BASIC BUILDING DESIGN

To build a weatherproof house is complex task. The design of a house has a large number of considerations. It
is only possible to simplify it to a certain degree.

Over here the attempt is to understand the physics of the most simplified building structure.
Let us first look at the external forces from which we may have to save the structure.

Moisture from the ground
. Termites , snakes , rats
10. Time (wear & Tear )

11. Noise

1. Sun (heat, ,excessive light )

2. Absence of sun (cold)

3. Precipitation (rain / hail / snow)

4. Earthquake (also impact induced vibrations )
5. Excessive wind

6. Animals & birds

7. Burglars

8.

9

Let us now look at a simplified building. It basically has the following components: (fig 1)
e Foundation

e Walls

e Floors

e Openings ( doors & windows)
e Roof

The following chapters are really an introduction to how a building stands and what the relations between its
various components are. The protection of the building from the various elements given below is really a
matter of detailing, however some common detailing problems have been covered.

e Foundation
1. The most essential function of the foundation is to prevent the knife action of a wall which can
cut through the soil.
2. The second function of the foundation is just the reverse, it is to hold the building down if it
tries to shift, vibrate or overturn.
We will now try to see what we have to do in order to have an adequate foundation in a building.
In order to achieve the first purpose in the foundation. We need to know the quality of soil on which the
foundation is going to rest and the total weight of the building. Softer the soil, wider the increases, the width
of the foundation increases. (Fig 2a, b) .We see that weaker the material used for foundations, the deeper it
will be, the transfer of load will be at a gentle angle (fig 2c). Also heavier the building the bigger the
foundation.
The strength of foundation is dependent on the materials used .most foundations used in India area made of
brick or stone,and the bonding is very essential .We will study bonding in detail in the sections on walls .The
point where the foundation comes in contact with the soil ,a broad base is made which is known as the
bedding layer. It should be made of the plastic material essentially and compacted well, to prevent the sinking
of foundation \s even a small settlement can cause major cracks in the building.
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e Walls
Some of the functions which a wall performs are obvious whereas some, are not .A wall performs

the following functions:

1. Privacy
Protection from rain, wind sun, noise etc.
Protection the rise of moisture from the ground
Prevent the rise of moisture from the ground
Support the roof &upper floors.
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A wall heavy enough (which common walls are) and free from holes will perform the first three functions
easily.

The fourth function is performed by what we call a D.P.C. (damp proof course). It is a layer of an impervious
material which does not let the moisture rise above itself in a wall.

There is a hidden function at no. 5. Walls have to be strong enough to accommodate in them large holes
namely doors and windows and still support the roof. We will see the structural strength of walls in detail.

The weight of a roof and other floors is substantial, this load causes direct compression. The other load is
earthquake, vibration wind which are lateral and from all directions. These tend to crumble the building.

We can use a piece of cardboard to understand the action of walls under the given forces.

It is essential to understand how a wall has been built. A wall can be either monolithic or bonded. Usually
monolithic walls are of mud or concrete. These should be properly compacted or vibrated for achieving a
property of behaving like a piece of firm cardboard and not a loosely knitted one. Bonded walls are made of
pieces of stone, bricks or other kind of blocks pasted with (out) mortar. The quality of bond and quality of
mortar are essential things for the strength of a wall. If these are right then the wall behaves like a disjointed
heap of stone with little strength.

Let us take two very different examples, first an elephant (big load) walking over a 2 ft. hit-h brick wall and
then the same elephant walks on a brick wall 15 ft. high. We will begin to feel that the wall starts looking
flimsy for the height. (Technically ‘slenderness’). (Fig. 3). It is the ratio between least lateral dimension & the
maximum height or length. We should not let the slenderness go beyond 8—9 in mud walls and 10—12 in
brick and cement walls (for simply supported structures).

A corner strengthens a wall just as in the case of cardboard. A corner really increases (technically the
‘moment of Inertia’) effective stiffness or decreases slenderness or flimsiness, It makes a structure more rigid.
The uninterrupted length is taken in calculation of slenderness ratio for a wall. (We are not talking here of
bond strength mortar strength and the quality of work). We can see that a zig zag wall has much more
resistance to bending sideways and breaking (technically buckling). (Fig. 4)

Walls have to be made waterproof from the outside for safety from driving rain & splash of water and from
the top also to prevent seepage. A coring should be used.
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As discussed earlier, the design of walls is very closely linked with the design of openings for
doors & windows. A badly placed big window/door can reduce the strength of a structure substantially,

Again we will take the example of a cardboard, and see what different openings can do to its strength against
compressive and other lateral loads. (Fig.5).

We had seen that corners of walls are very important for structural stiffness so we should not place openings
in the corners because the corner in not stiff enough,. When we place a window on the corner then the joint of
one large wall with the other i.e. one large plane to the other becomes smaller hence reducing resistance to
lateral loads.

The perfect opening for any walls and more so for mud walls is what is known as a hole—type opening. A
hole type opening is one in which there is as much area as the opening itself on all sides of the opening. The
effect of such an opening on the structural strength of the wall is little. (Fig. 6).

An opening cannot be made without a lintel. Any structure which takes the load of the wall above the opening
is known as a lintel. We must remember that length/running ft. of lintel increases with lintel size. A 2 ft.
opening lintel may cost 20 but a 4 ft. lintel of the same material will cost something line Rs 70 because not
only its length but its thickness also will increase. (Fig. 7)

If we look at the design of windows itself we will find that it performs the functions given below

1. Light

2. Ventilation

3. Access

4. View

5. Prevent animals, birds, wind, glare, rain, burglars etc.

Our windows should be an answer to these requirements. Window design is in itself a big discipline. We will
leave it here stressing the following:

a) One small ventilator can help to remove hot air from a room and also illuminate the ceiling
which gives good diffused light in the room.
b) Two small windows on different faces of the room are better than one large on one face (for
ventilation & structural strength
c) Windows on the south/north and west are a source of heat gain in a room.
d) Water can come in the windows/doors directly or along the wall. All of it has to be drained
well in the detailing.
Openings, doors & windows are sizable percentage of the cost of a building. Much reduction in cost is
possible here by a careful analysis of requirements & proper design.
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e Floors:
The essential functions of a floor are:

1. To prevent moisture, insects and other animals from coming inside the building
2. To provide a smooth surface for carrying on work

All floors may serve these desired functions fully and permanently. A mud floor for instance does both these
functions but only temporarily and has to he upgraded every now and then.
The important things in the design of a floor are:

a. It should be continuous with the D.P.C. if there is one

b. It should have its own stiffness to the able to take localized settling on the ground below

c. It should have a layer of sand at least 15 cm thick under it to prevent, rats snakes termites from
entering through the floor. (The tunnels collapse in sand).

FIGURE 7



e Roof
The roof should be placed on the walls in, such a way that no lateral load is induced in the walls. (Fig.
8)
A roof can either be tied to the Structure or it could be sitting on the structure by virtue of its weight.

The main reason for tying a roof to the walls is to prevent its flying away along with the wind. A roof
performs the following functions:

1. Privacy
2. Protection from the elements

3. Protection from animals etc.
A roof has two parts (fig. 9)

e Under structure
e C(Cladding (some roofs are however composite)

Understructure is like the frame of an umbrella whereas cladding is like the cloth. Roof in a way is the most
essential part of a house and it has many considerations in its design. The roof infact governs the design of the
rest of the building.

Roofs are of two major types

1. Flat

2. Pitched.

The important thing in the design of roof is its structure. The least of all distances between any two walls of a
room may be called the ‘span’ and the structural member put across may be termed as the spanning member
or the structural member. The design of roof structure is basically is an exercise in calculations of self loads,
dead and live loads and working out the relevant specifications for a structural member for the given span. As
the span grows the material used per running foot of span increases.

Cladding obviously should be of a kind which takes the sun rain without weathering too fat. It should not get
punctured by a small point loads and should not move with slight vibration.

The dead loads on a roof are:

under structure (self load)

cladding (self load)

insulating material

Snow/hail
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The live loads are;

e Winds

e Animals like monkeys etc.

e Things kept on the roof.
The decision about the shape and material of roof depends upon the climatic conditions and the availability of
materials. Much saving in cost is possible by the proper design of roof by way of reducing spans, making

roofs inaccessible, by using trusses instead of simple structures by using lighter cladding and by proper
choice and efficient use of materials.



