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PREFACE

[n response to the many requests by people involved in technical vocational
training and in general development work, we have decided to publish a second
edition of the Rural Building Course,

The main aim of this set of books is still to provide technical traming

information in understandable language and with illustrations suited to the
understanding of those involved.

Except for a few corrections, the text and illustrations are the same as
in the (irst edition. The binding of the technical drawing book was revised

and the size of the books reduced for economy reasons.

We are grateful to the Stichting Brothers F.1,C,, Stichting CEBEMO and
Mensenr In Nood Tor thelr assistance in the re-printing of these coursebooks,

It is our sincere wish that the contents of these books may be of assistance to

stimulate the use of appropriate technigues in Rural Building and General
Development.

Bro. John van Winden F.1.C.




INTRODUCTION TOG A RURAL DUILDING COURSE,

Vocational training in Rural Bullding started In the Nandom Practical Vocation-
al Centre in 1970, Since then this training has developed Into an official four year

course with a programmes emphasia on reallstic vocational training.

At the end of 1972 the Rural Bullding Course was officizlly recognised by the Na-
tional Vocatlonal Tralning Institute. This institute guides and conirols all the vo-
eational training In Ghana, supervises the development of crafts, and sets the
examinations that are taken at the end of the training periods.

Tha Rural Building programme combines carpentry and masonry, especlally the
technlques required for conatructing housing and building sanitary and washing
facilities, and storage facilities, The courae is adapted to suit conditions in the
rural areas and will be useful to thoge interested in rural development, and to
farmers and agricuttural workers, '

While following this course, the instructor ehould try to foster in the trainee a
sense of pride In his traditional way of bullding and design which I3 influenced

by customs, climate and bellef. The trainee should also be aware of the require~
menta of modern soclety, the links between the old and new techniques, between
traditional and modern deslgns -- and how best to strike a happy medium be-
tween the two with regard to considerations like health protection, storage space,
sewage and the water supply. The tralnee should be encouraged to judge aitua-
tions in the light of hls own knowledge gained from the course, and to find his
own sclutlons to problems; that is why this course doea not provide fixed solut-
ions but rather glves basle technical information. The instructor can adapt the
course to the partlcular situation with which he and the {rainee are faced,

This course is the result of many years of work and experimentation with differ-
ent techniques. The text has been frequently revised to serve all those interest-
ed in Rurai Development, and it {a hoped that this course will be used in many
vocational centree and communities, It is also the sincere wish of the founders
of this course that the trainees should feel at the completion of their training that
they are able tc contribute personally to the development of the rural areas,
which 1a of cuch vital I mportance to any other general development,

We are grateful to the Brothers F.1,C,, the National Vocational Training Ina-
titute and the German Volunteer Service for their assistance and support during
the preparation of this course.

Bro, John v, Winden (F.1.C.)
Wolfram Pforte (G.V.8.)

Fritz Hohnerlein {G.V,S,)




LAY-OUT OF THE RURAL BUILDING COURJE

The Rural Building Course is a block-release-system course, which means that
the trainee will be trained in turn at the vocational centre and at the butlding site.
The period of training at the ceutre is called "off-the-job" training, and the period
on the building site 1s called “on-the-job' training. Each will last for two years,
so that the whole course will take four years and will ernd with the finsl test for
the National Craftsmanship Certificate.

BLOCK RELEASE SYSTEM

YEAR } TERM1 | TERM2 § TERM3
1 X X X
2 0 0 0
3 O X O X = OFF-THE-JCB TRAINING
4 X O X O = ON-THE-JOB TRAINING

The total "off-the-job' training perlod 18 approximately 76 weeks, each week 35
hours. During this training about 80% of the time is spent on practical training in
the workshop. The remaining 20% of the time is devoted to theoretical instruction.

The total “on-the-job" training period iz approximately 95 weeks, each week 40
hours. During this period the trainee does full-time practical work related to his
course work. In addition some "homework' is assigned by the centre and checked
by the instructors.

A set of books has been prepared as an aid to the theoretical training:
A = Rural Building, Basic Knowledge (Form 1)
B - Rural Bullding, Construction (Forms 2, 3, 4)
C -~ Rural Bullding, Drawing Book (Forms 1, 2, 3, 4)
D - Rural Buiflding, Reference Book

All these books are related to each other and should be used together. The whole
set covers the gyllabus for Rural Bujlding and will be used in the preparation for
the Grade [, Grade I, and the National Craftamanship Certificate in Rural Bulld-
ing,
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BOOK INTRODUCTI N,

Rural Building, Basie Knowledge is your first construction book. This book plus
most of the Refererce Book (Rural Building Tools, Maintenance of Tools, Mater-
ials and Building Producta) will be treated in the fivst year of cemre training,

This book 13 divided into three parts:

PART 1:

BASIC MASONRY TECHNIQUES

PART 2:

This part covers the very basiz techniques of masonry, These include
the preparation of mortar, blocklaying, the proper arrangement of
blocks, and butlding up walls. Some of the techniques mentioned in the
section on the arrangement of blocks are technigues used mainly for

bricklaying and therefore only apply to areas where bricks are avall-
able.

BASIC CARPENTRY TECHNIQUES

PART 3:

The basic techniquea covered here lnclude planning construction pleces,
preparing wood for congtruction plecesg, ways of fastening the pleces
and the important types of joints and how to coustruct them.

PREPARATION FOR ON-THE-JOB TRAINING

This part s meant to be a preparation for the tralnee's first year of
on~-the-job training. It should enable him to follow the basic procedures
he 1s confronted with on a bullding site, and to understand the technical
terms used there. This part of the book doesn't attempi to give detalled
information about technical problems but merely to give an idea of them
and to enable the trainee to understand the terms and deal with altuations
on the bullding site. Most of the procedures will be treated more inten-
stvely in the Construction and Drawing books,

At the beginning of both the carpentry and masonry sections there is a list of
the terms you will need to know, together with explanations.

You will often be asked to refer to one of the supplementary books for additional
information. Especially in the firat part of the course, much of the baalc mow-

ledge you will need about tools and materfale and preducts will be found in the
other books.




You should prepare yourself for each lesson by reading the material hefors class

and locking up the references given in the text for the Reference Book or Drawing
Book, If you are not familiar with a tool that is mentioned, now is the time to look
in the Peference Book and learn about the tool and how to use It,

There is ample space provided In the bock for making notes and sketches,

SAFETY FIRST

When you first start doing construction work it is essential to reallze the import-

ance of being safety conscious. You must develop safe woridng habits in order to
prevent injuries to yourself and others.

Accidents can generally be avolded by using ordinary care and askili. Most accid-
ents are a result of thoughtlessness or carelesaness on the part of some person.

To practise any kind of craftwork you need your hands, your legse and feet, a heanl-
thy body, and most of all your head.

Safely flrst means that you use your head and think out what you are going to do
before going ahead with the job, By first thinking the operation through, you will
discover that there 1s a correct way of doing the task, and some other ways of
doing it that may cause danger to yourself and others, Look in the beginning of
your Reference Book for a list of peneral safety rules,

Follow the safety rules, but also use your own sense, When you realize that cer-
tain actions can be dangerous, you can plan to prevent accidents and injuries. Look
ahead to find the dangerous points of a task ard plan to make them safe by taking
proper precautiong, We can make hundreds of safety rules, but they are useless
unless we understand why they are needed and we all cocoperate in following them.

One of the most important safely preceutions 1s learning to uge the right tool for
the job, and in the correct way, The correct way is the safest way.

RESPECT OTHER PEOPLE: RESPECT YOURSELF!

XI
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PART 1: BASIC MASONRY TECHNIQUE S|

TECHNICAL TERMS

Before doseribing the methods uged in bonding it 13 neceasary to briefly define
and exnlal a few of the technical terms commonly used.

- SUN-DRIED TRAINING BLOCKS: These blocks, as the name implies, are dried

Bl e A
o the sun, becauss they do not contaln cement (Fig. L)

beginners during their first terms of in-centre training, as they are eagy to
make and {o handle.

The dimensions of these blocks are approximately 29 em x 14 ¢em x 11 em,

gl a dow et rmiad aneonliantad hoaomda wacdibh dhoen h

which allows us to construct complicated bonds with them. They can bs uged is

:yucu.lw ugda 1o

make an excellent inside wall also, aa the followlng chapters will describe.
- LANDCRETE BLOCKS: These are blocks used for actual bullding (Fig. 2).

- SANDCRETE TRAINING BLOCKS: These are specfally made small sanderete
blocks with the approximate dimensions of 24 em x 14 cm x 11,5 em; go they
can be used to teach the making of more complicated bonds (Fig. 3).

Like the sun-dried blocks, they are often used in training because they are eaay
to handle. As they are made with cement they can be used for a long time before
they wear out,

- SANDCRETE BLOCKS: This type of block 1s used for actual building (Fig. 4).

-3/4 - 1/2 - 1/4 - BLOCKS: These are parts of blocks obtalned by cutting
a block through either the centve line or the quarter line, less half the thick-
ness of the joint {(Fig. 5). The cut is 1made along the width, not along the length,
A apecial block gauge may be used for marking off the different sizes.

- HEADER: A block is kmown ag a header when it is placed In a wall so that ita

smallest face 1s exposed (Fig. 1, next page).
- BED: The under-surface of a block, or the mortar on which the block 15 laid.

~ STRETCHER: If the biggest face of a block is exposed, the block is called a
stretcher (Fig. 1, next page), This ia the way most blocks are laid in Rural
Building, and we aay that the block is irid edgewise. If a block is laid flatwise,
so it 1s actually showing the top face, it is also called a stretcher (Fig., 1, next
page),

- COURSE: This 13 the term applied to each layer or row of blocks, with the bed
joint Included (Fig. 1, next page).

PART 1: BASIC MASONRY TECHNIGUES. NPVLC
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- BED JOINT: This is the horizontai mortar joint between two courses (Fig. 1).

-~ CROSS JOINT: The vertical joints between the blocks (Fig. 1).

- QUOIN: The quoin 18 the cutgide corner of a wall or the external angle on the
face side of the wall (Fig. 1).

- ANGLE BLOCK: This is the block which actually forms the corner in each

course (Fig, 1).

-~ STOPPED END: A plain vertical surface which formas the end of a wall (gee
page 21),

- TOOTHED END OR FTOOTHING: The form produced at the end of a wall by re-

cessing every other course by half a bieck (Fig. 1) In order that the wal)l may
be extended later using the same bond,

- RACKING BACK: As an alternative to toothing, the end of & wall may be set
back half a block at each course: (Fig. 1). This is also done so that the wall may
be extended later using the same bond.

- BUILDING UNIT: This refers to the dimensions of a full block, plis one joint.
For sandcrete blocks the building unit is 256 cm high by 48 om long (2 cm joints),

- FOUNDATION: The base, usually concrete, on which the bullding rests. It Is

usually set balow ground level, and is the only part of the bullding in direct con~
tact with the ground,

- FOOTINGS: The courses lald directly on top of the foundations; usually three
flatwise courses of sandcrete blocks (see page 35).

- PLINTH COURSE: The edgewise course of sandcrete blocks laid on top of the
footings (see page 35).

- RISING WALL: The edgewise courses of sandcrete or landercie blocks which
build up the rest of the wall (see page 35).

NOTES:

TECHNICAL TERMS, N P V E
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BONDING OF WALLS

The practise of blocklaying requires a complete understanding of the correct ar-
rangement of the blocks forming a wall, This correct arrangement of blocks, re-
gardless of the mathod, 1s known as bonding,

The blocks are placed so that they overlap each other and care must be taken to
ensure that as far as possible no vertical joint is immediately above another vert-
ical joint in the course below.

GENERAL EFFECT OF BOND

Fig. 1 shows a wooden pole placed vertically on soft ground. If this pole has to
carry a heavy load it will sink down into the gofl, because the total area on which
the pole rests on the ground is far too small to support it (Fig. 2).

A poesible solution to the problem is shown in Fig, 3: a board 1s laid flat on the
ground and it ncw carries the pole with the load. In this way the total load 1a dis-
tributed over a larger area of ground and it ia impossible for the poie to sink down.

If a wall is buflt up by simply placing blocks directly above each other, we say the
wall is bullt without bond. If a heavy load 18 put on top of this wall (Fig. 4) the col-
umn of blocks immediately under the load tends to give way and sink down,

In order to make the wall stronger in itself and able to distribute loads properly,
the Rural Builder applies the so-called half-block bond.

A properly bonded wall which recelves a heavy load will distribute the preasure
over a large number of blocks and therefore over a much greater area (Fig. 6).

NOTES:

NPVC
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HALF-BLOCK BOND

The simplest form of bonding is that where all the blocks are laid down as stret-
cherg, each block overlapping the one below by half its Jength (Fig. 1),

This form of honding is only suitable where a one-block thiclkmess of the wall is
sufficient. In Rural Butlding the most common wall thickness 1s 14 ¢m when land-

crete blocks are used and 15 ¢m when using sandcerete blocks; provided that they
are lald edgewise,

If for some reason a thicker wall is required, the blocks may be laid fiatwise,
By doing this the wall thickness will be increased to 23 cm, 29 ¢m or even 46 cm
depending on the type of block and the way the blocks are laid,

OTHER TYPES OF BOND

There are many types of bond in use, the two most common being the English
Bond (Fig. 2} and the Flemish Bond (Fig. 3), both of which are used with bricks.

Bricks are smaller blocks with approximate dimensions of 24 ¢m x 11,5 ¢m x
7 cm,

- ENGLISH BOND: This hond consists of alternate courses of headers and stret-
chers, The centre of any stretcher 1 in line with the cemtre of the header in
the courses above and below.

- FLEMISH BOND: This bond consists of alternate headers and stretchers in the
same course. Again, the centre of any streicher is In line with the centre of
the header in the courses above and bhelow,

NOTES:

NPVC
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HANDLING THE THOWEI,

In the process of laying blocks, the brick trowel 1s used to perform a series of

operations during which the trowel is seldom put down or changed from one hand
to the other.

All operations require free and easy manipulation of the trowel from the wrist
and it is therefore essential to master the correct handling of the trowel,

Fig. 1 illustrates ihe correct grip on the handle, with the thumb resting on the
forrule. The thumb must be in this position in order to manipulate the trowel
skiltfully.

The amount of mortar plcked up from the headpan will depend on the nature of
the job, but for the trainee it 13 advisable to pick up a sufficient amount to lay
one training block, i.e. a heaped trowel. Later, when working with the common
big blocks, it will become necessary to pick up two trowelfuls of mortar,

PREPARING THE BED JOINT

Place the mortar in the middle of the wall or the marked position of the first
course and spread it out by a pushing movement with the back of your trowel,
into a layer about 3 ¢m thick (Fig. 2),

Next draw the point of your trowel through the contre of the layer, making 2 mor-
tar bed suitable for the block (Fig. 3).

A block 1aid on a bed prepared In this way will at first rest or the two outer edges,
but when it is pressed down to its correct position it will not only squeeze mortar
from the front and back of the block but will also squeeze it into the valley in the
centre. In this way a solid bed Is formed (Figs. 3, 4, & 5).

- NOTE: All the tools mentioned in this section on masonry techniques are des-
cribed in the Rural Building Reference Book, pages 3 to 15,

NOTES:

NPVLC
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REMOVING SURPLUS MORTAR

Before and after the block is layed, a certain amount of mortar will project from
both sides of the wall. This must be removed before 1t drops down, as one of the
most important principles of the Rural Bullder is to work as economlcally aa pos-
sible, This means saving materials. Fig. 1 shaws the position of the trowel for
these cperations,

The surplus mortar recovered on the trowel is usually taken to form the cross
joini between the last lald block and the previous one, or it 18 returned to the
headpan. ’

NOTES:

NPVC
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T. FIRST WALL

SETTING OUT

Before actual building operations are started, you must know the correct position
and dimengions of all the parts of the building.

This information ig glven in the plan or drawing of the bullding, which of course
must have been already prepared and at hand,

The positions of the walls, for instanes, have to be marked on the ground accord-
ing to the measurements given on the plan before any building operation starts.

Thig operation la called ‘'setting out" and we will deal with it repeatedly here, be-
cause it 1s one of the mogt important preparatory steps in building.

ORGANIZING THE WORK

The workplace has to be well organlzed in order to operate smoothly and safely.

Building materiais such as blocks and mortar should be neither too close nor too
far away from the wall boeing arected. A working space of about 90 em will usunal-
ly be all right. The blocks should be neatly stacked, not just thrown in a heap; and
there snould always be an adequate supply available, so that work is not delayed
by walts for materials,

Keep your tools together and near your workplace so they are within easy reach.
When you use a tool, put it back immediately afterwards so that it cannot fall off
the wall etc. and injure you or other workers. Make a habit of putting your tools
down In a way that prevents accidents.

- NOTE: You cannot expect to produce a good job with your tools and materials
always scattered around. Neatness and orderliness show the professional.

Never throw, kick or drop tools as you might damage them,

Work on one side of the wall only. As the wall becomes higher, you won't be
able to move from side to side anyway.

NOTES:

NPVC

13 BASIC. THE FIRST WALL,




PREVENTIVE MEASURES

Almost all of the bullding in the Northern and Upper Reglons of Ghana is done
during the dry season, with its high temperatures and low humidity, These con-

ditions are important and our buflding procedures must take them into consider~
ation to prevent problems with drying out.

Before you put the mortar down and spreadk, thoroughly wet the top of the found-
ation or the already laid course.

Do the same thing with the block that you are going to lay next, This ia to prevent
the block from absorbing too much moisture from the mortar. The porous land-
crete or sanderete blocks quickly suck in any moigture they come into contact
with. This process 1s kmown ag absorptlon. I the blocks absorb too mmeh molat-
ure from the mortar, it will not be able to set properly, aad the joints will be
weak. By sprinkling sufficient water onto the blocks, we ensure that there will be
enough moisture left in the moxtar to allow it fo harden properly.

It is also impos-tant to never spread too much mortar at one time. Some masons

prepare the mortar bed in advance for five, six or even more blocks in oxder to
speed up the work. This is wrong.

While the first blocks are placed, lined-out, and levelled, the rest of the mortar
Is exposed for too long to the sun and air,

Due to the high temperatures and the low humidity, the moriar driea out very fast.
Ag a resulf the mortar becomes too stiff, making it difficult to lay the last blocks

and weakening the grip between the mortar and the block. The end result 1s a weak
wall,

The Rural Builder should always keep in mind the dry climate and never spread
more mortar than is actually needed.

NOTES:

NPVC
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THE FIRST BLOCKS

After you have wetted the block and the area where it is supposed to be set,
gpread the mortar according to the method described on page 12. Set the block
immediately onto the mortar bed and press it down firmly and evenly (Fig. 1).

If the bed has been spread correctly, only a few taps with the handle of the trowel
will be needed to adjust the height of the block. The height is checked by conn.ar -
ing the height of the block with the gauge marks on the straight edge (Fig. 2).

Next, piumb the block with the spirit level along the stretcher face and the headey
face as shown in Fig. 3. The pressure on the block will have squeczed out some
of the mertar. Trim off this excess, collect it on the trowel 2nd return it to the
headpan.

If you don't use enough water to make the bed, the block will not ¢come up to the
required height; it will sit too low, I on the other haud too much mortar is used,
the biock will alt too high.

Do not try to correct problems like thias by pushing some mortar from the edges
towards the inside of the bed uaing ycur {ingers; or by knocking hard on the top
of the block te try and force 1t down. These are very poor practices. Instead,
gimply remove the block and r-gspread the mortar.

At the beginning of the training you will have to re-lay blocks quite often, As you
gradually gain expericnce you will be able to spread just encugh mortar to lay one
block, without any cf the problems mentloned above,

Lay the secound block at a digtance of four building units and one joint away from
the firgt biccik (Fig. 4). Hold the straight edge against the gstretcher faces of the
twe Llocks to make sure that they are in line.

NJTES:

NPVC
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THE FIRST COURSE

Because the first two blocks are in line and at the same height, we can complete
the course without using the spirit level, only using the straight edge. Starting
from either block (but still working oa only one side of the wall) more blocks are
tnserted between the first two (Fig. 1).

Their helght is adjusted by placing the straight edge on top and pressing the blocks
down until the top surfaces of all the blocks touch the straight edge equaily, along
their whole length.

Line out the course (make it perfectly straight) by holding the straight edge against
the stretcher faces and moving the blocks until they touch it along their full lengih.

During these oparations take care to maintain the proper distances between the
blocks. The next ctep is to fill the remaining open gaps between the blocks with
mortar, thus forming the cross joints, Thig job is done by closing the back of the
gap with the aid of a small wood float while carefully pushing the mortar down into
the joint with the trowel (Fig. 2).

Al cross joints must be completely filled up with mortar so that no heles are left,
which would reduce the strength of the course and the whole wall.

All the excess mortar which has dropped down or was aqueezed out of the bed must
now be collected and returned to the headpan to be mixed with the rast of the mor-
tar.

NOTES:

NPVC
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THE SECOND COURSE

Lay the first block of the second course with its centre exactly above the first
cross joint so that & overlapa both blocks below equally.

No matter what sort of wall-ending is desired, the firat block of the second course
is always a full block laid sbove the first cross jolnt between two stretchers. This
is known as the 1 - 2 - 1 rule. By doing this you maintain the half-block bond thr-
oughout the wall (Fig. 1)

After you check the height of this block, you must plumb its face. Hold the spirit
level vertleally along the face of the lower block with ore hand, while with the oth~-
er hand you move the upper block until its face 19 also in full contact with the spir~
it level, and the bubble 18 in the centre of the tube.

Follow the same operation with the sscond block, laying it above the last cross

joint in the lower course. Insert the remaining blocks between them according to
the method used for the first course.

The construction of any subsequent course is merely a repetition of the above op-
erations and will result In a wall with racking back at both ends (Fig, 2),

- NOTE: If the Rural Builder has a choice between racking back and toothing,
racking back should be the preferred method. This is because the joints used
in toothing are difficult to fill properly when completing the wall, which often
rasults in & weak grip ail along the joints.

NOTES:

NPVLC
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TOCTHED END

The congtruction of a wall with a toothed end starts with the same operationa used
for a wall with a ra.king bacli. After you lay the first block of the third course,
the next block you lay forms the toothed end. As this block projects past the one
below by more than half its own length, it should normally tip over on its project=
ing end, To prevent this, a temporary support must be provided until the block

is overlapped by the first block of the fourth course and the mortar has set hard,
This temporary support is preferably a short plece of board cut to the height of
the bloek plus two bed joints. The upper and lower ends of the supporting board

may be chamfered slightly to keep it from wedging between the blocks when it is
removed (Fig. 1),

This block must be exactly above the first block of the first course. To ensure this,
held the spirit level against both header faces and make any necessary cvorrections.
It is not necesaary to level the top face if the stretcher and header faces have been
piumbed.

Tho construction of further courses is again only a repetition of these opersations.

STOPPED END

The construction of a wall with a stopped end is very similar to that with a tooth-
ed end. The sequence of operatlons le exactly the sams except that instead of the

supporting board, haif a block is added at the end of the second course before the
third course is laid (Fig. 2).

This means that there are no gaps left as in the toothed end, so it is called a stop-
ped end,

NOTES:

THE FIRST WALL. N P V c
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MARKING AND CUTTING BLOCKS

It is usually not possible to conatruci walls using only full blocks. In most cases
1/4, 1/2, and 3/4 blocks or Intermediate sizes are also required. The previous
description of the stopped end, for example, has shown the need for 1/2 blocks.

This doss not mean that 1/2 blocks are obtained by simply cutting a full block into
two identical halves. This is because the crosa joint and its thiclmess must be con-
sidered.

Therefore, the 1/4, 1/2, and 3/4 blocks are actually that part of a fuil biock minus
half the thlckness of the cross joint (Fig. 1).

Before cutiing a block, mark the required size around all the faces. To prevent
mistakes and 1o speed up the work, use a block gauge (see Rural Building Refer-
once Book, Tools, page 12). Position the appropriate setting of the gauge against

the block, then mark off the measurerments on the block face using a pencil or a
nail.

Sot the marked block on a small heap of sand and then cut it with the block scutch
by repeatedly and carefully knocldng along the mark, making a groove in the sur-
face, Direct the blows close to each other all around the four faces and continue
unfil the block breaks apart along the groove (Fig. 2}.

Trim the resultant rough header faces, if necessary, with the edge of your trowel
blade (for landcrete blocks)., When cufting sanderete blocks, you should use the
block scuteh for trimming (Fig. 3).

- NOTE: Avoid cutting blocks on hard ground: they can easily break into irregular
pieces and be wasted.

Never cut blocks on a scaffold for the same reason, also because they might fall
and injure somecne helow.

It is always better to prepare in advance the number of blocks that you think will
be needed that day.

Do not use blocks which are cracked; these must be replaced by good blocks or
the wall will be weakened.

NOTES:

THE FIRST WALL, N P V E
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When external walls are constructed the corners or quoing are built first, to a
height of several courses. Usually it is best i build six courses as this will reach
to about 1, 5 m high, the so-called scaffold height; and In most cases this will be
half of the to:al height of the wall. The walling between the courses is completed
later, course by course. The accuracy of the whole wall is determined by the
corners, so great care must be taken to build them properly,

At the beginning of training, the positions of the quoinas are determined by marking
them out on the floor using the mason square.

A quoin is constructed in the following manner:

Blocks are sometimes not corroctly shaped, so the first block or angle block must
be chosen carefully so that all its faces are square to each other.

As you lay the angle block, stand close to the foundation with your head vertically
over the block. You should he able to see that both outer faces of the block are al-

igned with the mark below (t'ig. 1). After this the block has to be accurately lev-
elled and plumbed.

Use the straight edge with gauge marks to enguxre that the block 19 lald at the cor-
rect haight. Hold the straight edge vertically against the block; the top edge of
the biock should correspond to the gauge mark (Fig. 2),

Now you have to make certain that the header face and the stretcher face are truly
vertical. To do this hold the spirit level against one face about 5 ¢m from the cor-
ner, keeping it in this position while with your other hand you move the block un-
til the bubble in the tube is centered. This operation must be repeated with the
other face of the block (Figs. 3 & 4),

NOTES:

QUOINS, N P v c
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Now lay several blocks in each direction according to the method described before,
On the quoin stretcher side three more blocks should be laid; followed by four on
the header side of the quoin. This will be a sufficient base for bullding up a height
of six courses with elther a toothed end or racking back (Fig. 1).

Usge the mason square to make sure that the quoin has an angle of 90 degrees,
Hold it against the quoin so that both of the blades fully touch the faces of the
blocks. Repeat this operation after turning the square around, so that the direci-
ion of the blades is reversed.

SECOND COURSE

Following the 1-2-1 rule, the ftrst block of the second course will not be the angle
block; but the cne covering the cross joint between the quoin stretcher and the ad-
joining stretcher. If the angle block were lald first it could get pushed out of pos-
itlon when the other blocks are laid. The correct method flxes the angle block in
position by the cross joint hetween it and the first block. A further reason for this
procedure is that the cross joint between the quoin headers and the adjoining stret-
chers has a differeat thickness than the other cross joints. This problem will be
explained later when we come to bonding problems,

To complete the second course use the same method as described for the construc-
tion of the first course,

- NOTE: The arrangement In any course lg repeated in the courses two above or
two below it. Therefore only two alternating block arrangements are used.

WALLING BETWEEN QUOINS

When both corners of a wall have been built up to a height of aix courses, it Is ne-

cessary to fill in the blockwork between them, This 1s dore with the aid of the ma-
son line and either nalls, ping, or line bobbins,

FIXING THE MASON LINE

If nails or pins are used, Insert one of them in the bed joint at one corner so that
the line will be level with the upper edge of the course (see Rural Building Refer-
ence Book, Tools, page 6). Fix the mason line to the nall or pin without using a
knot, as shown in Fig. 2. This is so that later it can be easily removed.

Stretch the line taut to prevent any sagging, and push the second nail or pin into
the corresgponding bed joint in the opposite quoin, The line should now be level
with the top of the course to be bullt; and about 2 mm or the thickness of a trowsel

QUOINS, NPVEC
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blade away from the blockwork, Put a wedge of paper between the wall and the line
to keep the distance of 2 mm. The line should be horizontal,

If you use line bobbins ingtead of pins, take one with the line fastened around the
screws and engageﬂ in the saw cut; and position it with the notch againat the cor~
ner of the quoin so that the line is level with the top edge of the course to be built.
At the opposite quoin insert the line in the saw-cut of the second bobbin and set it
at the correct height against the corner. Stretch the line taut and secure it by win-
ding around the screws (Fig. 1),

The tight mason line holds the bobbins against the corners, keeping them in poa~-
ition. Once the line has been fixed In this manner no further adjustment |3 needed,
unless the line starts to sag and needs tightening.

After one course is completed, simply slide the bobbins up the corners to the le-
vel of the next course.

USE OF THE 1:NGLE PLATE

If the line is stretched over a longer distance, it will tend to sag and will no long-
er provide a straight guide. In the case of a long wall where the distance between
ine bobbins exceeds 6 m, it becomes necessary to use one or more tingle plates
(Fig. 2). This is done to keep the Iine from sagging. The tingle plate must be set
on a go-called igle block. Lay this block pfumb, {n position and at the correct
height in the courss to be built. This block keeps the tingle plate at the required
height to support the mason line. Place the plate flat on the block, and weight it
down with a half-block. Tne taut line is passed under the cuter nibs and over the
centre nib (Fig. 2).

COMPLETING THE COURSE

Now lay the blocks to complete the course. Take care that the outer top face edge
of each block ia level with the line.

At the same time be sure to keep the lower stretcher face edge in line with the
edge of the course below. Avoeid the tendency to lay the blocks too close to the line;
the 2 mm distance must he maintained and checked from time to time by sliding
the trowel blade between the iine and block,

I the biocks are laid correctly, plumbing and levelling are not necessary. It is

advisable however to check the face of the wall for a possible overhang, using the
straight edge.

NPVC
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After you have filied the cross joints, carefully rake out all the joints of the fresh-
ly laid courses to provide an additional grilp for the plaster,

BONDING PROBLEMS

Problems arise when wae use different types of blocks in the same wall, Usually

in Rural Building we use sandcrete blocks for the lower courses of a wall to avoid
prchiems with dampness, and ianderete blocks for the higher courses. Unfortun-
ately the dimensiong of sandcrete blocks and landcrets blocks do not match up well
to each othar. This means that it is not as easy to maintain a half-biock bond as

it is In a wall made up of only one kind of block,

For example, a sandcrete block has dimensions of 46 x 23 x 15 em, A sandcrete
half-block has the dimensions 22 x 23 x 15 ¢m. Even when the sandcrete blocks

are cut in half they still will not match up exactly to the landerete blocks (see the
table below},

Full block Half block
Sandcrete 46 x 23 x 156 22x 23 x 156
Landecreto 29 x 22 x 14 13,5x 22 % 14

The dimensions of the 1/1 and 1/3 blocks also do not correspond, so in order to
maintain the half-block bond between the sandcrete and landerete courses we would
have to make quite an adjustment,

Practically this means that although it would be better, we cannot maintzln exact-
ly 2 half-block bond between the sanderete and landerete. They must be considered

ag separate parts of the wall, properly bonded in themselves but not necessarily
showing a half-block bond between them,

CORNER BONDS

CORNER BOND FOR FOOTINGS

The materials used for footings are sanderete blocks which must be laid flatwige,
giving a wall thiclmeas of 23 cm. Since this measurement exceeds the length of a
half-block by 1 ¢m, the first cross joints following the quoin stretchers must be
3 cm wide instead of the normal 2 cm. All the other joints are still 2 ¢m thick.
By doing this the half-block bond is maintained (Fig, 1).

NPVC
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There are of course two other ways to maintain the half-block bond:

~ All the cross joints directly {vllowing the quoin header could be reduced to a
thickness of only 1 cm. The effect would be the same but these joints would be
difficult to fill properly, which could result in a weak quoin.

- All siretchers following the quoin headers could be cut to a length of 45 cm.
This takes time and may damage the blocks.

In general, it ig best not to uge thesae lagt twe metheds,

CORNER BOND ¥OR A RISING SANDCRETE WALL

So-called wet rooms such ag kitchens, showers and tollets must be built with
sandcrete blocka., This s to avold any damage to the walls caused by moisture.

If landerete blocks are exposed to moisture for a long time the blocks will start
to expand. This pushes the plaster uff the walls and makes them weaker and weak-
er until finally they collapse under thelr own welght.

Rising walla in Rural Building are generally built by laying the blocks edgewise,
When sanderete blocks are usgsed the wall hag a thickneas of 156 em,

In order to avoid making too many cross joints within the quoin area, each quoin
header as well as each quoin stretcher is followed by a full block.

To malntain the required half-block bond, a 7 ¢m lack of overlap has to be made
up. This is done by inserting a 5 ¢m block between the first two stretchers that
follow the ruoin headers (5 ¢m plus 2 cm joint equals 7 cm). Almost every bulld-
ing projec. ®s.Pthin blocks for a-pings or rain sujers gic., and these speclally
made blocks can be simply cut in half and used to fill the gaps (Fig. 1).

NOTES:
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CURNER BOND FOR RISING LANDCRETE, WALL

As far as bonding iz concerned, the footings, the plinth course and the rising land-
crete wall are all regarded separately, They are properly bonded in themselves
but don't necessarily show a half-block bond, especially between the plinth course
and the landcyete wall.

As Fig. 1 illustrates, a half-block bond between footings and plinth course (both
sanderete) is possible despite the 4 em setting back (¢) and should be maintained.

- PLINTH COURSE: Since the rising wall is erected exactly in the middle of the
footinga, the plinth course has to be cet back 4 em from both faces: 23 ¢m ghick-
ness of footings) minus 15 ¢m @hickneas of plinth course) divided by 2 equals
4 cm (at both sides).

The angle block (A) has to be shortened by 3 em because of the setting back, thus
we automatically make the correct half-block bond on the quoin stretcher side.
The first two cross jolnts {a & b) followlng the quoin header must he widened to

4 ¢m each to avercome a lack of 4 em In overlap., By doing this we distribute
the lack of 4 cm over two jointa equally.

- RISING LANDCRETE WALL: As already stated, the rising landcrete wall is re-
garded zeparately from the plinth course. This 18 because the dimenalons of the
landcrete and sanderete blocks prevent the construction of a half-block bond be-
tween them,

However, one important rule mmst be obaerved: No matter what part of the con-
struction or what material it consists of, each quoin header must be overlapped

by a quoin stretcher; each quoln stretcher is automatically followed by & quoln
header (Fig. 1).

To maintaln the #)f Kloclk hgwd within the landerete wall, all the cross joints

directly following the quoin stretchers mmust be widened to 3 em, All cther joints
remain the same.

NJUTES:
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T- CTION BONDS

The term T-junction is given to connections between walls which form a T sha

agaantial that the ancolag ha richt anclag. Thig sitnstion ascoure
Nl W e el e Bl e . VAW WA --‘D.‘-’U Lo o Q-bl“ “%-vuﬁ e BE AR ol Bl B il Ny oy Al

T-JUNCTION BOND FOR FOOTINGS

Like quolns, the T-junctions are built first or at the same time asg the quoins, and
the walling between them 1s completed later,

The first block to be laid is the first block (A} of the ingide wall: it will he seen

as a header in the face of the outside wall (Figs. 1 & 2). This followed by a 1/4
block (B) at one side of it in the direction of the outside wall, and by 2 full biock
(C) on the other side (Fig. 2). This is followed by laying full blocks in all three

directions,

The second course, and all the alternate courses, go through in the direction of
the outside wall, that 1s, they do not share a block with the inside wall. Thus the
inside wall is bonded to the outaside wall only at alternating courses: at the lst,
3rd, 5th ete, courses (Figs. 1 & 2).

The second cour: e starts with a 3/4 block overlapping the header below by 10 ¢m

but from the gide opposite from the 1/4 block helow. This is followed by full
blocks in all three directions (Figs. 1 & 2).

The cross joints between the headers of the inside wall (@) are 3 ¢m thick and
must be exactly in line with the centre of the headers (Fig. 1}. The cross joints
directly following the hlocks which are bonded to the outside wall are also 3 cin
thick (Fig. 2). All the other joints are 2 ¢m thick,

- NOTE: All courses with odd numbers (1st, 3rd, 5th etc.) share cne block with
the inside wall; these blocks are seen as headers in the face of the outside wall,

gach one nef®., M, . ¥k, ¥ -§ - 4

All courses with an even number (2nd, 4th, 6th, etc.) go through in the direct-

ion of the outside wall and contain a 8/4 block at the opposite side of the 1/4
block below and above.

NOTES:
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The illustrations on the opposite page show three other possible constructions for
T-junctions in footings, all of which maintain the half-block bond (Figs, 1, 2, & 3).

Which method is used depends on factors such as the distance between the junct-
ion ami the next quoin, or the next junction,

One way to find out the best choice is to lay out the first course of blocks without
mortar, and try different arrangements, In this way the builder can decide what
will be the best final arrange ment,

If two or more constructlons are poasible the Rural Builder should chose the most
efficlent method. This is the method that wastes the least time and materials,

Specifically, the more blocks that have to be cut the more time will be needed;
and If for example only 3/4 blocks are needed, the remaining 1/4 blocks are wast-
ed unless there is a need for them somewhere else.

By comparing the four possibie constructions (Figs. 1 & 2 on page 37, and Figs,
1, 2 & 3 at left) wo see that the first three can be carried out without any wasate
of blocks while in the last case (Fig. 3) all the 1/4 blocks are left-over,

As far as efficient work is concerned, we see that for the first method (page 37)
only one cut needs to be made for two courses as both parts of the block are used,
The alternatives shown in Figs. 1, 2 and 3 need two cuts for two courses.

By considering carefully the advantages and disadvantages of the four, we see that
the first construction is the best, the 2nd and 3rd constructions are lesa good and
the 4th construction Is the worst. Therefore the first type should be used whea-
ever possible,

NOTES:
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T - JUNCTTON BOND FOR RISING SANDCRETE WALLS

Since the footings are normally 3 courses high, the third course of the footings
contains the block which bonds the inside wall. Thus the first course of the ris-

ing sandcrete wall must go through in the direction of the outside wall to cover
the header of the footings (see previous pages),

The first block of the rising wall 1z placed so that it extends past the header below
by 12 ¢m on one side (Fig. 2, block A). Don't forget to set this block back from
the face of the footlngs by ¢ ¢m. This block is foilowed by full blocks on either
side (Fig. 2, blocks B}, The inside wall starts with a 1/4 block (Fig. 1, block C),
this too is followed by full blocks.

The second course of the T-junction begins with the full block of the inside wall
that is bonded into the outside wall (Figs. 1 & 2, block D). This 1s folilowed by a
3/4 block (Fig. 2, block E) on the same side of the header where the stretcher

(block A) below preojects by 12 em. Contlnue with full blocks in all three direct-

ions,

The odd-numbered courses of the outside wall contain widened cross joints to catch
up with the half-block bond. The first two cross joints opposite the 12 ¢m project-
jon (Flg. 2, a & b) are 4 cm thick, followed by one more joint which is 3 em thick
(not shown). In this way the half-block bond is maintained,

The same must be done with the first three cross joints following the bonded block
of the inside wall (Fig. 1).

NOTES:
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T-JUNCTION BOND FOR RISING LANDCRETE WALLS

- PLINTH COURSE: Except that the blocks are laid edgewlse rather than flat,

the plinth course is simply a repetition of the footing course two courses below
(Fig. 1, blocks A & B).

The only difference is that the first two cross joints in the ingide wall are wid-
ened to 4 ¢m each, {n order to maintain the half-block bond in relation to the
footings.

Do not forget to set the plinth coursge back from the face of the footings by 4 em.

- RISING LANDCRETE WALIL: Since the landcerete wall 1s 1 cm thinner than the
plinth course, it 1s essential to continue the “"good’ face of the plinth by setting
the landcrete blocks flush with the outside face of the plinth, The Rural Bullder
ghould choose one face of the Inside wall to be the "good" face; where the sur-
face of the plinth course is flush to that of the rising wall, This is the face from
which the plumbing and levelling are done; the Rural Builder should alway werk
from this face. On outside walls the "'good' face is normally the outaide face.

The first block of the landcrete wall 1s the one which is shared by the inside and
outside walls and covers two cross joints (Fig. 1, block C). It is followed in all
three directions by full blocks.

The second course of the rising landcrete wall begins with a full block centred
exactly over the header below, with 1/4 hlocka on either side (block D), All of
the other courses in the riging wall are repetitions of these two courses.

NOTES:

NPVC
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CROS3 JUNCTION B S

A crosg junction, aleo called an intersection, consists of two continuousg walls
which Intersect, or cross each other,

The following are only a few examples out of many methods for bonding at a eross
junction, In actual practice the dimensiona of the building will not always permit
the use of these particular bonds, In such cases some adjustr.ents must be made,

The esaential requirements for a cross junction always remain the ssme:

- avoid making continuoua cross joints; and
- try to use a minlmmm number of cut blocks.

CROSS JUNCTION BOND FOR FOOTINGS

The first course congigta entirely of full blocks (Fig. 1). The through-going block
(A) projects equally from both sides of the crossing wall. This block has cross
joints of 2,5 em on each end, but all the other joints are stlll 2 cm thick (Fig. 1).

The second course starts with a full block centred over the through-going bluck
below. This block s followed by 1/4 blocks on either end, The 1/4 blocks each
have one cross joint which is 2,5 em thick, All other joints are still 2 cm thick.

The seccad course of the crossing wall continues with 3/4 blocks on both sides,
This is followed by full blocks in all four directions,

NOTES:
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The second possible construction is where the croasing wallg enclose a cross joint
(Fig. 1, a). In this case two 3/4 blocks are used in the first course while the re-
maining 1/4 blocks are kept aside for the second course (Fig, 1),

The two 3/4 blocks of the first course are arranged so that they are at right angles
to each other. One of the 3/4 blocks always starts from the middle of the crossing
wall while the other is placed on either the right or left stde of it. This is followed
in ali four directions by full blocks (Fig. 1}.

The second course begins with a full block crossing the through—going wall be-
low and overlapping equally at both sides. This block covers three cross joints at
once instead of two as in the last method. The first block iz followed by the 1/4
blocks placed on opposite sides from the 3/4 blocks below, The second course is
continued with full blocks in all four directions (Fig. 2).

Each 1/4 block must have one ¢ross jeint of 2,5 ¢m; all other joinis remain the
same, 2 em thick.

Try ic flgure out more possible ways to do a cross junction bond, and discuss

the results with your fellow trainees, your instructors, and your foreman on the
building site.

NOTES:
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CRO3SS JUNCTION BOND IFOR RISING SANDCRETE WALLS

The smaller wall thickness in relation to the block length makes it necessary that
all cross junctton bonds for rising sandcrete walls contain a block that is § em
thick (compare with corner bonds for rising sandcrete walls, page 34).

The opposite illustrations show the most economical method for constructing a
eross junction. Apart from the one 1/2 block and one 5 ¢m block, both the first
and second courses contain only full biocks,

Flg. 1 shows the first course. The through wall consists of only full blocks, while
the erossed wall starts on one gide with a 1/2 block combined with a 5 em block.
This {s continued in all four directions with full blocks. The through-going block

(A} must extend past the crossed wall by 24 ¢m, which is the length of a 1/2 block
plus the joint,

In the second course, the wall which was crossed in the course below now goes
through. The through block (B) again extends past the crossed wall by 24 cm, but
on the side opposite from the 1/2 block in the course below, Block B is followed
on its left~hand side by a 1/2 block (C) combined with a 5 ¢m block, This is con~
tinued in all four directions with full blocks (ifig. 2).

In the first course the crossing block and the 1/2 block form a corner, Thias is also
true in the second course but the corner is diagonally opposite from the cne in the
first course below.

- REMEMBER: All through courses in either wall consist of full blocks only.
All crossed courses in either wall contain one 1/2 block combined with a 5 em
block.

NOTES:
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The second method of making a cross junction in a sandcrete wall is different
from the first method because 3/4 and 1/4 blocks are used instead of 1,/2 blocks.

Because of this the rules for this honding method are also different:

~ All through blockg (Figs. 1 & 2, blocks A & B} project from the crossed wall
by 12 cm at one end (12 em is 1/4 block plus the joint). These blocks are fol-
lowed by 1/4 blocks at the other end (Figs. 1 & 2).

- All crossed walls contain a 3/4 block (Figs. 1 & 2, blocks C & D) set directly
against the through-going block. This 3/4 biock 1s on the opposite side from the
1/4 blocks in the course below (Fig. 1). The crossed wall continues with a full

block (Flgs. 1 & 2, blocks E & F) and a 5 em block, on the other side from the
3/4 block.

- NOTE: The above method involves & lot of block-cutting, which makes it less
efficient than the other method.

Try to figure out more passibilities and discuss them with your fellow trainees,
your instructors and your foreman on the huilding site,

NOTES:

NPVC
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CROSS JUNCTION BOND FOR RISING LANDCRETE WALLS

The arrangement of blocks to construct a ecross junction with landerete blocks Is
almost the same as for the footings {see previous pages).

Fig. 1 shows the bond for all courses with an odd number (1st, 3rd, 5th, ete.).
These consist of full blocks only. The through block (A) 18 set exactly In the mid-
dle of the crossed wall.

The arrangement for courses with an even number (2nd, 4th, 6th, ete.) 18 shown
in Fig. 2. These courses also start with a full block (B) set exactly across the
middle of the through-going block balow, This block 1s followed by 1/4 blocks on

its ends and 3/4 blocks on its stretcher sides. This is continued In all four dir-
ections with full blocks.

NOTES:
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Another method of bonding uses the cut blocks In alternate courses, unllke the
last method which used all cut blocks in the same course. There 1s no wasate in
either method.

The first crossing (Fig. 1) is formed by two 3/4 blocks which project equally
from the crossed wall, meaning that the joint between them ig exactly In the cen-
tre of the erossed wall, The course is continued in all four directions with full
blocks.

The second course begins with a through-going hltock (Fig. 2, block A) set exact-
1y in the middle of the crossed wall, In thia way, three cross joints are covered
by the block, instead of two ag in the last method (Fig. 2).

The through-going block fs followed by 1/4 blocks on its ends but then the course
continues in all directions with full blocks.

Try to develop more possibilities but do not forget the requirements mentioned
on page 16,

NOTES:
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FOOTINGS - PLINTH COURSE -~ RISING LANDCRETE WALL

The MNusiration opposite shows what a ¢crogs junction will look like during the con-
struction (Fig, 1),

Again, it is possible to maintain the haif-block bond between the footings and the
plinth course in wall 1, as described on the previous pages. The bonding of the
plinth course is a repetition of the bonding of the second footing course.

However, it can be seen that the half-block bond between the footings and the plin-
th course is not perfectly maintained in wall II, This i because of the 4 cm set-
ting back on both sides as well as the reduced wall thickness.

The bond of the rising landcrete walls is the same as deseribed on the previous
pages. Only two courses are shown because the rest of the courses are repetit-
ions of these two,

will see that the half-block bond is not maintained between them. The only way
it could be maintained is by cutting more blocks and changing the thicknesses of
some of the joints, This would weaken the entire wsll as well as wasting mater-

lals, so the Rural Builder should consider this bonding all right as it is shown
here.

- REMEMEBER: The rising landerete wall 1s 1 ¢m thinner than the plinth course,
Do not forget to maintain the "good' faces of the walls by laying the landcrets
blocks flush with the plumbed faces of the plinth courses below.

NOTES:
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ATTACHED PIERS

Attached piers; also called engaged piers, wall piers, blind piers or pilasters,
are plers partly sunk into a wall and properily bonded into it,

Normally the visible part of a pler projects only slightly from the wall, but in
Rural Bullding the projection may be as much as the thicimess of the wall or even
more,

Formerly, attached plers were most often uged ag decorative elements. The
Rural Builder, however, uses attached plers chiefly {0 strengthen walls, At the
same time he saves valuable materials such as cement, reinforcement bars and
timber for formwork that would be needed for a reinforced concrete pillar,

The construction of an attached pier is very aimiliar to that of a T-junction, The
only difference is that the wall which joins the front wall is very short, and with
a stopped end, thus forming an attached pler (Fig. 1).

The illustration shows that the bonds used to conatruct this pier are the same as
those introduced in the chapter on T-junction bonds. Compare it with the text and
illustrations from pagoes 38 to 44.

-~ NOTE: The plinth course is set back everywhere from the foctings by 4 om,
except on the back slde of the attached pier where it 1s set back only 3 ¢m
(Fig. 1).

Do not forgut to build the landcrete blocks flush with the plumbed (good) face

of the plinth course. This mseans that on the other face of the wall there will

be a 1 ¢m set-back caused by the 1 cm difference in size between the sanderote
blocks in the plinth course and the landcrete blocks in the rising wall (Fig. 1,
point A),

NOTES:
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SIMPLE PIERS

A pler i3 a pillar-shape of briclwork, blockwork or stone which usually has a
gquare or rectangular section, and supports a load. In Rural Building its mass
also helps to anchor the roof structurs.

The easlest way to conagtruct a pler {3 by simply laying full blocks flatwise one a-
bove another (Figs. 1 & 2). This will be sufficient in situations where the pier
does not have to carry a very heavy load,

The disadvantage of this construction [s that any roof anchorage must be fixed
to the sides of the pier.

The best way to anchor a member of the structure to a pier is through the centre
of the pier.

So-called perforated blocks can be made by using a apectally made wooden mould
(Fig. 3). In cortrast to the commen type of perforated block which has many

smaller holes, thiz type has only one large hole through its centre. It is also call-
ed an open block.

Open blocks are made by castlng mortar betwsen two frames (Fig. 4). The bigger
frame 1s made similarly to the woodsn mould described in the Reference Book,
Tools section, page 29. The smaller freawe s tapered and has a handle to make
it easier to remove from the block,

After the pier ig built, the anchoring bar is Inserted in the hole and the remaining
space is filled up with mortar or concrete.

NOTES:
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FOOTINGS FOR PIERS

There are situations where plers are needed which not only have to carry heavy
loads but also have to be very heavy in themselves. This is to anchor the roof a-
gaingt the suction of strong winds.

In order to save valuable nliding materials such as cement, reinforcement bars
and timber, as well aa to reduce the construction time, blockwork plera are of-
ten built,

There are several possible bonding arrangements. The bonds introduced in this

chapter represent only a few types, but they will meet the requirements of the
Rural Builder.

The type of bond which 1s used depends largely on which materiala are available
and on the size of pler which is deaired.

The opposite iilustrations show a bond for footings with sandcrete blocks lald flat~
wise. Refer to page 67 for another footing method. Both honds can also be used
to build up an entire pier, in case a heavy duty pier is desired.

All the coursges in the illustration on the left consist of a pair of blocks which are
set 2 cm out of line with each other at the header sides. You can see this 2 em
difference at points A, B, C, D in Figs. 1 and 2,

This is done to maintain a 3quare shape of 48 cm by 48 ¢m, since the width of
the two blocks plus a joint 19 48 cm, while the length of each block is only 46 cm,
Since the courses cross each other, a reinforcement bar for anchorage could be
built-1n between the cross joints (Fig. 2, E),

NOTES:
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BONDS FOR SANDCRETE PIERS

The following two bonds are also square-shaped but have shorter dimensions than
the footing bonds: 34 cm by 34 cm,

Fig. 1 shows the best bond for a pler with the above measurements. This ia be-
cause each course uses a total of 1§ blocks, which means that there is no waste,

The through-going cross jolnts in each course must be widened (Fig. 1, a & b)
to 4 ¢m In ovder to obtain a width of 34 em acroas the two blocks; 34 ¢m 1s the
length of the 3/4 blocks,

The 3/4 block in each course 1z set over the 1/4 block below, and across the 4 em
joint, making an alternating arrangement as ahown (Fig. 1).

Fig. 2 shows another bond for a sanderete pier. The pier 1s built entirely of 3/4
blocks. The cross joints all go through and all have a 4 em thickmess.

It is obvious that this type of pier should be buflt only If there are a lot of 3/4
blocks left-over from another construction, because otherwlise all the 1/4 blocks
are left-over and wasted,

NOTES:

PIERS, NPVE
BASIC. 66




REINFORCEMENT

BAR

[ OPTIONAL

EDGE OF
FOUNDATION

SANDCRETE PIER FLATWISE

PIERS,

BASIC.

NPVC

67




—REINFORCEMENT
BAR

Fig. 1
LANDCRETE PIER EDGEWISE

NPVEC

BASIC. 68




LANDCRETE PIER EDGEWISE

PIERS.

BASIC.

NPVC
69




BONDS FOR LANDCRETE PIERS

The examples of bonds for landcrete piers shown on pages 68 and 69 are similar
to some of the bonds already explained, Fig. 1 shows a bond which is basically
the same as the footing bond on page 63, except the blocks are laid edgewise,

Each course consists of two full blocks laid edgewise and across the course below,
In order to maintain a square shape of 30 ecm by 30 ¢m, the blocks are set 1 em
out of line with each other at their header sides (see polnta A, B, C, & D).

The bonding method seen in Fig. 2 requires cutting two blocks per course and re-
sults in a rather weak bond, The Rural Builder should avoid making this type of

pier except when he needa to use up some part-blocks left over from another con-
struction.

Fig. 1 on page 68 shows another bonding method for landcrete piers with the blocks
laid edgewise. This method has the advantage that an iron rod can be set into the
contre of the blacks, either to reinforce the pier or to act as an anchor, or both,

- NOTE: Landcrete piers should not carry heavy loads such as a truss or a con-
crete beam, because they are too weak., They may be used to support and anchor
overhanging raftera of a roof ahove a verandah.

If a landerete pier has to carry heavy loads, its dimenslons should be inereased
to a minirum of 55 ¢m by 556 cm.

NOTES:
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PART 2; BASIC CARPENTRY TECHNIGUEGS]

TECHNICAL TERM

- GRAIN: This refers to the direction of the wood fibres., Length is measured
along the direction of tte grain., Width is measured across the grain at right an-
gles to the length. When wood is cut across the grain, END GRAIN is exposed.

- WITH THE GRAIN: This term is used in connection with planing. If the fibres
are cut cleanly and smoothed down by the cutting iron, the wood is said to be
planed with the grain; like stroking a dog's coat so the hair lies down smocthly.

- AGAINST THE GRAIN: This means that the plane goes in the opposite direction,
lifting and breaking the wood fibres and leaving a rough surface; as if a dog's
coat were brushed the wrong way and roughened.

- STRAIGHT GRAIN: The wood fibres lie straight and parallel to the length of the
piece of wood. Such wood planes smoothly and easlily.

~ CROSS GRAIN: The wood fibres de not lie parallel to the length of the piece.
This makes the wood hard to work.

- BEVEL: This is made by planing off the sharp edge to form a new surface which
{3 not at right angies to the side of the piece of wood. A CHAMFER i3 a special
bevel, cut at 45 degrees. A "through' chamfer or bevel runs the whole length of

the edge (Fig. 1). A "stopped” chamfer or bevel is stopped at one or both ends
(Fig, 2).

- GROOVE: This 18 a recess cut along the grain. A "through' groove runs the

whole length of the plece (Fig. 3, 8); while a "stopped” groove s stopped at.
one or both ends (Fig. 3, b),

- TRENCH: This is a recess cut along the grain. A trench can also be either
through (Fig. 4, a) or stopped (Fig. 4, b).

- REBATE: Thisg is a recess cut along the edge or across the end of 2 board as In
Figs, 5 & 6,

- TRUE: In woodworking this indicates that a surface is flat and perfectly level.

- SQUARE: Square angles are exact 90 degree anglea. "Square' ts used to des-
cribe pleces in which all the corners and edges have 90 degree angles,

-~ SHOULDER: The vertical portion of & trench or rebate (arrows, Figs. 5 & 6).

PART 2: BASIC CARPENTRY TECHNIQUES, N P V C
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TESTING BOARDS

When you prepare a board for use in some project, you must make certain tests
on It to make sure that it is flat and true in all directions and that the angles and
corners are ail square. These tests are made during the actual preparation of

the timber, but we describe them here separately because they are generally use-
ful techniques which you will need again and again in your work.

Before you continue reading, look in your Rural Building Reference Book, Tools
section, page 36, and read about the try square, which is one of the tools you will
need for testing boards, You will also need winding strips (Fig. 2} and a stralght
edge (Fig. 1), which is usunlly a piece of wood with one long edge that you are sure
is perfectly flat and stralght.

Also look in the Reference Book, Materials secifon, page 132 and find out what ie
meant by the worda: iwisting; cupping; and bowing.

WINDING STRIPS

These are used as an aid to help you to see if a board twiste or "winds', They are
two strips of wood about 35 cm long, 2,5 cm wide and 1,5 em thick. The top edge
has a beve! and all the edges must be perfectly straight, One of the two strips may
be made darker sn that sighting along them is easier (Flg. 2}.

HOW TO TEST SMALL WORK PIECES

Test with the try square or the edge of a jack plane in different poaitions for flat-
ness. Also test the squareness of the edges with a try square at a few different
apots (Fig. 3}.

NOTES:
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HOW TO TEST LONG WORK PIECES

Tast fogw!.nding ftwisting) using the winding strips; one at each end of the bhoard,
across the grain, Go to the end of the board and look along the board, with your
eye just at the aame level as the strips (Fig, 1). When the top edges of the strips
do not appear parsallel (Fig. 1la), the board is not flat. Check with the winding
strips at difforent spots, making sure that the strips are parallel (Fig. 1b).

Test for cupping by putting a try aquare across the grain at different spots along
the board, If you check this against the Hght, you will see all of the uneven places
(Fig. 2).

To check for bowing you can do the same test, using a stralght edge along the
grain (Fig. 3),

For long boards you can sight along the boards with one eye closed, to see the
places which are uneven (Fig. 3a),

Uging a try square, check whether the angle between the face side and the edge
1s exactly 90 degroes. Make this test at several places (Fig. 4).

When all thage tests have heen performed with satisfactory results, the board
will be straight and true in all directions and it 18 ready to be used in a project,

NOTES:
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MEASURING AND MARKING QUT TIMBER

Accurate measuring and marking out are the first requirements for success in
the building trade. Common measuring and marking tools are the folding rule
and zig-zag rule (Reference Book, page 11),

MEASURING WITH A RULE

To measure between two points, place the rule ch che peint and read the mark
nearest to the other point (Fig, ).

When the en.! ~f the rule has become worn and inexact, you can still get an exact
measurement, Place the 1 cm mark of the ruler at the first point and read at

the second point. The true measurement is that reading minus 1 em. For example,
the measurement in Fig, 2 ts: 3,5 em minue 1 ¢m equals 2,5 em.

MARKING OUT WITH A RULE

To mark out measurements with a rule, place the end of the rule (or the 1 cm mark)
carefully at the start of the measurement and then make a fine mark with a pencil
exactly even with the marking on the rule at the correct distance.

For very accnrate marking and measuring, lay the rule on its edge so that the
marka on the rule touch the work (Fig. 3).

To mark out several measvrements on a line, it 18 best to mark all of the measure-
ments without ralsing the rule or moving it, If the rule is moved and each measure-
ment is made separately, there iz a much greater possibllity of error.

NOTES:
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MARKING WITH A PERCIL

When a marking gauge (Reference Book, Tools, page 39) Is not available, atraight
lines can be gauged along timber by one of ‘e following methods.

~ Grasp the pencil lightly in your closed fist with the point protiuding the desired
distance. For example, to make a line 1 em from the edge of the timber, the
point of the pencil should stick out exactly 1 em from your fist. Now pull the
pencil along the hoard keeping your thumbnail pressed firmly to the edge of
the board (Fig. 1).

- To gauge lines further from the edge of the board, use a rule and a penecil.
Grasp the rule in one hand with your thumbnail at the desired marking. Then
draw the rule along while keeping your thumbnail agalnst the edge of the
board, With your other hand hold a pencil at the end of the rule to make the
line (Fig. 2).

With these methods you should be careful not to get gplinters in your fingers.

- Another method of drawing lines parallel to an edge is with a small pencil
gauge. This is simply n small, rebated wooden block which is preased
against the edge of the timber and used to guide the pencil, as shown in Fig,
3. The pencil gauge is often used to mark out the position of chamfers.

~ A gtraight edge can also be uged in marking out longer lines.

MARKING WITH A CHALK LINE

A quick and simple way of marking out a straight line on any surface is with a
chalk line. This is simply a piece of string that has been rubbed with chalk un-
ti it Is coated in chalk dust (charcoal may also be used for this purposs).

To use the chalk line, stretch the line between two polnts which are the ends

of the line you want to mark. Hold it in place by tying the ends to nails, or have
a helper hold it for you.

Lift the line up in the miadle and allow it to snap back (Fig, 4), making a straight
chalk line on the surface.

NOTES:
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TIMBER CONSTRUCTIONS

The last few leasons were about the very basic things you will need to know before
you can actually make any construction of wood. Therefore we started with some
technical terms which are important because you will see them again and again in
the lessons and will use them in practical work,

The next sections include all the information you will need to prepare for a pro-
ject: how to get the wood pleces to the right size and shape; how to mark the tim-
ber; and how to pian a project using a cutting list. Included kere is a section on
nailing and one on driving screws. Before you study those sections, look up nails
and screws in the Reference Book, Products, pages 207 to 211, so that you are
famillar with the parts of nails and screws and how they look.

Each section starts with a list of tools. Refer to the Reference Book, Tools sect-
lon, and learn about each of these tools baefore you study the rest of the section,

NOTES:
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PREPARATION OF TIMBER

In order to carry out the consiruction of any practical exercise or project, it ls
essential to have the wood pieces for the project prepared so that they have the

correct size, true and flat surfaces, and aquare corners and angles.

There is of course a correct procedure to be followed for this preparation. it
is important to earry out the following steps in their correct order on every
piece of timher, whether large or small.

A

g
=

easy Way to T iy 0 keep the following
word inmind: FEWTEL.,
Face Edge Width  Thickneas End Length
F E w T E L

The tools which are required for this preparation are the kench, jack plane,
straight edge, winding strips, pencil, try square, merking gauge, charcoal line,
tack saw, ruler and crosscut saw, Look these up In the Reference Book and
make gure that you understand what they are and how they are used.

NOTES:

NPVC

PREPARATION OF TIMBER,

BASIC. 82




WIDTH MARK
/"

\/\/ Ne ¢

NPV C PREPARATION OF TIMBER.

83 BASIC.




SEQUENCE OF OPERATIONS FOR PREPARING TIMBER

Zep L. Plane the face side (F)

- Put your work on the bench with the better side up. If the board is not flat,
put the hollow side down to keep it from rocking or moving around. In the
cage of very long or thin boards or twlated or deformed boards, put thin wed-
ges of wood underneath where needed, to keep the work steady and loep it
from bending in the middle duriag planing,

- Plane thia side perfectly true.
- Teat for flatnegs with the straight edge, winding strips and try square.

- Mark this side as the face side; the face mark should point to the edge which will
be the face edge. The face edge will be ths best edge of the board,

Step 2, Plane the face edge (E)

- Fasten your board to the side of the bench, with the face mark up. The planed
side muat be towarda you and not against the bench, unless this would mean
you would have to plane against the grain, In that case, you should turn the boaxd

go the other edge is up, keeping the face side towards you because the try square
has to be set against the face side.

- Plane the face edge perfectly straight and square to the face side.

~ Test for straightness with the straight edge and for squareness with the try
square,

- Mark it with a face edge mark pointing to the face side,
Sep 3. Plane the width (W)

- With a marldng gauge, mark the width of the board. Press the gauge against
the face edge and mark on the face side.

~ Plane down to the middle of the gauge line and be careful to get a square, stralght
edge when you reach the mark,

- Test for flatness with a straight edge and try square.

NOTES:

- During ptaning mind the direction of the thread of the wood,
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SEQUENCE OF UPERATIONS FOR EEDARTNG TIMBER
Zop 1, Plane the facs side (7}

- Put your work on the bench with the better side up. I the board 18 not flat,
pit the hollow side down to keep it from rocking or moving around, In the
case of very long or thin boards or twisted or deformed boards, put thin wed-
ges of wood undernealh where needed, to keep the work steady and keep #
from bonding ' the middle during planing.

~ Plane this side perfectly true.

~ Test for flatness with the straight edge winding strips and try square.

- Mark thig side as the face side; the face wmark should point to the edge which will
be the face odge. The face edge will be ths best edge of the board.

Rap 2, Plane the face edge (E)

- Fagten your board to the side of the bench, with the face mark up. The planed
side muet be towards you and not against the bench, unless this would meun
you would have to plane against the grain, In thax case, you should turmn the board
so the othe~ edge 1a up, keeping the face side towards you because the try square
has to be £ it against the face side.

- Plane the face edge perfoctly straight and square to the face side,

- Test for straightness with the straight edge and for squareness with the try
sguare,

- Mark it with a face edge mark pointing to the face side,
Rep 3. Plane the width (W)

- With a marking gauge, mark the width of the board. Press the gauge against
the face edge and mark on the face side,

- Plane down to the middle of the gauge line and be careful to get a square, straight
edge when you reach the mark,

~ Test for flainess with a straight edge and try aquare.

NJOTES:

- During planing mind the direction of the thread of the wood.
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Step 4. Plane the thickness (T)

- Use a marking gauge to mark the thickness of vour board, Press the gauge
against the planed side and mark both edges.

~ Plane down to the middle of the gauge lines.

- Tesat for flatness as you get near the two marked lines, Be sure to check for
flatness across the board at several points. Check for winding with the winding

Gonerally timber is not prepared to the exact length, Waste is left on each end to

protect the corners from damage, If it is necessary to prepare it to the exact length,
the procedure is as follows:

Step 5. Cut one end (E)
- With a try square, aquare the best end; with as littie waste as possible.

- Cut that end perfectly aquare to the face side and face edge. Saw on the waste
side of the line.

- Test for squarensss in all directions,

~ Mark the end with a eross, so that you kmow which is the prepared and tested
end,

Step 6. Cut the length (L)

~ Measure the required length from the prepared end and square with the try
square.

= Cut that end perfectly square in all directions.

~ Teat it with a try square.

NOTES:
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TIMBER MARKS

The purpose of face marks, as they are shown under preparation of timber, is
to show clearly the prepared and tested sides and the 2dges which are square.

Turing all further marking. squarizg and gauging we should try to work from
these sides and edges.

MARKING OF FRAMES

Making frames is an important part of Rural Building, We huve to mark the mem-
bers of a frame in a standard way so that we do not confuse their positions.

- Select and prepare the timbey according to the sequence given In the section
on preparation of timber, Lay oui the various membexs as they will be when
they are finally assemblied into a frame (Fig. 1),

- Take eare that all surfaces which will be viaible in the finished product are
of good timber and without defects. Usually these will be the face sides and
face edges. Always tryv to keep the face sides on one side, and the face edges
all on the inside or all on the outalde,

- Now put the Inside edges of the horizontal members together, mark the length

of the members and put the triangular mark as shown in Fig. 2. The triangle
always should point up,

- Ncw do the same thing for the vertieal members. Put the Inside edges together,
mark the lengths and put the triangular sign, again pointing upwards (Fig. 3).

- All further marking ghould be done using these sides as a reference.

NOTES:
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CUTTING LIST

After you design and make the drawing for a piece of work, rou need to make a
cutting list showing the length, width and thickness of all the parts. These wiil
be the finished sizes. So that each part will ba straight, true and amooth, we
must begin with slightly bigger pleces to have an allowance for planing the sawn
timber true.

The planing allowance for a board 1s:
3 mm exira in thickness
6 mm extra in width

12 mm axtra in length

For square pleces the allowance 13:
3 mm axtra on each gide
12 mm extra in length

An exanple 1s shown below of a cutting list for a simple box (Fig. 1). The list
shows the parts of the box, the kind of wood, the number required of each part
and the finished size of the part. In the last column we find the size of the tim-
ber that will be required when the planing aillowance has been added.

Usually it 1s best to plan a project according to the sizes of timber you have
available, subtracting the planing aliowances firat in order to prevent waste,

Cutting list:
finished size {cm) timber slze {cm)
arti wood | no. L w T L w T
A |odem j1 | 10,6 | 8 2,2 11,8 | 8,6 | 25
B jOdum {1 10,6 8 2,2 11,8 8,6 2,6
C (Qdum | 1 25 8 2,2 126,2 8.6 2,5
D §Odum | 1 25 8 2,2 | 26,2 8,6 2,5

When you are choosing timber for a plece, choose the best, straight boards for

the long pieces. The erooked or defsctive boards can be used for the shorter
pleces.

NOTES:
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FASTENING WITH NAILS

Before you read this section, look up Nails in the Reference Book, Products gect-
ion, page 207,

DRIVING NAILS

To start a nail, hold it steady between your thumb and fingers with one hand and
strilte one or two ilght blows with the hammer (Fig. 1).

Aflter the nail is well staried, drive it in with firm blows, Hold the handle of the
hammer near the end and atrtke the nailhead straight.

When you drive a nail all the way in, be careful on the last blows not to hit the
wood and leave a hammer mark on it.

HOLDING POWER

The holding power of the nail depends on the pressure of the wood fibres againat
the shank of the nall and also on the size of the najlhead (Fig. 2),

Hard dry wood holds better than soft or wet wood. End graln doesn't hold nails ve-
ry well, If the nafl is driven across the fibres, the nail's length shouid be 2} times
the thickneaa of the top piece (Fig. 3). If it is driven into end grain, the length
should be 3 tlmes the thickness of the top plece (Fig. 4).

The helding power of nalls in end grain can be improved by dovetail nailing, which

means the naila are inserted at slight angles (Fig. 5) instead of straight in (Fig. 6)
which is the usual way,

If posaible the nails should be inserted at right angles to the force that will be ap~

piied to the piece; so that any force tends to shear off the nail rather than pull it
out,

The currect placing of the nails 18 important with respect to the strength of the
finished piece.

NOTES:
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HOW TO PREVENT SPLITTING DURING NAILING

Nails can be staggered (inserted out of line) to prevent splitting along the fibres
of the wood (Fig. 1).

Biunting the nail with one or two hammer blows on the tlp alsc helps to prevent
the nall from splitting the wood (Fig. 2).

If large nails are to be fixed, drill holes first to keep them from splitting the tim-
ber. The holes should be glightly amalier in diameter than the palls.

FINISHING OFF

Lost head nails are punched {kmocked below the surface of the wood) with a nall
punch or a large blunt nail. The remaining hole can be filled with putty (Fig. 3).

When the sharp points of nails come all the way through the timber and out on the
other side, they are clenched; that is the tips are bent over and flattened against
the wood, out of the way There are two ways of doing this:

- Knock the tip flat and pumch it into the wood with a nail punch (Fig. 4).

- Bend the point at a right angle first, and then knock it back into the wood

(Fig. 5; a, b, & ¢). This is done where the nafl projects more than 1 cm,

The head of the nail should be supported during clenching to keep it from belng
pushed out again,

Bent naiis can be stralghtened if you tighten one end in a vice and support the oth-
er end with a hammer while knocking out the bent part with another hammer
{Fig. 6).

NOTES:
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FASTENING WITH SCREWS

Before you read this sectlon, lock up screws in the Reference Bock, page 209;
screwdrivers on page 77; and malntenance of screwdrivers on page 103.

HOLDING POWER

The holding power of a screw depends on how the thread em’ ~.s in the fibres,
the length of the screw and the strengtl. of the head which holds the top plece.

When a screw is driven across the grain, the screw's length should be about
twice the thickness of the top plece (Fig. 1).

Screws driven into the end grain should be longer, about 3 times the thickness of
the top plece (Fig, 2).

DRIVING SCREWS IN SOFT WOOD

- Bore a hole in the top piece with the same diameter as the shank of the screw

(Fig. 3a). The bottom piece may be punched with a large nail or awl (Reference
Book, page 73).

-~ Countersink if necessary (Fig. 3b).

~ Drive the gerew (Fig. 3c).

DRIVING SCREWS IN HARD WOOD

~ Bore a hole in the top piece with the same diameter asa the shank of the screw
(Fig, 4a).

- Bore a hole in the bottom plece with the same diameter as the core of the screw
(Fig. 4b).

- Countersink if necessary and drive the screw (Figs. 4¢ & 4d).

Use a screwdriver with the correct tip only. I the screw turns too hard, the hole
may be tco smali or not deep vnough. Remove the screw and find out what the pro-
blem is so it can be corrected, otherwise the screw may break or split the board,

- Turn the screw down until the head is just seated. Overturning weakensg the hol-
ding power and may break the screw.

- To make driving easier and to protect against rust, a bit of soap or oll may be
put on the tip of the screw,
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ANGLE JOINTS

Angle joints are joints where the sides of the pieces (the wide surfacesa) meet at
right angles to each other. Angle joints are used for box-like eonstructi ns such
as small boxes, tool boxes etc. For an example of u box using angle joints, see
the fllustration for the Cutting List lesson, on page 89. In this chapter we will con-
sider the most common types of angle joints and their construction.

NAILED BUTT JOINT

The simplest angle joint is the nailed butt joirt. The and of one piece of wood is
cut square, then butted against the face of the other piece. It is held in place with
nails, or both nails and glue {Flg. 1).

PLALN MITRED JOINT

The ends of the pieces are mitred {(cut at 45 degrees) across the thickness. The
mitred ends are butied together and held in place with glue and nails (Fig. 2},
This 1s a weak type of joint although it is stronger than the butt joint because K
is nailed from two sides. Its advantage is that the end grain is not exposed to da~
mage from water or Insects, and it has a neater appearance.

REBATED BUTT JOINT

The end of cne piece fits into a rebate at the end of the other piece, This joint is
sirong because two surfaces are available for nafling, and because the shoulder
of the rebate supports and helps tc held the other piece (Fig. 3}.

The lap is the section of wood which is left projeciing after the rebate 1s cut (Fig,
3). The lap is usually one-half of the thickness of the board, This lap will be im-
portant later when we are figuring out the length of our pieces for making a box.

The rebated butt joint is simple to construce, In the following sequence of opera-
tions we will describe how to make a simple box with this joint while also pract-

ising some techniques discussed earlier, like making a cutting list and preparing
timber to size,

The tcols required here will be the same ones we used for the preparation of tim~
ber; with the additions of a flrmer chisel, a smoothing plane, and a backsaw.
Make sure you know what these tools are and how to use them before you go on,
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SEQUENCE OF OPERATIONS FOR CONSTRUCTING A BOX WITH THIS JOINT

%ep 1. Preparation of timber

- Make a cutting list. The end pleces can be cut to the required length, that is the
outside width of the box minug the width of the two laps. Allow 3 inm extra at
each end of the side pleces, for planing off after assembly (¥Fig. 2).

~ Prepare the pleces (see Preprration of Timber section, pages 84 to 86).
Step 2. Markiag out

- Mark the sides and ends as shown in Fig. 1, on the face edges {Marking of frames,
page 8%). Al further -.uarking will be done from the sidos with these marks,

- Place the two sides togother and mark the posttion of the rebates, squaring
with the try square (Fig. 2).

~ Mark the shoulder lines of the rebate on the Inside face of the plece, uging the
try square (Fig. 3).

- Mark the depth of the rebate on the end grain and the edge, using a marking gauge
(Fig. 3). Show the waste with crosses.

Rep 3. Cutting the rebate

~ Saw the shoulders down to the gauge line, Cut on the waste side of the live. If the

plece is very wide, nail or clamp a guide over the line to gulde the saw, Uce a
backsaw (Fig. 4).

- Remove the waste carefully to the gauge line with a firmer chisel (Fig, 5). Find

out the direction of the grain by chiselling out small pieces first, so that you don't
accidentally chisel 6o deep.

Fep 4, Assembling

- Clean up the instde faces with a smoothing plane (Fig. 6).

~ Assemble the box with glue and nails.

- Measure the diagonals to check for squareness.

- Clean up the face and bottom edges with a smoothing plane.

- Plane off the waste from the sides with the smoothing plane. Prevent splintering
by working inwards from the ends (Fig. 7).

NOTES:
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HOUSED JOINT

These joints are another type of angle joint, also used in box-like constructions.

Housing consists of sinking the end of one piece into a trench which is cut into the
face of another piece (Fig. 1).

The tools required for making this type of joint are the same ones uged to make
the rebated butt joint,

SEQUENCE OF OPERATIONS FOR CONSTRUCTING THE JOINT

Step 1. Preparation of the timber

- Make a cutting 1iat.

- Propare the timber (see Preparation of Timber section),
Step 2. Marking out

- Mark one edge of the trench with a try square and the other edge by using piece
A as a guide (Fig. 2). (Smooth piece A before using it to mark the trench).

- Gouge the depth of the trench at each edge (Fig. 3).
- Show the waste with small crosses (Fig, 3).
Step 3. Cutting the trench

- Saw the sides of the trench (on the waste side of the lines) down to the gauge
linea (Fig. 4).

- Chisel out the wasto from the trench (Fig. 5).

Step 5, Assembling
- Assemble the two parts with nails and glue.

- Clean up the edger with a amoothing plane.

NOTES:
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COMMON MCRTICE AND TENON JOINT FOR BOX-LIKE CONSTRUCTIONS

Thias 15 one of the commonest and strongest jointa, The two parts are (Fig. 1;:
the tenon (B) which 1s a projection on the end of one part and the mortice (A), the
hole in the other part into which the tenon fits. The tenon ia usually 1/3rd of the
width of the board,

The tools we need are ones we have discussed before, plus a mortice chisel, a
brace and Jdrilling bits.

SEQUENCE OF OPERATIONS FOR CONSTRUCTING THE JOINT
S&ep 1. Preparation of timber

- Make a cutting list,

- Prepare the timber to the required sizes. (In the following steps, the plece with
the mortice is ""plece A™ and the one with the tenon is "plece B".)

Sep 2, Marking out

- Mark out the length of the tenon on plece B, Allow 3 mm waste in the length and
make square lines all around with a try square and pencil (Fig. 2).

~ Take plece A and mark out the poaition of the mortice on the face edge and make
square lines on the edges on both sides with the try square {(Fig. 3).

- Sat the marking gauge to the width of ths tenon and mark the lines around plece
B at the width, Mark the waste with small crosses (Fig, 4).

- Use the same setting to mark both faces of plece A and use a try square and (al~
ready amoothed) plece B to mark the remairing two lines for the width of the mor-
tice (Fig. 5). Mark the waste with a2 small croass,

If the marking gauge has two pins, set each at its correct measuremernt and mark
both lines at onpe. If not, mark with the first setting on all the memhbers, then
change the setting and mark the other measurement on all the members,

- Always mark from the face edge. Check the marking by setting plece B against
the marks on plece A to see if they fit. Pisce B must be smoothed firat,

NOTES:
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Step 3. Cutting the mortice

- Bore out most of the waste, using a brace nnd bit (Fig. 6). Clamp a plece of wood
to the underside to prevent splintering and damage to the bench,

~ Chop out the remaining waste with a mortice chisel, chiselling halfway through
from both sides. Leave about 2 mm extra waste on all sides to prevent damage
to the sldes. Keep the cutting edge of the chisel acrosa the grain,

- Carefully chop out the rest of the mortice up to the lines (Fig. 7). Keep the bevel
of the chisel towards the inside of the mortice. Do not use the mallet,

Step 4. Cutting the tenon

- Rip the gides of the tenon, sawing on the waste side of the line (Fig. 8), Cut in
stages as shown in Fig. 11, a, b, ¢, & d).

- Carefully saw the shoulders, making sure to hold the saw straight. Keep on the
waste side of the line (Figs. 9 & 10).

Step 5. Assembling the joint

- Check the fit of the members. The tenon should fit tightly Into the moriice without
splitting the morticed plece. There should be no gap between the shoulders of the
tenon and the morticed member. Don't force the members together. If they don't
fit, find the problem and correct it.

- Clean up the inside of the joint where it can't be reached after assembly with a

smoothing plane. (Remember that the tenon should ke smoothed before using it
to mark out.}

- Assemble the joint.

- Plane off the waste end of the tencn, clean up all sides and edges with the smooth-
ing plane,

NOTES:
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CORNERLOCKED JOINT

The cornerlocked joInt is similar to the mortice and tenon joint. It s an angle
joint with a series of tenons on one member which correspond to slota on the other
member (Fig. 1). The resulting joint Is strong because it can be nalled from two
sides, and the interlocklng teaons and slots also help hoid the plecea together.

The tools required to make this joint are the same ones uged for the mortice and
tenon joint,

SEQUENCE OF OPERATIONS FOR CONSTRUCTING THE JOINT

Step 1. Preparation of the timber
- Make a cutting list,

- Prepure the timber to the required sizes. (In the following steps, the member
with the slots is plece "A" and the one which has the tenons is piece 'L'".)

- If the members are to he used for a box whera the external appearance is {m-
portant, the face sides should be outslde.

- In most cases the face edges are kept upwards.
Step 2. Marking out

- Mark out the position of the tenons and slots by gauging or squaring lines at the
corners on the ends of the pleces: on plece A the depth should be equal to the
thickness of piece B (Fig. 2); while on plece B the depth should be equal to the
thickness of piece A (Fig. 3). Allow 2 mm waste for cleaning up after assemnbly.

- Mark out the shape of the tenons on plece B, Keep all tenons the same size
{Fig. 4).

- Immediately mark the waste between the tenons with crosses (Fig. 4).

NOTES:
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Step 3. Cutting the tenons

- Rip the sides of the tenons down to the gauge line (Fig. 5). Saw on the waste
side of the line.

~ Chop out the waste by chiselling alternately vertically and then at an angle, ma-
king V't cuts halfway through from each side (Figs. 6, 7, & 8),

Step 4. Cutting the slots

- Place plece B (with the tenons) over the end of plece A, with the face side to-
wards the outslde as indicated in Fig. 2,

- Mark the shape of the tenons onto piece A with a pencil (Fig, 9).
- Square the sldes of the slots down both eides (Fig, 10),

- Mark the waste with small crosses (Fig, 10).

- Rip the gides of the slots, sawing on the waste side of the line,

- Chop out the waste from the slots, chiselling from both sides as explained in
the previous step (Fig. 11).

Step 5. Assembling the joint
- Clean up the Inside faces of the joint.
- Assemble tho joint with glue and nails,

- When the glue ia dry, clean up the waste of the tenons and slots with a amooth~
ing plane, Make sure the naila are punched well below the surface to prevent
damage to the sole of the plane.

- Clean up the outside faces and edges with a smoothing plane.

NOTES:
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FRAMING JOINTS

Framing joints are those used in frame-like constructions. The members are us-
uallr constructed with thelr edges at right angles to each other; In contrast to the
angle juints used in box-like constructions, where {t is the sides which form the
right angle (previous pages).

HALVED JOINTS

Halved joinis are one type of framing joint. The name is applied to joints where
the pieces of timber which meet or cross each other are halved; that g, at the

place where they cross, each plece is 1/2 the thickness of the rest of the plece.
The result is that in the assembled jolnt, the surfaces of both pleces are flush.

Halved jolnts are used for constructing simple frames.

In Rural Building, we deal with four different kinds of halved jointa, Here we will
cover the description and construction of the 'tee-halved joint", since the constr-
uctlon of the other joints follows much the same procedures,

The tee-halved joint consists of a pin (2) on the end of one piece which fita into a
aoccket (b) In the other plece (Fig. 1).

The pin is half the thickness of the timber, and the depth of the socket equals the

thickness of the pin. The shoulder of the pin {c) fits against the face edge of the
socket (Fig. 1).

The tools required to make thls joint are the same ones we used to make the mor-
tice and tenon joint in the last chapter.

SEQUENCE OF OPERATIONS FOR CONSTRUCTING THE JOINT

Step 1. Preparation of timber

- Make a cuiting list,

~ Prepare the pieces to the required size.
Step 2, Marking out

- Mark the length of the pin by placing the socket plece on top of it and marking at
the width, A small amount of wagte can bhe left on the end of the pin, io be planed
off after the jeint is assembled,

- sake lines square at the shoulder of the pin, drawing them across the gide and
haliway down the edges, with a try square and pencil (Fig, 2), Mark the waste,
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~ Mark the position of the socket, using the plece with the pin as a gulde. Smoocth
the pin before using It to mark the socket,

- Square the lines across the side and halfway down the edges with a try square.
Mark the waste (Fig. 3, previous page).

- Gauge the thickness of the pin around its edges and mark the waste (Fig. 2, pre-
vious page}.

- With the same setting, gauge the depth of the socket on both edges and mark the
waste (Flg. 3, previous page),

- Both pin and socket should be gauged from the face alde.

- Place the pin over the position of the socket and check the fitting (Fig. 4, pre-
vious page).

Step 3. Cutting the pin

- Rip the thickness of the pin. Cut in stages as shown in Fig. 5, a through d. Take
care to keep on the waste side of the line.

- Saw the shoulder of the pin, keeping on the waste side of the line (Fig. 8).
Step 4. Cutting the socket

- Saw down to the gauge linea of the socket, keepin. on the waste side of tle lines
{Fi‘g‘ 7).

- Chisel out the waste, chiselling halfway through from both edges (Figs. B & 9).
- Test the flatness of the socket with the blade of the try square,

Step 5. Assembling the joint

- Clean up the Inside edges with a smoothing plane,

~ Agsemble the joint with glue and nails,

-~ When the joint 1s dry, plane off the waste of the pin,

~ Clean up all sides and edges with the smoothing plane.

NOTES:
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CORNER-HALVED JOINT

Another halved joint is the corner~halved joint (Fig. 1), It is used where the pieces
meet at their ends to form a cormer.

The sequence of operations to construct this joint 1g elmilar to the one for the tee-
halved joint, except that instead of a pin and a socket, two pina have to be marked
and cut.

CROSS-HALVED JOINT

The third halved joint we deal with is the cross -halved jo
where two members cross each cther.

The sequence of ope.ations to construct this joint is similar to the tee-halved joimt,
but ingtead of a pin and a aocket, two gocksts have to be marked and cut.

SIOPPED TEE-HALVED JQINT

in this joint the socket 1s stopped away from the edge and the pin is cut short, so
that in the assembled joint the end grain of the plece is not seen (Fig. 3).

Ctherwise, the samc sequence is followed as for the tee-halved joint,

NOTES:
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COMMON MORTICE AND TENON JOINT FOR FRAME-LIKE CONSITRUCTIONS

One of the most common and strongest forms of framing jolnt is the mortice and
tenon joint (Fig. 1).

The sequence of operations to consiruct a mortice and tenon joint for frame -like
constructions 1s almoat the same as for box-lke conatructions. Of the four types
of mortice and tenon Jolnts mentioned in this chapter, we will only go into detail
about the construction of one of them, the common mortice and tenon, No new
tools will ba needed,

SEQUENCE OF OPERATIONS FOR CONSTRUCTING THE JOINT

Sep 1, Preparation of timber
- Make a cutting list.

- Prepare the timber.

Sep 2. Marking out

- Mark out the posltion of the mortice and square the lines acrosas the face side und
edges, using a try square and pencil (Fig. 2).

~ Mark out the tength of the tenon on the other member. Allow 3 mm waste on the
and.

- Square ilnes all arcund (Fig. 3).

- Set a marking gauge to the size of the tenon (one-third of the width of the plece)
and mark around the end of the tenon (Fig, 5). Mark the waate,

- Usge the same setting to mark both edges of the mortice and mark the waste
(Fig. 4).

- Do all marking from the face side.

- Check the marking, using the pleces as a guide by placing them over the marks

{compare this sesuence to the mortice and tenon for box-like coastructions, page
104)‘

NOTES:
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Rep '3, Cutting the mortice

- Most of the waste may be bored ocut (Fig. 6). Bore haltway through from both
edges. Make sure you keep the brace at a 90 degree angle to the edge.

- Chop out the remaining waste, cidselling halfway through from both edges. Leave
about 2 mm extra to prevent damage to the sides of the mortice during chiselling
(Fig. 7),

- When most of the waste 1a out, chisel out the remainder to the line (Fig. 8).
- Koep the cutting edge of the chissl across the grain,

Rep 4. Cutiing the tenon

- Rip the sidec of the tenon, sawing on the waste side of the llnes (Fig. 9).

- Saw In steps (see tee-halved joint).

- Carefully saw the shoulders, keeping the aaw vertical and on the waste side of
the lne (Fig. 10 & 11),

Step 5. Assembling the joint

- Check whether the members fit topether (see Assembly section for the mortice
and tenon joint for box-like constructions).

- Clean up ingide the joint where it cannot be reached after assembly,
- Aggemble the joint with glue.

- When it 1s dry, plane off the waste of the tenon,

- Clean up the edges and sides with a smoothing plane,

Note the importance of marking the waste as you mark out the pleces. This cannot
be over-emphaslized. Most construction mistakes are made by cutting on the wrong
‘side of the line, due to improper markieg.

NOTES:
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HAUNCHED MORTICE AND TENON JOINT

Another type of mortice and tenon for frame -like constructions i{s.the haunched
mortice and tenon (Fig. 1), This joint is used where one member meuts another
at a corner,

The width of the tenon 1s reduced to 2/3rd of the width of the board and the mor-
tice size is reduced to suit (Fig, 1),

A haunch is left on the tenon to prevent it from twisting in the mortice. The length
of the haunch is equal to the thickness of the tenon and it fiis into a recess above
the mortice, called the haunching.

Otherwise, the sequence of operations for consiruction of this kind of joint is the
same as for the common mertice and tenon joint,

When you make the cutting list for this type of joint, the allowance in length for
the member with the mortice should be 256 mm instead of 12 mm to help prevent
aplitting of the haunching (see Cutting List, page 90),

STUB TENON JOINT

Where the end grain of the tenon and the opening of the mortice must be hidden, the
stub tenon joint is chosen (Fig., 2). In this joint the tenon does not pass through the
morticed member, but 1s stopped inside. The sequence of oparations for construc-
ting thig joint 13 the same as for the common mortice and tenon joint. Stub tenons
are also used for box-like constiuctions.

At times a combination of the haunched and stub tenons is required, This 13 called
a haunched stub mortice and tenon joint,

TWIN TENON JOINT

Where the members to be joined are very thick, twin tenons are used (Fig. 3).
Each tencn 1is then not 1/3rd, but 1/5th of the thickness of the members.

The secquence of opersations is almost the same as for the common mortice and
tenon joint, with the only difference being that two mortices and tenons have to be
marked and cut instead of only one.

This joint can be used for both frame-Ike and box-like cunstructionra,

NOTES:
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SECURING THE JOINTS

Instead of nails to secure mortice and tenon joints, either pegs or wedges can be
used.

One or two holes are driiled through the assembled joint and wooden dowels, o

pegs, as they are called in this case, are Inserted with glue to securely fix the
join. (g, 1),

- To make the dowels, plane off the cornera of a square plece of hard wood, until
the piece is round. When the dowel is cut to length, chamfer the ends and cut a
groove along the length to permit alr and excess glue to escape (Fig. 1, a - e).

Follow the steps below to secure a joint by means of wedges,

- Cut the mortice with an allowance of 2 mm in width, tapering from the outside
edge to about 2/3rd of its depth (Fig. 2).

~ Make cuts in the tenon to receive the wedges.
- To provent splitting of the tenon, drill small holes at the end of each cut.

- Cut the wedges from small pleces of waste wood; they should have the same
length as the tenon,

Haunched mortice and tenon joints in frame-like constructions should not be wed-
ged, because of the danger of breaking off the small haunch at the corner of the

joint,

Both wedges and pegs can be used for securing mortice and tenon joints In box-
like constructions.

NOTES:
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BRIDLE JOINT

Bridle joints are similar to mortice and tenon joints. They consist of a pin and a
socket {(Fig. 1). The thickness of the pin is 1/3rd of the thickness of the member.
The two types of bridle joint are the tee bridie (Fig. 1) and the corner bridle.

Here we will only go into detail about the tee bridle, since the construction of the

corner bridle joint follows much the same procedure,

SEQUENCE OF OPERATIONS FOR CONSTRUCTING THE JOINT

Step 1. Preparation of the timber

-Make a cutting list.

-Prepare the timber.
Step 2. Marking out

-Mark the position of the pin on one member, making the distance between the
shoulders equal to the width of the other piece. Square the lines all around the
piece with a 1ry square and pencil (Fig. 2).

-Mark the tength of the socket {plus 2 mm waste) on the end of the other member,
making the length equal to the widih of the pin. Square the lines across the face

side and on both edges (Fig. 3). Remember to smeoth the pieces before using them
to mark.

-Set a marking gauge to 1/3rd of the thickness of the member and gauge along

both edges of the pin. Use the gauge from the face side only. Mark the waste
with smali crosses (Fig. 4).

- With the same setting on the gauge, mark around the end of the socket. Mark
the waste (Fig. 5).

-Mark the other side of the socket in the same manner, from the face side, with
the gauge set at 2/3rds of the thickness of the piece. If you have a gauge with
2 pins, mark both lines at once,

- Check the fitting,

NOTES:
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Step 3. Cutting the pin

-~ Carefully saw the shoulders down to the gauge line, sawing on the waste gide of
the line (Fig. 6).

- Chigel away the waste, chiseliing halfway through from both edges (Fig. 7).
Step 4. Cutting the socket

of the linaz (Fio
Of Lhe lINag (Mo,

114),

9. Saw in stons (Raa Tea-halved ioint. Cuttine t
L = b e eRiSa T 4 ] =

- Chop out the waste with a mortice chisel, chiselling halfway through from bota
edges (Figs, 10 & 11},

Step 5, Assembling the joint

- Clean up the inside edges which cannot be reached after the joint is assembled.
- Assemble the joint with glue and nails.

- When the glue is dry, plane off the waste of the socket,

- Clean up the gides and edges with a amoothing plane.

CORNER BRIDLE JOINT

The corner bridle joint is used where members meet to forn: the corner of a
frame. Like tha tee bridle, it consists of a pin and a socket (Fig. 12),

The pin 18 constricted ke the tenon in the sequence of operations for the mortice
and tenon joint for 1rame-like constructiions, pages 118 to 120,

The socket 1s constructed in the same way as the socket for the tee bridle joint,
above,

NOTES:
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WIDENING JOINT 3

Widening joint< are joints used to make a single, wide board by joining two or more
narrow boards along their length, edge to edge (Fig. 1).

The boards that will be joined must first be marimed. Lay the boards out In the desired
position and mark them with a triangular mark over all the boards (Fig. 1). The
triangle should point upwards. This mark will help us to keep In mind the position

of each board during the steps that follow,

PLAIN GLUED BUTT JOINT

This I8 the gimplest widening joint (Fig. 2). The edges of the boards are planed per-
foctly straight and aquare, and then butted together. The jolnt is glued and clamped
tightly to force out the surplus glue. For narrow pieces this is dune with G-clamps.
For wider pleces, wooden or metal sash clamps are used.

DOWELLED WIDENING JOINT

This joint is similar to the plain glued butt joint, but strength is added by means
of cylindrical wooden pins, called dowels. Dowels are made as explained in the
section on securing joints. The dowels are then glued into holes in the edge of each

board (Fig, 3). The diameter of the dowels should be about one-third of the thick-
nesg of the pleces that are being joined.

The holes should be sbout as deep as the boards are thick, and they should be
slightly countersunk (see Fastening with Screws, page 96),

Mark out the position of the dowels by putting the boaxds on top of each other, sides
together and marking both edges at the same time. The centre can be marked with
a marking gauge, marking from the face gide.

Metal or wooder sash clamps are used to prees the boards together during glueing,

NOTES:
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REBATED JOINT

In this widening joint, the edges of the boards are rebated to match each other
(Fig. 1). The rebating is done with either an ordinary rebate plane or an adjustabie
one. This joInt is stronger than the plain glued butt joint.

HOW TO PLANE A REBATE WITH AN ORDINARY REBATE PLANE

Step 1.

- Mark the depth and width of the rebate with a marking gauge (Fig. 2).

Siep 2.

- Fix a wooden guide strip along the line that marks the wldth of the rebate (Fig. 2.
The guide strip must be perfectly square and it should lte flat,

Stap 3.

- Plane untii you reach the line marking the depth of the rebate. Take care that the
side of the plane is always against the gulde strip, so that the width of the rebate
18 the same along the whole length.

- If you notice that you are planing against the grain, stop just before you reach the
required depth and plane from the other direction. This will ensure that the sur-
face of the rebate 1s smooth.

An important point in planing rebates is setting the plane correctly. The side of the
cutting iron that faces the rebate must be set so it is exaotly flush with or only
slightly coming out at the side of the piane. If It projects too far It will damage the
guide strip, and if it is get in from the side it will not plane true (Fig. 3).

When you set the cutting iron, do not lmock on it with a steel hammer. This will

damage the iron, Rather, loogen the wedge slightly and kmock it with a mallet or
a plece of wood,

When the rebate plane is not set well, it will tend to slip off the rebate and will not
produce a good surface,

NOTES:
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HOW TQ PLANE A REBATE WITH AN ADJUSTABLE REBATE PLANE

To make work stmpler, we can fix guldes onto the vebate plane itself. Thus, fixing
gulde strips on the boards is unnecessary (Fig. 1),

One wooden plece is fixed on the sole of the plane (B) at the standard width for re-
bates and another plece is fixed on the side of the plane (A) and can be moved up
or down to adjust the depth of the rebate. The width can also be adjusted, by using
a wider or narrower wood guide (Fig. 2).

The guides should not be nailed to the plane, since that would damage #. They should
be fixed by bolta and nuts, so that they can be easily removed,

Plane until the depth gulde just touches the work. Take care that the width guide

is always firmly pressed to the side of the timber. I you notice that you are planing
against the grain, stop just before you reach the required depth and finish planing
with the guide stripas removed, which enables you to plane in the other direction.
Taia gives a good surface to the rebate.

See the section on the ordinary rebate plane for tips on how to set the cutting iron.

LOOSE TONGUED JOINT

Thia joint is used where a joint stronger than the plain glued or rebated joint
is needed. The boards to be joined muat be at least 2 om thick (Fig. 3).

The joining edges are grooved and a tongue is glued into the grooves. The depth of
the groave is about 2/3rd of the thickness of the board. The width of the groove is
equal to the thickness of the tongue. The groove should be slightly deeper than the
projection of the tongue, to allow for expansion (Fig. 4).

Plywood makes a very strong tongue and it 15 frequently used for this purpose.
If solid wood is nsed as a tongue, care must be taken that it is always cut across
the grain. A tongue cut with the grain will make a weak joint,

NOTES:
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HOW TO PLANE A GROOVE FOR A LOOSE TONGUED JOINT

Usually special planes called plough planes ave used to plane grooves for this kind
of joint. I a plough plane is not available, we can adapt our rebate plane for this
purpose and make an improvised plough plane (Fig. 1),

To do this, grind and sharpen the narrow end of tha rebate plane cutting iron to make
a outting edge. Grind the gides of the iron to the size of the most commonly used
tongue, which 1s 6 mun plywood. The sides should be slightly bevelled to ensure

free movement in the groove,

When the iron is fitted inio the plane it is adjusted so that the cuiiing edge projects
out of the sole by exactly the required depth of the groove,

A guide, similar to the one used for the adjustable rebate plane, is now fitted to
the side of the plane. This guide keeps the cutting iron at the right distance from
the face side of the boards. It should be adjusted according to the most common
thickness of the boards, in thia case it ia about 22 mm for a planed board. For a

tongue size of 6 mm then, the distance between the edge of the gulde ar.d the adge
of the cutting iron will be 8 mm,

When planing press the guide firmly againet the side of the wood and hold the plane
exactly at a right angle to the edge of the board,

The most difficult part will be to start the groove, since the cutting iron will tend to

alip off the edge and it requires some experjence to keep it steady. Go slowly at
first.

Work from the face side at all times.

To prevent injuries cover the cutting edge where it sticks out of the top of the p'.ne.

NOTES:
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MISCELLANEOUS CARPENTRY TECHNIQUES

MARKING A BOARD TO FIT AN IRREGULAR SURFACE

To mark the edge of a board which you want to fit against an irregular surface
such as an unplastered wall, hold the board firmly and level to the wall and mark
it with a compagea or a gimilar device as shown fn Fig. 1.

As one leg of the compass moves along the wall, the other leg will mark on the
board an exact copy of the irregularities of the wall surface, The legs of the com-
pass have to he set apart by a distance a little greater than the width of the biggest
gap between the wall and the board.

if no compass is available, a small wooden block can be used instead (Fig. 1la).
The pencil is held in the notch at one end and the other end is moved along the sur-
face of the wall.

MEASLURING THE WIDTH OF OPENINGS

A convenient way to meaaure the width of cpenings such as doors and windows is
to use two sticks as shown in the fllustration (Fig. 2) to just span the opening,
Then transfer the measurement to a single board by marking and measure it with
a rule,

MARKING OUT IRREGULAR DESIGNS WITH TEMPLATES

When you want to mark out several pleces with the same irregular shape, you can
save time and ensure more accurate work by marking from a template (Fig. 3).

Templates are thin pieces of cardboard or plywood onto which the required pattern
is drawn and then cut oui,

The template is used by placing it on the material to be marked and holding it
firmly in place while drawing around it.

NOTES:
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PART 3: PREPARATION FOR ON-THE-JOB
TRAINING

BUILDING PRE ARIE

Before anyone can actually start fo erect a buflding, a number of preliminary
steps musi be completed. The very first step is the preparation of the plan.

PLAN

The plan, also called the drawing, is a layout of a building drawn on paper. It
contains all the information necessary to erect the house (see Drawing Book, page
55). The data and measurements given in the plan are essential for the builder to

be able to construct the bullding so that it satisfies the customer's demands (Figs.
1 &2y,

PLOT AND SITE CLEARING

A plot 1s an area of land containing one or more sites. It is determined and 1imit-
ed by boundaries (Fig. 1),

The site is that area of land within the plot which 1s actually used for construction,

With the location plan in hand, the builder can prepare both plot and site for the
construction of the buillding. The location plan tells him exactly where ths trees
and bushes have to be removed so that they don't interfere with the work. This

preparation includes making a drive, cutting the grass, and levelling the surface
of the ground.

The bullder must pay special attention to the roots of trees which are on the site
or very close to it, These must be completely removed, If some roote, such as

those of the neem tree, remain in the ground, they can grow again and damage
the structure.

SITE ORGANIZATION

When the land clearing is completed, the building materials can be brought in to
the building site.

Temporary work-sheds and storea may he erected in suitable places (Fiy, 3).

The builder must ensure that there {5 an adequate supply of clean water, Without
watey no building can be constructed.
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SETTING OUT

At the beginning of any construction activity the work must be carefully set out,
This is also known as pegglng out or lining out.

Setting out means to put pegs in the ground to mark out an excavation; or to mark
on the floors to locate walls,

3-4~5 METHOQD

The first line to be set out is the front line of the carcasa (Fig. 1). A "carcass"
is the Luilding when it 18 structurally complete but otherwise unfinished. In this
case we mean that the front line marks the poaition of the outside face of the (fu-
ture) unplastered wall, The lines of all the other walla are measured from this
front line. If the building is rectangular, right angles are set off from the front
line by using the 3-4-5 method,

The second line to be set out Is the line of one of the side walls of the carcaas.
This line intersects the front line at the corner of the future building. To make
sure that this corner 13 a right angle, we use the 3-4-5 method,

-~ Measure a distance of 4 m along the front line starting from point A, and mark
this on the llne (point B) (Fig. 2).

- Meagure a distance of 3 m along the second line, starting from the corner (point
A) and mark this distance {point C).

- Now take 2 line which ie marked with a distance of 5 m, and stretch it taut from
point B towards the line with point C. Keeplng the end points of both lines steady
{(points A & B) and the lines taut; move the free ends of the side llne and the 5 m
line until the 5 m mark and the mark at point C meet each other., This is hest
done with two men, one at the end of each line.

- The corner angle must now be a right angle.

- Measure the required length of the side line and ingert a peg at the end. Set out
the opposite side line in the Bame way.

If the setting out has been done accurately, the length of the back line betwaer the
two pegs should be equal to that of the front 1ine. Make a further chzck by meas-
uring the diagonals, which must be aqual (Fig. 3).

NOTES:
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LINING OUT

Once the positions of the corners aud the distances between them are determined,
the positions of the foundations, fooiings and walls as well as their thickness mms:
be marked. A gimple example of setting out and marking a foundation {s shown in

Fig. 1., The more complicated and permanent methods will be treated later,

These marks will be needed until the plinth course is completed, so they st be
relatively durable, so that they remain accurate for a longer period and are not
destroyed by rain or other influences,

DIRECT MARKING

Small buildings or small extensions of houses may he marked directly on the flat
ground, provided that the excavation work can proceed immediately and can be
quickly completed, so that the marlking need not be repeated (Fig. 1),

In this procedure, the setting out must be done In stages.

- Mark the position and width of the foundation directly on the ground, and dig the
trenches immediately.

- The next step is to level the bottom of the trenches and to peg off the foundation
depth (Fig. 2).

- After the foundation concrete is cast and set hard, set out the footings directly
on the surface of the foundation (Fig. 3) and build them to the required height.

- When the footings and hardcore filling are complete, set out the plinth course
cn the footings.

~ NOTE: The information given in this section and in most of the following sect-
ions is not intended to be a detatied explanation. It is simply meant to give you,
the trainee, an idea of the operations you can expect to encounter in your on-

the-job training. Lining out, marking, etc. will be covered in detail in the Con-
struction Book.

NOTES:
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USING THE LARGE SQUARE
PROCEDURE:

1 - FIX THE FRONT LINE; LINE A.

2 - MARK POINTS 1 AND 2,

3 - SET QUT LINE B SQUARE TO LINE A,

4 - SET OUT LINE C SQUARE TO LINE A.

5 - LINE D SHOULD BE THE SAME LENGTH
AS LINE A,
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USING THE PLUMB BOB TO MARK THE FOUNDATIONS

Hold the plumb bob with one hand by the suspending line so that the tip of the cyl-
inder is just off the ground. Move it slowiy until the suspending llne just touches
the intersection of the lines stretched between the pegs (see A & B, Fig, 1), When
the swinging movemsnt of the plumb bob has stopped, mark the point directly be-
low the tip of the cylinder by Inserting a peg.

The peg is directly in line with the intersection of the lines above.

This procedure is repeated at all inside corners and outside corners, so that the
edges of the foundation trenches can be marked on the ground.

USING THE LARGE SQUARE

The large square, described in the Reference Book, Tools, page 12, may be used
to set out and mark off the positions of Ingide walis. This is less time-consuming
than using the 3-4-5 msthod.

Place the large square on the ground with one side along an already determined
line, and mark off the corner on the other side (Fig. 2.

Not only the whole bullding, but also each room in the bullding must be checked
for squareness by comparing the dlagonals, which have to be equal.

USING THE MASON SQUARE

Although it is less accurate than the large square because of its smaller size, the
mason square can be used to mark off the corners of short set-backs such as nich-
es destgned to recelve built-in wardrobes, ete. Follow the same procedure as
with the large square (Fig. 2},

- NOTE: A niche, also called a blocked doorway, is a small recess In a wall,
usually not extending to the celling. A set-back or return is the part which goes

back, away from the front or direct line of the structure,

NOTES:
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FOUNDATTONS

A foundation is the strong bage of a bullding. It is the lowest part of the structure,
the part which is in direct contact with the ground,

The purpose of the foundation 1s to receive the loads from the structure above and
to spread them over a larger area of supporting sofl or rock.

EXCAVATING THE FOUNDATION TRENCHES

Once the setting out 1a completed and the position of the foundation ia marked on
the ground, the next step is to dig the trenches for the foundation concrete.

Remove the loose, soft topsoil to uncover the firm subsoll, preferably rocky soil.
Dig the trenchea to the required depth,

The soil which is taken out should be piled within or near to the area of the future
building, so it can be used later for the hardeore filling, Take care to make the
sides of the trenches vertical, and the bottom level. The corners should he sharp,
not rounded (Figs. 1 & 2).

MARKING THE DEPTH OF THE CONCRETE AND LEVELLING THE TRENCH

When the trenches have been dug, the next step 18 to mark the depth of the found-
atlon concrete. This is done by driving pegs in the bottom of the trench. The pegs
are levelled across their tops, and their height above the trench bottom should be
equal to the planned depth of the concrete bed (Fig. 3).

If the exposed heights of the levelled pegs are not equal, that means the bottom of
the trench 13 not level., The uneven spois have to be levelled by taking out some
soll, untll all the pegs project equally,

~ NOTE: Never lavel the bottom of a trench by adding ioose soil, as this might
lead to uneven settlement which causes cracks in the structure, Trenches are
always levelled by removing goil. If this means that the trench is deeper than
planned, then elther the foundation concrete has to be deeper or the height of
the footings must be increased.

NOTES:
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FOUNDATION CONCRETE

When the trenches are dug and the thiclmess of the conerete has been marked, the
next step is to mix the foundation concrete, The proportions for the mix can be
from 1:10 1o 1: 15 (Reference Book, piages 166 to 170; and Tabies of Figures,
page 234).

CASTING - COMPACTING - LEVELLING

If the work is done during the dry season, the gldes and hottom of the trenches
must be watered down before the ready-mixed concrete 1s cast, This keepa the
goil from abgorbing too much moisture from the concrete before it has set, The
concrete is carefully poured into the trenches and compactad by famping,

Rammers are used to compact the concrete (Reference Book, page 18)., The heavy
rammer is repeatedly lifted and dropped, compacting (packing together) the com-
paratively stiff concrete,

A sirike-board (Reierence Book, page 25) is uged to level the concrete o the
height of the pegs. A straight edge can also be used instead of the strike board.

If wooden trench pegs were used, remove them now and fill in the holes,

If iron pegs were used, they can be left in the concrete unless they are needed
for another joh,
CURING

Cover the top of the freshly cast foundation with empty cement bags or straw,
This keeps it from drying out in the sun and alr, and keeps the surface clean.

Once the concrete starts to harden, the top of the foundation should be kept wet,

NOTES:
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FOOTINGS

The term footing is given to the courses of brickwork, stone or blockwork at the
foot of a wall, The footing courses start immediately above the foundation and are
laid flatwise. The rising wall 18 erected in the middle of the footing courses, so
the footings, which are wider than the rising wall, project equally on both sides of
the rising wall.

PURPOSE OF FOOTINGS

Two main functions nmust be fulfilled by the footings:

- They are the connecting link between walls and the foundation and act ag an inter-
mediate foundation for the walls, spreading the loads over a wider area of the
concrete below,

- They raise the floor level high enough above ground level to keep water out dur-
ing the wet season.

HEIGHT OF FOOTINGS

In Rural Bullding, the top of the foundations is usually at ground level, although
they can be efther above or below ground level depending on the subsofl.

When three footing courses are laid on top of the foundations, the soffit of the fu-
ture floors will be 51 ¢m above ground level, This will meet the requirements of
most situationa.

If the building is in a valley, or in a place where the rajn-water cannot run off
quickly, the height of the footing coursas must be increased.

NOTES:
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HARDCORE FILLING

Hardcore filling is the compacted sub-base of floors; it consists of siones, broken
sandcrete blocks or coarse gravel. I fills up the space hetween the subsoil and
the soffit of the concrete floor.

FUNCTION OF THE HARDCORE FILLING

The hardcore filling has to carry most of the mass of the concrete floor, except
for a small portion supported by the projecting inside edges of the footings. The

filling must be well compacted to be firm enough to withstand the weight of the
floors.

In addition, the hardecore filling mmat be built up in such a way that it prevents
moisture from rising through it to penetrate the concrete floor,

METHODS OF FILLING AND COMPACTION

The topsoll 1s removed firgt (Figs. 1 & 2), then the hardcore filling is added in

layers no more than 15 ¢ deep. Each layer 18 compacted very well before the
next is added,

The bottom layer consists of symall rocks, stones or broken sandcrete blocks.

The second layer consists of smaller stones. Coarse gravel 1s used for all the
remaining layers, up to about 6 ¢m below the {ops of the footings, The last 6 cm
or so i3 filled with fine sand, which seals off the surface so that no cement is wast-
od during the floor construction.

Ag can be seer: in Fig, 3, the structu; of the hardcors filling becomes denser
and finer with each layer, starting from the bottom to the top; This is the cor-
rect way to protect the floor from the penetragion of motsture,

All layers are compacted with rammers. The coarse gravel can be watered down
to ensure proper compaction and to ease the work. If there is a tractor available,
it may be used to move the fillings and to speed up the heavy work.

NOTES:
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PL COUR

The plinih is a slightly thicker course at the base of a wall or a column; often
made of a more durable material than the rest of the wall or column.

In Rural! Building, the plinth commonly consists of only one sandcrete course.
The plinth course forms the flrat course of the rising wall immediately above
the footings, and it is 1 cm wider than the landerete blocks (Fig. 1). This 1 em
difference is evident from the inside face of the wall, but it 18 covered when the
walt {8 plastered.

FUNCTION OF THE PLINTH COURSE

The plinth course raises the landcrete blocks above the finlshed floor level so
that they cannot be penetrated by moisture (from cutslde by rain, from inside by
water used for cleauing, etc.).

Althougn the landcrete hlocks can withstand a skin-deep penetration of water for

a short time, they must be protected against the long-lasting influences of the
rainy season.

The nat affected part of a building ig ulways at the foet of the walls. Rain-water
coming from the roof splashes up against the wall and creates a dirty strip about
60 cm In koight, which is seen all along the footings, This area 1s more exposed
to penetration by water than the rest of the wall, bui the landerete blocks are
raised by the plinth course well ahove the endangered zone.

The illustration on the opposite page showa the poaaible paths which the water can
take when penetrating the structure,

NOTES:
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PENING

An opening is a space in a wall left open for a door or a2 window, The firci open-
ings to be made in walls are the door openings.

DOOR OPENINGS

Before the plinth course is built, the door openings are marked in their correct
positions on the footings.

In Rural Buflding, the door frames are usually made znd set into place on the
footings before the plinth course is bullt against the frames (Fig. 1).

If for some reason the door frames are to be installed later, the jamba of the op-
enings (Fig. 2) are built up as described in the chapter on etapped ends, page 22,

A jamb is the portion of wall, or wall face, at the side of an opening. The jambs
are built a little wider than the outside measurement of the frame (Fig., 2) so that
the frame can fit into the wall opening.

Walling then continues until the window cill level is reached. This is the height
where the window openings are set.

WINDOW OPENINGS

The window frames are set and braced before the walling between them is complet-
ed, I the frames are to be set later, the window openings muust also be bullt a 1it-
tle wider than the frames, so that the frames can be fitted in later.

In case the opening is to be filled with a decorative grille (Reference Book, page
193} or ventilation blocks (Reference Book, page 195), it 18 advisable to complete
course by course including the speclal blocks,

This is done because it i3 easjer than puiting the decorative blocks into an opening
later, and it provides the openwork screen blocks with more stability within the
wall during construction,

NOTES:
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ARE ING

A scaffold 1s a temporary structure which supports workers and materials during
building and other work. It can be made of steel, aluminium, timber or bamhoo,

According to their functions, there are three main types of scaffolds:

- Working scafiolds
~ Proteciing scaffolds
- Supporting scaffolds

Each type may be erected separately and serve caly one purpose. Some gituations
however, require a combination of two or even all three types.

WORKING SCAFFOLDS

Ag the name indicates, the working scaffold 18 usged for working from. It holds
the worker at a height which enables him to comfortably complete walls ete. when
the congtruction has proceeded to a level that makes it difficult to work from the
ground. The following is a description of two simple scaffolds used to complete
walling between door and window frames, Protecting scaffolds, supporting scaf-
folds and a aumber of more complicated scafiolds and their construction will be
treated in the Construction Books,

- BLOCK SCAFFOLD: This is the lowest and simplest working scaffold, It is used
to raise the worker a bit higher to make it easler to build the wall up to the act-
ual scaffold height of 1,5 m. Set the sandcrete blocks on solid, level ground and
lay one or two boards acroas them (Fig, 1),

- TRESTLE SCAFFOLD: This is a low-level scaffold, conslsting of wooden tres-
tles covered by two or three boards (Fig. 2). A trestle i3 a horizontal beam of
wood with two legs on each end. Two or more of them are used to support the
hoards. Set them on firm, level grourd, no further than 1,5 m apart. The height
of the trestles can be from 75 to 100 ¢m, Small quantities of blocks and mortar
can be kept on the platform, Thia scaffold enablea the worker to continue walling
up to lintel height, and to erect the formwork of the lintels.

NOTES:
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LADDERS

A ladder consists of two lengths of wood, mstal or rope, called rails; which are
connected at a certain distance from each other by rungs (Fig. 1).

Ladders are used to olimb and deacend scaffolds, walls, etc. during the construc-
tion of a building, and to do light maintenance work from later. Since such a piece
of equipment is needed not only during the construction but also later in and around
the house, it ghould be made from sound timber in a proper way so it can be uged
as a permanent ladder,

- CONSTRUCTING THE LADDER: Both the rallas and rungs are made out of Oduin,
The dimensions of the two rails are 5 x 7,5 x 325 ¢cm, while the ten rungs are
2,5x 5 x 75 em. The wood should be straight grained and planed to the above
glzes.

Round the top ends of the rails where they touch the wall and cut off the foot ends
as shown in Fig. 1, with a 45 degree bevel from each aide. To prevent splinters
and help the hands to move safely up and down the rails, round off all the edges.
Incidentally, when climbing or descending ladders, keep your hands off the rungs.
Grip the rear edge of the raila.

The over-all width of 75 ¢m gives an inside width of 656 cm which 18 wide enough
to hold two secaffold boards on the rung. Later we will discuse making a ladder
acaffold, in the Construction Book,

The distance of 30 cm between the rungs must not be exceeded, as a wider spac-
ing would make it difficult to elimb the ladder.

The rungs are inserted in notches cut in the rails, and fastened by using 75 om
nails as shown In Fig. 2.

Sometimes ladders are reinforced by fastening iron rods, threaded at both ends,

through both rails behind the first, centre, and last rungs. The rods are held in
place by nuts on the threaded ends,

- NOTE: A good ladder should be treated with oll or another preservative, Dried-

out wood 1s the greatest threat to the safenesa of the ladder. Always keep lad-
ders in the shade when they are not in use.

NOTES:
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BRIDGING OPENINGS

To bridge something means to connect the two sides or parts. Tkis can be done
in building with a structure of wood, stone, block work, steel or concrete. The
essential thing 13 that the door and window openings must be safely bridged so
that the walls above or other members of the structure cannot collapse and dam-
age the house or the people Inside.

METHODS OF BRIDGING

There are vartous ways of bridging an opening. Which one of these 15 used depends
on the distance to be bridged, the shape of the opening and the materials available,

One method which was common in former times was to make the openings so small
that a single sione could be laid across them (Fig. 1). Openings which are low en-
ough can also be bridged by inserting supporting blocks arranged like a "'V
(Figa. 2, 3, & 4). This method ig still common in the dry areas of Africa.

The wider an opening becomes, the more difficult it is to bridge. Builders from
many parta of the world eventually learned that if the blockwork remains closed
above an opening, both sides of the wall will support each other, maintaining sta~
bility, This kmowledge was often applied not only to bridge openings but also to
construct roofs. The technique was to let each course overlap the one below until
the blockwork met at the top and the two sides bonded into each other (Fig. 5).

From this simple method, arches were the next development. They are much
ronger and have a more attractive appearance (Fig. 6).

Lintels were introduced in order to produce a square opening into which a frame
could be fitted.

NOTES:
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LINTELS

BUIL1-UP WOODEN LINTEL

A lintel, whatever material it is made from, is a horizontal member of the struct-
ure which bridges an opening (Fig. 1).

Its function is to distribute the weight of the blockwork above and any other loads
to the supnorting wallg, With a lintel the opening of the door or window can be low-

ar than with an a;*ch, and it is also easler to fit a frame Into the opening,

For short-span openings such as doors and smaller windows which have no addit-
ional leads above, the wooden huflt-up lintel can be employed.

This lintel consists of two or more hardwood boards which are nailed, bolted or
screwed together (Fig. 1), In order to save materials when a wider lintel is re-
quired, the hoards are sometimes cunnected with spacers between them (Fig. 2),

For long-span oponings and in situations where additional ivais are preseni, arch-
es or reinforced lintels are used.

REINFORCED CONCRETE LINTEL

Like the human body which 1a strengthened by bones, reinforced concrete is made
stronger by the steel bars or metal netting embedded in it.

it is known that concrete alone can withstand enormous pressures, but if it is ex-
posed to tensile stresses il will break (Reference Book, pages 168 & 169). Fig. 3
shows that a long board supported only on its ends will bend if weight is set on it,
Similarly, a pure concrete lintel will try to bend under a heavy weight, but because

the concrete is not flexible this will result in cracks forming acroas the soffit face,
or even in collapse (Fig, 3).

To prevent this, reinforcement bars are embedded in the concretie if the lintel is
expected to receive tenslle stressea, The combination of concrete and steel does
the job where one of them alone would not work: the concrete resists all pressure
while the embedded steel resists all stresses,

The reinforcement for 2 lintel consista of several members with different diamet-
ers, shapes and functjons. The members are often assembled beforehand in the
form of so-called cages (sse Fig. 1, next page).

NOTES:
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~- REINFORCEMENT CAGE: A typical reinforcement cage is shown in Fig, 1,
The lower bars are the main bars. They are normally 12 mm in diameter be~
cause they do the actual atrengthening of the lintel. The upper bars are thinner
and are called erection bars. Since their main function is to hold the cage toge~
ther, thelr dlameter is only 6 mm. The square-shaped pleces axe called the
stirrups. They hold the main bars and the erection bars in position, All the dif-
ferent members are bound together with binding wire,

- CUTTING: All reinforcemont bars have to be carefully meagured and marked
off before they are cut, A well aquipped bullding site will have two different siz-
ed bolt cutters avallable, One is to cut the bars ranging from 4 {0 10 mm in
diamoter and one is for bars up to 19 mm. If boit cutters are not avallable, a
hacksaw or a chisel may be used instead (Reference Bouok, page 19).

- BENDING: The bars are hent with the aid of the bending plate which is fixed on
the work bench; and the bunding bars (Reference Book, page 23). Each diameter
of bar has to be bent with a specific size of bending bar.

The bending is done according to a certain radius (this refers to the sharpness
of the bend) In order to prevent overstraining and cracking of the bar (this will
be explained in more detail later). The stirrupa for the cages may be bent
around a peg that has the same diameter as the main bars.

- BINDING: The members must be bound together in order to ensure that the bars
remain in the correct positions while the concrete is being poured. Binding wire
is bound around pieces at the connections (Figs. 2a & 2b), The wire shouki be
stretched taut and then twisted tight with the pincers.

- NOTE: Examine the bars before you use thom to make sure that ‘hey are free

from paint, grease, loose scale or mud. Slight rusting will do uo harin, but any
loose rust should be removed,

For additional information on concrete and reinforcement steal, see the Refer-
ence Book, Materials and Products sections.

NOTES:
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FORMWORK FOR A REINFORCED CONCRETE LINTEL

The form 13 simply a temporary bax into which the freghly mixed concrete 1a
cast and kept until it has hardened. The inside shape of the box will be the out-
side shape of the concrete member.

All parts and members of a formwork used for casting reinforced concrete lintels
are ghown in Fig. 1 on the opposite page. The parts are nailed together in such
a way that they can easily be taken apart after the concrete has hardened.

Forr.work {s made of wood or metal and consiats of two structural parts: the
shuttering and the strutting,

-~ SHUTTERING: The shuttering 1= the actual shaping part of the formwork which
s in direct contact with the concrete. Usually Wawa boarda are used for shut-
tering becavse they are soft and light-welght, thus easy to work with.

- STRUTTING: The strutting 1s the supporting and bracing part of the formwork,
It keeps the shuttering in position and supports both the shuttering and the con-
crete inside it until the concrete has set hard. Odum beards are usually used
for the etrutiing bacauge they are harder and stronger than the Wawa,

- CONCRETE COVER: Concrete cover, also called clear cover, is the thickness
of concrete between the surface of the concrete and the nearest reinforcement
bar enclosed in the concrete (Fig, 2).

When the formwork is ready, the reinforcement cage is set into it. Spacers are
attached to the bottom side of the stirrups (Fig, 3). These ensure that the rein-
forcement bars are correctly positioned within the concrete. The spacers are
made beforebhand out of cement mortar to the dimensions specified for the con~
crete cover thic .ness. A short piece of binding wire should be pressed into the
fresh mortar of the spacer, so that it can be fixed properly on the rod,

There rmst also be apacers on the sides of the cage, to hold the stirrups away
from the side boarda of the shuttering.

- NUTE: When cagting concrete, take care that the cage remains in position ard
that the concrets 1s well compacted around the reinforcemant bars.

NOTES:
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CASTING REINFORCED CONCRETE LINTELS

Concrete lintels are made in two ways. They are either cast-in-gitu or they are
precast,

- CAST-IN-SITU: This method is the most common one in Rural Building, The
lintel 13 cast in situation; In the place where it 1s needed (Fig. 1). The advantage
of this method 1a that no soffit board is nesded for the form, because the head of
the door frame acts aa the bottom of the form, provided that the frame has been
installed already. A further advantage is that any roof anchorage, if needed here,
can gasily be inserted into the reinforcement cage at the correct position.

-~ PRECAST: A precast concrete lintel is a lintel which is made in advance. The
formwork is on the ground and the concrete i3 cast there. When the construction
reaches lintel height, the concrete lintel has set hard and can be get into position.
The advantage of this mathod 1s that it saves time, since the wall above can be
completed immediately after the lintei has been laid (Reference Book, page 137).

If several lintela have to be made, a form like the one shown in Fig. 2 can be
used.

- NOTE: Precast concrete lntels must be marked on their top face with the let-

ter "T' to ensure that they are placed in the correct position and not upside-
down.

- PREPARATION OF THE FORMWORK: No matter which of the above methods
is used, the formwork has to be prepared before the concrete is cast. This in-

volves cleaning dirt and dust from the surfaces which will be in contact with the
concrete, and watering or »Hlling them,

The formwork must be completely sealed so that no gaps remain for the cement
paste to cacape. This would result in voids and weak concrete.

- COMPACTION: The concrete is filled into the formwork in layers, and corpact-
ed by tamplng with an {ron rod or the trowel. Tapping lighily on the formwork
with a hammer also helps to consolidate the concrete.

- CURING: When the concrets is starting to get hard, the lintel must be kept wet
and covered. This process is called curing and must be vontinued until the con-
crete 18 completely set and the formwork can be removed.

NOTES:
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- STRIPPING: Stripping refers to the removal of the formwork: this has to be
done carefully to avoid causing shocks or vibrations.

After the formwork is removed, clean ail the parts of it and remove the nalls,
Stack the different parts neatly to keep them from getting bent or warped,

- STRIPPING TIME: This is the period between the casting of the concrete and
the time the formwork can be stripped off. During this time the formwork con-
taining the fresh eonerete must not be disturbed, so that the concrete can set
hard without any cracks forming in it.

Depending on the size, shape and position of the concrete member, the stripping
time varies from 4 to 28 days.

NOTES:
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ANCHOR BEAM

When the walling above the lintels is completed, the top of the wall may be covered
with a strip of reinforced concrete, all around the outside walls of the house. This
is the anchor beam, where the roof construction is anchored, It is also known as
the ring beam or concrete belt.

WALL PLATE

For smaller spans, the Rural Builder can install a wooden wall plate instead of an
anchor beam. Both of these are explained further in the sectlon on roofs in the
Comstouetion Book,

TERMS

Ov this page and the next page, most of the parts and members of the roof constr-
uction are mentioned. The detalls of roof construetion are dealt with in the Con-
struction Book.
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PLASTER ~ RENDER,

Plaster and render are mortars with different mix proportlons; they are applled
to walle to protect the blocks from weather ote.

Internal surfaces are plastered; the moriar used 13 called plaster.

External surfaces are rendered; the mortar is called render.

FUNCTIONS OF PLASTER AND RENDER

Since most of the wall consists of landcrete blocks, it has to be rendered to make
it weatherproof, and to protect the blocks against rain which otherwise quickly da~
mages them, The ideal rendering will prevent water from penetrating, will be free
frcm cracks and will stick tightly to the wall. At the same time, the appearance of
the building is improved,

The function of plaster is to give the inside walis a smooth, plain finish so that

the rcoms both look nice and are easily cleaned, No gaps or holes should remain
for insects, spiders, etc. to find shelter in, Wet areas such as bathrooms, show-
ers, kitchens and toilets, are plastered to protect the landerete blocks from mols-
ture penetration, In addition, the plasier serves as a protection against fire in
buildings which are made out of a wood skeleton covered with mud (a common con-
struction (n southern Ghana),

APPLICATION

The application of the plaster can be done with one coat or two coats. Generally
ona coat work i3 done, but two coats may sometimes be required, for example

when the wall {s very uneven and a thick plaster coat 18 needed to cover the irre-
gularities.

Sometimes a spatterdash coat is applied to the wall before the plaster, fo give a

good grip to the plaster. This is discussed on page 176; see also the Reference
Book, page 29.

NOTES:
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EDGE BOARD
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PLASTERING OR RENDERING

Before the plaster or render is applied, the wall should be thoroughly checked to
make gure that it 1s plumb and its surface flat. Holes and hollow parts should be
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can often occur on the inside of walls due to irregularly made blocks,

The face of the wall should be free from loose dirt and dust, and it must be well
dampened to reduce the absorption of moisture from the mortar,

On outside corners, so-called edge boards are fixed so that they project past the
edge by a distance equal to the thickness of the coat to be applied (Fig. 1).

On ingide walls and between edge boards, screeda are prepared according to the
required thickness; they are sltuated as wide apart as the sirike board (Reference
Book, page 25) can readily bridge.

A acreed is a sirip of plaster or render which ias carefully applied to the correct
thickness to act as a guide for the strike board. In making the screeds, hold the
girike board vertleally and give it an up and down motion ag you move it across,
smoothing the screed (Fig, 1). The screeda will ke flush with the finished surface
and must be carefully plumbed and lined out (Fig. 1).

A board can be laid close along the botiom of the wall so that any mortar which is
dropped can be picked up again, to avoid wasting material,

When the screeds are ready, the plaster can be applied as shown in Fig. 2, For
this step the strike board i{s held horizontally and moved from side to side as it
is pushed up the wall, amoothing the plaster.

THE AGGREGATES

Regardless of where the sand for the plaster or render comes from, it must be
clean and suitably graded (Reference Bock, page 159, and pages 147 to 151),

Sand tor rendering should be sharp and well graded, from fine to very coarse.
The mortar may be difficult to apply, but nevertheless this is the best way to get
a rendering that will not crack and let water in,

Sand for plastering should be well graded, from fine to fairly coarse; and for a
finishing coat from fine to medium. Well graded sand reduces the drying shrink~
age and cuts down the danger of cracking and crazing, Crazing means the form-
atfon of hairline cracks on the surface of concrete, plaster er render; usvally it
is caused by too much water in the mix, or by a too rich mix,

NPVC
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MIX PROPORTIONS

In Rural Building, most of the mortars used for plaster and render are cement
mortars, because lime is not alwaysa available,

The mix proportion for plaster ranges from 1:8 to 1:12, depending on the condi-
tion and grading of the sand, Both coats should have the same strength as far as
possible if two coats are applied.

The mix proportion for render can vary from 1:6 to 1:10. It is generally agreed
that the sides of the house which are exposed to rain should have a better mix.
However, the mix proportion shouid never be better than 1:6, and should be adapt~
ed if possible to the strength of the background (Reference Book, pages 158 to 165),

ADDITIONAL PROTECTIVE MEASURES

When the plagter or render has set hard and has dried, it {s advisable to paint the
whole surface with amulsion paint (Reference Book, page 201).

If 1ime is available (Reference Book, page 152 and page 200) the walls are first
white-washed to fill up the tiny holes in the surface, After this the emulsion paint
is applied in two coats. The paint prevents water from penetrating into the plaster
or render; reflects light and thus keeps the walls cooler, and gives the house an
attractive appearance,

When emulsion paint has dried, it will not dissolve in water, so it can easily be
cleaned with water and a soft brush,

- REMEMBER: Sand for plaster and render should be clean, properly graded and
asg coarse ag is appropriate for the particular application.

Joints should be carefully raked ocut while the mortar is still fresh, so that the
plaster or render can grip well. Another method is to apply a spatterdash to the

wall to give n good grip to the plaster or render,

No coat should be richer than the coat underneath it, If you have to make two

of different strengths, then the undercoat should be stronger than the finishing
coat, Try to avoid making two coats of plasier or render, because it is difffcult
to get a good connection between the two coats, The spatterdash is not a coat,

it is a background for the plaster or render.

NOTES:
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SPATTERDASH

Spatterdash can be used to produce an attractive appearance, or it can be applied
before plastering In order to make a good surface for the plaster or render.

Spatierdash is a wet, rich mix of cement and sand, called a slurry. This sand and
cement is mixed to a proportion of 1:1,5 or 1:3. This slurry is thrown hard, or

spattered, against the smooth block or concrete surface, and then allowed to hard-
en (Fig, 1),

When you work with this hand operated machine (Reference Book, page 29), do not
overload the machine with materiai. It is better to use smali quantities at frequent
intervals. All of the slurry must be used within 1 hour of the time it is mixed.

Do not set the flicker bar adjuster beyond the second notch when the machine is
new. Only when the bar wears out should it be set to a lower notch (Fig. 2).

FLICKER BAR
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FLOOR CONSTRUCTION

The dry climate in the north of Ghana makeas it advisable to construct the floor after
the roof covering has been completed. This makes it easier to cure the concrate, and
to make sure that the floor sets hard without cracking due to excesslve drying, There
are various methods to eonstruct floors. In Rural Building the main ones are: one-

courae work, and two-course work,

ONE - COURSE WORK

This weans that the final surface finish is completc.d before the base layer has set
hard. The resuit is a monolithic floor congtructic n; which means that the floor thr-
oughout can be considered as one solid mass (Fis;. 1). The advantage of this method
is the short construction time, using a minimum of materials, and no separation be-
tween the top layer (screed layer) and the base layer,

TWO - COURSE WORK

This means that the base layer and the finish layer are constructed separately. Af-
ter the base layer has sew hard, a floor sereed is applied. This is a fine-grained
mortar layer, about 2 ¢ thick, laid to finish the floor surface (Fig. 2).

The advantage of this method is that any faults in the base layer, such as cracks,
ean be covered. However, it takes longer to construet and rcquires more cement,
Another disadvantage is that it can be difficult to get a good connection between the
base layer and the floor screed. The base layer should be carefully treated with ce-

ment and water to form a good connection between the flooxr sereed and the base la-
yer.

Fig. 2  TWO - COURSE WORK
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CASTING METHODS

If a floor area is larger than approximately i0 square meters, the area should be
divided into bays for concreting. A bay is one of several uniform divisions of a con-
crete floor which are cast at any one time.

The bays are separated by edge boards, which are laid and levelled to the required
floor thickness. The edge boards act as a guide for the strikebonrd to level off the

concrete gsurface, therefore they must be laid and levelled with great care,

On the drawing below you can sce the positions of the edge boards when the floor is
divided into six bays. The boards should be arranged as shown so that the corners
of the conerete bays will match each other when the floor is complete,

The division of the floor into bays helps to prevent the development of cracks due
to shrinkage during the hardening process. The smaller the area, the less the shr-

inkage, and the fewer cracks will appear. Square-shaped bays are the best because
all the sides will shrink by the same amount.

DBays also make the construction process easler, The bays are small enough to be
cast, levelled and [inished within a manageable time. The work can be interrupted
to allow the already completed bays to harden. Then the edge boards are remwoved
and the empty bays are cast, using the completed ones as a guide. Once you start
casting a bay, it must be completed. Never inierrupt a concreting process, ag this
can result in a faulty bond and the joint will always be visible, For the sequence of
operations for casting a floor see Figs. 1 to 8 on the following two pages.

ENTRANCE

DIVISION INTO BAYS
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- CLEAN THE AREA
- CLEAN THE EDGES OF THE FOOTINGS
- LEVEL THE AREA WITH A SHOVEL

- MARK THE BAYS ON THE WALLS

-~ SET OUT THE POSITIONS OF THE
EDGE BOARDS ON THE GROUND

Fig. 3
- FIX THE EDGE BOARDS WITH PEGS

-~ LEVEL THE TOPS OF THE EDGE
BOARDS

- THE CORNERS SHOULD MATCH
(AtoA)

Fig. 4

- POUR GUIDE STRIPS TO THE HEIGHT
OF THE BASELAYER

- LEVEL THE GUIDE STRIPS
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Fig. 5

- POUR THE BASE LAYER AND TAMP
IT DOWN WITH THE RAMMER TO THE
REQLIRED LEVEL
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Fig. 6

- LAY THE FLOOR SCREED LAYER
( FAIRLY DRY MIX } AND TAMP IT
DOWN WITH THE WOOD FLOAT UN-
TIL MOISTURE COMES THROUGH

Flg. 7

- FINISH OFF THE TOP WITH THE
TROWEL OR STEEL FLOAT

- MAKE A BEVEL ALONG THE EDGES
FOR THE SHRINKAGE JOINTS
(ARROW)

Fig. 8

~ TAKE AWAY THE EDGE BOARDS AND
PUT SAND ON TOP OF THE FLOOR

- WATER THE FLOOR REGULARIY
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SHRINKAGE GAPS

When one set of bays has hardened, the edge boards are carefully removed and
the remalning bays can be east. Shrinkage gaps are made between the adjoining

va Thia {s done by niacine nlagtic or naner between the bavs whon the second
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e bays are kept separate from each other.

The shrinkage gaps allow the concrete bays to shrink a bit as they harden without
cracking, This type of gap is used where the floor is not exposed Lo the sun or to
great temperature changes; usually only for inside floors, Shrinkage gaps cau be
made in either one-course work or two-course work. A '"V' ig8 made along the top
edges of the gap 1o lmprove the appearance of the floor (Fig. 1).

EXPANSION GAPS

Where the floor is exposed to the sun, as in a verandah floor or any concreted
area outside the house itself, expansion gaps have to be made. In this case the
edge boards are not removed untll atl the bays have been cast and hardened, The
boards are then removed and the gap between the bays is fllled with wet sand,
and the floor screed is applied over the top (Fig. 2). Expansion gaps can only
be made in two-course work.

The expansion gap allows the floor to expand and contract with the temperature
changes without forming cracka. Expansion oceurs when the floor is heated by
the sun during the day, and shrinkage occurs at night when it cools down. Floors
exposed to the sun should be divided into bays of no more than 5 square metres,
and expansion gaps should be made in them, The floor screed must also be pro-

vided with a shrinkage gap; thls should be located directly above the expanaion
gap in the base layer (Fig. 2).
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A WORD FOR THE TRAINEE BEFORE ON-THE-JOB TRAINING

With the bagic knowledge you have gained in this part of the course, you should
now be prepared to go to a building site for on-the --job training,

Remember that so far you have covered only the firat part of the course., You will

still need to acguire much more knowledge and many more skills before you can
be called a Rural Builder,

While you are working at the building site, remember that this time ia also sup-
posed to be a learning sxperience. If you want to learn, you have to ask quesiions
about how and why certain things are done. If you can't get your gquestions answer-
ed at the tlme, write them down and bring them to your instructors for explanation.
It is a good idea to keep a notebook; writicg down in it the methods vou applied at
the building site, the time that a certain operation required, the materials used
and how much was needed, and any ideas you have about how it could have been
done differently.

You should occasionally review the information in this book, especially as it comes
up on the job. Don't be afraid to uae the book and to write notes In it; the notes
which you make at this time can be very heipful to you later on, when you have
finished the course and are working as a builder.
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