difficulty.

Maderate gale  Whole trees in motion; upto I7
difficult to walk against wind

Fresh gale Twigs break off trees; 2l
very difficult to walk against wind

Strong gale Some structural damage Lo P2
buildings

Whole gale Trees uprooted; considerabde 28
structural damage to buildings

Storm Widespread destruction n

From U.S. Weather Burean

Some idea of the worst conditions to be expected can be
obtained by talking to long-time residents of the area.

The effect of wind pressure on a building is influenced by
the shape of the roof and by whether the building is open or
completely closed. Table 5.2 gives coefficients used to
determine expected pressures for low-pitch and high-pitch
gable roofs and open and closed buildings. Note that there
are several negative coefficients indicating that strong
anchors and joint fasteners are just as critical as strong
structural members,

Data on earthquake forces is very iimited. The best
recommendations for areas prone to earthquakes is to use
building materials that have better than average tensile
characteristics, to design joint fasteners with an extra fac-
tor of safety, and to include a ring beam at the top of the
building wall,
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Table 5.2 Wind Pressure Coefficients for Gable Roof Farm Buildings

H: W Windward Wall Windward Roof Coefficient Leeward Roof Leeward Wall
Coefficient Roof Slope Coefficient Coefficient
Completely closed 15° w

1:6:7 0,70 «0.20 0.19 -0.5 0.4

1:5 0.70 -0.27 0.19 0.5 0.4

1:33 0.70 -0.41 0.16 -0.5 0.4

1.2 0,70 -0.60 0.00 0.5 -0.4
Open on both sides <30° 30

Windward slope +0.6 +08

Leeward slope 0.6 -0.8

H = height to eaves, W = width of building

Table 5.3 Mass of Building Materials

Table 5.5 Mass of Farm Products

Material kg/m? kg/m?

Concrete 2400

Steel 7850

Dense woods 19mm 90 17.0

Soft woods 19mm 580 11.0

Plywood 12mm 73

Galvanized roofing 19

Concrete hollow

fock wall 100mm 145
230mm 275
300mm 390

Brick walls 100mm 180
200mm 385

Table 5.4  Loads on Suspended Floors

kN/m?
Cattle  Tie stalls 34
Loose housing 3o
Young stock (180 kg) 25
Sheep 1.5
Horses 49
Pigs {90 kg) Slatted floor 25
{180 kg) Slatted floor 32
Poultry  Deep litter 1.9
Cages Variable
Repair shop (allowance) 35
Machinery storage (allowance) 8

Snow loads are afactor only in very limited areas of high
elevation in East and Southeast Africa. Local information
on the mass of snow loads should be used.

Table 5.3 provides information useful in determining
dead loads and Tables 5.4 and 5.5 give information rele-
vant to live loads.

Product Angle of repose Mass
Emptying Filling kg/m?

Maize, shelled 27 16 720
Maize, ear -— — 450
Wheat 27 16 770
Rice (paddy) 36 20 577
Soybeans 29 16 70
Dry beans —_ —_ T0
Potatoes — n 770
Silage — — 480640
Groundnuts, unshelied 218
Hay, loose 65-80

baled 190-240
Footings and Foundations

A foundation is necessary to support the building and the
loads that are within or on the building, The combination
of footing and foundation distributes the load on the bear-
ing surface and keeps the building level and plumb and
reduces settling to a minimum. When properly designed,
there should be little or no cracking in the foundation and
no water leaks. The footing and foundation should be
made of a material that will not fail in the presence of
ground or surface water, Before the footing for the founda-
tion can be designed, it is necessary fo determine the total
load to be supported.

If for some reason the load is coacentrated in one or
more areas, that will need to be taken into consideration.
Once the load is determined, the soil bearing characteristics
of the site must he studied.

Soil Bearing

The topmost layer of soil is seldom suitable for a footing.
The soil is likely to be loose, unstable and contain organic
material. Consequently, the tdpsoil should be removed and
the footing trench deepened to provide a level, undisturbed
surface for the entire buikding foundation. If this is not
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feasible because of a sloping site, the footing will need to be
stepped. This procedure is described in later and illustrated
in Figure 5.5. The footing should never be placed on a filled
area unless there has been sufficient time for consolidation.
This usually takes at least one year with a normal amount
of rainfall, The bearing capacity of 30il is related to the soil
type and the expected moisture level, Table 5.6 provides
typical allowable soil-bearing values,

Table 5.6 Soil Bearing Capacities

Soil Type KN/m?
Soft, wet, pasty or muddy soil 27-35
Alluvial soil, loam, sandy loam

(clay +40 to 70% sand) 80 - 160

Sandy clay loam (clay +309% sand), moist clay 215 - 270

Compact clay, nearly dry 215-270
Soiid ciay wiih very fine sand -430
Dry compact clay (thick layer) 320 - 540
Loose sand 160 - 270
Compact sand 215-320
Red earth -320
Murram -430
Compact gravel 750 - 970
Rock - 1700

An extensive investigation of the soil is not usually
necessary for small-scale buildings. Foundation and pier
footirgs can easily be designed to keep within the safe
beariny capacity of the soil found on the building site.

Site Drainage

It is desirable to site any building on well-drained land.
However, other considerations such as access roads, water
supply, existing services or a shortage of land may dictate a
pootly drained area.

If a building site with poor natural drainage must be
used, it may be improved by the use of contour interceptor
drains or subsurface drains in order to cut off the flow of
surface water or to lower the water-table level. Apart from
protecting the building against damage from moisture,
drainage will also improve the stability of the ground and
lower the humidity of the site, Figures 5.1 and 5.2 illustrate
these methods.

Subsurface drains are usually iaid 0.6 to 1.5m deep and
the pipe layout arranged to follow the slope of the land.
The spacing between drains will vary between 10m for clay
soils to 50m for sand. Subsurface drains are usvally formed
from butt-joined clay pipes laid in narrow trenches. In
cases where it is desirable to catch water running on the
surface, the trench is back-filled nearly to the top with
rubble either continuously aiong the trench or in pockets.
A trench filled with rubble or broken stone will provide
passage for water and is effective in dealing with flows on
the surface. Pipes and trenches belonging to the main site
drainage system may cause uneven settling if allowed to

pass close to or under buildings. Where needed a separate
drain, that surround the building and installed not deeper
than the footing, is used to drain the fcundation trench.

Figure 5.1 Contour interceptor drain.
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Figure 5.2 Subsurface site drains.

Foundation Footings

A footing is an enlarged base for a foundation designed to
distribute the building load over alarger area of soil and to
provide a firm, level surface for constructing the founda-
tion wall,

A foundation wall, regardless of the material used for its
construction, should be built on a continvous footing of
poured concrete. Although the footing will be covered and
lean mixes of concrete are considered satisfactory, a foot-
ing that is strong enough 1o resis. cracking also helps to
keep the foundation from cracking. A 1:3:5 ratio of cement
- sand - gravel is suggested with 31/ of water per 50kg sack
of cement. The amount of water assumes dry aggregates. If
the sand is damp, the water should be reduced by 4 to 5/,




The total area of the footing is determine . by dividing
the total load, including an estirated mass for the footing
itself, by the bearing by dividing the area by the length. In
many cases the widti, equired for light farm buildings will
be equal to or less than the foundation wall planned. In
thal case, a footing that is somewhat wider than the foun-
dation is still recommended for at least two reasons. The
footings conform to small variations in the trench and
bridge small areas of loose soil making a good surface on

whinh tn hooin a fanndatinn wall af anu kind Tha fantinae
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are easily made level and this makes it easier to install the
forms for a poured concrete wall or 10 start the first course
of a block or brick wall,

Even when loading does not require it, it is common
practice to pour a concrete footing that is as deep as the
wall is thick and twice as wide. The foundation footings for
large heavy :ildings require reinforcing. However, this is
seldom necessary for ight-weight farm buildings. Once a
firm footing is in place, » number of different materials are
suitable for building a foundation. Figure 5.3 shows foot-
ing proportions for walls, picrs and columns.
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Figure 5.3 Footing proportions.

Although continuous wall footings are frequently
loaded very lightly, that is not the case with column and
pier footings. It is important therefore, to carefully esti-
mate the proportion of the building load to be carried by
each pier or column. Figure 5.4 illustrates the load distribu-
tion on a building with a gable roof and a suspended floor,

If wall footings are very lightly loaded, it is advisable to
design any pier or column footings required for the build-
ing with approximately the same load per umit of area,
Then if any settling occurs, it should be uniform through-
out. For the same reason, if part of the footing or founda-
tion is built on rock, the balance of the footing should be
twice as wide as usual for the soil and loading. Footings
must be loaded evenly as eccentric loading may cause
tipping and failure,

If a foundation is installed on a sloping site, it may be
necessary to dig a stepped trench and install a stepped
footing and foundation. It is important that all sections are
level and that ¢ach horizontal section of the footing is at
least twice as long as the vertical drop from the previous
section. Reinforcing in the wall as shown in Figure 5.5 is
desirable,
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Figure 5.4 The division of loads on footings.

‘Each pier footing must carry /s of the floor load. The wall

must carry 5/z of the floor load and all of the roof and wall
load.
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Figure 5.5 Stepped footing and foundation.

The procedure for finding an appropriate footing may
be illustrated using Figure 5.4. Assume a building is 16m
long and 8m wide. The roof framing plus the expected wind
load totals 130kN. The wall above the foundation is
0.9kN/m. The floor will be used for grain storage and will
support as i uch as 7.3kN/m2 The floor structure is an
additional 0.5kN/m?. The foundation wall and piers are
cach Im high above the footing. The wall is 200mm thick
and the piers 300mm square. The soil on the site is judged
to be a compact clay in a well-drained area. Find the size of
the foundation and pier footing that will safely support the
loads. Assume that the weight of the mass 1kg approxi-
mately equals [ON. The mass of concrete is 2400kg/ m>.
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1 The division of the load on each wall is as follows:
a Roof load - 50% on each wall, 130kN 65kN
b Wall load - for each side 16 » 0.9kN 14,4kN
¢ Floor load - each side carries 7/32 »
998kN 218.4kN
d Foundation load - each side, 16 x 0.2 =
24kN 76.8kN
¢ Estimated footing - 0.4 x 0.2 « 16 » 24kN  30.7kN
f Total on one side 405.3kN
g Force per unit of length 405.3/ 16 253kN/m
h Using for practical reasons,
and assumed width of 0.4, 25.3/0.4 63.3kN/m?

i Compact clay at 215 -217kN/m? easily carries the load.

2 The division of the load on each pier is:

Floor load - 3% = 998kN 124.8

Pier 0.3 x 0.3 = 1 x 2dkN 22
Footing estimate 0.8 x 0.8 x 0.5 24kN 7.7

Total 134,7kN
Load/m? 210kN/m?

OK.butl1x1=9.7
gives more equality to wall loading 144kN/m?

The most logical action to take would be to add one or
more additional piers which would allow both smaller
footings and smaller floor support members,

Footing Trenches

The trench must be dug deep enough to reach firm, undis-
turbed soil. For light baildings in warm climates, this may
be as little as 30cm. However, for large, heavy buildings
footing trenches may need to be up to Im deep.

Pockets of soft material should be dug out and filled
with concrete, stones or gravet. The trenches should be free
of standing water when the concrete is poured for the
footing,

A level trench of the correct depth can be insured by
stretching lines between the setting-out profiles (batter
boards) and then using a boning rod to check the depth of
the trench as it is dug out,

The footing {orms should be carefully leveled so that the
foundation forms may be easily installed, or a brick or
block wall begun, If the foundation walls are to be made of
bricks or concrete blocks, it is important that the footings
be a whole number of courses below the top of the finished
foundation level.

Alernatively the footing can be cast directly in the
trench. While this saves the cost of footing forms, care must
be taken so that no soil from the sides is mixed in the
concrete. Proper thickness for the footing can be ensured
by installing guiding pegs, whose tops are set level and at
correct depth, at the center of the foundation trench.

Types of Foundation
Foundations may be divided into several categories which
are suitable for specific situations.

Cortinuous wall foundarions may be used cither as
basement walls or as curtain walls. A continuous wall fora
basement of a building must not only support the building
but it must be a waterproof barrier capable of resisting the
lateral force of the soil on the outside. However, because of
the structural problems and the difficulties to exclude
water it is recommended to avoid basement constructions
in all, but a few special circumstances. Curtain walls are
also continuous in nature but being installed in a trench in
the soil, they are not usually subjected to appreciable
lateral forces and they do not need to be waterproof.
Curtain walls may be constructed and then the earth filled
back on both sides, or they may be made of concrete
poured directly into a narrow trench. Only that portion
above ground level requires a form when the concrete is
poured. See Figure 5.9. Curtain walls are strong, relatively
watertight and give good protection against rodents and
other vermin.

Pier foundations are often used to support the umber
frames of light buildings with no suspended floors, They
require much less excavation and building material. The
stone or concrete piers ace usually set on footings,
However, for very light buildings the pier may take the
form of a precast concrete block set on firm soil a few
centimeters below ground level. The size of the piers is
often given by the weight required 1o resist wind uplift of
the whole building,

Pad and pole foundation consists of small concrete pads
poured in the bottom of holes which support pressure
treated poles. The poles arg long snough to extend and
support the roof structure. This is probably the least
expensive type of foundation and is very satisfactory for
light buildings with no floor loads and where pressure
treated poles are available.

A floating slab or raft foundation consists of a poured
concrete floor in which the outer edges are thickened to 20
to 30cm and reinforced. This is a simple system for small
buildings that must have a secure joint between the floor
and the sidewalls.

A pier and ground level beam foundation is coramonly
used where extensive filling has been necessary and the
foundation would have to be very deep in order to reach
undisturbed soil. It consists of a reinforced concrete beam
supported on piers. The piers need to be deep enough to
reach undisturbed soil and the beam must be embedded ix
the soil deeply enough to prevent rodents {from burrowing
under it. For very light buildings such as greenhouses,
timber ground level beams may be used.

Piles are long columns that are driven into soit ground
where they suppo:t their load by friction with the soil
rather than by a fum layer at their lower end. They are
seldom used for farm buildings.

Foundation Materials

The foundation maierial shouid be at least as durable as
the balance of the structure. Foundations are subject to
attack by moisture, rodents, termites and to a limited
extent, wind. The moisture may come from rain, surface



water or ground water, and although a footing drain can
reduce the problem, it is important to use a foundation
material that will not be damaged by water or the lateral
force created by saturated soil on the outside of the wail. In
some cases the foundation must be watertight in order to
keep water from penetrating into a basement or up through
the foundation and into the building walls above. Any
foundation should be continued for at least | 50mm above
ground level to give adequate pretection to the base of the
well from moisture, surface water, etc.

Stones

Stones are strong, durable and economical to use if they
are available near the building site. Stones are suitable for
low piers and curtain walls where they may be laid up
without mortar if economy is a prime factor, it is difficult to
make them water tight, even if laid with mortar, Also, it is
difficult to exclude termites from buildings with stone
foundations because of the numerous passages between the
stones. However, laying the top course or two in good rich
mortar and installing termite shields can largely overcome
the termite problem.

Earth

The primary advantape of using earth as a foundation
material is its low cost and availability. It is suitable only in
very dry climates. Where rainfail and soil moisture are a
listle high for unprotected earth foundation, they may be
faced with stones as shown in Figure 5.6 or shiclded from
the moisture with polythene sheet. See Figure 5.8.
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Figure 5.6 Earth foundarion faced with stones.

Poured Concrete

Concrete is one of the best foundation materials because it
is hard, durable and strong in compression. It is not dam-
aged by moisture and may be made nearly watertight for
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basement walls. It is easily cast into the unique shapes
required for each foundation.

For example, curtain walls can be cast in a narrow
trench with very little formwork required. The principle
disadvantage is the relatively high cost of the cement
required 1o make the concrete,

Concrete Blocks

Concrete blocks may be used to construct attractive and
durable foundation walls. The forms required for poured
concrete walls are unnecessary and because of their large
size, concrete blocks will lay up faster than bricks. A block
wall is more difficult to make watertight than a concrete
wall and does not resist iateral forces as well as a poured
concrete wall.

Bricks

Stabilized earth bricks or blocks or blocks have inherently
the same restrictions as monolithic earth foundations.
They are suitable only in very dry areas and even there they
need protection from moisture. Adobe bricks are to easily
damaged by water or ground moisture to be used for
foundations. Locally made, burmnt bricks can often be
obtained at low cost, but only the best quality bricks are
satisfactory for use in moist conditions. Factory made
bricks arc generally too expensive to be used for
foundations.

Foundation Construction

Stone Foundaticn

If the stones available are relatively flat, they may be laid
up dry {without mortar) starting on firm soil in the bottom
of a trench. This makes a very low cost foundation suitable
for a light building. If monolithic earth walls are to be
constructed on top of the stone foundation, no binder is
necessary for the stones. If masonry units of any type are to
be used, it would be prudent to use mortar in the last two
‘courses of stone in order to have a firm level base on which
to start the masonry wall. If a timber frame is planned, then
mortar for the top courses pius a metal termite shield is
necessary both to provide a level surface and to exclude
termites.

If the stones available are round or very irregular in
shape, it is best to lay them up with mortar to obtain
adequate stability. Figure 5.7 shows earth forms being used
to hold stones of irregular shape around which a grout is
poured to stabilize them, Stones to be laid in mortar or
grout must be clean to bond well.

Figure 5.7a. shows a mortar cap on which a concrete
block wall is constructed. A stone shield to protect the base
of an earth block wall is shown in b., and in c. the embed-
ding of poles in a stone foundation as well as a splash
shield. Proper shielding may reduce the risk of a termite
infestation,
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Figure 5.7  Stone foundations.

Earth Foundation

Although more moisture resistant materials are ganerally
recommended for foundations, circumstances may dictate
the use of earth. Figure 5.6 shows an earth foundation that
has been faced with fieldstones. The joints have been filled
with a cement-lime mortar and the entire surface coated
with bitumen. Figure 5.8 illustrates the use of sheet poly-
thene to exclude moisture from a foundation wall. While

cither of these methods helps to seal out moisture, the use
of earth for foundation wails should be limited to dry-land
regions,
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Place the polythene sheet on a thin layer of sand or on a
conerete footing. Overlap the single sheets by at least 20cm.
Construct a foundation wall from stabilized rammed earth
or stabilized soil blocks. Once the wall has hardened and
dried out, the polythene is unrolled and soil filled back in
Tayers in the foundations trench. Fasten the ends of the
sheet to the wall and protect with a drip deflection strip, a
skirting or with malting and plaster.

Figure 5.8 Anearth foundation protected from moisture
with polythene sheet,

Concrete Foundations

For light buildings a curtain wall may be poured directly
into a carefully dug trench 15 to 25cm wide, To have the
finished wall extend above the ground, forms built of 50 »
200mm timber can be anchored along the top of the trench.

Anchor bolt

+ T Width depending on the load

Figure 5.9 Currair; wall poured in a trench.



A relatively lean mix of concrete, [:4:8, can be used. Tue
concrete must be placed carefully to keep the walls of the
trench from sloughing off and mixing in, thereby causing
weak spots. If the soil is not stable enough to aliow digging
a trench form, a wide excavation and the use of simple
forms will be required.

Additional inforinaiion on ratios, matarials, forms, plac-
ing and curing concrete will be found in Chapter 3.

Concrete Block Foundation

It is desirable for all dimensions of a block wall to be
divisable by 225mm., this will allow full or half blocks 1o be
used at all corners and openings without the need to cut
blocks to odd lengths, Blocks must be dry when used or the
mortar joints will not dev=lop full strength.

Concretz block foundations should be started in a fuil
bed of mortar on a poured concrete footing. A 1:1:5 ratio
of cement-lime-sand makes a good monar. The corner
blocks should be carefully located and checked for level-
ness and plumb. After several blocks have been laid adja-
cent to the corners, a line stretched between the corness can
be used to align the top outside edge of each course of
blocks as shown in Figuse 5.10. After the first course,
face-shell bedding is used, That is, mortar is placed along
ihe vertical edges of one end and the side edges of the top of
the block. This will save up to 50% of the mortar and is
about three-quarters as strong as full bedding.

Mortar to header face @

Hor_r ar  appled
to face edges onty

Figure 5.10 Face-shell bonding in blockwall.

Masonry units must be overlapped so that the vertical
joinis are stapgered in order to obtain adequate strength.
Where small units such as bricks are used, the bonding
must be both along and across the wall. However, blocks
are only bonded longitudinally, Cress bonding is required
only at points of reinforcement such as pilasters. A half-lap
bond is normal, but where necessary to permit bonding at
retucns and intersecting walls, this may be reduced to
onc-quarter of the block length, though not less than
65mm.

The strength of blocks of either dense or lightweight
aggregate is sufficient for normal smail-scale work, but
where loading is heavy only dense concrete blocks are
s.'table. Hollow blocks may be used for load-bearing
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walls, but the courses directly supporting floor and roof
structures should be built of solid construction in order to
distribute the loading over the length of the wall and thus
avoid the concentration of stresses.

The thickness, length and height of the wall determine its
structural stability. Table 5.7 indicates suitable relation-
ships for free-standing, single-thickness, unreinforced,
concrete block walls not externally supported and not tied
or fixed at the top and designed to resist wind pressure,
Longer and higher walls and, for example, walls retaining
bulk grain may need the extra strength of being tied to a
pier or crosswall.

Metal ties embedded
—————t
in concrete

Expanded metal or

wire mesh strips

Figure 5.1  Reinforcing block walls,
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Table 5.7 Stabilizing Hollow Block Walls
Thickness Height of wall  Maximum length of wall

of wall panel between piers,
cross walls, ete.
100mm 1.8m 3.6m
150mm 10m 3.0m
215mm J.6m 4.0m
215mm " 4.5m 3.0m
305mm 4.5m 4.0m

Flosting Slab or Raft Foundation

A slab foundation is a large concrete floor covering the
entire building area through which all the loads from the
building are transmitted to the soil. It is both building floor
and foundation and is well suited to garages, shops, smail
stores, and homes without basements. The concrete floor
and the foundation are cast in one piece. The slab is cast
about 100mm thick and lightly reinforced at the top to
prevent shrinkage cracks. Steel bars are placed at the bot-
tom under walls or columns to resist tensile stress in thuse
zones. Light surface slabs can also be used to carry lightly
loaded structures on soils subject to general earth
movement,

As with all foundations the centre of gravity of the loads
should coincide with the centre of the slab, This is facili-
tated when the building has a simpie regular plan with
load-bearing elements such as walls, columas or chimneys,
located symmetrically about the axis of the building.

Pier Foundation

Isolated piers or columns are normally carried on inde-
pendent concrete footings sotmetimes called pad founda-
tions with the pier or column bearing on the centre point of

Damp procf course

— Wire mesh, optional
reinforcement for
crack control

the footing, The area of footing is determined by dividing
the column load by the safe bearing capacity of the soil. Its
shape is usually square and its thickness is governed by the
same considerations as for foundation footings. They are
made not less than 114 times the projection of the slab
beyond the face of the pier or column or the edge of the
baseplate of a steel column. It should in no case be less than
1S50mm thick. As in the case of strip footings, when a
column base is very wide, a reduction in thickness may be
effected by reinforcing the concrete.

When piers are used to support prefabricated building
frames of steel or laminated wood, the bolts for anchoring
the frame to the piers must be grouted into the concrete and
very accurately positioned. this requires skilled labour and

supervision,
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Figure 5.13  Simple rigid frame structure.
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Figure 5.12  Design of floating slab foundation.

Reinforcement only necessary for load
bearing partition walls




Post or Pole Foundation

For lightweight buildings without suspended floors, post
or pressure-treated pole frames are suitable and inexpen-
sive, The posts are placed in holes dug into the soil and a
footing provided at each post. This is important since
otherwise either gravity loads or wind uplift can lead to
building failure.

The concrete pad under the pole provides the necessary
support for gravity loads. The concrete collar around the
base of the pole offers resistance to uplift. The pole is
secured to the collar by several spikes driven near the base
prior to placing the pole on the pad and pouting the
concrete for the collar. While earth backfill should be well
tamped to provide the greatest resistance to uplift a con-
crete collar, that extends to ground level, offers better
protection against ground moisture and termites.

Bracing of the poles to the roof and other building frame
members offers adequate tateral stability. Figure 5,14 illiss-
trates the pad and collar design.

Supporfing pole

Slope

Well tampered sorl

backtl! Spike

Concrete footing _

Figure 5.14  Pole foundation.

Pier and Ground Level Beam Foundation

As mentioned previously, this design may be chosen for
application where safe bearing layers are so deep as to
make a curtain wall very expensive. The ground level beam
must be designed 10 safely carry the expected load. Ordi-
narily the beam is made 150 to 200mm wide and 400 1o
apart. First the piers are formed and poured on footings of
suitable size. Fhe soil is then backfilled to 150mm below the
top of the piers. After placing 150mm of gravei in ihe
trench to bring the level even with the top of the piers,
forms are constructed and the beam is poured, The rein-
forcing shown in Figure 5.15 is ne-essary. The size and
spacing must be carefully calculated.

Protective Elements for Foundations

Waterproofing
Several steps can be taken to prevent ground or surface
water from penetrating a foundation wal). If the building is
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Figure 5.15  Pier and ground level beam foundation.

located on sloping land where a footing drain can be
terminated at ground level within a reasonable distance,
the installation of a continuous drain around the owside of
the foundation will reduce both the possibility of leaks and
the tateral force of saturated soil bearing against the wall,
The recommended drain design consists of 100mm drain
tile placed slightly above the level of the bottom of the
footing. The tile should be installed with littke or no gra-
dient so that the ground water level will remain equal at all
points along the footing. Gravel is used to start the backfil-
ling for the first 500mm and then the excavated soil is
returned and tamped in layers sloping away from the wall.

The water resistance of poured concrete basement foun-
dation walls may be improved by applying a heavy coat of
bituminous paint. Block walls should be given two coats of
cement plaster from the footing to above ground level and
then covered with a finish coat of bituminous paint.

Moisture creeping up the foundation wall by capillary
action can cause considerable damage to the lower parts of
a wall made of soil or wood. While a mortar cap »a top of
the foundation wall usually provides a sufficient barrier,
the extra protection of a ship of bituminous feit sometimes
is required. To be effective such as damp-proof cause must
be set at least 1 50mm above the ground and be of the same
width as the wall above.

Pitch-roof buildings that are not equipped with eave
gutters can be further protected from excessive moisture
around the foundation by the installation of a splash apron
made of concrete, The apron should extend at least 150mm
beyond the drip edge of the eaves and be stoped away from
the wall approximately 1:20. A thickness of 50mm of 1:3:6
concrete should be adequate.

Foundations for Arch or Rigid Frames
Additionat resistance to laterat forces is needed for founda-
tion walls supporting arch or rigid frame buildings. This
can be accomplished with buttresses, pilasters or by tying
the wall into the floor. Figure 5,16 shows each of these
methods.

Termite Protection

Subterranean termites occur-throughout East Africa and
cause considerable damage to buildings by eating the cellu-
lose in wood. They must have access to the scil or some
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Pilaster

Floortie

Figure 5.16  Methods of strengihening foundations.

other constant source of water. They can severely damage
timber in contact with the ground and may extend their
attack to the roof timbers of high buildings. Entrance to
unprotecied structures is gained through cracks in concrete
o masonty walls, ihrough the wood portion of the house
or by building shelter tubes over foundation posts and
walls.

The main objective in termite control is o break the
contact between the termite colony in the ground and the
wood in the building. This can be done by blocking the
passage of the termites from soil to wood, by constructing a
slab floor under the entire building, and/ or installing ter-
mite shields, treating the soil near the foundation and
under concrete slabs with suitable chemicals, or by a com-
bination of these methods,

Creepers, climbers and other vegetation likely to provide
means of access for termites should not be permitied to
grow on or near a building,

Chemical protection is useful if termite shields are not
available, but is also recommended in combination with
mechanical protection. Creosote oil, sodium arsenite, pen-
tachiorophenol, pentachlorophenol, pentachlorphenate,
copper napthenate, benzene hexachloride and dieldrin are
the products predominantly used. The protective duration
is 4 to 9 years depending on soil and weather conditions.
Timber elements are impregnated before use. The timber
surface is protected only if sprayed with insecticide prior to
painting. Cracks, joints and cut surfaces must be protected
with special care as termite attacks always start in such
locations.

Slab on the ground construction: Firstly, the construc-
tion site must be carefully cleaned and all termite colonies
be traced down, broken and poisoned with 50 to 200/
chemical emulsion. Secondly, after the top soil has been
removed and any excavation is completed, poison should
be applied at a rage of 5//m? over the entire area to be
covered by the building. The soil used as backfill along the
inside and owside of the foundation, around plumbing and
in the wall voids is treated at a rate of 6// m run and before
casting the floor siab any hardcore fill and blinding sand
should aiso be treated. Existing buildings can be given
some protection by digging a Jem wide and 15 to 30cm
decp trench around the outside of the foundation. After
having sprayed the trench with poison, the excavated soil is
treated and replaced.

It is advisable to do the soil poisoning when the soil is
fairly dry and when rain is not pending, otherwise there is
risk of the chemical being washed away instead of being
absorbed by the soil.

It is also advisabie to cover the poisoned band of soil
with concrete or with a substantial layer of gravel. This
protects the poison barrier and helps to keep the wall clean
and free of mud splashes. If the wall is rendered, it is
preferable to poison any rendering that is applied within
30cm or so of the ground. To peison concrete or sand:ce-
ment mortar, simply use a 0,5 to 1.0% dieldrin =mulsion
instead of the usual mixing water, There is no effect on the
amount of water required or the binding strength of the
cement.

All preservatives are toxic and should be handled with




care. Some are extremely toxic if swallowed or allowed 1o
remain in contact with the skin. A recommendation for
first-aid from the supplier of the preservative should be
insisted upon, When using dieldrin, aldrin or chlorodane,
children and animals should be kept away from the area
where treatment is (o be carried out.

Termite shields: The termite shield should be continuous
around the foundation irrespective of changes in level and
should be made of 24 gauge galvanized steel. The edge of
the shield should extend horizontally outwards for Sem
beyond the top of the foundation wall and should then
bend at an angle of 45° downwards for another S5em. There
should be a clearance of at least 20cm between the shield
and the ground. All joints in the shield shouid be double
locked and properly sealed by soldering or brazing or with
bituminous sealer. Holes through the shield for anchor
bolis should be coated with bituminous sealer and a washer
fitted aver the bolt to ensure a tight fit,

Pratection of existing buildings: A building should be
regularly inspected inside and out and especially at poten-
tial hiding places. The outside should be checked for such
things as staining on walls below possibly blocked gutters,
accretion of s0il, debris or added-on items like steps which
might bridge the termite shield. Ground-floor window and
door {rames and timber cladding shouild be probed to
discover decav or termitc damape. All timber, whether
structural or not, should be insgected, special attention
being paid to places which are infrequently observed such
as roof spaces, under-sides of stairs, built-in cupboards and
flooring under sinks where there may be plumbing leaks.
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Extensively damaged wood should be cut out and
replaced with sound timber pre-treated with preservative,
In the case of decay the source of moisture must be found
and corrected and where subterrancan termites are found,
their source of entry must be traced and eliminated. Ter-
mites within the building must first be destroyed. The
treatments to be applied include some measure of soii
poisoning, the provision of barriers and the surface treat-
ment of timber and wood-based materials.

In the case of drywood termites fumigation is the only
reliable method of extermination and this should be car-
ried out by trained men under proper supervision.

Walls
Walls may be divided into two types:

a Load-bearing walls which support loads from floors
and roof in addition to their own weight and which resist
side pressure from wind and, in some cases, from stored
material or objects within the building,
b non-load-bearing walls which carry ne floor or roof
ioads. Each type may be further divided into external or
eaclosing walls, and internal dividing walls. The term parti-
tion is applied to walls, either load-bearing or non-load-
bearing, dividing the space within a building into rooms,
Good quality walls provide strength and stability,
weather resistance, fire resistance, thermal insulation and
sound insulation.

Poisoned reinfbrced

Rendering l

Lower courses sohid
blocks, mortar poisoned

Termite shield——... .

Cleorance 20 cm

.:]_(‘:e painted =

Contrete slab —T

Concrete capping
10 cm thick minimum

—B inding sand or
sand-cement [ poisoned)

+—Hardcore { poisoned)

-8 6.%. .oq -
o 2000

Paisoned soil g
[trlench ESOI ]

Poisored soil

Figure 5.17  Termite protection.




Types of Building Walls

There are various ways to construct a wall and many

different materials can be used, but they can be divided into

four main groups.

Masonry wall, in which the wall is built of individual

blocks of materials such as brick, clay or concrete blocks,
or stone, usually in horizontal courses bonded together
with some form of mortar, Several of the earth derived
products, either air dried or fired, are reasonable in cost
and well suited to the climate.
_ Monolithic wall, in which the wall is built of a2 material
ptaced in forms during the constructicn. The traditional
earth wall and the modern concrete wall are examples. The
carth walls are inexpensive and durable if placed on a good
foundation and protected from rain by a rendering or wide
roof overhangs.

Frame wall, in which the wall is constructed as aframe of
relatively small members, usually of timber, at close inter-
vals which together with facing or sheething on one or both
sides form a load-bearing system. Offcuts are a low-cost
material to use for a frame wall covering.

Membrane wall, in which the wall is constructed as a
sandwich of two thin skins or sheets of reinforced plastic,
metal, asbestos-cement or other suitable material bonded
to a core of foamed plastic to produce a thin wall element
of high strength and low weight.

Another form of construction adapted for framed or
carth buildings consists of relatively light sheeting secured
to the face of the wall to form the enclosed element. These
are generally termed ‘claddings’.

Overlapping
blocks

Spread of load
in bonded wall

Figure 5.18  Examples showing why bonding is necessary.

Restriction of
overturning by bonding

Factors which will determine the type of wall 1o be used
are:

a The materials available at a reasonable cost,

b Availability of craftsmen capable of using the materials
in the best way,

¢ Climate

d The use of the building - functional requirements,

The height of walls should allow people to walk freely

and work in a room withont knocking their heads on the

ceiling, bearas etc. In dwelling houses with ceilings is 2.4m a
suitable height. Low roofs or ceilings in a house create a
depressing atmosphere and tend to make the rooms
warmer in hot weather.

Masonry Walls
Apart from certain forms of stone walling, all masonr;
consists of rectangular units built up in horizontal iayers
called courses. The units are laid up with mortar in specific
patterns called bonding in order to spread the loads and
resist overturning and in the case of thicker walls, buckling.
The materiai in the masonry units can be mud or adobe
bricks, burnt clay bricks, soil blocks (stabitized or unstabil-
ized), concrete blocks, stone blocks or rubble, Blocks can
be solid or hollow.
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Figure 5.19  English and Flemish bonding of brick walls.

Bricks

In brickwork, those bricks laid lengthwise in the wall are
called stretchers and the course in which they occur, a
stretching course. Bricks laid across the wall thickness are
called headers and the course in which they occur, a hegd-
ing course.

Bricks may be arranged in a wide variety of ways to
produce a satisfactory bond and cach arrangement is iden-
tified by the pattern of headers and stretchers on the face of
the wall. These patierns vary in appearance resulting in
characternistic ‘textures’ in the wall surfaces, and a particu-
lar bond may be used for its surface pattern rather than for
its sirength properties. In order to maintain bond it is
necessary at some points to use bricks cut in various ways,
each of which has a technical name according to the way it
is cut.

The siinplest arrangements, or ‘bonds’ as they are called,
are stretching bond and heading bond. In the former, each
course consists entirely of stretchers laid as in Figure 5.20
and is only suitable for half-brick walls such as partitions,
facing for biock walls and the leaves of cavity walls.
Thicker walls built entirely with stretchers are likely to
buckle as shown in Figure 5.18. The heading bond is
ordinarily used only for curved walls,

The two bonds most commeonly used for walls one brick
and over in thickness are known as English bond and
Flemish bord. A ‘one-brick thickness’ is equal to the length
of the brick. These bonds incorporate both headers and
stretehers in the wall which are arranged with a header
placed centrally over each stretcher in the course below in
order to achieve a bond and minimize straight joints, In
both bonds 120 bricks of standard size are required per m?
of 23cm wall. This figure allows for 15 to 20% breakage and
lem mortar joints. Figure 5.19 illustrates English and
Flemish bonding,

Bricks are sometimes used in the construction of cavity
walls since the airspace improves the thermal resistance
and the resistance to rain penetration compared to a solid
wall of the same thickness. Such a wall is usually built up
with an inner and outer leaf in a stretching bond, leaving a
space or cavity of 50 to 90mm between the leaves, The two
leaves are connected by metal wall ties spaced 900mm
horizontally and 450mmm vertically as shown in Figure 5.20.
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Figure 5.20 Brick cavity wall,

Concrete Blocks

Much of the procedure for the construction of concrete
block walls has been discussed under the heading ‘Founda-
tions”. However, there are a few additional factors to be
considered.

It is best to work with dry, well-cored blocks to reduce
shrinking and cracking in the wall to a minimum. Except at
quoins {corners), load-bearing concrete block walls should
not be bonded at junctions as in brick and stone masonsy.
At junctions one wail should butt against the face of the
other 1o form a vertical joint which allows for movement in
the walls and thus controls cracking. Where lateral support
must be provided by an intersecting wall, the two can be
tied together by Smm x 30mm metal ties with split ends,
spaced vertically at intervals of about 1200mm. Expansion
joiats should be allowed at intervals not exceeding 24
times the wall height. The two sections of wall must be
keyed together or stabilized by overlapping jamb blocks as
shown in Figure 5.21. The joints are scaled with flexible
mastic to keep water from penetrating the wall.
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Figure 5.21  Lareral suppors for walls at expansion joints.

Many walls in the tropics are required to let in light and
air while acting as sun-breakers. To meet this need, perfo-
rated walls are popular and arc designed in a variety of
patterns, some load bearing, others of light construction.
Hollow concrete blocks may be ased 10 good effect for this
purpose. Horizontal or vertical slabs of reinforced concrete
{r.c. slots) can be used to act as sun-breakers. These are
usually built at an inclined angle in order to obtain maxi-
mum shelter from the sun.

Stones

Quarried stone blocks, either rough or dressed to asmooth
surface are laid in the same way as concreie or stabilized
soil blocks. Random rubble walls are built using stones of
random size and shape a5 they are found or come from the
quarry. Walls using laminated varieties of stone which split
easily to reasonably straighi faces of random size are calied
squared rubble walling.

PIERCED BLOCK WALLING

PIERCE BLOCKWALL
mode ot hotlow blechs

Figure 5.22  Block walls for ventilation.

In these walis, as in all masonsy, longitudinal bond is
achieved by overlapping stones in adjacent courses, but the
amount of overlap varies because the stones vary in size.
Since rubble walls are essentially built as two skins with the
irregular space between solidly filled with rubble material
(smail stones), transverse bond or tie is ensured by the use
of long header stones known as bonders. These extend not
more than three-quarters through the wall thickness to
avoid the passage of moisture to the inner face of the wall
and at least one is required for each m? of wall face. Large
stones, reasonably square in shape or roughly squared, are
used for corners and +%e jambs of door and window open-
ings to obtain increased strength and stability at these
points.

Random rubble walls may be built as uncoursed walling
in which no attempt is made to line the stones into horizon-
tal courses, or it may be brought to courses in which the
stoncs are roughly levelled at 300mm to 450mm intervals to
form courses varying in depth with the quoin and jamb
stones. ’

Rough squaring of the stones has the effect of increasing
the stability of the wall and improving its weather resist-
ance since the stones bed together more closely, the joints
are thinner, and therefore there is less shrinkage in the joint
mortar. External load-bearing stone walls should be at
least 300mm thick for one-story * sldings.

Openings in Masonry Walls

Openings in masonry walls are required for doors and
windows. The width of opening, height of the wall above
the opening and strength of the wall on gither side of the
opening are major design factors. They are particularly
important where there are many openings that are quite
close together in a wall.

The support over an opening may be a lintel of wood,
steel or reinforced concrete or it may be an arch con-
structed of masonry units similar to or the same as used in
the adjoining wall. Liniels impose only vertical ioads on the
adjoining sections of walls and are themscives subjecied to
bending and shear loads and compression loads at their
support points. Concrete lintels may either be cast in place
or prefabricated and installed as the wall is constructed,
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COURSED RANDOM RUBBLE WALL

Figure 523 Coursed and uncoursed random rubble

walls.

Arches are subjected to the same bending and shear forces,
but in addition there are thrust forces against both the arch
and the abutting sections of the wall.

It is not difficult to determine loads and choose a wood
or steel lintel to install, or to design the reinforcing for a
concrete lintel. However, the design of an arch always
mvolves assumptions and then verification of those
assumptions.

Lintels maade of wood are suitable for light loads and
short spans, Timber pressure treated with a preservative
should be used.

Steel angles are suitable for small openings and Table 5.8
presents size, span and load information for several sizes.
Larger spans require universal section I - beams and a
specific design analysis. Steel lintels should be protected
from corrosion with two or more coats of paint.

Table 5.8 Allowable Uniformily Distributed Loads on
Steel Angle Lintels (kg)

Angle size, mm  Weight

Safe load (kg} at Span length, (m}
25

¥=H»Th kg/m | 1.5 2 k|
90=9x=8 10.7 1830 1200 900 710 —
12590 =8 130 3500 2350 1760 1426 1150
L 125x90x13 203 550 M0 2760 X220 RS0

125 % 102 = 10 183 6100 4060 3050 2440 2032
¥ = vertical leg, H = horizontal leg, Th = thickness

Reinforced concrete is a very common material used for
lintels.

Concrete lintels are made of 1:2:4 concrete mix (with an
ultimate strength of 13.8N/mm?) and are normally rein-
forced with cne steel bar for each 100mm of width. For
reasonably short spans over door and window openings,
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ELEVATION

UNCOURSED RANDOM RUBBLE WALL

the ‘arching’ action of normal well-bonded bricks or blocks
due to the overlapping of the units may be taken into
account. It may be assumed that the lintel will ca-ry only
that part of the wall enclosed by a 45° equilateral triangle
with the lintel as its base, For wide spans, an angle of 60° is
used. For spans up to 3m the sizes of lintels and the number
and sizes of reinforcement bars shown in Table 5.9 mnay be
used. The steel bars should be covered with 40mm of
concrete and the bearings on the wall should be preferably
200mm ot at least equa! 1o the depth of the lintel. Lintels
with a span greater than 3m should be designed for the
specific situation.

Long-span concrete lintels may be cast in situ in form-
work erected at the head of the opening. However, precast-
ing is usually adopted where suitable lifting tackle or a
crane is available to hoist the lintel into position or where it
is light enough to be put into position by two wen,

Stone is generally used as a facing for a steel or concrete
lintel. Unless reinforced with mild steel bars or mesh, brick
lintels are only suitable for short spans up to Im, but like
stone, bricks are also used as a facing for a steel or concrete
lintel.

The arch is a substructure used 1o span 21 opening with
components smaller in size than the width of the opening.
It consists of blocks which mutually support each ather
over the opening between the abutments on each side. It
exerts a downward and outward thrust on the abutments
which must be strong enough to cnsure stability of the
arch.

Jointing and Pointing
Jointing and pointing are terms used for the finishing given
10 both the vertical and horizontal joints in masonry,
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Table 5.9 Reinforced Concrete Lintels.
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Figure 5.24a Rough arch
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irrespective of whether the wall is made of brick, block or
stone construction. Jointing is the finish given to the joints
as the work proceeds. Painting is the finish given to the
joints by raking out the mortar to a depth of approximately
20mm and cefilling the face with a hard-setting cement
mortar which can have & colour additive. This process can
be applied to both new and old buildings. Typical exam-
ples of jointing and pointing are given in Figure 5.25.
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Figure 5,25 Examples of jointing and pointing.

Monolithic Earth Walls

Earth wall construction is widely used because it is an
inexpensive hLuilding method and materials are usually
abundantly available locally. Because the earth wall is the
only type many people can afford, it is worthwhile to
employ methods that will improve its durability. It has
been found that susceptibility to rainfall erosion and
general loss of stability through high moisture can be
eliminated if simple procedures are followed during site
selection, building construction and maintenance,

Earth walls are mainly affected by:
& erosion through rainfall hitting the walls directly or
splashing up from the ground
® saturation of the lower part of the wall by rising capil-
lary water
® carthquake

For one-story earth walled houses, structural considera-
tions are less important because of the light roofing gener-
ally used. A badly designed or constructed earth-wailed
building may crack or distort, but sudden collapse is
uniikely. Durability, not strength, is the main problem and
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keeping the walls dry after construction is the basic solu-
tion. Methods of stabilizing earth can be found in Chapter
3.

Key factors for improving the durability of earth-walled
buildings include:

®  Selection of a site with adequate drainage and a free-
draining and non-swelling soil. Construction of earth
buildings on and with swelling soils may lead to foundation
and wall distortion during the rainy season.

e onstruction of a foundation wall either from blocks or
stones sef in cememt or mud mortar. The foundation
minimizes the effects of all types of water-caused damage
to the base of the wall.

® Stabilization of the soil used for construction of walls.
Stabilized earth walls are stronger and more resistant to
moisture, rain and insects, especially termites. Avoid the
usc of pure black cotton soil for construction because it
shrinks greatly on drying, leading to cracking and distor-
tion. Clay soils should be stabilized with lime, because
cement has shown poor results for these soils.

¢ Impregnating a stabilized earth wall with a waterproof
coating.

® Plastering to protect the wall from water and insects.

® Provision of an adequate eave width (roof overhang) to
reduce wall erosion. However, eave width is limited to
approximately 0.6m or a little more because of the risk of
wind damage. Inclusion of verandahs can be useful for wall
protection,

® Maintenance of the wall and protective coating,

& Provision for free evapuration of capillary moisture by

- clearing away any low vegetation near the building walls.

The material soil can be used in many ways for wall
construction. Hand - rammed or machine - compacted,
stabilized soil blocks and sun-dried mud (adobe) bricks are
used ini the same mannor as masonry units made of other
materials. While masonry constructions have already been
described, it should be noted that the somewhat poorer
strength properties and durability of soil blocks and adobe
bricks may make them less suitable for some types of
construction, e.g. foundation walls. Special care mu.. be
taken when designing linte! abutments to ensure that the
bearing stresses are kept within the aliowable.

Rammed Earth Walls

A method for the construc.uon of a monolithic earth wall is
shown in Figure 5.26. The use of soil mixed with a suitable
stabilizer at a proper ratio will increase the strength and
durability of the wall provided the wall is properly cured.
However, the single most important factor when construct-
ing a rammed earth wall (using stabilized or natural soil) is
perhaps thorough compaction of each layer of soil as it is
filled in the mould. the formwork must be strong enough to
resist the lateral forces exerted by the soil during this
operation. The distance between lateral supports (cross
walls etc.) should not exceed 4m for a J00mm thick
rammed earth wall.
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Figure 5.26 Construction of a rammed-earth wall,

Finish the foundation wall with a sand/cement mortar
cap. Supporied on horizontal brackets running across the
wall -a mould is constructed, The brackets, as well as, draw
wires above the mould act as ties and must, together with
the rest of the mould be sufficiently strong to resist the
pressure of the carth during the ramming operations. Fill
the earth in thin layers and compact thoroughly before the
next layer is placed. After the mould has been filled, it is
removed and placed on top of the already finished wall.
While the mould is only 500 to 700mm deep, it will be
moved several times before the finished height of the wall is
reached. Notching of the sections will increase the stability
of the wall. A work force that is large enough to allow
several operations. cuch as soil preparation, transport,
filling and ramming, to 7o on simultaniously will ensure
swift construction.

rammed earth

Gliding Formwork for Rammed-earth Walls
The foundation wall is built to 50crn above the ground level
with stones and lime mortar. Reinforcement in the wails

. consists of poles or bamboo which are set in the trench

when the stones of the foundation wail are laid. The earth
panel in the gliding formwork is tamped layer after layer
until the form is full. The form is then moved and a new
panel started. Finally the upper ring beam is tied to the
reinforcement sticks. After finishing the panels, the joints
are filled with earth mortar,

Mud and Pole Walls

The construction of mud and pole walls is dealt with at the
end of Section Earth as Building Material along with some
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Figure 5.27  Construction of a rammed-earth wall with a gliding form.

other types of mud wall constructions. A pole frame wall
can be built with either thick earth construction {(25¢cm or
more) or thin earth cladding (10cm or less). While soil
block walls and rammed earth walls usually are superior to
mud and pole wall, this should only be used when a supply
of durable poles is available and the soil is not suitable for
block making. Regardiess of the type of wall, the basis of
all improvement is to keep the wall dry zfter construction,

Install a dampproof course on top of the foundation
wall, azout 50cm above ground level. Pre-fabricate ladders
out of green bamboo or wooden poles that are about Sem
diameter. The outside wooden or split bamboo battens are
nailed or tied to the ladders as the soil is filled in successive
layers. The corners must be braced diagonally. Earth-
quack resistance is improved by securing the base frame to
the foundation with a layer of lime or cement soil mortar.

Framed Walls

Frame walls consist of vertical timber members called
studs framed between horizental members at the top and

Figure 5.28 Construction of a mud and pole walf.

bottom. The top member is called a plate and the bottom
member a sole orsill. Simple butt joints are used which are
end-nailed or toe-pailed. The frame is, therefore, not very
rigid and requires bracing in order to provide adequate
stiffness.

Diagonal braces can be used for this purpose, but a
coemmon method which is quicker and cheaper, is to use
building board or plywood sheething to stiffen the struc-
ture. The studs are commonly spaced on 400 or 600mm
centres which is related to the standard 1200mm width of
many types of building boards used for sheething. Since
the load-bearing members of this type of wall are wood, it
is not recommended for termite areas, especially if both
faces of the frame are finished or covered, thus making it
difficult to detect a termite attack.

Frame construction nsing timber must be raised out of
contact with ground moisture and protected from termites.
This is accomplished by crecting it on a base wall or
foundation beam rising to a damp-proof course, or on the
edge of a concrete slab floor. As a base for the whole
structure a sill is set and carefully levelled on the damp-
proof course and securely anchored to the foundation. To
maintain theeffectiveness of the damp-proof course it must
be sealed carefully at all bo'i positions. A continuous ter-
mite shield should be insialled between the damp-proof
course and the sill znd great care taken to seal around the
holes required for the anchor bolts, The sill plate may be
100mm by 50mmn when fixed to aconcrete base, but should
be increased in width to 150mm on a brick base wall.

Instead of timber, bamboo or round wooden poles can
be used as studs which are then clad with bamboo mats,
reed mats, grass, palm leaves etc. A further alternativeis to
fix mats to the studs and then plaster the mats with ;cement
plaster or other material. Some structures of this type have
a short life due to damage by fungi and termites, They are
also difficult to keep clean-and the risk of fire is great.
Figure 5.30 gives brief information on bamboo wall panels
which can be made by skilled craftsmen.
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Figure 529 Frame wall construction.

Facings and Claddings

Facings and claddings refer to panels or other materials
that are applied as external coverings on walls for protec-
tion from the elements or for decorative effects. Facings or
claddings are particularly useful for protecting and
improving the appearance of the walls of earth structures
which by themselves may be eroded by rain and become
quite unsightly,

Facings generally have little or no structural strength
and must be attached 10 a smooth continuous surface,
Plaster or small size tiles are examples.

Cladding differs from facing in that the materials have
some structural strength and are able to bridge the gaps
between the battens or furring strips on which they are
mounted. Various shingles, larper size tiles, bot) vertical
and horizontal timber siding and building boards such as
plywood and asbestos-cement board are suitable for clad-
ding. Corrugated stecl roofing is also satisfactorv. The
cladding materials must be able to transfer wind loads to
the building structure and to absorb some abuse from
people and animals. The spacing of the furring strips will
influence the resistance of the cladding to these forces.

The spacings for shingles and tiles is determined by the
length of the units. The spacing for horizontal timber
siding should ordinarily be about 400mm, while vertical
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timber siding can safely bridge 600mm. Plywood of at least
12mm thickness can bridge 1200mm edge to edge if sup-
ported at 800mm intervals in the other direction.

Metal roofing used as cladding can be mounted on
furring strips spaced 600mm apart. It is common for manu-
facturers of building materials to provide installation
instructions, including the frequency of support members.

Floors
Building floors may be as simple as the compacted soil
present on the site before the building was constructed or as
complex as attractively finished hardwood pa.juet. A
well-chosen, well-built floor offers protection from vermin
and rodents, is easy to clean, dry, durable and is a valuable
asset to a building. For special circumstances it may be
designed to be washable, particularly attractive, thermally
insulatei, sloped to a drain or perfectly flat and level.
For farm buildings, including homes, simple floors
offering hard, durable surfaces at ground level grade are
probably adequate for the vast majority of situations.
Floors may be buils at ground level, i.c. on the soil within
the building, in which case they are calied solid or grade
flooes, or they may be supported on joists and beams in
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Figure 5.30 Construction of bamboo wall panels.
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Figure 5.31 Vertical timber siding. Note single nails near
center of each board and batien to allow for shrinking and
swelling.

which case they are called suspended or above-grade
floors, The finished level of a solid floor should be at least
150mm above outside ground level as a protection against
flooding. The top soil should be removed and replaced
with coarse material before the actual floor slab is
constructed.
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Solid or Grade Floors

Tamped soii is often satisfactory for the floors of animal
shelters and perhaps the homes of subsistence farm fami-
lies. They should be designed a little above the ground level
outside the building and will be io~ ;roved by being stabil-
ized with ant-hill clay, cow dung, lime or portland cement.

A discussion of siabilizing materials to use for different
circumstances will be found in Chapter 3,

Concrete makes a more durable, harder and cleaner
floor. Properly constructed concrete floors can be made
dry enough to be used for grain storage or the farm home,
Figure 5.32 shows cross sections of stabilized soil and
concrete floors. An earth floor suitabie for a well-drained
site is shown in figure a, while a concrete floor that needs to
be moderately dry is shown in b. The single-size coarse
aggregate shown in c, is used to prevent capillary move-
ment of water to the underside of the floor. The polythene
sheet prevents moisture from reaching the concrete slab
and the layer of sand or mortar protects the sheet from
being punctured.
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Figure 5.32c  Poorly drained site or a very dry floor is
required

Figure 5.32 Construction of solid floors built ai ground
level,

The concrete mixture chosen to be used in a solid floor
will depend on the severity of use and type of loading. Fora
deep litter building or a subsistence farm dwelling a mix of
1:3:6 by weight may be satisfactory for the light service to
which it will be subjected. Floors that will be exposed to
heavy loads, as in a bag grain store or a farm repair shop,
will need to be stronger. A 1:2:4 should be adequate overa
good firm base. The floors in a creamery or slaughterhouse
are subjected to acid erosion and require a richer mix of
concrete (1:2:3) to give a durable surface.

Pouring Concrzte Floors

Solid concrete floors should be laid on a level and tam-
pered base of hardcore or gravel. On well drained sites also
sand or even laterite can be satisfactory. The base layer
should be at least 100mm thick. While it is desirable for the
finished floor level to be at least 150mm above the sur-
rounding ground, some fill may be required under the base
course, However, fill need to be thouroughly compacted to
get the required stability and, generally, it is therefore more
satisfactory to increase the thickness of the base course.
Any material used for fill or for the base course must be
free of organic matter. hence, the excavated top soil must
be rejected as fill. If a damp-proof barrier (polythene ora
3mm thick hot bitumen layer) is to be installed, a layer of
sand should be spread over the bzse. Sand can also be used
as blinding on a hardcore basc to reduce the amount of
concrete that ‘disappears’ in the gaps between the stones,
Finally, 75 to 150mm timber screeds are put in place to be




used as guides in striking off and leveling the concrete and
reinforcement bars, if advocated, are put in position. The
thickness of the slab will depend on the expected loads, the
quality of concrete used, reinforcement and the bearing
characteristics of the ground.

A floor area that is larger than about {0m? should be
divided into bays for concreting. This will help to prevent
the development of shrinkage cracks during the curing
process and will allow for each bay to be cast, leveled and
finished within a managable time. Square bays are best and
2.5 to 4m sides allow a slab 10 be cast in one go.

The concrete can then be mixed and placed. Regardless
of the mix choosen, the concrete should be kept as stiff as
possible and the size of the coarse aggregate should not
exceed a quarter of the thickness of the slab. The bays are*
concreted alternately as shown in Figure 5.33. When the
first set of bays.have hardened the timber screeds are
carefully removed and the remaining bays can be cast.

Once the concrete is placed it is leveled by moving a
straight limber along the screeds, or, in case of the second
set of bays, the already hardened concrete in adjoining
bays, with a sawing action. The concrete can then be
*ioated” slightly to smooth the surface. After the initial
iight floating, the bay can be left for a few hours before a
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final floating to give it a smooth suriace. If a non-slip floor

‘is desired, the concrete can be broomed soon after it is

placed to give a rough surface. It will not be touched again
until it sets. Once the concrete is set, it should be kept moist
for a week.

Suspended or Above-grade Floors

Timber Floors
Suspended timber ground-level floors are useful on sloping
sites where a great deal of filling would be required to level

.the ground for a solid floor.

Timber ground-level floors must be well protected
against moisture, fongus and termites and must therefore
be raised above the ground. The space under such a timber
floor should be high enough to ensure good ventilation and
to allow a person to crawl underneath for inspecting the
floor. Termite protection is more likely to be effective if the
floor is raised above the ground at least 45cm.

The supporting piers are frequently built of timber but
are better if made of stone, concrete or steel, Hollow

Figure 533  Concrete floor construction.
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concrete biocks reinforced and filled with concrete make a
strong support. Metal termite shieids should be fitied to the
top of the foundation wall and to steeper walls and piers.

The foundation wall beneath a timber ground-level floor
must be fitted with ventilation openings to ensure good air
exchange in the crawl space below the floor. The openings
should be covered with ]10mm mesh screen to keep rodents
out.

When the span is more than 5m, joists may be supported
by cross walls built with 150mm solid concrete blocks laid
about 80mm apart in a honeycomb pattern to allow free
passage of air.

Beams of steel, timber or concrete may be used to sup-
port upper floors when the span is over Sm.
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Figure 5.34 Swuspended timber floor construction.

Suspended Concreie Floors

The main advantage of a reinforced-concrete suspended
floor is its greater fire resistance and better sound insula-~
tion than that of a timber floor, but it is penerally too
expensive (o find applications in farm buildings.

In its simplest form it consists of a cast-in-situ, one-way-
span slab with the reinforcement acting in one direction
only between two supports not more than 5m apart. The
reinforcernent may be either mild steel main rods and
distribution bars wired together at right angles, or teinforc-
ing mesh corsisting of main bass and distribution bars
electrically welded at the crossings. The reinforcement
must be designed by a qualified structural engineer or
obtained from a reliable standard design,

Floor Finishes

In rural areas the extra cost of a floor finish is often
considered unnecessary, the surface of a slab of concrete or
stabilized soil having a durability which is satisfactory for
most purposes. However, a floor finish can enhance the
appearance of the room, cut down on noise or make the
floor easier to clean, depending on the type of finish vsed.

A cement and sand screed or a granolitich finish {one
part cement and three parts hard stone chippings laid
about 30mm thick) may be used where an extremely dura-
ble finish is needed. Sheet materials and slab tiles are likely
to be very expensive, but slab tiles are in exceptional cases
installed in farm buildings because of their durability, A
typical wood floor gver a solid slab is shown in Figure 5.35.

Note that the space between the concrete slab and the
wood flooring should be ventilated,

a Cured and dried out concrete or stabilized soil slab,
preferably with damp-proof course between slab and
hardcore.

b Joists 50 x 50mm

¢ Bulldog floor clips

d Wood flooring ot chipboard

Figure .35 Wood floor on a solid concrete floor.

Roofs

A rool is an essential part of any building in that it provides
the necessary protection from rain, sun, wind, heat and
cold. The integrity of the roof is important for the structure
of the building itseif as well as the occupants and the goods
stored within the building.

The roof structure must be designed to withstand the
dead load imposed by the roofing and framing as well as
the forces of wind and in some areas, snow or drifting dust.
The roofing must be leakproof, durable and perhaps satisfy
other requirements such as being fire resistant, a good
thermal insulator or high in thermal capacity.

There is a wide variety of roof shapes, frames and
coverings from which to choose. The choice is related to
factors such as the size and use of the building, its
anticipated life and appearance, and the availability and
cost of materials, Roofs may be classified in three ways:

1 According to the plane of the surface, i.e. whether it is
horizental or pitched.

2 According to the structural principles of the design, i.e.
the manner in which the forces sti up by external loads are
resoived within the structure. :

3 According to the span.




Flat and pitched roofs: A rool is called a flat roof when
the outer surface is within 5° of horizental whereas a
pitched roof has a slope of over 5° in one or more
directions. Climate and covering material affect the choice
between a [lat or pitched roof. The affect of climate is less
marked architecturally in tempecate areas than in those
with extremes of climate. In hot, dry areas the flat roof is

common because it is not exposed to heavy rainfall and it |

forms a useful out-of-doors living room. In areas of heavy
rainfall a steeply pitched roof drains off rainwater more
guickly.

Two-dimensional roof structures have length and depth
only and all forces are resolved within a single vertical
plane. Rafters, roof joists and trussels fall in this category.
They fulfill only a spanning function and volume is
obtained by using several two-dimensional members carry-
ing secondary two-dimenstonal members (purlins) in order
o cover the required span.

Three-dimensional siructures have length, depth and
also breadth, and forces are resolved in three dimensions
within the structure, These forms can fulfill a covering and
enclosing function as well as that of spanning and are now
commonly referred to as ‘space structures”. Three dimen-
sionul or space structures include cylindrical and parzbolic
shells and shell domes, multi-curved slabs, folded slabs and
prismalic shells, grid structures such as space frames, and
sus sended or wension roof structures.

Long and short span roofs: Span is a major considera-
tion in the design and choice of a roof structure although
functional requirements and economy have an influence a3
well.

Short spans, up to 8m, can generally be covered with
pitched timber rafters or light-weight trusses either pitched
or flat. Medivm spans of 7 to 15 or 16m require truss
frames designed of timber or steel.

Earth dome and vauit

Figure 5.36 Three-dimensional roof structures.
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Long spans of over 16m should, if possible, be broken
into smaller units. Otherwise, these roofs are generally
designed by specialists using girder, space deck or vaulting
techniques.

In order 1o reduce the span and thereby reduce the
dimensions of the members, the roof structure can be
supported by poles or columns within the building or by
internal walls. However, in farm buildings a free span roof
structure will be advantageous if the farmer eventually
wants to alter the internal arrangement of the building. The
free space without columns allows greater convenience in
maneuvering equipment as well.

Ring beam: In large buildings e.g. viligge stores, that
have block or brick walls, a 150mm square reinforced
concrete beam is sometimes instalied on top of the external
walls instead of a wall plate. The objective of this ring
beam, which is continuovs< around the building, is to carry

" the roof structure should part of the wall collaps in an earth

tremor. It will also provide a good anchorage for the roof
to prevent it lifting and reduce the effects of heavy wind
pressure on the walls and unequal settlement,

Types of Roofs

Flat Roof

The flat roof is a simple design for large buildings in which
columns are not a disadvantage. Simple beams can be used
for spans up to about 5m, but with louger spans it is
necessary to use deep beams, web beams or trusses for
adequate support. Because farm buildings often need large
areas free of columns, flat roofs with built-up roofing are
not common. Flat roofs are prone to leak. To prevent

Grid structure
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pools of water from collecting on the surface they are
usually built with a minimum slope of 1:20 to provide
drainage.

The roof structure consists of the supporting beams,
decking, insulation and a waterproof surface. The decking,
which provides a continuous support for the insulation and
surface, can be made of timbetr boards, plywood, chip-
board, metal or ashestos-cement decking units or concrete
slabs.

The insulation material improves the thermal resistance
and 1s placed either above or below the decking,

The most common design for a waterproof surface is the
built-up roof using roofing felt. This material consists of a
fibre, asbestos or glass-fibre base which has been impreg-
nated with hot bitumen. The minimum pitch recom-
mended for built-up roofs is 1:20 or 3° which is also near
the maximum if creeping of the felt layers is to be
prevented.

For Nat roofs two or three layers of felt are used, the first
being laid at right angles to the slope commencing at the
eaves. If the deckingis timber the first layer is secured with
large flat-head felting nails and the subsequent layers are
bonded to it with layers of hot bitumen compound. If the
decking is of a material other than timber all three layers
are bonded with hot bitumen compound. While it is still
hot the final coat of bitumen is covered with a layers of
stone chippings to protect the underlying felt, provide
additional fire resistance and give increased solar reflec-
tion. An application of 20kg/m? of 12.5mm chippings of
limestone, pranite or light-coloured gravei is suitable.

Where three layers of roofing felt are used and properly
laid, flat roofs are satisfactory in rainy areas. However,
they tend to be more expensive than other types and
require maintenance every few years.

WELTED APRON NAILED TO
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Figure 5.37  Built-up roofing fel.

Earth Roof

Soil-covered roofs have good thermal insulation and high
capacity for storing heat. The traditional earth roof is
subject to erosion during rain, requires steady maintenance
to prevent leakage. The roof is laid rather flat with a slope
of 1:6 or less.

The supporting structure should be generously designed
of preservative - treated or termite-resistant timber of
poles, and inspected and maintained periodically, as a
sudden collapse of this heavy structure could cause great
harm. The durability of the mud cover can be improved by
stabilizing the top soil with cement, and it can be water-
proofed by placing a plastic sheet under the soil. Figure
5.38 and Figure 5.39 shows twe types of earth roofs.

Soit cement . 30mm
Polythene sheet
Soil - 50+ 30mm

Gross
Sticks, ® 25mm
Rafter

Figure 5.38 Cross-section of an improved earth roof.
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Figure 5.39 Earth roof with bitumen waterprocfing.

However, the introduction of these improvements adds
considerably to the cost of the roof. The improved earth
roof therefore is a doubtful alternative for low-cost roofing
and should be considered only in dry areas where soil-roof
construction is known and accepted.

Monopitched Roof

Monopitch roofs slope in only one direction and have no
ridge. They are easy to build, are comparatively inexpen-
sive and are recommended for use on many farm buildivgs.
The maximum span with timber members is about 5m,
thus wider buildings will require intermediate supports. '
Also wide buildings with this type of roof will have a high
front wall which increases the cost and leaves the bottom of
that wall relatively unprotected by the roof overhang.
When using corrugated steel or asbestos-cement sheets, the
slope should not be less that 1:3 (17 to 18°). Less slope may
cause leakage as strong winds can force water up the slope.




The rafters can be of round or sawn timber or when
wider spans arc required, of timber or steel trusses which
can be supported on 2 continuous wall or on posts. The
inclined rafters of a pitched roof meet the wall plates at an
angle and their load tends to make them slide off the plate.
To reduce this tendency and to provide a horizontal surface
through which the load may be transferred to the wall
without excessively high compressive forces, the rafters in
pitched roofs are notched over the plates. To avoid weak-
ening of the rafter, the depth of the notch (seat cut) should
not exceed one-third that of the rafter. When double rafters
are used a bolted joint is an alternative. The rafters should
always be thoroughly fixed to the walls or posts to resist the
uplifting forces of the wind.

Double-pitched (Gable) Roof

A gable roof normally has a centre ridge with a slope to
cither side of the building. With this design a greater free
span (7 to 8m) is possible with timber rafters than with a
monopiich roof. Although the monopitch design may be

BEAM{OPTIONAL)

RAFTER

RAFTER
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Figure 540  Pole framing for a monopitch building.
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less expensive in building widths up to 10m, the inconven-
ience of many support columns favors the gable roof. The
gabie roof may be built in a wide range of pitches to suit
any of several different roofing materials. Figure 5.4}
shows a number of the clements that are associated witha
gab'e roof, The following description is keyed to the figure:

¢ The bottom notch in the rafter that rests on the plate is
called the seat cur or plate cut.

#® The top cut that rests against the ridge board is called
the ridge cut.

¢ The line running parallel with the edge of the rafter
from the outer point of the seat cut to the centre of the ridge
is called the work line.

® The length of the rafter is the distance along the work
line from the intersection with the corner of the seat cut to
the intersection. with the ridge cut.

® If a ridge board is used, haif the thickness of the ridge
board must be removed from the length of each rafter,

#® The rise of the rafter is the vertical distance from the
top of the plate to the junction of the workline at the ridge.
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Figure 541 Gable roof design.

¢  The run of the rafter is the horizontal distance from the
outside of the plate 1o the centreline of the ridge.

# The portion of the rafter outside the plate is cailed the
rafter tail.

®  The coliar beam ot cross tie prevents the load on the
rafters from forcing the walls apart which would allow the
rafter to drop at the ridge. The lower the collar beam is
placed, the more effective it will be. Occasionally small
buildings with strong walls are designed without collar
beams. The only advantage of this design is the clear space
all the way to the rafters. Scissors trusses, as shown in
Figure 5.51, at the same time allow some clear space.

® The right-hand rafter shows purlins spanning the raf-
ters and supportinga rigid roofing material such as galvan-
ized steel or asbestos-cement roofing.

®  The left-hand rafter is covered with a pight deck made
of timber boards plywood or chipboard. It would be
covered with a flexible roofing material such as roll asphalt
roofing.

¢ The left-hand cave is enclosed with a vertical facie
board and a horizontal soffit board,

®  The pirch is shown on the smail triangle on the right
side.

The angle of the ridge and seat cuts can be laid out on the
rafter using a steel carpenter’s square and the appropriate
nise and run values both on the outside of the blades or
both on the inside of the blades of the square, 30 and 20cm
in the example in Figure 5.42. The length may be found
with the pythagorean theorem using the rise and run of the
rafter. The length is measured along the workline.

When a gable roof must span more than 7 to 8m, trusses
are usually chosen o replace plain rafters. For large spans
the trusses will save on toial materiai used and provide a
stronger roof structure. For solid roof decks the trusses are
usually designed to be spaced approximately 600mm on

centre, while for rigid roofing mounted on purlins, a truss
spacing of 1200mm or more is common.

The agricultural extension can provide designs for the
spans, spacings and loads that are commonly found on
farms. Also, in Chapter 4 the theory of truss design is
discussed. Figure 5.43 illustrates a simple truss design.

Langht 15 Ate B -arhl%

Seat tuts 8 Rusge cul

Figure 542 Laying out a common rafier.

Figure 541 A “W" truss design.

Due to large negative windloads, roofs are in danger of
being blown off. Therefore it-is important to anchor the
roof trusses properly to the wall plates. This can be done
with strips of hoop iron, one strip tying the wall plate to the




wail at every 90c¢m and the other tying the trusses to the
wail plate, See Figure 5,44, In the coastal areas it is advisa-
ble to use galvanized strips, If the walls are plastered the

strips can be recessed in the wall by cutting a channel and -

covering the strip with mortar.

Wall plate= (

. Hoop ron

A

Figure 5.44 Anchoring trusses to the wail.

For stores or other buildings where tractors and lorries
may be driven inside, considerable free height is necessary.
Rigid frame structures are weil suited for this purpose. A
simple frame can be built of gumpoles or sawn timber
connected with bolts as shown in Figure 5.45.

Rigid frames are also manufactured at factories in steel
and reinforced concrete.

Figure 545 Timber rigid frame.
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Hip Roof

A hip roof has a ridge in the centre and four slopes. It is
much more complicated in its construction, necessitating
the cutting of compound angles on all of the shortened
rafters and the provision for deep hip rafters running from
the ridge to the wall plate to carry the top ends of the jack
rafters. The tendency of the inclined thrust of the hip
rafters to’push out the walls at the corners is overcome by
tying the two wall plates together with an angle tie. At the
hips and valleys the roofing material has to be cut at an
angle to make it fit. The vatleys are prone to leakage and
special care has to be taken in the construction,

Four gutters are needed to collect the rain water from the
roof, but that does not mean that there is any increase in
the amount of water collected. Because this is an expensive
and difficult way to roof a building, it should be recom-
mended only where it is necessary to proiect mud walls or
unplastered brick walls against heavy driving rain and for
wide buildings to reduce the height of the end walls.

Hip »af let £

/‘\ s o

Tatk raltery
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Figure 5.46  Hip roof framing.

Conical-shaped Roof
The conical Toof is a three dimensional structure that is
commonly used in rural areas. it is easy to assemble and
can b= built with locally available materials, making it
inexpensive. It must be constructed with a slope approp-
riate to the roofing materials used to prevent it from leak-
ing. The conical roof design is limited to rather short spans
and to either circular or small square buildings. It does not
allow for any extensions. Iff modern roofing materials are
used there is considerable waste because of the amount of
cutting necessary to obtain proper fit.

A conical-shaped roof structure requires rafters and
purlins, and in circular buildings, a wall plate in the form of
4 ring bearn, This ring beam has three functions:

a todistribute the load from the roof evenly tw the wall,
b to supply a fixing point for the rafters, and
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¢ toresist the tendency of the inclined rafiers to press the
walls outward radislly by developing tensile stress in the
ring beam. If the ring beam is property designed to resist
these forces and secondary ring beams are installed closer
to the center, a conical roof can be used on fairly large
circular buildings.

In the case of square buildings, the outward pressure on
the walls from the inclined rafters cannot be converted to
 pure tensile stress in the wall plate. Instead, it resembles the
hip roof structure and should be designed with the angle
ties across the wall plates at the corners.
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Figure 547 Conical roof design.

Roofing for Pitched Roofs
Desirable characteristics for roof surfacing materials are:

t Resistance to the penetration of rain, snow and dust
and resistance to wind effects - both pressure and suction.
2 Durability under the effects of rain, snow, solar radia-
tion and atmospheric poliution in order to minimize main-
tenance Juring the life of the roof.

3 Light weight, but with sufficient strength to support
imposed loads, so that economically sized supporting
members can be used.

Acceptable fire resistance.

Reasonable standard for thermal and sound insulation.
Acceptable appearance,

Reasonable cost over the lifetime of the roof.

-1 & Uh b

The roof shape, type of structure and slope determine
the types of roofing material that are suitable. The min-
imum slope on which a material can be used depends on
exposure to the wind, type of joint and overlap, porosity
and the size of the unit.

When considering the cost of various roofing materials,
it should be noted that those requiring steeper slopes will
need to cover a greater area. Table 5.11 provides a guide-
line for the relative increase in roofing area with an increase
in slope. The area for a flat roof has been taken as 100.

The weight of the roof covering material greatly influen-
ces the design of the.roof structure and the purlins. Table
5.12 shows some examples,

Purlins

The spacing of the purlins which support the roofing
depends on the size and rigidity of the roofing material.
The dimensions of the purlins depends on the spacing of
the rafters and purlins, the weight of the roofing material

Table 5.10 Minimum Piich Requirements for Roofing
Materials

Roof Covering Angle  Slope Rise in
M/ m
Buili-up bivamen felt ¥ 1:20 50
Corrugated metal sheets
{min. 150 end laps) 12° 1:5 200
Comugated metal sheets
(min. 100 end laps) 18 13 300
Corrugated asbestos cement
sheets with 300mm end lap e 1:5.7 180
Corrugated asbestos cement
sheets with 150mm end lap 22,57 1:24 410
Single lap tiles kH o 1.7 580
Plain tiles in burnt clay 4O 1:1.2 840
Slates min 300mm wide 25° 1121 470
Slates min 225mm wide s 1.4 700
Shingles (wood) 35 L14 700
Thaich of palm leaves (Makuti) w ;1.5 670
Thatch of grass 45° 1l 1000
Stabilized soil i L:6 170
In-situ mud
{dry climates only) &° L:10 100
Fibre-cement recling sheets b1 128 360
Concrete tiles, interlocking 17.5° 1:32 320




and the loading on the roof from wind, persons construct-
ing and maintaining the roof and in some areas snow.
Timber, round or sawn, is the most common material used
for purlins since roofing material can be easily attached by
nailing. Where the spacing of trusses is in excess of 2,5 to
3,0m, timber purlins are not feasible and steel profiles are
wsed instead. The profile can be an angle iron or a Z-profile
made from plain iron sheets.

Small units such as slates, tiles and shingles are affixed to
closely spaced battens of rather small section which means

Y . A ———y ey Jruppy M |

that the rafiers must be LIUWIY spacea,

Table 5.11 Relative Areas of Roofs of Various Sloped

Angle Slope Relative Area
of Roofing

e — 100

toe 1:5.7 102

I5° 1:3.7 104

20° 1:2.7 106

50 1121 1331]

0 1:1.7 15

35° 1:14 122

4r 1:1.2 131

459 1:1.0 141

50° 108 156

55e 1:0.7 174

60° 1:0.6 200

Table 5.12 Weights of Roofing Materials

Material Weight
kg/m?

Corrugated aluminium sheet
Corrugated steel sheets
Corrugated steel sheets,laid

2.5-5 depending on pauge
69 depending on gauge
8-12 depending on gauge

Asbestos cement sheets 14
Asbestos cement sheets, laid 16
Slates, laid 40
Tiles, laid 65
Thatch

Thatch is a very common roofing material in rural areas. It
has good thermat insulating qualities and helps to maintain
rather uniform temperatures within the building even when
outside temperatures vary considetably. The level of noise
from rain splashing on the roof is low but during long,
heavy rains some leakage may occur, Although thatch is
easy to maintain, it may also harbor insects, pests and
snakes.
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A number of different plant materials such as grass,
reeds, papyrus, palm leaves and banana leaves are suitable
and inexpensive when locally available. Although the
materials are cheap, thatching is rather labour intensive
and requires some skilt,

The durability of thatch is relatively low. In the case of
grass, a major repair will be required every 2 to 3 years, but
when well laid by a specialist and maintained, it can last for
20 to 30 years or longer. The supporting structure of
wooden poles or bamboo, although simple, must be strong
eﬁﬁii'gu to carry the weight of wet thatch, The use of thatch
is limited to rather narrow buildings since the supporting
structure would otherwise be complicated and expensive
and the rise of the roof very high due to the necessity of a
very steep slope. Palm l€aves should have a slope of at least |
1:1.5, but preferably b1 and grass thatch a minimum of 1:1
but preferably 1:0.6. Increasing the stope will improve the
durability and reduce the risk of leakage. The risk of fire is
extremely high but may be reduced by treatment with a fire
retardant as described later,

Grass Thatch
Grass for thatching should be:

& Hard, fibrous and tough with 2 high content of silicates
and oils and a low content of easily digestible nutrients like
carbohydrates, starches and proteins.

® Free of seeds and hacvested at the right time.

® Straight and have thin leaves and at least | metre long,

Proper thatching procedure requires that:

® Stems be parallel, densely packed, with the cut side
pointing cutward.

& A steeply sloping roof frame of 45° or more be used.
® The eaves are low to offer protection for the walls.

& For best results the roof shape be conical, pyramidical
or hipped in shape rather than double pitched where the
verges present weak points.

For easy handling the grass is tied into bundles. The
thatching is started from the eaves in widths of about im. A
aumber of grass bundles are put next to each other on the
roof, with the base of the stems to the bottom, The grass is
tied 10 the purlins with bark fibre or preferably tarred sisal
cord. In subsequent layers the bundles are laid to overlap
the layer underneath by half to two-thirs of their length,
which means there will be two to three lay ers in the finished
thatch.

A long ncedle is used to push the string through and tie
the bundies of grass onto the roof-iaths. Then the bundles
themselves are untied and with the hands the grass is
pushed into the right position giving a smooth surface to
the roof. Then the string is pulled and this fixes the grass
securely in place. Another method leaves the bundies of
grass as they are, which gives the roof a stepped surface.
The thickness of the new thatch layers varies between 15
and 20cm but later on this will become somewhat thinner
because of settling,
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Figure 548  Thatching with grass.

Stitch at bottom of first thatch on lowest batten. The
second layer must overlay the stitching of the first row and
include the top section of the undemeath layer in the actual
stitch. it is better 1o have each layer held by 3 rows of
stitching. The stitching of every row must be completely
covered by the free ends of the next layer above it.

The grass or straw is bound in bundles to the batiens
forming (hatch boards. These boards are manufactured on
the ground and bound to the rafters beginning at the eaves
and continuing to the ridge. Each board covers with it’s free
ends the board underneath,

SEWN THATCHING

VERGE DETAIL

Palm Leaf Thatch “Makuti)

-Palm Jeaves azc often «ed into makuti mats which a7 used

for the roof covering. They consist of palm leaves tied to a
rib (part of the stem of the palm leaf) using the dried fibre of
Doum palm leaves or sisal twine.

The ma.s are laid on the rafters (round poles) and the
stems tied to the rafters with sisal twine. The mats are
usually produced to a standard size of 600 x 660mm and
laid with a 160mm side lap, thus requiring a rafter spacing
of 500mm. For a good quality mat 600mm wide, an aver-
age of 75 blades will be required. Spacing up the roof siope,
i.c. the distance between the ribs of the makuti mats, is
usually 130 to 100mm, thus forming a4 to 6 layer coverage,
5 to Bcm thick.

Figure 5.51 shows three types of ridge caps that can be
used on thatch roofs.

Papyrus Thatch

First a papyrus mat is placed on top of the purlins, then a
layer of black polythene and finally another one or two
papyrus mats to cemplete the roof. These materials are
fixed to the purlins with nails and iron wire. Nails are fixed
to the purlin at 15 to 20cm spacing and the iron wire is then
stretched over the top of the papyrus mat and secured to
the nails. The papyrus has a life span of about three years
but that can be extended by treating the papyrus with a
water-repellart paint,
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PREFABRICATED
THATCH BOARD

Fire Retardant for Bamboo and Thatch
Fire retardant paints are available as oil-bourne or water-
bourne finishes. They retard ignition and the spread of
flame over surfaces. Some are intumescent, that is, they
swell when heated forming a porous insulating coating.
A cheap fire-retardant solution can be prepared from
fertilizer-grade diammonium phosphate and ammonium
sulphate. The solution is made by mixing 5kg of diammo-
nium phosphate and 2.5kg of ammonium sulphate with
Slem opp. 20 MM 50kg of water. The principal disadvantage is that it is
of palm leaf. rendered less effective by leaching with rain. Therefore the
fire retardant impregnation must be covered with a water-
repellent paint. The entire roof construction, i.e. bamboo
trusses, strings, wooden parts and thatch, should be treated
with the fire retardant. The following procedure is
recommended:

dried palm leaf
blades

Impregnation of Thatch
1 Dry the thatching materials such as reeds, palmyra,

leaves, bamboos, ropes etc. by spreading out in the sun.
l. 2 Prepare the solution of fertilizer grade di-ammonium
phosphate, ammonium sulphate and water as
Detail showing tying recommended.
of blades -3 Immerse the material in the chemical solution and let

soak 10 to 12 hours. A chemical loading of 10 to 14% by
weight of the thatch (dry basis) is adequate.

4 Take out the material, drain excess solution, and again
dry in the sun,

5 Prepare thatch roof in the conventional manner using
the impregnated material and similarly treated framing
miaterial,

Such roofs do not catch fire easily and fire spreads very
Figure 5.50 Assembling makuti mats. slowly.
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Thatched ridgecap
secyred topurling
with tarred string

Max_angle 90°

Purling wired ar hailed *o
truss, - max 500 mm
tentres -to depend

Lement reinfarced ridge
cap on sxpanded metal
Secured to purlins with
gelvanzed wire

Galvamized iron sheet hiad to
- purtins with galvanized wire

Figure 5.51 Alternative ridge caps for thatch roofs.
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Figure 5.52 Papyrus-polythene roof,

Galvanized Corrugated Steel Sheets

Galvanized Corrugated Steel Sheets (GCS) is the cheapest
of the modern corrugated sheeting materials and is widely
used as roofing material for farm buildings. Unprotected
steel would havs a very short life, but a zinc coating
(galvanizingj adds substantial protection at a relatively low
cost. Altemative coatings for steel sheets are bitumen,
polyvinyl chloride (plastic) on zinc, asbestos, felt and

_polyester. It the coating is damaged the steel will rust.

When the fiest signs of rust appear, the sheet should be
co:ated wilh a lead-based paint to stop the rusting.

The main advantages of GCS are;
1 The relatively light weight makes the sheets easy to
transport and flexible so they are not easily damaged dur-
ing transport.
2 Tt is easy to instalt and handle, However, the edges of
the sheets are often very sharp and can cause cuts in
clothing and skin. The sheets may b ¢ cut to any required
length and the reofing nails can be driven through the
sheets directly without drilling hoies.
3 The supporting siructure can be relatively simple. Due
to the flexibility of the sheets, minor movements of the
supporting structure can occur without damage.
4 The sheets are quite durabie if maintained and are not
attacked by termites or fungus, They are water-tight and
non-combustible.
5 They can be dismantled and reused provided that the
same nail holes are used,

The main disadvantages of GCS are its poor thermal
properties and the noise caused by heavy rainfall and
thermal movements, The thermal and sound properties arc
improved by an insulated ceiling,

Most corrugated steel sheets have corrugations with a

"76mm pitch and 19mm depth. Thickness varies between

0.3-1.6mm of which 0.375-0.425mm are recommended for
{arm buildings.

Standard widths normally marketed are 610, 762mm
and 1000mm. Lengths range from 2 to 4m. See figure 5.53
and Table 5.13 and 5.14.
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Figure 5.53  Corrugated roafing with overlap.

Table 5.13 Recommendations for Slope, End Lap and
Side Lap for Corrugated Steel Roffing

Type of position min slope min end lap min side lap
Sheltered sile I:5 150mm 1.5 corrupation
13 100mm 1 corrugation
Normal site L3 “l00mm 1.5 corrugation
Exposed site 13 150mm 2 corrugation




Table 5.14 Covering widih for different side lap and type
of corrugated iron sheets

Covering Width (mm}
No.of  Overall Number of corrugation side lap
Type Com.  Width i 1% 2
mm
C.S. Nominal
8% 8 610 533 495 457
C.5. Nominal
10/76 10 162 636 545 610
Laying the Sheets

The spacing of the purlins will depend on the thickness of
the sheets used. As a guide, maximum spacing of puclins
for 0.475mm sheets is 1500mm. The purlins should be a
minimum of 50mm in width in order to be easily nailed,

The laying of the sheets should commence from the eave
an. away from the prevailing wind. The side laps will then
be away from the wind preventing water from being forced
into the lap.

It is very important that the first sheet be laid at right
angles to the eave and the ridge for by so doing, all the rest
will also be perpendicular with the ridge. The first row of

® Galvanized roofing nail
A

Timber purlin
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sheets is Jawd with a 50mm overhang beyond the facia
board.

Special roofing nails are used to fix the sheets to timber
purlins, They are 67mm long and average about 100 nails
per kilo. Under average conditions, the nails should be
placed at every second corrugation on the purlin at the eave
and then at every third corrugation on other purlins. A
stretched string along the purlin makes it easier to nail the
sheets. Extra nails are needed along the verge (gable end
overhang). The nails should always be placed at the ridge
of the corrugation to prevent risk of leakage. Roofs in
exposed positions require closer nailing. All end laps must
occur over purling,

Ridging is normally available in pieces of 1800mm
length. They should be fitted with a 1 50mm overlap. Other
accessories such as close-fitting ridges, eaves-filler pieces
and gutters are available from some suppliers.

The number of sheets to be purchased for a roof can be
calcvlatad by using the following formula:

Length of roof x width of roof

No. of sheets = Length of sheets x covering width

Note that the length of the sheets in the formula is the
nominal length minus end lap. When making the bill of
quantity for a building, the calculated number of sheets
should be increased about 10% due to the waste during
transport and installation,

Galvanized washer
head and square
twisted shank

TIMBER PURLIN -ROOFING NAIL
P
Galvanized
S hook bolt
Steel Zed purlin
ZED PURLIN
P
B X Galvanized
” hook bolt Hook-bolt with
Steel purlin washer and cap

STEEL PURLIN When using steel purlins special hook-bolts are used

Figure 5.54 Methods of fastening corrugated roofing 1o purlins.
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Asbestos-cement Sheets
The advantages of asbestos-cement sheets (A-C) as com-
pared to GCS sheets are:

Longer life if properly fitted

Less noise from heavy rain and thermal movements
More attractive

Better thermal insulating properties

ot b -

The disadvantages are:

1 They are heavier -(the weight per square metre is more
than twice that of GCS) thus it is more expensive to
transport and requires a stronger roof structure.

1 Brittleness causes a high rate of waste due to breakage
during transport and installation. A more rigid roof struc-
ture is necessary as the sheet does not allow for more than
very small movements of the supporting structure without
cracking, Walking on the roof may also cause cracking,

3 Labour intensive due to weight and brittleness.

4 The corners of the sheets must be mitred prior to fitting
and holes for the fixing surews must be drilled.

5 Easily discoloured with dust and algae,

6 The manufacture and processing of asbestos products
presents hazards to health.

Corrugated asbestos-cement sheets are normaily mar-
ke« ted in a variety of corrugations and sizes. However, the
most comrmon corrugation which is used for farm build-
ings has a pitch of 177mm and a d=pth of 57mm. The sheet
width is 920mm. Itis supplied in lenr ..s ranging from 1.5m
to 3m. The effective coverage width is 873mm.

Storage and Handling
At the building site the sheets shouid be stacked on timber
bearers levelled with each other at not more than 1m
centres on firm, level ground. The sheets can be stacked to
a heigh! of approximately 1.2m without risk of damage.
The sheets should be handled by two men - one at each end.
During installation roof iadders or crawl boards must be
used to ensure safety and avoid possible damage to the
sheets. Under no circumstances should anyone walk on the
sheets between two purlins,

Laying the Sheets

Corrugated A-Croofing should be installed with a slope of
1:2.5(22°) and an end lap of at least 1 50mm under normal
conditions, Under exposed conditions a 200mm end lap is
better. The sheets are designed for a side lap of half a
corrugation in all situations.

Puriins must be of sawn timber in order to provide a flat
support for the sheets and must be designed with a min-
imum of deflection. For the type of sheets described here, a
maximum piirlin spacing of 1.5m is recommended. If used
as wall cladding the spacing can be increased to 1.8m.

Sheets should be laid from left to right or right to left
depending on the direction of the prevailing wind. Side laps
must always be sheltered from the main wind direction.

LAYING THE SHEETS

PREVAILING WIND

B e

—_— —~
\_,

Figure 5.55 Lapping the roofing againsi the prevailing
wind.

SIDE LAP

Mitring the corner of the sheets at the overlaps is essen-
tial to ensure correct positioning and to allow the sheets to
lie flat. The smooth surface of the sheet should be laid
uppermost. Laying of the sheets should commence at the
eaves (or from the lowest course for cladding). The neces-
sary mitring is shown in Figure 5.56,

Mitring .

The correct mitre is most important, This should be made
from a point along the edge of the sheet equivalont to the
end lap, i.e. either 150mm or 200mm, to a point along the
end of the sheet equivalent 1o the side lap 47mm. The gap
between the mitres should be at least 3mm, but not to
exceed 6Smm. The sheets can be cut with a handsaw or a
sheet hacksaw.

Fixing the Sheets

Hotles must be drilled 2 10 3mm larger than the diameter of
the roofing screws to be used to allow for movement within
the framework of the building and the sheets themselves.’
All holes must be on the crown of the corrugation. It is
important to remove all drilling dust before washers are
put in position, otherwise water may be allowed to pene-
trate. Screws should be finger-tight until the correct align-
ment of the sheets in relation to the purlin has been
checked. They should then be tightened until some resist-
ance is felt. Screws should be located in the crown of the
second and fifth corrugation of a sheet of seven corruga-
tions. All end laps must occur over the purlins.

Sisal-cement Roofing Sheets
These sheets are normally heavier and more brittle than
asbestos-cement sheets which means that they will require




a stronger roofing structure and even more caution during
handling and laying, In all other respects they are similar to
and used for construction in the same way as asbestos-
cement sheets.

LAYING DIRECTION ———
- WIND DIRECTION

Starter 2 3

- LAYING DIRECTION
WIND DIRECTION >

9 8 7
\ \
A \
6 5 4
\ \_
\ \
3 2 Starter

Figure 5.56 Mitring asbestos-cement sheets.
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Figure 5.57 Mitre dimensions.

Lead cuppad washer

Felt washer

Alternatively a tropica-
lized PYC washer with
cap,can be used

N5 mm

galy. roafing
SCrew

TROPICALISED PVC WASHER

ROOFING SCREW AND CAP

Figure 5.58 Screws and caps for asbestos-cement
roofing.

Corrugated-sluminium Sheets - CA

CA sheets are lighter and more durable than GCS sheets,
but are more expensive. When new, the sheets have a bright
reflective surface, but after a year or more oxidation of the
surface will reduce the glare. There is never any need to
paint aluminium sheets for protection,

The reflective surface will keep the building cooler than
with GCS sheets, but since aluminium is softer, the roof is
more likely to tear away in a heavy wind storm. Aluminium
also has a greater thermal expansionthan steel resulting in
noisy creaks and more stress on fasteners.

CA sheets are normally supplied with the same corruga-
tion and in the same sizes 58 GCS. For use in farm build-
ings, a thickness of 0.425mm is recommended. The sheets
are laid and fixed in the same manner as GCS.
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Figure 5.59 Examples of single-lap tiles and siare.

Fibreglass-reinforced Plastic Sheets

These sheets are shaped like those of steel, asbestos cement
or alnminium and are used to replace some of the sheets in
a roof to give overhead light. They are transiucent and give
good light inside large halls, workshops etc. They are long
lasting, simple to install and provide inexpensive light,
though the sheets themselves are expensive. They are com-
bustible and must be cleaned occasionally.

Roof Tiles and Slates

Tiles were originally made by hand of burnt clay, but they
are now manufactured by machine from clay, concrete and
siabilized soil in several sizes and shapes. Plain tiles are
usually cambered from head to tail so they do not lie flat on
cach other. This prevents capillary movement of water
between che tiles. The shaped side lap in single-lap iling
takes the place of the double end lap and bond in plain tiles
ot slates. Many types of single-fap tiles are available,
examples of which are shown in Figure 5.59,

Slates were criginally made from ‘atural stote, but now
arc also manufactured from asbestos cement and sisal
cemendt. Since plain tiles and slates have similar properties
and are laid and fixed in the same manner, they will be
discussed together.

Tiles and slates are durable, require a minimum of main-
tenance and have good thermal and sound properties. The
vnits themselves are water tight, but leak= inay occur
beiween the umits if not properly laid. However, hand-
made tites tend to absorb water and stabilized-soil tiles may
erode in heavy rains. They are fairly easy to lay and fix, but

*~hEeap

TAIL
TYPICAL SLATE

POSITION  OF
TILE IN COURSE
A ABOVE

being very heavy, they require a very strong supporting
roof structure. The weight is, however, advantageous in
overcoming uplifting wind forces. The dead weight of the
covering will normally be enough anchorage for the roof-
ing as well as the roof structure.

When rainwater falls on a pitched roof, it will fan out
and run over the surface at an angle which is determined by
c pitch of the roof, The steeper the pitch, the narrower the
angle, while the lower the pitch, the wider the angle. Wider
slates will be required for low piich roofs.

Water running off tile A runs between B and C and
spreads between tiles B and D and C and D as shown by the
hatched area. It then runs because of the lap, onto the tiles
E and F ¢lose to their heads, Note that tile is normally laid
close together at the sides.

Figure 5.60 Water drainage on tiles.




Table 5.15  Slate and Tile Size, Pirch and Lap

- Unil Min. Min, Minimum lap {mm)
Size Pitch Slope Normal sites  Exposed sites
Slaies
305« 05mm = 45° 1:1 65 65
330« 180mm  4)° 112 65 65
405 » 205mm 35° I:1.4 0 10
510 = 255mm 30 1:1.7 75 s
6'0 = 35mm  25° L2 90 100
610 x 355mm 22.5° 1:24 100 NfA
Plain Tiles™
Concrete and
Machine pressed  35° I:1.4 65 s
Stabilized soil  45° I:1 65 75

* standard size 265 » 165mm, laid with 32mm side lap

Couble course of
slate at ridge

|

Ridge kile bedded n mortar

Triple course of
. shkates over battens

‘Nail goes through
onty the battom siate

Margin

Lap =75t080 mm

LN

v

Oouble course of ™ -
slates ateaves

Gauge-Margin

L. — Fascia board

tength of slates-{lap»25mm)

For head nailed slates: gauge= 2

Figure 5.61 Installation of slates.

Plain tiling and slating provides an cffective barrier to
rain but wind and dust penetrate through the gaps between
the units. Therefore boarding or sheeting may be placed
under the battens on which the tiles or slates are to be hung.
Roofing felt is the material most commonly used for this
purpose.
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In laying piain iile or slate there must always be at least
two thicknesses covering any part of the roof, butt jointed
at the side and placed so that no vertical joint is imme-
diately over another vertical joint in the course below. To
ensure this, shorter length units are required at the eaves
and the ridge and each alternate course is commenced with
a tile or slate of one-and-a-half units in width. The ridge is
capped with special units bedded in cement mortar.

The hips can be covered with a ridge unit, in which case
the plain tiling or slating is laid underneath and mitred at
the hip. Valleys can be formed by using special units.

Plain tiles are ordinarily fixed with two galvanized nails
in each tile at every fourth or fifth course. However, in very
exposed positions every tile should be nailed.

Slates, which do not have nibs securing them to the
battens, should be nailed twice in every unit. Plain tiles and
small slates are nailed at the head while long slates are
sometimes nailed at the centre to overcome vibrations
caused by the wind. Centre pailing is mainly used for
pitches below 35° and in the courses close to the eave.

Top batten (40 = 20 mm)
other battens 20x 20¢mm

?lfe;nafive fixing
o OPNUFS‘E\ Ridge cap bedded
in mortar

Treple courses
Sy Over each batten

Decking and rooting
fett for extra wing
profection if required

Tiles naited to batten
in every & course

Figure 5.62 Plain tile rogy.
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The battens upon which the slates or plain tiles are fixed
shouid not be less than 40mm wide and of sufficient thick-
ness to prevent undue springing back as the slates are being
nailed to them. Thus the thickness of the battens will
depend upon the spacing of the rafters, and for rafters
spaced 400 to 460mm on centres, the battens should be
20mm thick.

The distance from the centre to centre of the battens is
known as gauge and is equal to the exposure of the slate or
tile.

Martar #ill

anur.g £ Roofing et
tar eAira wind probechmon
o cegquired

Figure 5.63  Single-lap tiles.

Wouod Shingles

Wood shingles are pleasing in appearance and when made
from decay-resistant specices, will last 15 to 20 years even
without preservative treatment. Cedar and cypress will lasi
20 years or more. Wood shingles have good thermal prop-
erties and are not noisy during heavy rain. The shingles are
light and not very sensitive to movements in the supporting
sirocture, which means that a ratber simple roof frame
made of round timber can be used. The shingles are laid

JUST NAILED ON
Core side downward

starting at the eaves, touching on the sides and doubled
lapped. This means that there are three layers of shingle
over each batten, Each shingle is fastened with one galvan-
ized nail to the batten. No nail should go through two
shingles. The shingles can be laid either with the core side of
the timber alternating up and down in the successive rows,
or with the core side down in all rows, thereby using the
cupping effect of timber after drying to produce a roof
cover less prone to leakage.

Bamboo Shingles

The simplest form of bamboo roof covering is made of
halved bamboo cnims running full length from the eaves to
the ridge. Large diameter culms are split into two halves
and the cross section at the nodes removed. The first layer
of culms is laid side by side with the concave face upwards.
The second is placed over the first with the convex face
upwards, In this way the bamboo overlaps as in a tile roof
and can be made completely watertight. Several types and
shapes of bamboo shingle roofing may be used where only
smaller sizes of bamboo culms are available.

Rainwater Drainage from Roofs

The simplest method is to let the roof water drop onto a
splash apron all around the building. This method also
protects the walls from surface ground-water. The wateris
then collected in a concrete ground channel or allowed to
flow onto the ground surrounding ihe building io soak into
the soil. This latter method can only be recommended for
very small buildings since the concentrated flow from a
larger building may cause considerable soil erosion and
damage to the foundation. The water from ground chan-
nels is drained into a soakaway or collecied and stored.
Blind channels are frequently used. These are simply
trenches filled with stones that act as soakaways either fora
ground channel or for a splash apron.

AFTER DRYING

Core side downward
spaced laying

Core siwde up and
downward
alternating

Figure 5.64  Core-side effect on wood shingles.
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Alvrnative nails can be
made of dry bamboo
4/4mm ard 4cm long.

The shingles are cut of cross sections
(70cm long) of a straight grain

timber log. The bark and the core The shingles are laid from the
are thrown away. The shingles are eaves to the ridge. Each shingle is
about 2cm thick and 70cm long. fixed with a single nail to the
The width will vary. battens. Lay the shingies close to

the next one and make sure that
the joints are staggered. The nails
are covered with the next layer.

Figure 5.65 Roofing with wood shingles.

Halved bamboo
columns

Puyrlin in bambao
or timber

_Rafter it bamboc or himber

Figure 566 Bamboo shingles.
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Pitched roofs are often provided with eave gutters to
collect and carry the rainwater to downpipes which deliver
the water to ground drains or a tank. Flat roofs are usuaily
construcicd with a slight fall to carry rain waier direcily to
a roof outlet.

The sizing of gutters and downpipes to effectively
remove rainwater from a roof will depend upon:

& The area of the roof to be drained.

b Anticipated intensity of rainfall.

¢ Material of gutter and downpipe.

d Thefall along the gutter, usually in the range of 1: 150 to
1:600.

e Number, size and position of outlets.

{ Number of bends - each bend will reduce the {low by 10
to 20%.

Pitched roofs receive more rain than their plan arca
would indicate due to the wind blowing rain against it. An
estimate of the effective area for a pitched roof can be made
by multiplying the length by the horizontal width plus haif
the rise.

In order to find the flow, the area is multiplied by the
rainfall rate per hour. The rainfall intensity during a heavy
rain will vary between areas and local data should be used
where available. As a guide, rainfall values of 75 to 100mm
per hour may be used. Gutters should be installed with very
little fall, 0.39% being recommended. Falls which are too
steep cause difficulties because the water flows too rapidly
leaving trash behind. Also gutters wiih more than a slight
fall do not look well.

Table 5.16  Flow Capacitiesin Litres per Second for Level
Half-round Gutters

Gutter size mm Flow Ifs
75 0.43
100 0.84
112 .14
125 152
150 246

There is always the possibility that unusually heavy rain,
or a blockage in a pipe, may cause gutters to overflow,
With this in mind, it is always advisable to design a building
with a roof overhang so that in case of overflow the water
will not flow down the facade or make its way into the wall
where damage may result.

Common material for gutters and downpipes are gal-
vanized steel, aluminium and vinyl. The galvanized steel is
the least expensive. Aluminium is long lasting but easily
damaged. The vinyl is both durable and resistant to impact
damage.

Two major types of gutter brackets are normally availa-
ble. Qne is for fixing the gutter 10 a fascia as illustrated in

Figure 5.67. The other is used when there is no fascia board
and the gutter is fixed to the rafters. The roof cover should
extend 50mm beyond the ends of the rafters or the fascia
board in order to let the water drop clear.

Corrugated rron theets

50

Gutter

Gutter cutlet
Guiker bracket

Swah neck

oee

Qown pipe —— ——=

Figure 5.67 Guiter and downpipe fasicnings.

Doors

Doors are essential in buildings to provide security and
protection from the elements while allowing easy and con-
venient entry and exit. Farm buildings may be served
adequately with unframed board doors, while hom=s will
need more attractive, well-framed designs that close tightly
enough to keep out dust and rain and allow only minimal
air leakage. Large openings can be better served by rolling
doors rather than the side-hinged type.

General Characteristics of Doors

Size: Doors must be of adequate size. For use by people
only, a door 70cm wide and 200cm high is adequate.
However, if a person will be cartying loads with both
hands, e.g. 2 buckets, 100 to I50cm of width will be
required. If head loads will be carried, door heights may
need to be increased to 250cm. Shop or barn doors need to
be considerably larger to give access for tools and
machipery,

Strength and stability: Doors must be built of material
heavy enough to withstand normal use and to be secure
against intruders, They should be constructed of large
panels such as plywood or designed with sturdy, well
secured braces to keep the door square, thereby allowing it
to swing freely and close tightly. A heavy, well-braced door
mounted on heavy hinges fastened with ‘blind’ screws and
fitted with a secure lock will make it inconvenient for
someone to break in,




Door swing: Edge hung doors can be hung at the left or
at the right and operate inwards or outwards. Careful
consideration should be given to which edge of the door is
hinged to provide the best control and the least inconven-
ience, An external door that swings out is easier to secure,
wastes no space within the building, and egress is easier in
case of emergency. However, unless it is protected by a roof
overhang or a verandah, it may be damaged by rain and
sun. An inward swinging door is better protected from the
weather.

Weather resistance and durability: 1 is desirable to use
materials that are not easily damaged by weathering and to
further improve the life of the door by keeping it well
painted.

Special considerations: under some circumstances fire-
proof doors may be desirable or even required. In cooler
climates insulated doors and weatherstripping around the
doors will help to conserve energy.

Types of Doors

Unframed doors: Very simple doors can be made from a
number of vertical boards heid secure with horizontal rails
and a diagonal brace installed in such a position that it is in
compression. These are incxpensive doors and entirely
satisfactory for many stores and animal buildings. Because
the edge of the door is rather thin, strap or tee hinges are
usually installed over the face of the rails.

—}-— Lintel

+ ,
Top rail L1 2= Tee hinge
ev 252 100 NSRS
L.
Post ex 75100 | ° A 4 Post e 75- 100
s
Y +]
Batten _ . | Brace ex 25« 100
Ex 1% x 150 M
g W
=1 _-_‘____jk,,_
~ Lock —— - —---q'f_, I _Middie ral
H e+ -+ - euw 25 x125-
\’1-. A
by \\ |
R Brace e1 25 x 100
Sy . —T- _,:LL "t
Bottom el _ W 1 7 A 1L
ex 25 w153 _l____ B
¥ =
+ 760 or 10460 +_l3ap
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posk wih
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stopping door
movemens

batten or match boparding

Figure 5.68 A simple unframed door.
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Framed doors: A more rigid and attractive assembly
includes a frame around the outer edge of the door held
together at the corners with mortise and tendon joints. The
framed door can be further improved by rabbeting the edge
of the frame rails and setting the panels into the grooves 10
to 20mm. The door can be hung on strap or tee hinges, but
since there is an outer frame the door can also be hung on
butt hinges with hidden screws. If the inner panel is made
up of several boards braces are needed, but if the one or
two pantls are made of plywood, no braces will be
required. Large barn or garage doors will need the bracing
regardless of the construction of the center panels.

Flush Doors: Flush panel doors consist of a skeleten
frame clad with a sheet facing such as plywood, No bracing
is necessary and the plain surface is easy to finish and keep
clean. Flush panel doors are easily insulated during con-
struction if that is necessary.

Double Doors: Large door openings are often better
served by double doors. If hinged doors are used, the
smaller double doors are not as likely to sag and bend and
they are much less likely to be affected by wind. Usually
opening one of the double doors will allow a person to pass
through, Figure 5.70 shows how the meeting point of the
two doors can be covered and sealed with a cover fillet.

When doors are large and heavy and need to be opened
only occasionally, it is desirable to place a small door either
within or next to the large door, Figure 5.71 shows typical
locations for a small door for the passage of people.

Rolling Doors; An alternative to double-hinged doors
for large openings is one or more rolling doors. They often
operate more easily, are not as affected by windy condi-
tions nor as subject to sagging and warping as the swinging
doors. The rolling doors are usually mounted under the
eave overhang and are protected from the weather when
either open or closed. Itis true that they require space at the
side of the doorway when they are open, but there are
several designs to suit a veiiety of situations. Forexample:

1 One large door rolling one way from the doorway.
2 Two doors rolling in opposite directions from the
doorway.

3 Two doors on separate tracks rolling to the same side.

In all cases it is desirable to have guides at the base to
prevent wind interference and to make the building more
secure from intruders. For security reasons the door
hangers should be of a design that cannet be unhooked but
only roll on or off the end of the track. The most secure
place 10 mount the door hangers is on the stiles (end frame
pieces), See Figure 5.72 for details.

Half-Door or Dutch Doer: Doors that are divided in
half horizontally allow the top'section to be opened separ-
ately tG letin air and light while at the same time restricting
the movement of animals and people.
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Figure 5.72  Rolling door details.

Door Frames

A timber door frame consists of two side posts or jambs, a
sili or threshold, and 2 head or soffit. For simple buildings
not requiring tight-fitting doors, the two jambs as shown in
Figure 5.73 may be all that are necessary. However, if a
tightly fitting door is desired, then a complete frame is
required including strips or stops around the sides and top
against which the door closes. In as much as the door jamby
are installed against the wail, and the fit may not be precise,
dwelling house doors are often hung in an inner frame that
can be plumbed and ievelled by inserting shims between the
inner and outer frames as shown in Figure 5.74.

FRAMED, MASQONRY OR
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Figure .73  Simple timber acor frame insrallation.
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Figure 5.74 Framed timber door in concrete block wall
with jamb blocks.

This figure also shows the use of concrete jamb blocks
which are often available for concrete masonry walls, They
have a corner cut out so that when the wall is laid up there is
a recessed area in which to install the jamb rigidly. A door
frame may be anchored in an opening where square end
blocks are used as shown in Figure 5.75.

The simplest doors do not ciose tightiy because they
have no threshold or head. A threshoid atlows the door to
close with a relatively tight fit at the bottom while at the
same time aliowing the door to swing open with adequate
ciearance from the floor. The head permits the top of the
door to close tightly.

Simple Locks for Barn Doors

Large double doors are normally secured by locking them
both at the top and the bottom. Thus four sliding boit locks
are required and should be installed close to where the
doors meet. In small double deors top and bottom locks
are only required for one of the doors. Figure 5.77a illus-
trates a simple wooden handle locking with a wedge nailing
to the lintel. It can be used at the top of an unframed door.

* Note that the top rail must be placed down far enough to

allow movement of the top of the handie. In, for example
barn doors, where movements of the door can be tolerated,
often only a lock at the top is provided.

Alternatively the lock shown in Figure 5.77b can be
used. This lock, which is located at the middle rail, has a
bolt running through the door. The bolt is secnred toa
cross bar on the inside and a handle on the outside. When
the handle is pressed down the cross-bar rotates out of the
hooks, A padlock can be fitted to secure the handle in
locked position.

Windows

Windows provide Llight and ventilation in a building an
allow those within to view the surrounding landscape and
observe the activities in the farm yard. In sitting rooms and
work rooms where good light and ventilation are impor-
tant, the window area should be 5 to 10% of the floor area
of the room. Windows sometimes need to be shaded to
reduce heat radiation or closed to keep out driven rain or
dust, In addition screening may be needed for protection
from insects. Shutters, either top-or side-hinged, are com-
monly used to provide the needed protection. Side-hung
glazed windows, fly screens and glass or timber louvres are
also used.
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Figure 5.75 Anchoring a door frame in a masonry wall without jamb blocks.
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Figure 5.76  Types of thresholds.
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Figure 5.77a
Figure 5.77  Simple barn door lock.

Shutters: These are basically small doors and are con-
structed as unframed, framed or flush shutters. Because of
the smaller size only two rails are required and the timber
can be of smaller dimension. The principles of construction
are the same as for doors. However, when the frame for the
sbutter is recessed in the wall, the sill must be sloped and
extend out from the wall to let the water drip clear of the
face of ihe building, The window shutter can be side-hinged
or top-hinged. A top-hinged shutter has the advantage of
shading the opening when kept open as well as allowing
ventilation while preventing rain from entering.

Glazed windows: Glazed windows are relatively expen-
sive but are most practical in cold areas. When tempera-
tures are Jow, the window can be shut while daylight still
enters the room. Frames for glazed windows are available
in wood and metal, the latter being more expensive, Glazed
windows with frames are usvally marketed as a unit, but
Figure 5.81 illustrates various methods of frame construc-
tion and installation.
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Figure 5.78  Recessed window or shutter.
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Stairs and Ladders

The angle, as determined by height and the horizontal
distance available, will determine the most suitable means
of getting from one level to another, For a slope up to 1:8
(7°). A ramp is suitable for both walking and pushing a
wheelbarrow. For walking alone, a 1:4 (14°) slope is satis-
factory if it remains permanently dry. For slopes between
1:3 and 1:0.8 (18 to 50°), stairways are possible, although
30 to 35° js preferred. Angles steeper than 50° require a
ladder or ladder-stairway. Temporary ladders should be
set up a1 60 to 75°, while a fixed ladder may be vertical if
necessary.

Ramps: Ramps may be made of tramped earth or con-
crete, An earth ramp shouid be made of a mixture of fine
gravel and clay, the gravel to give texture for a non-slip
surface and the clay to serve as a binder. The surface of a
ramp constructed of conerete should be ‘broomed’ across
its slope after having been poured and struck off.

Stairs: Stairs can be designed as one straight flight, with
alanding and a 9%0° turn or with a Janding and a [80° turn.
The straight flight is the simplest, the least expensive and
the easiest on which to move large objects up or duwn.
However, stairs with a Janding are considered safer because
a person cannot fall as far.

Definitions and descriptions of terms relating to siair-
ways: (see Figure 5.80).
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Alternative construction for window with fixed light

Angle biock: Glued angle biock in the junction between
tread and riser to reduce movements and creaking,

Balusters: The vertical members between the stringer
and the handrail.

Going: The horizontal distance between the nosings or
risers of two consecutive steps. This is sometimes called the
run or the tread. . .

Handrail: A safety rail, parallel to the stringers and
spanning between newels at either end. This can be att-
ached to the wall above and parallel to a wall stringer. The
vertical distance between the stninger and handrail should
be 850 to 900mm.

Headroom: The vertical distance between the treads and
any obstruction over the stairway, usually the lower edge of
a floor. The headroom should be at least 2 metres.

Housing: The treads and risers can be housed in grooves
in the stringers or supported on beads that are nailed and
glued to the stringers. In both cases they should be secured
with wedges and glue.

Newel post: The past supporting the hand-rau at the
bottom, turn and top of a staircase.

Pitch: Usually 30-35°

Rise: The vertical distance between two consecutive
treads.

Risers: The vertical members between consecutive
treads, Sometime the riser is omitted (open riser) for sim-
plicity and economy. In that case the treads should overlap
by 25 to I5mm.




Sreps: The combined treads and risers.

Stringers: The inclined beams supporting the steps. The
strengih required For the stringers will depend on the load
and method of support. They may be supported only at the
ends or continucusly aleng the wall.

Treads: The members stepped on as a person climbs the
stairs. The treads must be strong enough to carry and
transfer the imposed load to the stringers without excessive
deflection. They should have a non-slippery surface. The
treads can be housed in grooves in the stringers or sup-
ported on beads that are nailed and glued to the stringers,
In both cases they are secured with wedges nailed and glued
to the stringer.

Widrh: Sufficient width for two persons to pass requires
a width of 1.1 metre. A minimum width of 600mm can be
used for traffic of persons not carrying anything.

Figure 580 Stairway consiruction.

The pitch for most stairs should not exceed 42° nor be
less than 30°, and for stairs in regular use a maximum of
35° is recommended. For most stairs a minimum going of
250mm and a maximum of 300mm should be adopted,
although in domestic stairs a mimimum of 200mm is accep-
table for stairs that - -e used infrequently. A rise from 150
to 220mm is usuaily satisfactory, Comfort in the use of
stairs depends largely upon the relative dimensions of the
rise and going of the steps. Rules for determining the
proporiion are based on the assumptions that about twice
as much effort is required 1o ascend as to walk horizontally
and that the pace of an average person measures about
585mm. Thus, the fact that a 300mm going with a rise of
140mm or 150mm is generally accepted as comfortable,
results in the cule that the going plus twice the rise should
equal 550 to 600mm.

It is essential to keep the dimensions of the treads and
risers constant throughout any flight of steps to reduce the
risk of accidents caused by changing the rhythm of move-
ment up or down the stairway.

Stairs are constructed by gluing and wedging the treads
and risers into the housing grooves in the stringers to form
a rigid unit as shown in Figure 5.80.

Stairs are designed to be either fixed to a wall with one
outer stringer, fixed between walls, or freestanding, the
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majority of stairways having one wall and one outer strin-
ger. The wall stringer is fixed directly to the wall along its |
entire length or is fixed to timber battens plugged to the
wall. The outer stringer is supported at both ends by the
posts. The posts also serve as the termination point for
handrails which span between them.

The space betw en the handrail and the tread may be
filled with balusters, balustrade or a solid pannel to
improve both the safety and appearance of the stairway.

Reinforced concrete is better suited for outdoor stairs
than is timber, The number, diametre and spacing of the
main and distribution reinforcement must always be calcu-
lated for each stairway by an experienced designer.

TREAD{T) = 250 - 00 mm; .
RISER(R} = 150 - 220 mm.

Figure 5.81 Typical formwork for casting concrete sigirs,

Ladder-siairway: The recommended pitch for this type
of steep, narrow stairway is 60°. The width is usually about
the minimum of 600mm. The size of the going (tread) is.
dependent on the pitch. The values in table 5.17 are
recommended:

TFable 5.17  Measuremtnts of Tread and Rise at different
pitch of the stairway

Pitch degrees
50 55 60 65 075

Tread,mm 220 190 160 {30 100 70
Rise, mm 202 272 2717 278 275 262

Timber ladders are basically of two types:

1 Those having round rungs fixed in holes in the strin-
gers, and ’

2 Those having square or slightly rectangular treads cut
and nailed in on the forward side of the stringers.
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1730- 1830 mm

~

Figure 582 Ladder-stairway.

Figure 5.83  Two basic types of ladders.

The width of the ladder should be 350 to 500mm and the
rise should be 230 to 400mm, with 300mm as the recom-
mended value.

Ladders which are moved from place to place should
have hooks and dowels so that they can be thoroughly
stabilized at the bottom and top. Ladders mounted per-
manently should be firmly secured in their position, and if
necessary, provided with handrails. If the total length is
more than § metres and the pitch steeper than 70°, the
ladder should be provided with a guard preventing the
climber from falling backward. If the ladder is taller than
2.5 metres and starts from a small platform, it too should
have a guard.

650

N2

Figure 584 Ladder guard.

Electrical Installations

Electrical energy can be put to many uses and an increasing
number of farms will benefit from electrification as the
electrical supply network is expanded in the rural areas or
generators are installed at farms, Although few farms, in
particular small farms, are connected 1o an electrical
supply at present, everyone concerned with design and
construction of farm buijdings will need to have an appre-
ciation of the general layout and function of electrical
installations.




For wiost types of farm buildings the electrical layout
can be drawn on a copy of the plan view by use of the
symbols shown in Figure 1.8. The layout should indicate
where outlets, lighting points, switches, motors, heaters
and other appliances are io be fitted and the accompanying
specifications should describe the choosen wiring system,
fixing heights and detail each appliance. Detailed wiring
plans and installation designs prepared by a specialist will
only be necessary for large and complex buildings, such as
plants for processing of agricultural produce.

Electrical Supply

Electricity supply to a farm will normally reach it overhead
from a local transformer substation where the voltage has
been redued Lo a threc-phase, 415/ 240V supply. Four wires
are required for a three-phase supply, one for each of the
lines and onc common return or newtral. The neutral is
connected to earth at the substation. The voltage between
any phase wire and the neutrat is 240V, while it is 415V
between any twe phase wires. If nearly equal ioads are

Single phase supply to

Elements of Construction 1M

connected to each of the phases, the curvent in the neutral
will be kept to a minimum. To achieve this most appliances
that consume large amounts of electricity, notably electri-
cal motors and larger heater and air-conditioning units are
designed for connection io a three-phase supply. Lighting
circuits, socket outlet circuits and appliances of low
power rating are served with single-phase supply, but the
various circuits are connected to different phases to bal-
ance the overall loading. However, sometimes small farms
or domestic houses are served with a single-phase, 240V
supply. In this case only two wires are required in the
supply cable, one live and one neutral. The balancing of
loading is effected at the substation, where the lines from
several houses are brought together.

The intake point for the main supply to a farm should be
at a convenient place that allow for thepossible distribution
circuits. The intake point must provide for an easily acces-
sable area that is protected from moistiire and dust and
where the main fuse, the main switch and the meter can be
fitted. Circuit fuses and distribution gear may be fitted at
this place or in each buildings at the farmstead that is to be
served with electricity.
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Figure 585 Typical electrical distribution system.
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Electricity tasiffs are the charges that are passed on to the
consumer, The charges commonly consist of two elements,
a fixed cost that often depend on the size of the main fuse,
and a running cost that depend on the amount of electric
energy consumed. The required amp rating for the main
fuse will depend on the maximum sum of power required
for appliances that are o be connected at any one time and
is alsc influenced by the type of starter used for electrical
motors. Usually the motor having the highest power rating
wil be the determining factor at a farmstead.

Earthing and Bonding
Should a base live wire touch or otherwise become con-
nected to the metaiframe work of an appliance, a person
touching this would receive an electric shock. A precaution
against this is to connect any exposed metal work to an
earth wire, that is lead as an extra conductor in the supply
cable and connected to an earthing connector, which con-
sist of a number of copper rods driven well into the ground.
An earthing wire will thus be carried as a third conductor in
single phase supply cable and as a fourth or fifth conductor
in a 3-phase supply cable, depending on whether the cable
include a neutral wire. The neutral should not be used for
earthing. Some appliances are, instead of being earthed,
protected by being enclosed in an insulating cover.
Bonding is a low resistance connection between any two
point of an earthed system as to prevent any difference of
potential that could produce a current and is an additional
protection. If, for example, the metal furnishing in a milk-
ing parlour is electrically connected to the reinforcement
bars of the concrete floor, the cows will be protzcted from
electrical shocks, should for some reason the furnishing
become charged by an earth-leaking current, that is not
large enough to blow a fuse, sine the floor will get the same
electrical potential.

Distribution Circuits

Electricity is distributed within buildings in cables, which
consist of one or several conductors made of copper or
aluminium each separately surrounded by an insulative
material, such as plastic, and then enclosed in an ourer
sheet of plastic or rubber. The size of a cable is given by the
cross-section area of its conductors. All cables are assigned
a rating in amperes, which is the maximum load the cable
can carry without becoming overheated. Large conductors
arc usually divided into strands to make the cable more
flexible.

Surface wiring is normally used in farm buildings. This
implies sheeted cables laid on the surface of walls, ceilings,
etc. and fixed with clips. Care must be taken that cables are
not sharply bent, are protected when passing through a
wall and are laid well away from water pipes. Conduit
wiring, where the cabies are drawn in concealed tubing, is

to expensive and complex to be employed in farm
buildings.

Lighting circuits are normally carried out in 5A fusing
and wiring (1.0mm? cables). While a suitable arrangement
of one-way and two-way switches will allow lamps to be
switched on and off individually or in groups, each such
circuit can serve for example ten 100W lamps without
danger of overloading. If all ten lamps are on together they:
have a power requirement of 1000W. Following the
relation:

W=V=A where:

W = power
V = voltage
A = current

The lamps would produce a 4.2A current in a 240V circuit,
i.c. it leaves a suitable factor of safety to overloadiog the
fuse and wiring. ‘

Socket circuits are normally carried out in 2.5mm?
wiring and arranged as ring circuits that are supplied from
the mains at both ends through 10 to 15A fuses. In
domestic installations a socket circuit can carry any
number of outlets provided it does not serve a floor area
greater than 100m?. However, when designing socket
circuits for farm buildings, such as the workshop, it wili be
wise to estimate the current produced by all appliances that
are expected to be connected at any one time to avoid
overloading. Lamp fittings, switches and outlets are avail-
able in a range, offering varying degree of protection
against dust and moisture penetration. Although more
cxpensive those offering a high level of protection will
normally be required in farm buildings as will fittings
positioned outdoors.

No socket outlets are permitted in bathrooms and show-
ers and should be avoided in rooms such as clairies and
wash rooms, because of the presence of water.

Fixed electrical apparatus that are single phase supplied,
such as water heaters, airconditioners and cookers, should
have their own circuits with individual fuses.

Three phase electrical motoss and apparatus required
power supply cables with four or five conductors, including
the earthing wire. Each appliance should have its own
power supply and the phase lines must be fused individu-
ally. Movable 3-phase motors are supplied frcm special
3-phase power outlets via a rubber shected flexible cord
that is fixed to the motor at one end and fitted with a
3 phase plug at the other. All flex cords must be protected
from damage by for example wheels and should where
possible be hung off the ground. Flex cords must under no
circumstances be connected by twisting the conductors
together.

Artificial Lighting
In tropical countrics with strong natural light even rela-
tively small windows may provid¢ sufficient indoor light-
ing. Hence artificial lighting will mainly be required to
extend the hours of light.




The two most commonly used artificial light sources,
where electrical encrgy is available, are in candescent bulbs
and flourescent tube. Tubes and fittings tor tubes are more
expensive than bulbs and bulb fittings, but tubes produce
three to five times as much light per unit of electric energy,
nave up o ien times as long life and have a lower heat
production. Hence flourescent light normally is the cheap-
est despite the higher initial cost. However, in small rooms
where the light is switched on and off frequently bulb
fittings are usually preferred as the installation cost in this
case is more important than the energy cost. Merary
vapour and sodium lamps are often used for outdoor
lighting. They have higher efficiency in terms of light pro-
duced than flourescent tbes, but their light covers only a
limited spectrum and this tend to distort colours.

Various types of fittings are normally available for bovh
bulbs and tubes, While a naked bulb or tube may be
sufficient in some circumstances, fittings that protect the
lamp [vom physical damage and moisture penetration will
often be required in farm buildings. From an optical point
of view the fitting should obscure the lamp and present a
larger surface area of lower brightness to reduce the glare
caused by excessive luminance contrast. This is particu-
larly important if the lamp is positioned where it will be
directly viewed. A lighting point must also be positioned so
that ref: cted glare and trouble some shading of a work
area is avoided. While light colours on intcrior surfaces will

= Bylb
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create a bright rcom, shades of biue or gresn produce a
feeling of coolness, The dusty conditions in many farm
buildings implies the use of fittings that allow for easy
cleaning. Accumnulated dust can reduce the flow of light by
more than 50%.

Most agricultural production operaiions carried out in
buildings can be performed quite satisfactory using natural
light, but where artificial light is to be installed the standard
of illumination should be related to the activities carried
out. While the instatiation of 2.0 to 3.0W flourescent light
per square metre floor area will be sufficient for general
illumination, work areas need more light, say 5 to 8 W/m?,
and a desk or work bench where concentrated or exacting
tasks are performed may need 10 10 15 W/ m? or more,
Where bulbs are to be instalied instead of tubes the above
values will have to be a1 least trippled.

Electrical Motors

Single phase motors in sizes up te about |kW have a wide
range of applications, particularly for wse in domestic
appliances, The most common type, the single phase series
motor or universal motor, preduce a good starting torque
and can be run on both alternating current { AC) and direct
current (DC). While il has the advantage of being ableto be

Plastic or porcelan fithing
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Figure 5.88  Examples of light fittings for farm buildings.
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connected to an ordinary socket outlet, generally, it can not
compete with the performance and efficiency of a 3-phase
motor.

The 3-phase induction motor is the most common elec-
trical motor at farms, whete it is used to power fans,
trapsport devises, mills, etc. Modern electrical motors are
manufactured in a wide range of power ratings and types.
Their enclosures range from screen protection to totally
enclosed. Motors used in farm buildings normally should
have an enclosure that is dust-tight and sprinkle-peoof, i.c.
it should not be damaged by being exposed to sprinkling of
water from any direction. However, sometimes even better
protection, such as dust-proof and flush-proof, is required
and submersible motors must be totally enclosed and com-
pletely water proof,

Inherent features of the induction motor are its poor
starting torque and heavy starting curcent - up to six times
the fuil load current. To prevent excessive voltage chop in

Further Reading

the supply network and Electricity Company usually allow
only small induction motors to be started direct on line. A
star/delta starter is commonly fitted to motor above 2 to
3kW, and will reduce the starting current to about twice the
full foad current. Unfortunately it also reduces the already
poor starting torque even further so that the motor can not
start against heavy load. Other types of motors and starters
are available for situation; where starting against load can
not be avoided, however.

The starter for any motor rated above about 0.5kW
must incorporate an overloadetion that switches off should
the current exceed a safe value for longer time than what is
required to stari the motor. In many installations it would,
in addition, be desirable to include a release mechanism
that prevent unexpected restarting after a power failure. A
wide range of sensors, timers and other devises are availa-
ble for automatic supervision and control of electric motor
operation.
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Chapter 6
Building Production

Building production is the organization and management
of the plans, equipment, materials and labour involved in
the construction of a building, while at the same time
complying with all codes, rules and contractual stipula-
tions. The procedure should be designed to run efficiently,
to keep the costs low and to allow returns on the invest-
ment to be realized as early as possible.

While many topics included in this chapter, such as
standardization, organization of building works carried
out by a coniractor, tendering, contracting, inspection and
control and progress charts may have limited relevance for
smali scale building projects on African farms, it is felt that
an agnicultural engineer will need some knowledge of these
topics when faced with construction of communal and
ceniral facilities for agriculture and medium-1o large-scale
farm buildings.

The costs of farm buildings such as animal housing and
stores [or produce can be expected to be repaid interms of
increased production, improved anima! health, reduced
storage losses, increased quality of produce and more effi-
cient work performance. Other buildings such as dwellings
are expecied to be worth their costs mainly in terms of the
standard of space, environment, convenience, construction
and appearance they provide. The term “costs” in this
conlext means costs over the whole life of the building,
including operating and maintenance costs as well as an
annual portion of the initial cost of construction, which in
addition to building materials and construction labour,
includes fees paid to consultants, architects and legal advi-
sors as well as capital interest and any loss of production
incurred during the construction phase,

Building pianning is thus concerned with economic
building rather than with cheap building, i.e., with provid-
ing the required standard of facilitics at the lowest cost.

1t should be pointed out that costs include not only cash
payments but also the value of materials and work pro-
vided by the farmer and his family since these are resources
that could have been used for alternative activities at the
farm to generate income or produce food. Most methods
for construction- costing and economic feasibility studies
imply that resources employed for the construction as well
as the benefits of the finished structure can be valued in a
convenient monetary unit. Subsistence farmers are part of

the monetary economy to only a limited extent, thus it is’

difficult te put a fair price on material and work supplied
by these farmers for construction at their farms or to
correctly value the benefits of the structure.

There is a national interest in utilizing efficiently the
resources invested in buildings. Governments express their
minimum demands in the form of building regulations,
codes and laws,

A farmer employing an agricultural engineer 1o designa
building, a contractor to construct it and suppliers to
deliver material will expect delivery of work and goods to

the standard and price agreed upon. For later reference it is
common to specify the agreement in a contract, which
makes reference to drawings and specifications for the
structure and to general specifications. Inspections and
controls are the means used to ensure that the agreement is
followed.

The Building Production Process

The building production commences when the farmer
starts to seriously consider investing in a structure and does
not end until the finished building is in use.

The process is divided into stages which follow in logical
sequence. Each stage is terminated by a decision. Table 6.1
is an outline plan of work for the building production
process. Insmall projects where the farmer performs virtu-
ally ail tasks involved, it may not be necessary to follow the
chart in _ztail. Nevertheless the same procedural basics
and logical order shoild be a goal. During the initial
planning stages, the costs are low compared with the
importance. The high costs involved in correcting errois
once the site operations and construction are under way,
can be avoided if time is spent working out a good, func-
tional design which is technically and economically sound.

Methods of Construction

The metheds of constructing farm buildings refers to the
way in which units and components of the building struc-
ture are produced and assembled. The manner of organiz-
ing this process differs from region to region and depends
on the level of technology and the ruaterials available. The
operations involved in the construction of rural buildings
of traditional designs are familiar to most rural people in
Africa and small buildings on farms are usually con-
structed by the farmers and their families. However, where
new methods of construction, materials or layouts have
veen adopted, as well as where there is an increase in the
size of the project, the assistance of trained artisans will
usually be required. Self-help projects for the construction
of communal facilities such as village storcs must be
accompanied by a training programme for the people
involved.

Where most of the construction is done by employed
building workers, three different cont¢emporary building
methods, which are described below, can be distinguished.
While in the foreseeablie future the traditional method of
constructing farm buildings wili remain the most common,
the fact that an increasing number of industrialized build-
ing products are being markeied has lead 10 the introduc-
tion of post-traditional building and, to a limited extent,
system building.
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Table 6.1 Building Production Process
Stage Sub-stage Tacks 10 be done People directly involved Resuh of work Decision 1o be reached
Briefing  Inception Investigate different ~ Client, Investment plan Choice of mvestment
alicmatives for invesiments  Agricultural econormist. Development plan alternative,
and development of the Various specialists as Appoint Farm building
frrm now and in the folure.  required for technical enginser.
Allernatives to finance the briefing
investrnem. Suaitability of
conditions for different
.
Feasibility ~ Carry out studi¢s of user Chent, Feasible, alternative sets of  Choice of functional and
requireménts, site conditions, Farm building engineer. functional and technical technical requircmemts.”
requirements from sutho- Various specialisty a5 requirements with indication
rities, functional and required for technical of their cost.
technical requirements and  bricfing.
cost.
Sketch Outline Develop brief further. Cliem, Akemative rovgh sketches Choice of general oulline,
Plans Proposals Roughly, sketch alternatives  Farm building engineer for general outlines with
AlL A for the gencral approach to  Yarious specialists as indication of their cost,

layout, functional planning,  required 1o develop the

design and construction. briel.

Approach authorities,

Scheme Complete ibe brief, Client Alternative, outlipe, Choice of constructional

Dresign Complete the functional Farm building engineer proposals for constructional  design. Preliminary decision
planning of the layout. design with indication of to produce the building.
Preliminary constructional of cost, Coraplete brief and
design and cost calculation, functiopal layout,

Qbtain outline decision

from authorities.
Sketch  Standard Develop and complete the  Client Aliernative standard layouts.  Choice of drawing set.
Plans Drawings brief. Collect drawings from  Farm building engineer . Preliminary decision to
AlLB reliable sources. Study the produce the building.

drawings and evaluate them '

regarding the functional and

Beief should not be modificd afier this point.

Final Detail Full design of every part Farm building engineer. Complete set of drawings,  Final decision to produce the
design Design and o t of the Assistance from specialist technical specifications, building

buildi:ig. Complete cost engineers might be required  Tunctional instructions and

checking of designs. Final in large and complex an accurate cosl estimate,

decisions from autherities,  projects,

Any rfunther change in location, size, shape or cost afier time will result in abonlive work,

Working  Production  Preparation of final pro- Farm builings engineer Production information. Detailed decision to carry out
Drawings Information  duction information Le. Assistance from specialist Tiroe schadule work.

drawings, schedules and might be required in large

specifications regarding and complex projects.

production methods and

assembly and installation

instructions. Prepare a time

schedule for the production

of the building.
Purchase  Bills of Preparation of bill of Farm building engineer Bill of quantity Select persons and firms to be

Quantities quantity and tender docu- (sometimes specialist Tender documents invited for endering.
ments. assistance required).

Tender Evaluate and compare Client Contract with contractor Select contractor and

Action tendders and quotations after  Farm building engineer and suppliers suppliers. Contracior may
having put costs lo Contractor contract sub-contractors.
exceptions and 2dditions in

the tenders and quotations,
Draw up and sign contracts.
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Stnge Sub-stage

Tasks to be done

Pzope directly involved

Result of work

Decision 1o be reached

Site Project
Operations  Planning

Hire labour, provide touls,
prepare access road to site
put up temporary stores and
sheds, clear the site, prepare
stockpile areas and set out
the building.

Contractor

Site prepared for actual
cOnsSIruCtion activities,

Operations
on Site

Comstruction activities.
Delivery of materials,
Technical controls and
inspections Sitc mectings,
accounts and economic
conurcl,

Contracter
Fanmn building engineer
Client

Finished building

Decision on alternatives, when
operations do not or cannot
proceed according Lo the
plans,

Completion

Technical inspection on
compietion, Cormrection of
ervors, defects and shont-
comings. Final technical
inspection.

Contractor
Client
Farm building engincer

Complete building
Responsibility for the
building transferred to
client,

Acceptance of the quality of
the work carried out by the
COnIractor,

Post Beginning
Construc-  Use
tion

Study instructions and leara
how 10 operatz equipment
and installations in the
building, Develop smoothly
running work to routines in
the production,

Client
Farm workers

Effective agriculturc
production involving the
building.

Guarantee

Investigate and inspect
hidden defects, errors and
shoncomings as they show,
Inspection at the end of the
guarantee period. Action for
measures as required due 1o
above inspections. Calculate
(inal investment cost.

Contractor

Client

Farm building engineer
Farm workers

Building without hidden
defects and shortcomungs.

Acceptance of work at the
guarantee inspection.
Responsibility for defects.

Feedback

Analyse technical and func-
tional performance of the
project. Analyse job recotds

Farm building cngineer
Contractor
Client

Recommendations for the
design of fature, similar
projects.

from sile operations.
Analysc costs.

Traditional Building

In traditional building, forms of construction are those
evolved by the traditional building crafts, particularly
those of walling, roofing, plastering, carpentry and joinery.
This method is a process of combining many small units.
Most of the fabrication and assembly takes place at the site
and usually in the position that the unit is to occupy in the
completed structure. Within each tribal culture, traditional
building results in structures that are similar but differing
slightly, depending on the specific requirements and site.

Because of the limited range of materials and forms of
conslruction used, the craftssnen are familiar with the con-
tent and order of operations in their own trade and their
relation to operations in other trades so well that they carry
it ont with a minivoum of detailed information.

The traditional craft-based building method is flexible
and able to meet variations in the demand of the market on
the work of the craftsmen more readily and inexpensively
than methods based on highly mechanized factory produc-
tion. This is because production is by craftsmen and there is
little investment in equipmént, especially mechanical
equipment, and factory buildings.

However, the proportion of -%illed labour required at
the site is faitly high.

Post-traditional Building

The post-traditional or conventional method of building
mixes traditional and new forms of construction, involving
both the old crafts and newly developed technigues based
on new materials. To some extent traditional building has
always been in a state of change, but the introduction of
portland cement and mild steel has made it feasible to
construct large and complex buildings and with this arises
the need for efficient organization of the construction
Process.

The amount of on-site fabrication has been reduced by
the iniroduction of prefabricated, factory-produced com-
ponents, especially in the ficld of joinery and carpentry
(windows, doors, cupboards, roof trusses, etc.)). Rein-
forced concrete and preformed steel lend themselves to
off-site fabrication of parts and only their assembly onsite.

Post-traditional building varies from the traditional
mainly in the geale of the work carried out and in the use of
expensive machinery for many operations. The use of pre-
fabricated, standardized components reduces the amount
of skilled labour, but at the same time redv.ces the freedom
of the designer in meeting varying design requirements.
The scale of operation makes it necessary to pay greater
attention to planning and organization of the work so that
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material and labour are available in a continuous flow, the
mechanical equipment is efficiently used, and the construc-
tion can proceed smoothly, It is thus necessary to consider
the production operations during the designing stage,

System Building

System building is a method in which most of the building’s
component parts are factory-produced and site-assembled.
The main advantages in system building are the possibili-
ties for efficient factory production of large numbers of
similar building elements and the reduced period of time
necessary for assembly at the site. A disadvantage with this
method is the high level of accuracy requited for setting out
and foundation work since the nature of the components
and the principies of the system are such that mistakes are
difficuit to correct during the assembly process. The com-
ponents (..g., wall, floor, ceiling and roof elements) are
usually related to a specific building type, such as houses,
schools or warehouses or to arestricted range of types, The
design of buildings produced by this method is inflexible
and limits the possibility of adjusting to specific require-
menis at a certaln site or to a local building tradition. The
building components may, for example, be produced for
only a specific width of building and if the wall elements are
say 3.6m long, the building length must be a multiple of
6m.

Components of one system will not ordinarily fit with
components of other systems, a situation referred to as a
‘closed system’, On the other hand, an ‘open systemallows
each component to be interchanged and assembled with
components produced by other manufacturers. In order to
keep the variety within acceptable Limits for mass produc-
tion, such a system must operate within a framework of
standardization of the main controlling dimensions, e.g.
floor-to-ceiling height of wall elements,

Prefabrication

Prefabrication is the manufacture of building components
either on-site {but not in-situ) or off-site in a factory. The
use of prefabricated components can reduce the need for
skilled labour at the site, simplify construction by reducing
the number of separate operations, and facilitate conti-
nuity in the remaining operations. However, prefabs are
not necessarily tmesaving or economica) in the overall
construction project, For example, the use of prefabricated
lintels may save formwork and result in continuity in the
bricklaying work, but would be uneconomical if a lifting
crane is required at the site to place them, when it is not
required for any other purpose on the job,

On-site Prefabrication

On-site prefabrication may be of advantage where a
number of identical components such as roof-trusses,
doors, windows, gates and partitions are required. Onee a

g, mould or prototype has been made by a skilled crafs-
man, a number of identical components can be produced
by less-skilled labour, c.g. the farmer who could do this job
in available time during the off-season. Prefabrication of
such items as roof-trusses will also make for more conve-
nient and effective production than construction in-situ.

It is advantageous to prefabricate some concrete com-
ponents. Components for elevated positions require
simpler formwork if cast on the ground or in the ground so
that the soil can be used to support the formwork. Prefab-
rication eliminates the waiting time for concrete compo-
nenis to harden sufficiently for subsequent on- site-
operations to continue, but the weight and size of concrete
parts may make prefabrication impractical.

Local production by farmers of adobe bricks, burnt
bricks, soil blocks, etc. is not normally referred to as pre-
fabrication although similar planning and organization are
required for the production of these urits as for production
of prefabricated building components.

Off-site Prefabrication

Factory production of components requires capital
investment in machinery and premises, a high degrec of
organization of work, standardization and a steady
demand for the products. Building components, which can
be economically produced in a factory, essentially fall into
three categories:

1 Those which have a high degree of standardization and
are in great demand, so that mass production, utilizing the
greater efficiency of modern factory production, is feasible,
e.g., bricks, blocks, pipes, windows, doots and building
hardware.

2 Those which incorporate materials or finishes that are
exclusively or more efficiently produced with factory based
techniques, e.g., metal components, plastic items, galvan-
ized items and baked-paint finishes.

3 Those which make use of new factory-based techniques
and machines, e.g., laminated-wood beams, prestressed-
corcrete beams and insulated-sandwich panels,

Factory production is relatively inflexible, since large
runs of any one component are essential for economical
operation. The mere transfer of a simple operation from a
site to a factory will not in itseif reduce costs; on the
contrary, it may increase them, This is particularly true for
components for tarm buildings, since the demand for them
originates from a large number of scattered construction
projects resulting in high transportation and distribution
costs. Therefore many factory - made components used in
farm buildings will have been designed primarily for other
purposes.

Dimensionai Coordination and
Standardization

[n order to limit the variety in size of similar components,
to facilitate their assembly at thé site, and to make them




interchangeable between different manufacturers, building
components are manufactured in standardized dimensions
based on an accepted system of dimensional coordination.
Such preferred dimensions are given in standards together
with specifications for minimum requirements of technical
performance. When the experience gained in factory pro-
duction of components increases, the technique will be
applied to components of increasing size and complexity
(e.g., wholly finished wall elements) and this will increase
the need for dimensional coordination.

One system of dimensional coordination uses the inter-
national basic building module of 100mm. The reference
syslem establishes a three-dimensional grid of basic
modules, or very often multi-modules of 300mm, into
which the components fit.

The modular grid does not give the size of the compo-
nent but dees allow space for it. In order for the component
to fit correctly, it will always be slightly smaller than the
space allowed for it. The system must allow for some
inaccuracy in the manufacturing process and changes in
size due to changing temperature and moisture conditions.
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This is expressed as a tolerance in size. For example, a
window which is allowed a basic size of 1200mm for its
width is produced with a working size of 1190mm and a
manufacturing tolerance of Smm, which is expressed as
1190 £ Smm. The actual dimenion of a window delivered to
the site would be somewhere between 1185mm and
1195mm. The joint would be designed to take these devia-
tions into account.

Modular-size concrete blocks are 290mm long and
modular format bricks are 190 » 90 x 40 or 90mm actual
size to allow for [0mm mortar joints and plaster. The
actuai size of openings will then be 1220mm. In this process
the designer has a responsibility to specify tolerances that
can be achieved with available craftsmen and factories. It
will be easier to fit factory produced window and door
casements, which are made to standard modular sizes, if
these sizes are also used when bricks and blocks are manu-~
factured locally. The common brick size of 215 x 102.5 «
65mm allows for laying four coarses to 300mm vertically
and four brick lengths to 90mm horizontally, if 10mm
joints are used.
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Figure 6.1a Grid of 3M multi-modules between zones of 200mm alowed for load-bearing columns (A). Buiiding
components such as partition components (B), external- wall components (C), windows (D) and door sets (E) are
manufaciured in sizes, which are muliiples of the 3 M mulii-module.
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Medular grid ines

(TEM EXAMPLE
Basic space ollowed for )
the building component 4x3M = 1200 mm
Minimum joint thicknesses Zx25mm = Smm
Hu_xil_num size of the 1200mm - Smm = 1195mm
buitding tomponent.
Manufacturing  tolerance 195mm - 1185mm = W0mm
Maximum joint thickmesses 2x15mm = 15mm
Mir_\lm.um size of the 1200mm - Bmm = 1185mm
building component

T T T T JTTL

i L. T

1" T I
Minimum siz¢e  f ‘pE——-—-—- - - N#5mm
Work size and ‘tolerance 1190 £ Smm
Maximum size —_— — e ———— 1195mm
woil opening 1205 £ Smm

Figure 6.1b  Relarionship of basic size, work size, manufacsuring tolerance and joint thickness. (Note that tolerance and

Jjoint thickness are not to scale.}

Figure 6.1 Dimensional coordination.

Building Legislation

Inurban areas, government authorities issue building regu-
lations to provide for the safety, security and welfare of
those who use the buildings and to make maximum use of
the scarce resources available for building consiruction.
Typically the building regulations will cover such subjects
as building materials, structural integrity, fire precautions,
thermal and sound insulation, ventilation, window open-
ings, stairways, drainage and sewage disposal. Building
regulations may state minimum functional requirements,
such as room height and spa~z, for specific types of rooms.
Additional legislation upplicable to buildings may be
found in the public health act and public road act. The

building regulations and other legislation are statutory,
i.e., they must be followed as far as they apply. The local
authority will ensure that the legislation is complied with
through its building inspector, health inspector, etc. How-
ever, the authorities will sometitnes, in addition to the
regulations, issue guideiines for building, These are mere
recommendations and the designer may diverge from them
if there are good reasons.

Building regulations do not normally apply to farm
buildings outside of urban areas, but there may be instan-
ces where other legislation is applicable, for exampie,
where a farmer wants te connect to a main water supply or
a main sewer or carry a drain under a public road. There-




fora itis wise to contact the local authorities about any new
building proposal or major alteration to an existing build-
ing. If a local amthority’s approval is necessary, copies of
drawings and specifications will have to be submit'~* for
its advice and approval.

Construction Costing

Throughout the building production process costs will
have a major influence when choosing from alternative
designs. An excessively high cost may even cause the whole
project to be abandoned. In the initial stages, when rough
sketches are evaluated, general guideline costs based on
building area or volume may be sufficient. In the final
design stage, when the farmer has to decide whether or not
10 proceed with construction, a more detailed cost estimate
based on a simplified bill of quantitics is usually prepared.
A contractor will need the most sccurate cost estimate
based on a bill of quantities, since his quotation should be
low encugh to be competitive, but still give him a profit. On
large projects, the bill of quantities is also used to determine
interim payments for work that has been completed.

Quantity Surveying

The objective of quantity surveying is to provide an accu-
rate bill of quantities, which is a list of the amounts of all
materials and labour necessary to complete a construction
project. In the simplified version, supplicd by the designer
with the final design documents, the labour requirsment is
not detailed. Enough accuracy for the purpose of this bill
will be obtained by including labour as a lump sum,
number of hours or day's work or as a percentage cost of
the building material cost. A bill of quantities for a stand-
ard drawing often excludes such operations as site clear-
ance, excavation and fill, and external works, since such
quantities may vary greatly from one site to another and
therefore be difficult 1o assess accurately at the time the
drawing is completed. Indeed, the bill for a standard draw-
ing may be a mere list of materials, perhaps with a rough
estimate of labour added.

Toavoid mistakes or omission of any item, sophisticated
methods have been developed for quantity surveying of
large.scale projects. Farm buildings are normally smalier
and far less complex and therefore a simplified procedure
will be adequate, Many rules of thumb or conversions have
becn developed to take into account such factors as cutting
waste, difference between nominal and actual size and
breakage,

Taking-off

The objective of taking-off is 1o produce a detailed list of all
matcrials and work, Assessment of the quantities is made
from detailed drawings and specifications of the project
and done, as far as possible, in the order that the construc-
tion of the building will proceed. First items are site clear-
ing, excavation and foundation and final items are finishes
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and external works., The dimensions of each item are
obtained from the drawings and then the quantity is calcu-
lated in the units in which it is customarily sold or priced.
For example, excavation or fill, concrete, mortar and
water would be in cubic metres, aggregates in cubic metres
or tonnes, cement and lime in number of bags and many
things such as bricks and blocks, windows and doors,
building boards and reofing sheets in number of units.
Sawn timber is listed in the number of pieces of specific
sizes or where that is not necessary, total linear or volume
quantities, Round timber will be in number of units of
specific cross section and length.

A particular item which occurs in several places in a
building, can be noted each time it occors or the number of
units can be totaled at one place. One way of obtaining
completeness is to tick off each item on the drawing as it is
listed.

Assessment of Labour

Detailed iabour requirements to complete the type of con-
struction commonly used in farm buildings may be difficuit
to find in published sources. This is because the contrac-
tors, who have the best knowledge of such data, use them
as a means to compete for tenders. Also, most construction
companies involved in farm building are too small to
employ a quantity surveyor, who could collect the data.
Data published by Quantity Surveyors' or Building Con-
tractors’ Associaticns tend to emphasize urban types of
construction.

The rough estimates of the labour requircment necded
by the designer of farm structures must be obtained
through experience and by analyzing a number of projects
similar to the one at hand. Where the farmer and the farm
labourers construct a building, it is to be expected that the
labour requirement will be higher than when skilled con-
struction workers are used. However, the farm labour is
available without any exira cash payment and may have
few alternative uses during the off season.

Bill of Quantities
The items for a bill of quantities are normally grouped
together under headings for cither the main operations
{excavation, foundation, walling, flooring, roof structure,
roofing, finishes, external works) or the trades involved
(carth work, masonry, concrete work, carpentry and paint-
ing). Work normally carried out by sub-contractors (wir-
ing, plumbing, installation of equipment and furnishing) is
listed separately. i

The total quantity of cach material or volume is trans-
ferred from the taking-off sheets .o the appropriate head-
ing in the bill of quantities, and while doing s, a percen-
tage allowance for waste and breakage, is normally added.
The percentage added will depend on the type of material
or volume, but is often taken to be 5 to 15%. To keep a
record of the items, they should be ticked off on the taking-
off sheets as they are transfered to the bill of quantities.

Labour may be listed under each operatiun or trade, but
in the simplified bil}, it is given as a lump sum at the end.
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Figure 6.2 Main drawing for poultry house.

Example
Make a bill of quantities for the poultry house
illustrated in Figure 6.2, Start with taking-off.

Footing and foundation for poles, concrete 1:3:6

Footing, end walls 2x54x04x02 0.93m?
Footing, side walls 2x7.6x=0.3 = (.15 0.63m?
Foundation for poles 4x0.3x0.3 %06 0.22m?
Waste and spill 10% 0.18m?

200m?

The amount of ingredients can be calculated using the
figures in Table 3.14.

Floor

Basc layer of gravel 8.4 x50 x (.15 6.30m?

Sand for blinding 8.4 x5.0x0.02 0.84m?

Concrete (5% waste) 8.4 = 5.0 x 0.08 < 1.05 31.53m?

Bricks

Area of sidewalls,

06+02)x{24+28+24)»2 12.16m?

minus door opening 0.6 » 1,00 0.6m?
11.56m?

Number of standard bricks
(0215 + 0.010) = (0.065 + 0.010) = 0.01 7m?/ brick
11.56 = 170,017 = €™ bricks

= Purith & SOmm gumpoke

::/-*— Lorr galv steel thoet

———Frame for chickan wre Bean Himem
urﬂﬁum SCx50mm ?Pmo&m
: gumpale.
2 % J_; -:”Orn;at%n:mre flaor
A=A
3
;ETIDN -

Area of gable walls 0.40 = (20 +0.4) x 4 3.84m?
50=(225+04)x2 26.50m:?
50x05x135x2 6.70m?

37.04m?

Number of standard bricks
(0.1025 + 0.010) = (0.065 + 0.010) = 0.0084m?/brick,
37.04 = 1/0,084 = 4410 bricks

Number of bricks, 680 + 4410 5090
V/aste and breakage 15% 765
Total nurnber of bricks 5855
Mortar, compo mortar 1:1:6
Sidewalls 11.56m? = 0.025 0.29m?
Endwalls 37.04m? x 0.051 1.89m?
Waste and spill 15% 0.32m?
2.50m?
Plaster, cement plaster ;5
Plaster thickness 10mm,
(11.56 + 37.04) x 2 x 0,01 0.97m?
Waste and spill 15% 0.15m?
[.13m?




The amount of cement and sand for the mortar and plaster
can be calculated using the values in Table 3.17,

Wooden Posts

Gumpoles 3.0m, diameter 100mm 4 picces
Wood preservative 2 litre
Trusses

Gumpoles 4.0m, diameter [M0mm 4 pieces
Bolts 110mm long, diameter 8mm i0 picces
Bolts 200mm long, diameter 8mm 2 pieces
Purlins

Gumpoles 3.0m, diameter 50mm I8 pieces

Roofing

Corrugated steel sheets are laid in 2 rows on each side and
the covering width is 533mm per sheet. The length of the
roof is 9m.

— = 169 ie:

17 sheets are required per row or a total of 68.

Roofing Nails
6 nails per m? x 68m? = 408. Since each kg of nails holds
about 97, the requirement will be 4.5kg.

Netting Wall
Frame, timber 50 x 50mm, including 109 waste  51.8m
Chicken wire [800mm wide 16.0m
Door
Casement, timber 75 x 75mm, including 10% waste 5.5m
timber 25 * [00mm, 2.0m

Docr frame, timber 25 x [00mm, 7.7m

subtotal timber 25 = 100mm 9.7m

105, waste LOm

Total timber 25 = [00mm 10.7m
Nzils
Staples for fixing the chicken wire kg
Wire nails 75mm kg
Wire nails 100mm Ikg
Whitewash
White-wash is required for 97m?

When all requirements arc caiculated, the amounts are
put in the bilt of quantities that follows:
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Costing

As mentioned in the introduction to this section there is a
need to continuously assess the building costs for a pro-
posed structure throughout the pianning stages of the
building production process. Three levels of accuracy can
be distinguished: general guidance cost, specific guidance
cost and accurate costing, :

In addition, costing is carried out during the construc-
tion to ascertain how the project is progressing from a
financial point of view and to determine any interim pay-
ments to the contractor.

In the post-construction stage the actual cost of the
project should be calculated so that a record can be deve-
loped which will enable future building work to be accu-
rately costed. Unfortunately this is often neglected by
designers and builders of farm structures.

General Guidance Cost

In this case, rough estimates, simply giving the scale of
costs, are derived by experience and analysis of a number
of other similar projects. For example, if the costs of a
number of grain stores are assessed and in each case com-
pared with the capacity of each store in tonnes, then a
rough cost for grain stores can be estimated in terms of cost
per tonne stored. Hence an cstimate can be given for a
proposed new grain store if the capacity is known. Sim-
ilarly, a building for dairy animals can be estimated if an
average cost per cow is known from a number of different
units.

Further, for particular types of construction, it is possi-
ble to get average figures in terms of floor area. This type of
estimate is ba:~# ~n a number of projects, some of which
may not be directly comp.rable.

Specific Guidance Costs

By comparing similar projects, it may be possible o get
estimates which are reasonably accurate before the time is
taken to design the building and work out the bill of
quantities. In this case, the costs of other buildings should
be assessed in three components:

Established costs, those costs that either have a fixed
value or a uniform-unit value regardiess of the size of the
building. Examples are windows and doors,

Variable costs, those that vary with the size of the build-
ing. As the length of a building grows its total cost will
grow, but at the same time the unit cost may decrease 50
that a building that is 502 longer may increase oaly 40% in
cost.

Additional costs, such as fees {or consultants, architects,
lawyers and accountants. Interest, insurance, fitting costs
and losses should also be included.

Thereforse, if a number of similas buildings are analyzed,
good estimates of each of these types of costs may be
obtained and reliable specific guidance costs can be
determined.




Table 62 Bill of Quantities for Pouliry House (see figure 6.2)

Ttem Description Unit Quant, Rate Total
1. Foundation, 2.01m? concrete,
mix 1:3:6 (1095 wasie)
Cement 50kg 90
River sand (0.88m*} 1on 13
Crushed sicne (1.8m7%) ton 29
2 Floor, Gravel {(6.3m") ton 10.1
Sand (0.84m%) on 1.2
31.53? Concrete, mix 1:3:6 (5% wasic)
Cement 50kg 140
River sand {1.6m?% ton 2}
_ Crushed stonc (3.2m%) ton 50
) Bricks {215 = 1025 = 65mm) No 5910
4, Moriar, 2.5m?, mix 1:1:6 (5% waste)
Cement S0kg 130
Lime kg 2300
Building sand (2.8m?) ton 40
5 Plaster, 1.13m?, mix 1:5 (159 waste)
Cemant kg 7.0
Building sand (1.3m") ton 18
6. Posts, Gumpoles (3.0m = ¢ 100mm) Ne 4
Wood preservative Litres 20
7 Roof Structure, gumipoles (4.0m * ¢ W0mm) No 4
Gumpoales (3.0m « ¢ 50mm) No 18
Bohis (1 10mm = ¢ §mm) No 19
Bohs (200mm = ¢ Bmm) Ne 2
8. Roofing, Cormigated galvanised iron sheets
(CS 8/76 » 20m, 0.018mm) No 68
Roofing naile kg 45
9. Netting wall
Sawn iimber, grade 3, 50 » 5imm m 518
Chicken wire, width 1600, m 160
19. Door, sawn timber grade 2,
75« T5mam m 55
Sawn timber, grade 2,
25 = J00mm m 10,7
Hinges No. 2
Latch No |
it Nails, staples kg 19
wire nails 75mm kg 1.9
wite nails 100knm kg 1.0
12, Whitewash (9Tm?)
Lime kg 50.0
Salt kg 10.0
Cemnent
(13 Fusnishings, feed troughs No 4
drinkers No 4
TOTAL MATERIAL COST
4. Transpon cost for material
5. Eanh works, excavation to
Tewel mw
remove 1op soil m?
excavation for foundation m’
t6. Construction man
days
17 Exsernal works
18. Contingencies
. Supervision and contractors® overhead costs

TOTAL COST




Accurate Costing

This is done in conjunction with the bill of quantitics. By
use of the rate column in the final bill of quantities together
with the cost rate for each item, the accurate total cost of a
job can be derived. This requires each individual item of
material, volume or labour to be costed.

However, many building contractors will, for conven-
ience and to facilitate the calculation of a quotation, derive
a cost per quantity of common types of construction. For
example, a cost per square metre of concreie block wall will
include the cost of the blocks, labour to mix mortar, cost of
mortar materials and labour required to lay the blocks. It
may even incorporate a factor taking into consideration
the average requirement of window and door openings and
scaffolding.

To be able to do costing with this degree of detail how-
ever, considerable information is needed which is gained
from experience and data coliected and analyzed over a
number of building projects. The unit costs will have to be
reviewed continuously or be corrected with an index for
building costs.

Economic Feasibility

In addition to the actval cost of constructing a building,
which must be considered in relation Lo the financial capac-
ity of the farmer, the total annual cost of the building
should be determined. When the annual cost is then com-
pared 1o the expected increase in income or the saving in
storage costs, it forms the basis for deciding whether or not
the new building is a worthwhile investment, i.e., the eco-
nomic feasibility of the building is determined.

Toderive the true annual cost of a building, a pumber of
factors must be considered. These include the estimated life
of the building, annual repairs and maintenance, interest
on the investment, insurance and in some couniries real
estate taxes. With the possible exception of repairs and
maintenance, viese are “fixed” cost< that occur whether the
building is used or not. Consequently it is important to
carefully plan the use of the building as well as the con-
struction. The building may be thought of as a production
cost and the potential income from the enterprise housed in
it must be great enough to justify the cost of building, It
must be stressed, however, that there may well be other
than economic reasons for constructing a building. For
instance, a dwelling cannot be justified in terms of profita-
bility, but the amenity and welfare considerations may
outweigh other factors.

Building I ife (Depreciation Period)

Physical Life

Al building components have a limited life, After a time
materials will deteriorate to a point at which 1hey can no
longer fulfill their function. Repair, replacement and main-
tenance can extend the life, but cventually the overall
deterioration becomes excessive.
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The life span of a building is influenced by its design and
construction. In general, more costly materials such as steel
and concrete are likely (o last longer than timber and other
organic materials, The physical life for agricultural build-
ings may range from two to five years for the simplest
structures and up to fifty years or more for ithe more
substantial ones. An average figure may be between 10 and
20 years.

Economic Life

Although a building may last for many years, it may cease
to be economically sound at an earlier time for any of
several reasons. It may be that the design has become
obsoleie and not suitable for new mechanization or per-
haps it is too small because the farm has grown, or a new
enterprise requiring a new layout or interior partitions and
supports simply cannot be moved to accommodate the
new requirements. General purpose buildings will there-
fore have a longer economic life than those built for a
specific enterprise.

Write-off Life

It is impractical to expect any enterprise to pay the full cast
of a new building in the first year after construction. There-
fore the capital cost of the building is allocated or depie-
ciated over several years, The number of years is deter-
mined by the write-off life, that is, the number of : cars over
which it seems feasible to spread the original cost, but never
fewer than the duration of a loan. The write-ofl hife must
also be no longer than the estimated physicat or economic
life to avoid the position of having a useless building for
which the original cost has not yet been fully paid.

Economic conditions change rapidly and the risk of a
large invesiment is reduced considerably if the depreciation
can be taken over a relatively short write-off period. Ten
years is considered short, 15 to 20 years medium and 20 to
30 years a long period. This means that a building .hat is
still physicatly sound and economically practicat afte. the
depreciation has been completed can be considered an
economic bonus for the farm.

For cost estimating, depreciation is usually taken on a
“straight-line” basis, that is, equal annual amounts over the
write-off life. The annual straight-line depreciation cost is
the original cost of the building divided by the years of
write-off life. There are a number of alternative methods
for assessing depreciation, most of which resuli in greater
costs in early years and decreasing costs over the life of the
building.

Interest

The cost of the money used to construct a building must be
considered whether the financing is by means of a loan or
by cash on hand. If money is borrowed, the interest cost is
obvious. However, if the farmer invests his own money, he
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is foregoing interest income from a bank or the possibility
of other investments. Consequently, interest is still a real
experse and should be included as an annual building cost.
The interest rate used is either the rate actually being paid
or the prevailing rate for mortgage loans in the area. The
interest charge is assessed during the years of depreciation,
and during that period the amount invested (principal) is
gradually written off from the full cost at the start to zero at
the close.

The annual interest charge is therefore usually based on
the rate times the average investment (original cost divided
by two or the original cost and half the rate). It should be
pointed out that ¢ither a long term mortgage with equal
monthly payments (interest plus principal) or compounded
bank interest will result in a larger interest expense.

Repairs and Maintenance

All buildings will require some maintenance, but the cost
will vary with the type of building, the climate and envir-
onment, the materials used in construction and the use of
the building. Although the cost for repairs and mainie-
nance wili vary from one year to another and generally
increase with the age of the building, it is commeon practice
to assume a uniform annual sliowance throughout the life
of the buitding.

One 10 three percent of the initial construction cost has
been typically alowed for repairs and maintenance. While
this is true in a monetary ecenomy, it may not apply in a
subsistence economy.

Insurance and Taxes

If an owner casries insurance on his buildings to cover ihe
risk of fire and other hazards, then the cost of that insu-
rance is included as an obvious annual cost. On the other
hand, if the farmer does not choose to carry insurance, he is
in reality carrying the nisk himself and he shouid stifl
include an annual charge for insurance. Insurance will
ordinarily range between }4 to 195 of the original cost.

In countries where an annual real estate tax is assessed,
the taxes must also be included as an annual building cost.
Taxes will range from zero where there are none, upto f to
20 of the original cost of the building.

Annual Cost

The five principal componenis of the annual cost of a
building have been discussed in some detail, A variety of
situations produce a rather wide range in the annual cost
figures. The greatest variation occurs in the write-off
period, This is influenced by the life of a loan, the life of the
building, and in some cases, simply the arbitrary decision
of the farmer. In the following exampies all of the low-
range values are combined as are all of the high-range
values. It should be pointed out, however, that they may
fall in any combination. A high depreciation cost and low
maintenance or low interest are perfectly possible,

Low Medium  High

Depreciation 3529 yr) 6.25(16 yr.) 10 (10 yr)
Interest® 3 5 7
Maintenance and

repairs 1 2 3

Taxes 0 1 2
Insurance 0.5 0.75 1

Total Annual Cost

as % of Origmal 8% 15% 230

*Note: The interest rate is halved as interest is ordinanily
based on the average value oy one half of the original
cost.

Having determined a write-off life and the correspond-
ing depreciation percent, as well as prevailing values for the
other costs, the total percent is multiplied by the original
cost of the building to obtain the annval cost. Next an
estimate is made of the net income from the enterprise to be
housed and the result compared with the annual building
cosi. The income shoi:id more than cover the building cost,
thus allowing for a r:asonable profit.

It shouid be notcd that an existing building already has
annual costs and that it is the increased cost of a replace-
ment building which is compared with an increased
income. If an entirely new building is planned to house a
new enterprise, then it is the roral annual building cost that
is compared with the roral net income from the enterprise.

Cash Flow and Repayments

The annual cost for a building as itlustrated in the previous
section includes the capital cost in the form of depreciation
as well as the carrying cost or interest.

If the farmer is fortunate enough to be able to pay all or
most of the onginal cost of the building, then a comparison
of annual building costs with income indicates the length of
the period over which the farmer can expect to recapture
his invesiment. However, if the building project must be
largely financed by a loan, then cash flow and ability to
repay both capital and interest charges must be considered.

Any grantor of a loan will usually demand that repay-
menis start immediately, but due to the problems com-
monly experienced by farmers in starting up production in
a new building, the earnings at this stage may be smaller
than expected. In the case of animal housing, the capital
needed for the purchase of animals, feed and equipment is
often larger than aniicipated, The result may be insufficient
cash during the first few years after the building has been
constructed. Even if a careful analysis has shown the enter-
prise 10 be profitable, that is, has shown the expected
average annual cost to be lower than the expected average
income, the combined interest and principal payments on a
long-term loar are likely to be greater than the estimated
average annual amounts for the cosis.

It is important, therefore, to not only determine whether
the cost of a new building can be justified, but whether the
necessary cash flow can be generated to cover both interest



and capital repayments. While this is more of a business
management problem than a farm structures probiem, it is
no less important to the farmer contemplating 8 new
building.

Organization for Small Building

Constructions
In the case of farm structares,the future proprietor - the
farmer - is norn ally much more directly involved in any
repair or construction process than would be the case with
a building in an urban area. Although the farmer may
appoint an advisor 1o help him with planning and design,
employ a contractor or local crafismen and take out aloan
to {inance the construction, his and his famiiy’s participa-
tion at all stages will normally be of great importance and
serve to Jower the amount of cash necessary for the project.
Depending upon the amount of se-involvement by the
farmer, his family and any farm labour, and the way the
construction is administered, four forms of organization
can be distinguished: personal management, divided con-
tract, general contract and turn-key contract.

Organization Forms

Perscnal management is a very common form of organiza-
tion for repair work and construction of smali- to medium-
size farm buildings. The work is carried out by the
employer (the farmer and his family) with the assistance of
farm labourers and temporarily employed craftsmen. The
employer may simply administer the work or he may also
participate in the construction work himself.

Drawings
Specifications
Billsof quantities
Cost estimates

Construction work

) S /
\*_._

Figure 6.3  Personal management.
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A divided contract implies that the employer engages
different contractors for the construction work and for
installation and fiiting work. This form of organisation
differs from personal management mainly in that the buiid-
ing construction work is carried out on a contract. Self-
involvement by the farmer can be arranged either by
excluding some operations from the contract, such as earth
work and external work, or by giving the farmer some form
of “employee” status with the contractor. The latter is more
casily arranged when current-account payment is used for
the contract (see Section Forms of Payment). Building
materials may be purchased by either the employer or the
contractor, The contractor for the building construction
work may be appointed to function as a coordinator for the
various contracts,

Drawings
Specifications
Bills of quantities
Cast estimates
Materials

materials

A

Figure 64 Divided contract.

A general contract implies that the employer engages
one contractor to carry out all of the building construction
operations. The contractor may in turn engage sub-
contractors to carry out work, such as fittings and installa-
tions, which his firm lacks the skill or capacity to under-
take, This form is uncommon for farm building
construction, except for the largest projects.

A turn-key contract differs from the general contract in
that the planning and design of the building is alse included
in the building contract. This form is very uncemmon for
farm building construction, except perhaps for completely
prefabricated buildings in which the manufacturer serves
as the contractor for erection,




Drawings
Specifications
Bills of quantities

, Cost estimates
/

aterials

Figure 6.5 General contract.

Forms of Payment
The contract or agreement between an employer and a
contractor may statc that the payment for the contracted
work shall be made either at a fixed price, with or withoui
installments forwork completed, or on a cost-plus basis to
a ceiling figure, or with a running account for cost of
materials purchased plus an agreement on labour costs.
A fixed price is common for general and turn-key con-
tracts and often practiced with divided contracts. The
advantage of a fixed price to the employer is that he will
know at an early stage what the construction is going to
cost, However, the contractor will require comprehensive
documentation in the form of drawings and specifications
to be able to give a g otation for a fixed-price contract.
Incompiete documentation will cause problems and fre-
quent negotiations to decide on details and variations usu-
ally involving additional expenditure. Therefore the run-
ning account is frequently practiced where the documenta-
tion is insufficient or where it is difficult to make a satisfac-
tory description of the work beforehand, as in the case of
repair and maintenance work. I the running account is
given a ceiling, the employer will be guaranteed a maxi-
mum cost and will benefit, compared to a fixed price
contract, should the work be less costly than the maximum
expected.

Tendering

The objective of tendering is to obtain proposals for con-
struction work from different contractors and quotations
for building materials from different suppliers. Their com-
petition to present the most favorabie offer should result in
a less expensive building for the farmer.

Drawings
Specifications
Bi lstof ?_uanhhes

Construction work

Figure 6.6 Turn-key contract.

The Tender Procedure

When the farmer has decided to proceed with the proposed
structure, he and his advisors will prepare the tender
documents, which usually consist of a letter of instructions,
the necessary drawings and specifications and perhaps a
bill of quantities, and send them to various contractors and
suppliers.

A contractor, or his estimator, will cost all building
materials, volumes and labour and after adding an allo-
wance for supervision, overhead, insurance, contingencies
and profit, prepare a tender which is sent to the prospective
employer in a sealed envelope, During the preparation of
the tender the contractor will visit the proposed building
site to consider possible difficulties, in particular: access to
the site and the necessity for temporary roads; storage of
materials; type of ground; arrangements for siting any
temporary office or welfare buildings; availability of
labour in the area; arrangements for security of the work
from theft and vandalism. He may also request further
written documentation from the employer and, where sub-
contractors are to be employed, obtain tenders for their
work.

A supplier of building materials or equipment will
require less documentation and usually will not have to
visit the site in order to prepare a quotation. His offer may
or may not include transport to the site.

When the period to reply as stated in the tender instruc-
tion has expired, all the sealed envelopes containing the
offers from the contractors and suppliers are opened. The
contractors/suppliers may be invited to attend the opening
and be given names, prices and other relevant information
contained in ihe offers. After caseful evaluaiion of the
offers the most favourable, which may not necessarily be
the cheapest, is accepted and a contract is written.




Methods of Tendering

Open tendering. The prospective employer advertises in
the press, giving brief deiails of the work, and issues an
open invitation to contractors to apply for the necessary
documents. The advertisement should state that the
employer is free to select any or no bid that may be ten-
dered. Tenderers are normaily required to submit referen-
ces and to pay a deposit for the documents which is
returned on receipt of a serious tender. Open tendering is

unecommon for farm construction work
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Selective tendering. Competitive tenders are obtained
by drawing up a list of 3 to 5 senous contractors or suppli-
ers in the area and inviting them to submit quotations.
Normally the farmer and his advisor will know of a suffi-
cient number of contractors who have the skill and expe-
rience to construet farm buildings and are also known to
have integrity. Hence the lowest tender can usually be
accepted.

Negotiated contracts are obtained by contacting one or
two contractors or suppliers, who have been found satis-
factory in the past. The price te carry out the work or
deliver the material i negotiated until an agreement is
reached. Negotiated contracts are also commonly used
where the magnitude of the contracit may be unknown at
first, such as repair work, excavation in unknown ground
or where the tender documents are insufficient. In these
cases, the negotiation will normally aim at establishing
reasonable task rates for a contract with a running account.
With a fixed contract, a contractor would have to sale-
guard himself against the unexpected and his large allo-
wance for unforeseen expenditures would lead to a high
contract price.

Evaluation of Tenders
Quotations submitted to the prospective employer are
likely to contain reservations, exceptions, additions and
other conditions for the work or delivery of materials. A
contractor may also suggest an alternative design or build-
ing method. If the letter of instructions for tender has
stated that all such divergencies from the tender documents
should be priced separately, it will be quite simple to
recalculate the tenders so that they are comparable. In
other cases they will have to be costed by the employer,
The letter of instruction will normally request the con-
tractor to submil references from similar projects he has
constructed in the past. For large projects, a bank reference
and a performance bond are advisable, These should be
examined to establish the contractor’s practical and finan-
cial ability to undertake the proposed work.

Contracts

A contract is a legal document signed by boih pariies
before witnesses. The essence of a contract for construction
work is the promise of a contractor 1o erect the building as

shown on the drawings and in accordance with the detailed
specifications in return for a specified amount of money
known as the confract sum:. A varicty of standard forms for
building construction contrzcts are available, but it would
be desirable to develop 1 standard contrart form specifi-
cally applicable to farm-~uiilding construction.

If a bill of quantities is included in the documents att-
ached to the contract, the emp.over will be responsible for

any errors of measurement or shortcomings that occur in
the hill However the selected contractor can he asked 1o
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control the bill and accept responsibility for it as being
final. !n the case of contracts without a bill of guantities,
the bill is prepared by the contractor and any errors ar:
then his responsibility.

A standsrd contract formn may include the following
information, but each clause in it should be studied priorto
signing and any clause that fails to meet the specific
requirements of the project should be modified or deleted:

I Names and addresses of employer and contraclor.

2 List of all attached documents, i.c.,drawings, specifica-
tions, and bill of quantities.

3 Amount of the contract sum.

4 Starting date and complelion date,

§ Weekly penalty to be paid should the contractor fail to
complete the work in time. (Not always included).

6 Directions for the employer to make a fau' and reaso-
nable extension of time for completion should the work be
delayed through any cause beyond the control of the
contractor.

7 Directions for the contractor 10 comply with all appli-
cable rules and regulations issued by local authorities,

8 Directions for the contractor to arrange recurrent site
meetings between the contractor and the employer and to
keep a diary detailing progress of the work. (Not always
applicable).

9 Directions for the contractor to obtain the employer’s
approval before any work is executed involving vatiations
from the dsawings or specifications, in particular where the
variations involve additional expenditure.

10 Reference to a list of any building materials and
equipment that wili be supplied by the employer.

11 The extent of the contractor’s responsibility for any
liability, loss or claim arising in the course of or execution
of the contract work, whether for personal injury or loss or
damage 10 propeny.

12 Insurance requirements for the contractor.

13 Statemeni requiring the contractor to pay, at his own
expense, for any defects or faults arising from materials or
workmanship which are not in accordance with the draw-
ings and specifications.

14 Statement requiring contractor to pay at his own
expense for any hidden defects or faults which may appear
during a specified guarantee period, usually 3 to 2
months, after the contract work has been completed.

15 Payment schedule, describing the percent of contract
price to be paid at the completion of ea~h step.

16 Guarantee amount. Normally about 10% of the con-
tract sum is withheld uniil the guarantee period has expired
or all defects are comected, whichever occurs last.
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17 Procedure for resoiving disputes between the contrac-
tor and empioyer, e.g., that it shall be referred to an arbitra-
tor for a binding decision.

18 The signatures of the contractor, the employer and
witnesses.

Specifications
The specifications document supplements the drawings.
The drawings should describe the geometry, lecation and
relationships of the building elements to each other. The
specifications set out quality standards for materials, com-
ponents and workmanship that cannot be written on the
drawings. For example, if the drawing states that concrete
Type 1should be used for a floor, the specifications may set
out a mixing ratio, quality standards for aggregate and
water, compaction and curing practices and quality stand-
ards for joints and finish. Minimum requirements for
capacity and reliability of equipment as well as calculations
relating 1o design, insulation, ventilation, etc. may be
included as appendices.

in small projects, typical of many farm structures, many
of the specifications may be included on the drawings, but
in large scale projects the specifications may run to many
pages.

General Specification

Since much of the information in the specifications will be
similar from one project to another, it can be generalized to
apply to most buildings. The building industry or govern-
ment agencies in many countries have therefore developed
a “General Specification for Building Works”. This nor-
mally covers the majority of materials, types of construc-
tion, fittings, furnishings, etc. for the types of buildings and
other structures built in urban areas. While some of the
information included may also be applicable to farm struc-
tures, in general, a list of specifications will need to be
developed for the particular structure.

The advantage in the use of a general specification is that
all parties are expected to have access to a copy and that
they are familiar with the quality standards required in the
various sections. Apy planner/designer writing specifica-
tions for a building may refer to the section numbers in the
General Specification without repeating the text of those
sections. In addition, particular specifications which sup-
plement, amplify or amend the provisions of the General
Specification will be required for each specific project,

To avoid confusion agising from discrepancies between
the various building documents, the drawings will nor-
mally prevail over the General Specification, particular
specifications override both drawings and the General
Specification and building code regulations will override
all other documentation.

Occasionally when the government is the employer or

when buildings are financed with government loans or
subsidies, the General Specifictiion is considered statu-~

tory, but in alf other cases its provisions can be used and
amended as and when required.

Progress Chart

A progress chart is a schedule, used to coordinate the
sequence and timing of the operations in a building pro-
duction process, It helps to ensure a timely supply of
manpower, materials, equipment, machinery and sub-
contracted services by providing information on what
dates and in what guantities they will be required so that
they can be ordered in good time. Furthermore it can be
used to monitor the progress of the work and ensure that
the schedule is being adhered to.

The chart is often divided into three parts:

The first part is produced by the farmer or his advisor
and covers all work up to the time site operations start. It
will include the sketching, any applications to authorities,
final working drawings, tendering and ordering.

The second part is normally produced by the contractor
and includes all site improvements and construction opera-
tions. Figure 6.3.

The third part covers the starting up of production in the
building and wouid be developed by the farmer and his
advisors,

The preparation of a progress chart starts with listing ail
operations and their expected duration, and identifying
operations which must follow each other in sequence.

In the second step a chart is developed showing the input
of labour, machinery and equipment for various opera-
tions until the completion date is met. While doing this it
will be noiiced that there is a s=quence of operations called
critical operations which must follow cach other in a spe-
cific order and which together determine the totai time
required to carty out the work.

In the third step, the requirements of resources, in par-
ticular that of labour but also machinery, are adjusted so
that a fairly uniform work force can be maintained. This is
done by amending the timing and sequence of operations
that can take place partly or wholly at the same time as the
critical operations.

The fourth step consists of following the work, in partic-
ular the critical operations, and revising the progress chart
as problems or delays arise, e.g., delayed replies from
authorities, contractors or suppliers, delayed delivery of
materials and sub-contracted services, delay of the site
operations due to prolonged bad weather,

Inspection and Control

Whenever a building is constructed, it is likely that faulis
and defects will occur due to such things as deficiencies in
the building materials, negligence by workmen and mis-
takes in the drawings and specifications, Occasionally a
contractor may be tempted to increase his profit by know-
ingly producing inferior work. To avoid this as far as
possible, the employer or a person experienced in building

‘construction appointed by him, will function as an inspec-

tor during the site operations.
Control is normally carried out continuously as the
construction work proceeds. In addition, more formal
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k []
ACTIVITY Week n

1 | Site clearing

2 § Setting out —

3 | Remove top soil

& | Excavation for foundation

§ | Footing —

6 § Foundatyon wall o —

7 | Piace mamn_post o) - work | comlplete w
8 ]| Rafters & Purlins Q

9 | Routing [+ —

1) | Fiting for floor slab

11 1 Formwork for fleor sfab — —

12 | Casting floor slab Q- o -

13 1 Walls [+

14 | Partstions [+) —

15 | Feed troughs -

16] Doors & Windows

17 | Guttering [+] —

18 | Backfill to foundajion —

19| Furmshing

20 | Wireing ®

21} Finisnes

22] Exacavation - urine tank

23] Constrychion - uring tank )

2t} Access road — p— —
25| Making good "E finishes —
26

27

29

79

30

O = Order placed for

@ Subcontractor contracted
material

Table 6.3  Progress Chart

inspections are required at the completion of a contract
and at the end of any guarantee period to determine
whether the contracted payment should be paid.

The duties of the inspector include the following:

1 Toensure compliance by the contractor with the draw-
ings, specifications and contractual provisions for the
project.

2 To ensure that the project progresses according to
schedule.

3 Toinspect and control all materials delivered o the site
and to reject that which fails 10 meet the contractual
quality.

4 To reject work which is not within contractual quality
and to stop work when continuatic:: would result in the
inclusion of sub-siandard work.

5 On behalf of the employer, to interpret drawings, speci-
fications and contractual provisions, and to act on his
behalf concerning vanations.

Shdd Prefabricotion at site

Safety at Building Sites

Accidents may be caused by falling objects, falls resuiting
from unstable scaffolding or ladders or inadequate guard
rails. Unguarded machinery, hazardous materials, care-
lessly maintained electrical wiring and equipment can also
result in injury. Excessive haste may contribute both to
accidents and wasteful, poor quality work.

Most accidents can be avoided and safety standards
improved considerably with little or no expense if the
following basic safety precautions at the building site are
observed:

' Well-organised storage of materials and tools with
none left scattered around the building site.

2 Well-maintained tools, machinery and equipment,
with all guards covering moving parts in place.

3 Maintaining a clean and tidy building site with the
removal of all waste, particulatly scrap limber with pro-
truding nails.
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4 Making sure that all operators have been carefully
instructed in the use of machinery and the handling of
hazardous materials.

5 Insisting that all workers wear suitable clothing and
protective gear, such as hard hats, hard-toe shoes and
safety glasses,

6 Using properly designed, supported and braced scaf-
folds, ladders and piatforms.

7 Establishing and enforcing rules as to where people can
wotk while elevated members are being installed.

8 Muaking sure that afl temporary wiring and electrical
equipment is kept well maintained and grounded and is
properly used.

9 Having a good safety programme. Making workers
aware of hazards and how to avoid accidents.

10 Maintaining suitable first aid equipment and supplies
and making sure workers know how to use them can
minimize the effects of any accidents that do happen.

Building Maintenance

Cuildings deteriorate due to age, weathering and use, This

Further Reading

necessitates maintenance and repair 1o allow the building
to retain its appearance and serviceable condition.

Cleaning, repainting, reroofing and replacing or repair-
ing broken parts such as window panes, roof tiles, etc, help
to maintain the original value of the building.

Maintenance costs can be kept down by using materials
suitable for the climatic conditions and with which local
builders are accustomed to working, Furthermnore, the
building should be simple in detail, have easily replaceable
parts and be free of unnecessarily complex or sensitive
technical installations. . _

The fabric of a building should be thoroughly inspected
once of twice a year to assess the performance of different
clements of the building. The inspection will result in a list
of repair and maintenance jobs which should be carried out
promptly, since insufficient or delayed measures will result
in accelerated deterioration. The maintenance work is usu-
ally carried out by the farmer himself, but in the case of
largz repairs it may be done by hired building workersora
contractor. When a contractor is engaged, payment is
ofien made on the basis of time and materials used accord-
ing 10 an agreed schedule of prices.
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Chapter 7
Climate and Environmental Control

Introduction

The quality of the environment in agricultural buildings
includes such factors as temperature, light, moisture, air
quality and movement, dust, odours, and disease agents,
Environment affects animal com{ort and health and ulti-
mately production, It also influences the quality and lon-
gevity of stored products. From an engineering standpoint,
enviconment can be closely controlled. However, eco-
nomic factors often limit the extent to which control can be
justified.

The particular region of the nation and the resulting
climatic zone will influence the manner in which environ-
mental requirements are met. A humid area may require
homes with open construction to provide continual venti-
lation for comfory, whereas an arid region may need build-
ings of great thermal capacity to protect against daytime
heat, and night chidl.

As a general rule Tropical Climates are found within the
tropics. However, the influcnce of the climate on structures
makes the techniques used applicabie to many regions
outside the tropics, c.g. the middle east.

The following brief discussion of Africa’s climatic zones
is general and can be found worldwide in the tropics. It
illustrates the wide variety of situations with which engi-
neers are faced in designing environmentally suitable build-

.ings for people, animals and products.

Climatic Zones
There are several climatic zones on the African Continent
with widely varying characteristics.

1 Low-latitude, wet equatorial: High rainfall, humid and
close to 27°C mean temperature throughout the year.
Congo Basin.

2 Monsoon and Trade-wind bittoral: Climate dominated
by trade-winds. Maximum rain in high sun season; min-
imum following low sun season, Intense showers in eastern
coastal zone, Warm throughout the year. Central and
Western Africa and East Coast.

3 Wet-dry tropical: Typified by very wet high sun season
and very dry low sun season, West and Southern Africa.
4 Dry tropical: Characterized by extreme heat at high
sun season and cool at low sun periods. Gradually changes
from arid to semi-arid and into wet-dry tropical zone:
Sahara, South Africa.

5§ Dry subtropical: A north-south extension of the dry
tropical zone. Greater annual temperature range: North
and South Africa.

¢ Alutude modified wet-dry tropical: Increases in alti-
tude generally result in an increase in precipitation and a
reduction in mean temperatures. Precipitation is scasonal
and varies from 500 to 1500mm depending on local condi-
tions. Inland East and South-east Africa.

Climate can also vary greatly over relatively small areas,
in particular where the country is hilly.

For design purposes, local climatic data from a nearby
meteorological station should be obtained if possible.

A thorough knowledge of heat transfer, air-moisture-
temperature relationships and ventilation, combined with
a knowledge of climatic conditions and the environmental
requirements of animals and farm products, enables the
engineer (o design the best possible systems within eco-
nomic constraints. For example, the maximum control
reasonable for a cattle herd might be some artificial shade,
whereas a high value fruit crop might justify the expense of
a refrigerated storage.

Heat Terminology

Heat is a form of energy. The molecules of a body are in
constant motion and possess kinetic energy referred to as
heat.

Temperaiure is intensity of heat ie., the velocity of the
molecules, In the Slsystem it is measured in degrees
Celsius (centigrade) or Kelvin (absolute).

Ambient semperature is the temperature of the medium
surrounding a body, e.g., air temperature within a
building. i

Quantity of heat is measured in Joules. One calorie of
heat will raise one gram of water I° Kelvin. This equals
4.187 Joules.

Sensibie heat is the heat that causes a temperature
change when there is a heat transfer, e.g., heat moving
through the walls of a home causing a temperature rise.

Latent hear is the heat that causes a change in state but
no change in temperature, e.g., heat that is absorbed when
ice changes to water or when boiling water changes to
vapor. However, water will evaporate to vapour over a
wide range of temperatures. When air moves across the
surface of water, some of the air’s sensible heat is converted
to latent heat causing the ait temperature to drop. The
latent heat of vaporization changes with temperature:

°C ik
0 2500
30 2430
190 2256

Thermal capacity is ti.e ability of a material to absorb
and hoid heat. It is measured in J/{kg.°K). The thermal
capacity of water is 4.187 kJ/(kg-°K) or 4.187 J{(g-°K).

Specific heat is the dimensionless ratio between the
thermal capacity of a material to that of water. However
the actual thermal capacity measured in J/(kg.°K) is often
listed as specific heat.
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Total heat rongent. Bodies with great mass can store
large quantities of heat, even at low temperatures, e.g.,
thick masonry walls are slow to warm up in the heat of the
day and slow to cool down during a cool night. A match
has a high tsmperature and little heat content. A largs tank
of water may have a low temperature but still have a large
heat content.

Heat Transfer

Basic to any discussion of insulation and ventilation is an
understanding of the way heat is transfered. Heat moves
from place to place by conduction, convection, radiation
ar some combination of these modes whenever a tempera-
ture difference exists.

Conduction

in Cenduction, heat energy is passed from molecule to
molecule in a material. For heat to be conducted it is
essential that there be physical contact between particles
and some temperature difference. Thermal conductivity is
a measure of how easily heat is passed from particle to
particle. The rate of heat flow depends on the amount of
temperature difference and the thermal conductivity of the
material,

Convection

Heat is transferred by convection when a heated liquid or
gas, often air, actually moves from one place to another,
carrying its heat with it. The rate of heat flow depends on
the temperature of the moving fluid and the rate of flow.
Convection transfer can occur in any liquid or gas.

Radiation

Heat energy can be transferred in the form of electro-.

magnetic waves. These waves emanate from a hot body
and can travel {reely only through completely transparent
media. Heat cannot move by radiation through opaque
materials, but instead is partially absorbed by and reflected
from their surfaces. The atmosphere, glass and translucent
materials pass a substantial amount of radiant energy,
while absorbing some and reflecting some. Aithough all
surfaces radiate energy, there will be always be a net
transfer from the warmer to the cooler of two surfaces
facing each other.

Thermal Resistance of Building

Components
The calculation of temperatures within buildings or of
heating and cooling loads requires a knowledge of the

thermal conductivity, specific heat capacity, and density of
the materials of construction. The thermal resistance of air
films adjacent (o surfaccs and of air spaces are also
required and as the latter are dependent on the emittances
of surfaces, data on these parameters are also needed.

Table 7.1 comains a list of materials with their thermal
properties. The thermal resistance, which is the quotient of
thickness and thermal conductivity, has been given and
where appropriate, for material thicknesses most com-
monly used. As there is a linear relationship between thick-
ness and thermal resistarice in most cases, other values are
readily calculated,

This may not be the case for granular materials when the-

grain size becomes comparable with the thickness and
therefore cantion should be shown when assigning resist-
ance values to such materials.

Insulaiing Materials

The choice of an insulating material will depend on the
application, availability and cost. Loose granular materials
work best when installed above a ceiling or poured into
existing wall cavities. Batting or blankzt materials are easi-
est to install as walls are constructed. Rigid insulating
boards may be placed under concrete floors or cemented fo
masonry walls. Reflective surfaces such as aluminium foil
or paint are most effective when exposed and not in contact
with other materials. They are also more effective in pre-
venting the downward flow of heat and in relatively high
temperature applications.

Local natural materials such as straw, shavings, coffee
hulls, ete., although not as high in resistance to heat flow as
commercial insulations, may be the material of choice
because of availability and low cost. A greater thickness
will be required when using the natural materials and they
may not be as fire and vermin resistant.

Surface Resistances

The values of surface resistances are influenced by several
factors, the most important of which is the rate of air
movement over the surface, Values for 3m/s and (.5m/s of
air movement and for still air are shown in Table 7.1.

Thermal Resistance of Pitched-Roof
Spaces

The calculation of U values for a roof-ceiling combination
requires a knowledge of the resistance of the airspace
between the ceiling and the roofing material. Resistance
values are given in Table 7.2 for four design combinations.

Overall Heat Transfer Coefficients
The overall heat transfer coefficient or therma! conduc-
tance, U, is the rate of heat transfer through a unit arcaof a
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Tabie 7.1  Thermal Properties of Building and Insulating Materials
Material Density Conductivity, C Resistance Sp. Heat
(Thickness used} per m As Used Perm As used
Kg/m? W/(m°K) W/(m°K) (moK)/W (m2°K)/W J/{(Kg-°K)
Air Surface - Still 1.2 9.09 0.11 1012
0.5mfs 1.2 12.50 0.08 1012
A0om/s 1.2 25.00 0.04 1012
Air Space, Wall, Dull Surface 1.2 6.25 0.16 1012
One shiny surface 1.2 1.64 0.61 1012
(See Table 7.2 for Ceiling spaces)
Asbestos-Cement Board, 6mm 945 0.19 33,33 5.26 0.03 840
Barl Fiber 48 0.045 2222 1700
Bitumin Floor 960 0.16 6.25 1470
Brick, Adobe, 300mm 4.17 0.24 300
Commoen, | [{lmm 1760 0.65 5.88 1.53 0.17 920
Congcrete, solid, dense 2400 1.45 .69 880
solid coarse 2000 0.91 1.10 800
hollow block 100mm 1450 1.69 0.13 880
200mm 1375 500 0,20 880
Sand and sawdust 1660 0.65 1.54 300
Coconut Husk Fibre 48 0.53 1.89
Gypsum Plaster, 13mm 1220 0.37 2.4 270 0.041 1090
Gypsum Board, 15mm 1220 12.50 0.08 1090
Mertar, cement, I5mm 2000 1.12 76,92 0.89 0.013 795
Plywood, 5mm 530 12.50 0.08
Polystyrene, 38°C 16 0.039 0.78 26.64 1.28 340
-18°C 16 0.030 0.60 33.33 1.67 340
Polyurethane, 50mm 24 0.025 0.50 40.00 2.00 450
Rockwool or Glaswool, 50mm 32448 0.033 0.66 33.30 1.52 200
Soil, 149 moisture 1200 0.37 270 1170
Straw, S0mm 75-200 0.042 031 23.81 i.24 1050
Shavings 190 0.06 16.67
.Tile, Clay roof, 19mm 1920 0.84 43,48 1.90 0.023 920
“Timber, Pine radiata, 25mm 506 0.10 4.00 10.00 025 2090
Water 1000 0.60 1.67 4190

building element {wall, ceiling, window, etc.), When the
building elerent is made of two or more different mate-
rials, the U value is calculated as the reciprocal of the sum
of the resistances of the individual components of the
elements as expressed in the equation:

R=1c
Rr=Ry+Ri+Ry+ .. + Ry,
U= /Ry

where:

R =Thermal resistance of each homegenous material mak-
ing up the building element,

Rt = Resistance to heat flow through a composite element.
R,;, Ry, = Thermal resistance of inside and outside air
surfaces of the building element.

U = Overall coefficient of heat transmission (air to air)

Using values from Tables 7.1 and 7.2 overall heat
transfer coefficients (1) have been calculated for anumber
of composite wall and roof constructions. Although ¢sti-
mates were necessary for some materials, the U values are
realistic, Fable 7.3 shows several of the construction units.

Theeffect on U values and overal! heat transfer of timber
and metal frames in walls is in the order of 5% and may
usually be ignored, However, local effects may be
observed. The more rapid heat loss through the framing of
a heavily insulated wall may result in a low ¢nough wall
temperature adjacent to the framing locations to cause
condensation.

Table 7.2 Thermal Resistance of Pitched-Roof Spaces

Resistance (m?.°K /W)

Direction of High Low

heat Now emitlance cmittance

surfaces® surfaces**
Ventilated Up nil 0.34
roof space Down 0.46 .36
Non-ventilated Up 0.18 0.56
roafl space Douwn 0.28 102

* dull, dark surfaces
** shiney, light surfaces
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Table 7.3 Overail Heat Transfer Coefficients, U

Therma)
Copstruction Resistance, R Capagity
(M2 K)W kb (m2°K)
Concrete Block 1. Oudoor air film 0.4
{190mm) 2. 190mm hollow concrete black 0.19
indoor Plaster 3. Xymm cement:sand (1:4) plaster 0.037
4. Indoor air film . .12
Total resistance, RT 0.387
U = 1/0.387 = 2.6 W/(m*°K)
Without plaster
R = 0.387 - 0.037 0.350

U=1/035 = 2.9 W/{im2.°K)

Adobe 1. Outdoor air film 0.4
2. 300mm adobe block 0.240
3. Indoor air film 0.12
Total resistance, RT 0.40
U = 1;0.400 = 2.5 W/(m2.°K)
Common brick 1. Outdoor air film 0.4
2. 200mm brick 0.4
3. Indoor air film 0.11
Total resistance. RT 0.49

U= 1/0.49 5 2.04 W/{m?°K)

Waad - Fill - Wood

1. Outdaar air 004 1]
2. Timber, 25mm 0.25 2
3. Shavings, 50mm 0.83 0
4. Timber, 25mm 0.25 21
5. Indoor air o1

Total resistance, RT 148 42

U=1/1.48 = 0.68 Wy(m+°K)

Single Glass 1. QOutdoor air film 0.04 o
2. 6mm Noat glass 0.006 13
3. Indoor air film 0.12 1]
Total resistance, RT 0.166 I3 !
U= 1/0.566 = 6.0 Wi(m?°K) 2 —
3 L ———

Sheet Metal 1. Ouildoor awr Mim 0.04 004

o
Roof, No 2. Metal roof .11 .11 Q
Ceiling 3. Indoor air film o1l 0.1 0

Toral resistance. R .26 .26 o

U = 1/0.26 = 3.85 W/(m2°K) heat flow down I

U = 1/0.26 = 3.85 W/{m2.°K) heat flow up
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Table 7.3 Overall Hear Transfer Coefficients, U
Thermal
Construction Resistanee, R Capacity
(e Ky w kJ/(m2.2K)
Sheet, Metal roof Outdoor air 0.04 1]
and Insulation 1. Metal rool 011 0
Plastic and Chicken 2. *Air space, 200mm 1.36 0
Wire 3. Coffechulls, 50, 0.83 10
4, Indoor air Gl [
metal roof 0.11 Totel resistance, Ry 245 10 I I
* Low cminance, shiny metal 3y 4
U = 17245 = 0.41 Wf(m?2"K) heat flow down
Thatch + Plastic 1. Quidoar aic 0.04 1]
Sheet 150mm 2. Thacch, 150mm n 16
3. Indoor air 0.01 ' Q
Total resistance, RT 187 16
U= 1387 =0.26 W{{m2°K)
Hem Heat
flow flow
Up Down
Tiled Roof 1. Outdoor air film 0.04 0.04 0
Gypsum Board 2. 19mm tiles, clay roofing 0.023 0.02) u
). Roof space (ventilated) — 0.46 i]
4. 13mm gypsum board 0.077 0.077 12
5. indoor air flm 0.11 0.1 0 ‘
Total resistance, RT 0.250 0,710 46 I } ' I
U = 1/0.250 = 4.0 W/(m?.° K} heat flow up 123 &%
U= 10710 = L4 Wi (m®.°K) heat flow down
Sheet Mewal 1. Outicor air film 0.04 0.04 0
Roof, 2. Metal roof aa 0.1l ]
Ceiling 3. Roof space (Vent, low emit.) 034 1.36 i)
4. Gypsum hoard 0.08 0.08 3
§. indoor air 0.1l Ol ¢
Total resistance, RT 0.68 1.70 )
U= 17068 = 1.47 W/(m?.°K) heat flow up t1ae 8
U= 1 L0 = 0.5 Wiim°K) heat flow down
Concrete Siab t. Indoor air film [N}

[ ]
[ =2 =1

a
(=]

on soy) 2. 100mm concrete (2400kg m") 0.069
Total resistance, R _(TIHT; -”t__
U=1/0.179 = 5,59 W/{{m2°K)
With 2mm Vinyl Tiles
RT=0.179 +0.003 = 0.i82

U= 110.182 = 549 W/{{m2.*K)

Timber 1. Indoor air film (upper} 0.1t
2. 19mm T. & G. Rooring (hardwood) 0.120
3. Indoor air fitm (lower) ¢.11
Total resistance, RT 0.340 .
1 = 1;0.340 = 294 W/H{m?°K)

_ 123

—
[

e
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Rate of Overall Heat Loss or Gain from
a Building

Once the U values have been calculated for each element of
the buiiding (walls, ceiling, windows, doors, eic.), the area
of each element is determined, and design temperatures for
inside and outside are chosen. 1t follows then that for each
building element:

Q=AxU=xaAT  where:

Q = Total heat transfer rate through an element (W}

A = Area of building element (m?)

U = Coefficient of heat transfer for the element W/(m2.°K)
aT = Temperature differential across element {°K)

For the building as a whole the total heat exchange rate
will equal the sum of the ¢ values. Total heat transfer in
Joules for a given period may be found by multiplying
kilowatts by 3.6 Megajoules times the number of hours.
Figure 7.1 provides some rough approximations of maxi-
mum and minimum temperatures for design purposes.
Temperature data for the immediate area in which the
building will be constructed will provide the most accurate
cesults.

Solar Load

in the countries of East and South-east Africa the effect of
solar radiation can be appreciable during some seasons
and at certain times of the day. The orientation, design, and
materials used will all influence the amount of solar heat
gain to which a building is subjected,

A method of determining the degree and extens of solar
gain has been developed which is called sol-air. This con-
cept provides a solar increment in the southern hemisphere
to be added 1o the design air temperature used for horizon-
tal roofs and northerly facing walls. These increments
range from 10 to 30°C,

However, they apply for only a few hours per day and
become of less significance if the building is designed to
offset the effects of solar radiation. Two examples illustrate
how this can be accomplished.

In an area of high diurnal-nocturnal temperature differ-
ence, the roof and walls of a building should be constructed
of materials with a great deal of mass (adobe bricks or
rammed earth). The resuiting high thermal capacity will
limit both daytime temperature rise and the nighttime
temperature drop and thus the high solar-radiation effect is
reduced to a minimum.

In the case of a 1efrigerated store, it would be desirable to
use a roof design that allows attic ventilation and that is

_ covered with a light-coloured reflective surface which when
combined, will minimize the effect of solar radiation on the
store to a minimum.

Example of Heat Loss from Buildings
Given: Two homes in Lesotho. One is constructed with
adobe block walls and a thatch roof, while the other is

Figure 7.1a  Highest mean monthly maximum tempera-
ture (°C).

Figure 7.1b  Lowest mean monthly minimum tempera-
tmre (°C)

made of hollow core concrete blocks with a sheet metal
roof. Each house is 5 metres square, 2 metres high at the
eaves, 3 metres at the ridge, has im? of window and 1.5m?
of timnber door, Find the heat lost from each house when
the temperature is 0°C outside and is 15°C inside.




From Table 7.3, the U value for asheet metal roofis 3.03
W/(m2°K); for a thatch roof, 0.26W/(m?.°K); for an
adobe wall, 2.5W/(m2. K'l concrete biock wall,

MU e T L)L R Lo L L

2.9W/(m2.°K), and single glass. 6W/(m?°K).

The calculated U value for a 25mm timber door is
24W/(m2.°K).

Q=AxUxaT

Thatched roof

Roof (5.4 » 5 = 27.0m?) 27.0 = £5 = 0.26 = 105W

Walls5x2x4= 40.0m?

Gable ends + 50m?

Door and Window - 2.5m?

Total Wall 42 5m?

Wall 425 = 15« 25= 1595W

Door 1.5x15=x24= 54W

Window 10=15x60= W
Total Heat Loss 844w

Meral Roof

Roof 27 = 15 % 3,03 = 122TW

Walt 42.5 x 15 % 2.9 = 1349W

Door 1.5=15%x24= S54W

Window (0= 15x60= W
Toial Heat Loss 1220w

1t is obvious that much more heat must be supplied to
the metal roof house. A Ceiling with 50mm of Rockwool
or Glasswool would pravide a substantial saving.

R
Air layer 0.04
Metal 0.11
Air space (non Vent., dull) 0.18
Rockwool 1.52
Hardboard 0.08
Air layer 0.t1
Rt 2.04
N S S 10
W= Re” 708 - 0.49 W/(m2°K)
Heat losses
Roof 27 x 15 % 0.49= 198BW
Wall = 1849W
Door = 54W
Vindow = 9w
To.al Heat Loss 2191w

Saving 3220 - 2191 = 1029W

While the “modern™ house is almost as heat efficient as
the traditional style house and should be more hygienic
and durable, the traditional house can be constructed
entirely from locally available materials and by local
craftsmen and will thus require a minimum of cash
expenditure,
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Psychrometry

The earth’s atmosphere is a mixture of gases and water
vapour. An understanding of physical and thermodynamic
propemes of air-water vapour mixtures (psychromemcs)
is fundamental to the design of environmer: 1 control

systems for plants, crops, animals or humans,

r’ropcruca Ul lVlUlbl ﬂlf

Pressure, volume, density and thermal properties are
related by the use of the laws for a ‘perfect gas’. For a
mixture of dry air and water vapour this law can be used
with only pegligible error at the range of temperatures and
pressures used for envirenmental control,

P = MRT/V where:
P = absolute pressure, Pa
M = mass, kg
R = gas constant, J/(kg*C)
T = temperature, °K
V = volume, m?

Dalton’s Law each component in a mixture of gases exerts
its own partial pressure, for a mixture of air {a) and water
vapour (w).

P=P,+p,= Mo’ va *Ty , My*RyxT,

a w

Assuming a uniform mixture:
=3 (MR, + MyR,)

When the volume and temperature of the mixture are equal
the following is true:

P, _ MR,
P, MK,

Thus, if the total pressure and water vapour weight is
known the partial pressures may be calculated,

Specific humidity (H) is the weight of water vapour in
kg/kg of dry air. It is sometimes called absolute humidity
or humidity ratio. The base of one kilogram of dry air is
constant for any change of condition, making calculations
easier.

Relative humidity (RH) is the ratio of the actual water
vapour pressure {P,) to the vapour pressure of saturated
air at the same temperature (P,

RH% = 100 Pef Pysay

The vapour pressure at saturation (P} is given in
steam tables for different dry-bulb temperatures.
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Specific volume is the volume of dry air per mass of dry
aur.
Humid volume is the volume of an air-moisture mixture
per mass of dry air. In ventilation calculations, the volume
is in cubic metres of mixture (air + water vapour) per kg of
dry air. The base of one kg of dry air is used because the kg
of dry air entering and leaving the system in a given time
will be constant once a steady-state flow is established.
Humid volume increases as the temperature or waier
vapour content increases. The humid volume of air-water
vapour mixtures is given in standard thermodynamic
tables or may be read from a pschrometric chart.

Temperatures - air-water vapour mixtures can be des-
cribed by the dry-bulb and either the wet bulb or dew-point
temperatures;

® dry-bulb temperature is measured with a common
thermometer,thermocouple or thermisters;

® wet bulb temperature is the temperature at which
water, by evaporating into moist air, can bring the air to
saturation adiabatically in a steady - state condition;

® dew point temperature is the temperature at which
moisture staris to condense from- air cooled at constant
pressure and specific humidity.

Enthalpy (h} is the heat energy content of an air-water
vapour mixture, The energy is a combination of both
sensible heat (indicated by dry-bulb temperature) and lat-
ent heat of vaporization {energy content of the watcr

vapour). Enthalpy scales appear on pschrometric charts

expressed as kJ/kg of dry air.

Enthalpy can be calculated from the equation:
h=Sxtpw+H=hy  where

S = Specific heat of dry air, 1004 kJ/(kg.°K)

tdv = dry bulb temperature

H = Specific humidity

he = enthalpy of water vapour, kJ/kg water vapour

Thus: .

h = 1,004 x tgy + H(2454 + 1858 = t4p) k}/kg  where:
2454 = latent heat of vaporization, kJ/ kg
1858 = Specific heat of water vapour, kJ/(kg.°K)

Psychrometric Chart

A psychrometric chart (Figure 7.2 and appendix V:4-6)isa
graphical representation of the thermodynamic properties
of moist air. It is useful for solving engineering design
problems. Charts for agricultural applications are usually
corrected to standard atmospheric pressure of 101.325
kPa. However charts for other ¢levations are available,

The following properties are shown on 4 psychrometric
chart:

® dry-bulb

wet-buib

dew-point temperatures

moisture content or specific humidity
enthalpy

relative humidity

specific volume

humid volume

The intersection of any two property lines establishes a
given state, and all other properties can be read from that
point. The changes that take place between any two points
are of particular use. The vertical lines show dry-bulb
temperatures; the curved lines, relative humidity; the slant
lines, wet bulb temperatures and enthalpy; the horizontal
lines, dew point temperatures and specific humnidity, and
the steep slant lines, specific and humid volume.

The wet- and dry-bulb temperature for a building area
may be read from a psychrometer and then used to estab-
lish a point of intersection on the chart. Psychrometers
consist of two thermometers mounted close together, one
of which has a wick on the bulb that is wet with a few dtops
of distilled water. Air movement is necessary. A sling
psychrometer, which is actually swung in the air, is the
simplest and least expensive. However, for locations with
restricted space a motorized psychrometer must be used.
The air movement in a ventilation duct is adequate to
provide accurate readings from stationary temperature
SEeNSOrs,

Air-water Vapour Mixture Processes
Conditioning of air-water vapour mixtures involves heat-
ing, cooling, humidifying dehumidifying or some combi-
nation of these factors.

Sensible heat is the heat added to air without changing

its specific humidity. Applications of sensible heating
include heated-air grain drying and winter L -ating of room
air in cool-climate homes.
Sensible cooling is the removal of heat at a constant spe-
cific humidity. Anexample is the air passing over acooling
coil having a surface temperature above the dew point of
the air. The final temperature cannot be below the initial
dew-point temperature or water vapour condenses and the
process removes latent heat.

Specific
Humidity

Cry bulb temy _

Sensible Heating




Specific
Humidity

Dry bulb temp

Sensible Cooling

Lines @ and b are stanting and ending dry-bulb air
temperature Lines in both processes. Lines ¢ and 4 show
starting and ending enthalpy values. The fact that line 1-2 is
horizontal indicates that there was no change in specific
humidity in either process. Lines e and f show that the
relative humidity dropped in the heating process and rose
in the cooling process.

Evaporative cooling is an adiabatic saturation process (no
sensible heat gained or lost) and follows upward along a
constant wei-bulb temperature line on the chart. Air to be
cooled is brought into contact with water at a temperature
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equal to the wet-bulb temperature of the air. The sensible
heat of the initial air evaporates the water, lowering the
air's dry-bulb temperature. Sensible heat is converted to
latent heat in the added vapour, so the process is adiabatic.
Evaporative cooling is effective in hot dry climates where
wet-bulb depression (the difference between dry-bulb and
wet-bulb temperatures) is large and whert the disadvan-
tage of increased humidity is more than offset by a rela-
iively large temperature drop.

Specific
Humidity
S b

Mats ture
Added

1
1
t
1
4
Dry bulb temp
Evaporative Cooling Process

AN

Evaporating moisture from ato & cools the air from cto d.
As | and 2 are on the same enthalpy line, the process is
adiabatic {no change in heat) the relative humidity rises
from | 10 2, -
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Specific
Humdity

Ory bulb temp

Heating and Humidifying Process

Point 2 has a higher temperature and specific humidity
than 1. The heat added from g 10 b shows as sensible heat
that caused a temperature rise from ¢ to d and latent heat in
the moisture that evaporated from e to f. The relative
humidity may or may not change.

Heatin;: and humigifying of ventilation air occurs as it
maves through livestock buildings. Animals and poultry
produce heat, vapour and water; both sensible heat and
water vapour are added to ventilating air.

Cooling and dehumidifying is the lowering of both the
dry-bulb temperature and the specific humidity. The pro-
cess path depends on the type of equipment used. In
summer air conditioning, air passes over a cold, finned type
evaporator coil of a refrigeration unit. The air is cooled
below the dew-point temperature and moisture condens2s,
Unless reheated or initially saturated, the final re’ative
humidity of the moist air is always higher than at the start.
Both sensible heat and latent heat are removed from the air
in this process.

Latent
Heat Specific
Sensible Humidity
Hea t - wdn
' T b
/: {
d! I

Dry bulb temp.

As airpasses the cooling coils of an evaporator, moisture
will condense from a to b giving up latent heat. The air is
also cooled from ¢ to d giving up sensible heat. Relative

humidity 2 will be at 1009 (saturation) as the air leaves the
evaporator,

Moisture Transmission
As stated in Dalton’s law, water vapour in the airexerts a
separate pressure that is proportional to the amount of

moisture present. This partial pressure is independent of
the partial pressurcs exerted by other components of the
air.

In as much as warm air can hold more moisture than
cool air, it is typical for the vapour pressure 1o be higher on
the warm side of a wall. Where ever a pressure difference
exists, there is a tendency for moisture to permeate through
the wall until the pressure cqualizes. If in permeating
through a wall a dew-point temperature is encountered,
condensation will occur and free moisture will be lefi to
reduce the effectiveness of insulation or cause deterioration
in wood or metal. In cold climates, building walls should be
designed with vapour barriers on the warm side of the wall
in order to reduce moisture permeation. In afl climates, but
especially in warm, humid areas, it is essential to install a
good vapour harrier on the warm side of a refrigerated
storage wall.

To understand air-moisture moverment and to make the
calculations in a vapour-transmission problem, it is neces-
sary to understand the following terms:

Vapour pressure is the partial pressure in the atmos-
phere due io the presence of vapourized moisture. It is
measured in mmHg or Pa.

Permeability is the property of a material that allows the
migration of water vapour, It is measured for 1 meter of
thickness and the units are g/(24hr.m3. Pa).

Permeance is the term chosen for the transfer of water
vapour for a material in the thickness as used. The unit
used is g/ (24hr.m?. Pa).

The permeability of a material may be determined by

on the other (wet-cup method) or to 0% relative humidity
on one side and 509 on the other (dry-cup method). Of the
two, the wet cup value is usuaily a litt)z higher, but either
value may be used for moisture-transier calculations.

Moisture transmissior. may be calculated as follows:
W=M>x AxTx AP where:

W = total moisture  (grans)

M = permeance (g/24 hr.m?.Pa)
A = area unit {m?)

T = time unit {24 hr)

AP = pressure difference  (Pa)

As with heat transfer, only resistance may be added.
Therefore if a wall has more than one vapour-resisting
layer, the following equation is used:

M7 = the overall permeance of the wall.
M, = permeance of a layer, etc.

~ Table 7.4 lists the permeability of several materials used
in building construction,




Table 74  Moisture Permeability of Materials
Mmenal Premeability Permeance
/m thickness Thickniss as used
g/(24hr-m*.Pa; g/(24hr.m*.Pa)
=) =10~

Air 15.3
Exterior plywood 6mm 345
Pine timber 0,053 - 0.68
Concrete 0.38
Asphalt roofing 0.23
Aluminium paint 1.5-2.48
Latex paint 123
Polystyrene

Extruded 0.15

Bead 0.26 -0.75
Polyurethane 0.53-0.23
Polyethene 0. lmm 0.4
Potycthene 0.2mm 0.2

Vapor Barriers

Any enclosed wall that has an appreciable temperature
dilference or humidity difference between the two sides [or
a substantial part of the time should have a vapour barrier
installed on or near the warm or humid side. In cold
climates this applies to the wall in any enclosed building
that is heated or where the humidity is high. In warm
climates it applies to air-conditioned or refrigerated build-
ings primarily.

Probably the most effective vapour barrier that is also
reasonable in cost is polyethene sheet, The vapour barrier
should be as continuous as possible. This can be achieved
by using large sheets with well overlapped and scaled joints
and as few nail holes as possible.

Condensation on Surfaces and Within
Walls

If the insulation in the wall of a refrgerated storage is
inadequate or if it has defective spots, the outside of the
wall may be cool enough to be below the dew-point
temperature. The result will be condensation on the outer
wall surface. Remedies for this condition are:

#®  better insulation
® reduction of outside humidity, or
® increased air movement across the wall.

Materials such as stone, concrete and brick are not
affected by condensation.

Condensation within the wall is more serious and resuits
from either the absence of a vapour barrier or a defective
barrier. In that situation moisture moves into the wall from
the warm side until it reaches an inner wall layer that is
below the dew-point temperature. The resuliing condensa-
tion soon reduces the effectiveness of the insulation and
causes permanent damage. Remedies for this situation are:

® 3 better vapour seal on the warm side
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® 3 more permeable layer on the cold side, or
® a reduction in humidity on the warm side through
ventilation or other means.

Ventilation

Ventilation is one of several methods used to control the
environment in farm buildings where it fulfills two main
functions: the conirol of temperature and the control of
moisture within a building. Ventilation may also be neces-
sary 10 maintain adequate levels of oxygen and to remove
generated gases, dust anu odours.

There is a considerable range of ventilation requirements
that depend on the local climatic conditions and the spe-
cific enterprise being served. The following examples will
illustrate:

1 Acattleshelter in a tropical climate requires little more
than shade from a roof with the structure sited to obtain
maximum breeze,

2 A cau’=zshelter in a cold climate ([rost occurs in season}
may be open on the sunny side and provided with ventila-
tion openings at the ridge and along the rear eaves. The
temperature will be cold but condensation will be
controlled.

3 A poultry house {cage-equipped) in a cold climate, if
heavily insulated, can be kept comfortably warm while
mechanical ventilation removes excess moisture and
odours.

4 Potatoes that are stored in cither a mild or a cold
climate may be cooled by ventilation alone. Continual air
movement is requisite to maintaining a uniform environ-
ment, The amount of insulation used will be dictated by the
lowest temperature expected.

A great deal of research has been done to determine the
ideal environmental conditions for various classes of live-
stock and types of plant and animal products. Within
economic censtraints, the nearer these ideal conditions can
be maintained, the more successful the enterprise will be,
That is, meat animals will gain faster and more efficiently,
dairy cattle will produce more milk, and crop storages will

maintzin better quality and reduce losses.

Natural Ventilation

Thermal Convection or Stack Effect

Natural ventilation is provided from two sources - thermal
convection and wind. Air which is heated with respect to
the surrounding air is less dense and experiences an
upthrust due to thermal bouyancy.

Whenever a building contains livestock, the production
of sensible metabolic energy is always available 10 warm
the air entering from the outside. Similarly air may be
heated in a greenhouse by incoming radiation. Provided
there are two apertures with a height differential, convec-
tion currents will force the heated, less dense air out of the




upper aperture to be replaced by an equal volume of
cooler, denser air from outside. This is referred to as“Stack
effect”

Hence natural ventilation by stack effect can provide the
minimum ventilation requirement under winter condi-
tions. While this system may be less expensive than a
mechanical system, it will also be less positive in action and
more difficult to contrel.

A building that is open on one side may be ventilated
naturally by leaving the ridge open for an outlet and a slot
along the rear for an inlet. An enclosed building may be
more positively ventilated with stack outlets and correctly
sized inlets.

To determine the inlet and outlet areas required to pro-
vide a given ventilation rate by thermal convection, the
following equation based on stack effect theory can be
used:

2gxhxH,
T{p xS V + W)V2

where: -

A; = inlet (m?)
A, =outlet area (m?)
T

g = acceleration duc to gravity (9.76 m,5%)
h height difference, inlet to outlet {m)
H, = heat supplied to building (W)

p = absolute temperature in building (°K = 273°C)
p = density of air in building (kg/m?), 1.175 at 25°C
8 = specific heat of air (1005 J/kg®C)

V = ventilation rate (m?/s)
W = heat loss through building shell (W/°C)

The values in Figure 7.3a and b were developed using
this equation. The values in (a) are for a solar-flue drier,
while those in (b) more closely fit the conditions in a
building.

Natural ventilating systems may be non-adjustable,
manually adjustable, or avtomatically controlled. In as
much as natural systems are likely to be chosen for econ-
omy reasons where conditions are not severe, manual
adjustment should be the method of choice in most cases.

Ventilation Due to Wind

As the wind flows around a building, gusts and lulls create
regions in which the static pressure is above or below the
atmospheric pressure in the free air stream. In general,
these pressures are positive on the windward side, resulting
in an inflow of air, and negative on the leeward side,
resulting in an outflow of air. Pressures are generally nega-
tive over low-pitched roois.

Mechanical Ventilation

Compared to natural ventilation, mechanical ventilation
with the use of fans is more positive in its action, less
affected by wind, and more easily controlled, Initial instal-
fation will usually cost more and there is the added cost of

operation. However, in many cases the advantages of
mechanical ventilation outweigh the added expense.

Exhaust vs Pressure Systems

There are two main types of mechanical ventilating sys-
tems, namely, pressure and exhaust. In a pressure system
the fan blows air through inlet openings into the building
creating a positive indoor pressure that pushes air out of
w1e building through the outlet openings. In exhaust venti-
lation the fan expels air from the building creating a lower
than atmospheric pressure inside the building, The pres-
sure difference between outside and inside causes ventila-
tion air to flow in through the inlets. For good air flow
control is important that the building is tight.

The exhaust ventilation system is populac because it is
easier to control the distribution of the incoming air and is
generally less expensive and complex than a pressure sys-
tems. However, there are situations when the pressure
system (one that forces air into the building) performs
better. These includes:

1 very dusty conditions that tend to load up the fans,

2 buildings with excessively loose construction {many
cracks), and

3 when continuous recirculation is cequired.

Under some circumstances pressure systems may cause
humid air to be forced into building walls and ceilings. This
can result in condensation and damage to wood and other
materials.

A mechanical ventilation system is made up of three
main components: fans, air-distribution system and con-
trols to regulate fans.

Fans and Blowers

Axial-llow fans are normally divided into propeller and
tubeaxial types. They move air parallel to the shaft and are
the types most widely used. Centrifugal (radial flow) fans
(blowers) discharge air at right angles to the shaft and often
operate at substantial pressures.

Propeiller fans are the least expensive and the easiest to
install. A propeller fan may have 2 to 6 or more blades.
Generally the more blades, the greater the pressure the fan
will develop. The best propeller fans have a close-fitting
curved inlet shroud or inlet ring which improves the effi-
ciency of the fan. Propeller fans are most suited to moving
large volumes cf air at pressures in the range of 30 to 50Pa
(3 to 5mm of water) and they are the most comsnonly used
in conventional farm building ventilation, Figure 7.5.

The tubeaxial fan is a more refined version of the pro-
peller fan (Figure 7.6). It has acrofoil-shaped fan blades on
an impeller with a large hub all mounted in a closefitting
tube. Tubeaxial fans are capable of operating against
higher static pressures than ordinary propeller fans and are
made for ducted installations with high resistance to air
flow. If it is necessary for a tubeaxial fan to operate under
very considerable pressure, it may be designed with two
impellers in tandem, described as a multi-stage model.




Centrifugal (radial-flow) fons are used for ducted instal-
lations or where air must be moved through a product such
as grain or potatoes. The blades on the blower may be
radial, e.g., straight from the shaft, curved forward in the
direction of rotation, or curved backward opposite 1o the
direction of rotation. The latter can achieve the highast
efficiencies under high-pressure performance and are most
suitable for agricultural applications. The most important
attribute of the backward-curve blower is its non-
overioading characteristic. Both the radial and forward-
curved types require their greatest power input when air
flow is cut off. An air blockage therefore, is likely to
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overload the motor and cause damage. Figure 7.7.

All but the smallest-sized fan should be powered by a
capacitor-start motor that is enclosed for dust and mois-
ture protection. It should be equipped with an overload
protector and bearings with long lubrication life.

The fan should be enclosed with a wire safety guard.
Shutters and hoods are necessary in cold climates but
should not be needed in mild climates.

The type of fan selected is largely related to operating
pressure. {t is important to choose a fan with a high per-
jormance efficiency in the range of operating pressures in
order to avoid unnecessarily high energy consumption.
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Figure 74 A solar food dehydrator. Figure 7.5 Propeller fan.




Figure 7.6 Tubeaxial-flow fan.

Figute 7.7 Cemtrifugal blower.

Static Pressure

When an exhaust {an is instailed in the wall of a closed
building, alowered air pressure will develop inside, orif the
fan blows air into the building, a slight pressure increase
will occur. Manometers or draught gauges are twe simple
but dependable devices which can be used to measure the
small pressure dilfercnces that exist. Figure 7.8. They are
usually calibrated to read in millimeters of water. That is, if
the two columns of water in a glass “U” tube are equal, and
then a plastic tube is connected from one side o the U tube
to a building with an operating fan, the columns will
become unbalanced. The difference is the millimeters of
static pressure.
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Figure 7.8b  Float 1ype gauge. measures static pressure or
Air Velacity.

Figure 7.8 Simple Instruments 1o measure pressure and
air velocity.
<’Pa = less than the atmospheric pressure.

Fan Ratings and Selection

A fan performance is usually related in terms of voiume of
air moved expressed in cubic metres per second (m?/s)
against a pressure or resistance {0 aif flow expressed in Pa
or mm of water static pressure (mnmWG). Free-air delivery
is nearly meaningless since that situation seidom exists.
Performance curves, available from the manufactu -er, out-
line the performance of fans at different operating pres-
sures. These curves also illustrate the maximum or cut-ofl
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pressure, efficiency and sound levels at different rotation
velocities (rpm) and blade angle settings, as well as the
power requirements for various operating conditions.
Most countries that manufacture fans have an organiza-
tion that tests fans and certifies the performance curves.

Fan Laws

When fan blades are mounted directly on the motor shaft,
it is assumed that the manufacturer has correctly matched
the combination. However, some fans are belt-driven,
allowing for the substitution in service of a motor of a
different speed or pulleys of different sizes. A knowledge of
the following basic fan laws can avoid trouble:

1 The delivery volume of a fan varies directly with its
speed.

2 The cut-off pressure of a fan varies directly as the
square of its speed.

3 The power requirement of a fan varies directly as the
cute of its speed.

For example, assume a fan is belt-drivei. by a 300W
output 1725rpm motor. If that motor is replaced by a
300W/ 3400rpm motor without changing ruiicys, the fol-
lowing would occur: The volume discharged would be
doubled, the cut-off pressurewould be quadrupled (22) and
the horsepower requirement would be increased eiplisiold
(2%). The result would be such a badly overloaded motor
that it would burn out unless the overload protector

-stopped the motor before damage was done.

The mild climate of East and South-east Africa greatly
simplifies the housing requirements for most animals and
some plant products. However, it seems worthwhile to
discuss several factors of ventilation that apply primarily to
cooler climates.

Ventilation System Design -
Cool Climates

Fan location. Assuming an enclosed building, one to three
fans can be located at ceiling level midpoint on the pro-
tected side (opposite the prevailing wind) of the building. A
greater number of fans may be distributed along the pro-
tected side. The high level on the wall is desirable for
summer heat removal and has little effect on the efficiency
of moisiure rewnoval in cold weather. Efficiency in this case
means the amount of moisture removed per unit of heat
used or lost. If outlet ducts are required, they should be
insulated to an R of 0.5 to prevent condensation.

Air Distribution

In addition to ventilation rate, it is necessary to consider
the distribution of incoming air throughout the building.
This is particularly important in both livestock production
buildings and product stores.

When considering fresh-air distribution, two distinct
temperatuce situations are involved. In areas with winter
frost, outside air is cooler than that inside the buildings and
{resh air must be delivered away from the stock so as to
avoid cold draughts. In summer, however, the animals may
be subject 1o heat stress and may saffer considerably unless
cooling air currents are directed so as to removz excess heat
from their vicinity. A good air-distribution system also
ensures that the animals receive an adequate supply of
oxygen and that noxious gases are removed.

Air Inlets
Ventilation is accomplished in an exhaust-type mechanical
system by reducing the pressure within the building below
outside pressure, causing {resh air to enter wherever open-
ings exist. The principal factors affecting the air-flow pati-
ern in a building are the speed and direction of the incom-
ing fresh air. The size, location and configuration of the air
inlets are, therefore, most imporiant in designing the dis-
tribution system.

The flow of air streams through openings has been
closely investigated and the results can be summarized into
the following statements:

8 The speed at which the air stream travels is directly
affectea by its initial speed through the inlet.

b The distance the air stream travels is proportional to
the initial speed at the inlet.

¢ Thehigher the initial speed of air entering the building,
the greater the mixing of incoming air with the existing air.
d The higher the speed of cool air entering the building,
the less it will sink.

It can be deduced from these findings that in winter,
openings should be small enough to provide sufficiently
high velocities to avoid cold air falling directly onto the
stock, to provide good air mixing, and to maintain the
required air-flow pattern at the low winter ventiiation rate.

Velocities of around 3.5 to 5m/s usually satisfy these
requirements, However, at these velocities it is important
to consider the effect of internal partitions, structural
members and other obstructions to flow, and it also
becomes important for the building to be relatively
airtight.

When air flows through an opening of any shape, the
cross-section area of the issuing jet is reduced to 60 to 80%
of the total free area of the opening. 70% is a reasonable
design value. This phenomenon, the vena-contracta effect,
increases the velocity of air emerging from the opening.
The total area of air inlet must be proportional to total fan
capacity. A common rule of thumb sizes air inlets at 0.4m?
of area for each m?/s of fan capacity.

The pressure drop across the inlet affects fan perfor-
mance and therefore should be no higher than necessary. A
draught gauge may be used to check the pressure difference
across the inlet (between the inside and outside of the
building at the inlet). A pressure difference of 10 10 20Pa
indicates a velocity of 4 to 6m/s. Inlet openings, regardless




of type, must be adjustable so that the correct air velocity
can be maintained throughout the year.
Compared with inlets, the fan outlets have a minor role

to play in the distribution of fresh air in a livestack build-

ing. The effect of an outlet is to cause a general slow drift of
air towards the cutlet position. This drift is easily overcome
by convection, animal movement or pattern of air move-
ment established by the inlets, Only near the fan (within
approximately Em) can a positive air movement be
detected. This applies to outlets in both exhaust and pres-
surized systems of ventilation. However, it is recom-
mended that no inlet b placed closer than 3m from a fan.
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Figure 7.9  Air inlets - winter adjustment.

Table 7.5 Fentilation Inlet Data (Vena Contracta = 0.7)

Static Pressure Velocity Iniet Area
mm H20 m/fs m? per m3/s

5 29 0.493
10 4.1 0,348
15 5.0 0.286
20 5.8 0.246
25 6.5 0.219
32 13 0.196
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Wind has a major effect on ventilation systems since it
causes pressure gradients around buildings and directly
impinges on components of the system. This pressure will
cause problems of uneven air entry, with more entering on
the windward side than the leeward side of the building.

Wind blowing against a fan reduces output and hoods
do little to alleviate the problem. Wind blowing across a
ridge chimney-type outlet may cause overventilation.
Wind effects can be reduced by the following steps:

a Orient building for minimum wind exposure

b Provide wind breaks

¢ Operate system at relatively high pressure

d Use attic inlets or openings at the outer edge of wide
soffits as shown in Figure 7.9 (top).

In situations. where air must be distributed and wall or
ceiling inlets are not feasible, polythene tubes punched with
holes along their length work weil. Usually two rows of
holes are spaced at 600 to 750inm intervals along the tube.
The total hole area should equal approximately 1.5 times
the tube cross-section area. Ducts should be sized to pro-
vide 410 6m/s velocity. They may be used either to distrib-
ute air in a pressure system or as an inlet for an exhaust
system. Sizing is the same in either case.

Ventilation Controls
Simple on-off thermostats have given dependable and
satisfactory control of many ventilation systems. If the
bui