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FOREWORD

When constructing a building, we need to know how its structural
properties function. Loadbearing elements can be the dominant features of
the design, or simply an invisible substructure — but a building is always
based on its loadbearing structure. It holds the building together, distrib-
utes loads into the ground, and guarantees stability. An understanding of
loadbearing - its structural principles and the specific qualities of indi-
vidual loadbearing systems - is fundamental to applying these principles
sensibly in the design process and developing a solution that suits the
materials and the construction method.

It is often difficult, particularly at the beginning of a course when
there is so much new material to assimilate, to work one’s way into the
complexities of statics and loadbearing theory. Basics Loadbearing Sys-
tems bridges the fields of architecture and civil engineering and explains
the fundamentals of loadbearing structure theory simply, comprehensibly
and chronologically. To help general understanding, the author first ex-
plains the loads and forces occurring in a building using examples and
simple contexts. He introduces typical loadbearing structural elements
and shows loadbearing systems and structures for the different building
types that planners can use for their designs. The compact knowledge con-
veyed here makes it possible for students to work with loadbearing struc-
tures in an integrated way, and thus be able to design creatively.

Bert Bielefeld, Editor






F=m-a

Newton

Kilonewton:
1 kN=1000N,
Meganewton:

LOADS AND FORCES

LOADBEARING STRUCTURES AND STATICS

A great deal of philosophizing can be done about how design relates
to construction. Very different positions can be taken, but they are always
two sides of the same coin. Designing spaces means defining them, by ap-
plying theory to structures that will need to be realized. Knowing about
structures is therefore one of the fundamentals of architectural theory. It
is very rare for the architect him- or herself to vouch for the stability of
constructions. But he or she should be in a position to select structural
elements correctly at the early design stages and to assess the dimensions
needed for them realistically. The next step is usually to develop the load-
bearing system with a structural engineer. To be able to work together
effectively, fundamental knowledge is needed about loadbearing systems
and structures, their advantages and disadvantages and the forces that
come into play. These different forces seem complex at first, but they are
logically coherent.

It is easiest to explain how they fit together in the order in which
they are addressed for a statical calculation. A calculation of this type
usually follows these steps:

Analysing the overall structure and the function of the individual
structural elements in it — statical system

Determining all the forces working on the structural elements —
assumed loads

Calculating the forces affecting a particular structural element
and the forces that it transmits to others — calculating the external
forces

Calculating the forces within the structural element itself — inves-
tigating internal or static forces

Determining the stability of the planned structural element

_ Proof that the planned structural element can withstand the forces
determined

FORCES

Force is defined as mass times acceleration.

The unit used for measuring force is the newton; a newton corre-
sponds roughly to the weight of 100 grammes. In building the newton is
complemented by the kilonewton and the meganewton.

A force is determined by magnitude and direction. Its action is linear,
and is expressed by its line of application and the direction of this line.

1MN=1,000,000N > Fig.1



line of application

Moments,
torque

Action =
reaction
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Forces can also work in a circle around a point. They are then called
torque or moments, and are defined by their size multiplied by the distance
from the fulcrum (lever arm).

A simple example of torque is tightening a screw with a screwdriver.
This also demonstrates the link between force magnitude and lever arm.
The longer the lever arm, the greater the torque. > Fig. 2

Statics describes the distribution of forces in a system at rest. Build-
ings or parts of buildings are usually motionless, and all the effective
forces balance each other out. This can be summed up in the law “dction =
reaction”. It is used as a starting point in statical calculations, on the basis
that the sum of all forces in any one direction and its counter-direction is
zero. If the action is known, the reaction can be determined immediately.
The chapter External forces, Support forces explains the methods that ap-
ply this possible to loadbearing systems.

STATICAL SYSTEM

A structural engineer first establishes the connections within the
construction in the statical system. A statical system is an abstract model
of the real, complex structure of the component parts. Supporting mem-
bers are considered as lines even if they have a wide cross section, and
their load is treated as a point. Walls are presented as disc structures
and their loads are applied in lines. Additional information the statical
system gives is how the structural elements are joined together, and how
their forces are distributed from one element to another. This is crucial
to the calculations. The symbols used in statical systems are explained in
the chapter External forces, Support forces » Fig. s, p. 16 and are used subse-
quently in the text.



Positions

Load path
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The next working stage involves identifying all the structural ele-
ments in sequence as positions and numbering them. Here it is also impor-
tant to establish which structural elements load which others.

For example, roof tiles are not just supported by the roof structure,
but also affect the walls, right down to the foundations. It must be estab-
lished with absolute precision which structural elements absorb the loads
from the upper storeys. » Fig. 3

EXTERNAL FORCES

If we consider a building element such as a roof beam, we distinguish
between two types of force. First, there are the forces exerted on it by the
roof structure above it, and those that it transfers to the masonry support-
ing it. If we do not consider its dead weight, it does not matter in the first

AN

M\ Tip:

For good cooperation with structural
engineers, it is important that design-
ers be fomiliar with these special-

in the design phase, the main thrust
of his or her work is to draw up the
statics for planning permission and

ists’ part of the work in a project
and understand their working methods
and aims. It therefore makes sense to
look ot their calculations and posi-
tional and working plans and compare
them with the architect’s documents.
Rfter the structural engineer has de-
vised the structure with the architect

later to draw the plans for construct-
ing the shell. Here the interest is
above all in the loadbearing parts of
a building. A1l the non-loadbearing
elements, even non-loadbearing walls,
for example, are only significant as
loads, and may not feature in the
plons at all.

11



Loads

Permanent loads

Working loads

Vertical load
Horizontal load

>
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place whether this beam is thick or thin, weak or strong, as we are dealing
with external forces that do not include the beam itself.

We must distinguish between external forces and the internal forces
operating in the beam itself. For example, how great is the bending force
in the roof beam exerted by the roof construction it supports? This bend-
ing moment is one of the internal forces that will be explained in the cor-
responding chapter.

Actions

Everything that can affect a structural element is called an action.
Actions are usually forces with different causes. Forces that affect struc-
tural elements mechanically are also called loads.

Loads affect structural elements from the outside, and we must dis-
tinguish between them and the reaction forces explained in the subsection
Support forces. Loads are divided into various categories. We distinguish
between point, line and area loads, according to the degree of abstraction
of the statical system. » rig. 4

In addition, we distinguish between constant, variable and extra-
ordinary actions, in relation to the duration of the action.

Constant action includes, above all, the weight forces of the struc-
tural elements, called permanent loads.

The working loads include the variable actions wind, snow and
ice loads. Working loads have to be planned in at standard levels for
the building’s intended use. The most important are the vertical work-
ing loads that must be worked out for floors. Whether the rooms are for
homes, offices, meeting rooms or some other purpose, they must be given
an appropriate working load value as an area load. Largely horizontally
applied loads also have to be taken into account, such as loads on railings
and parapets, braking, acceleration and collision loads for vehicles, dy-
namic loads for machines, and earthquake loads. The size of these loads
is fixed in national standards, which give them in tables. » Appendix, Litera-

ture

Assumed loads

After using the statical system to explain how the structure func-
tions, the next step is to determine the actions. All the acting forces
must be identified, assigned a value and added together. They are gener-
ally related to a metre or square metre of the structural element. Loads
acting obliquely are usually divided into a horizontal and a vertical
element.

For further calculations we distinguish between vertical loads, hori-
zontal loads and torque.



load type point load distributed load area load

example @

symbol

|

units kN KkN/m kN/m?
examples columns, walls, snow and wind load,
support loads beams panels

Fig.4:

Types of load: point, line ond area lood

Load absorption Load absorption area describes the particular reference area for

area loads on a structural element. It is part of an overall surface whose load
is being dissipated to a certain structural element. It relates to the nature
and span of a structure.

Example: The beams of a timber beam floor are 80 cm apart. Which
part of the floor is acting on an individual beam? The load absorption area
extends from the middle of the space between the beams on the left-hand
side to the middle of the space on the right-hand side, twice 40 cm. So over-
all it is again 80 cm wide. > Fig.5 This is a simple example, but determining

0

\\Important:

Loads acting vertically per square metre in ¢
structural element: dead weight, working loads
for floors, stoirs, balconies

Acting vertically per square floor plan metre:
snow load

fActing at right angles to the area of the
structural element: wind load

Generally acting horizontally: loads on para-
pets and railings, broking and acceleration
loads, collision loads from vehicles, earth-
quake loads

13
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the load absorption area can be more complicated according to the par-

ticular structural element.

Force action forms

So far we have considered loads and their magnitude, but how a load,
or more generally a force, acts on a structural element is also important.
Here we distinguish between the following action forms:

Compression: one stone lies on top of another, exerting pressure on
it.

Tension: tensile load is most clearly explained using the example
of a rope, which can absorb only tensile forces.

Bending: a beam is fixed at both ends and then loaded from above.
It sags, i.e. it is subject to a bending load.

Shearing: this load is explained by the way a pair of household scis-
sors loads paper to cut it. Two forces work on each other slightly
offset and transversely to the structural element. This load often
acts on connecting devices such as screws. » rig.6

Supports

Points of contact between structural elements at which forces are
transmitted are called supports. A simple example is a ceiling beam sup-
ported on masonry. The beam has its support on the crown of the wall. In
building the idea of the support is somewhat broader, and covers many dif-
ferent points of contact between structural elements. For example, when
a flagpole is fixed into the ground or a steel beam is connected to a steel

14



ports in steel construction

Expansion
bearings

Fixed, articu-
lated bearings

Restraint

column, this is also called a support. In terms of structural engineering
they differ primarily in the forces that they can dissipate.

It is very easy to look at the different forms of supports in old steel
bridges. Large bridge girders are supported on very small points or narrow
strips. This means that the girders can deflect without interference from
the supports, which are then known as articulated supports. These are

used on one side of the bridge, while those on the other side are addition-
ally supported by steel rollers.

When the bridge girders expand with heat, the supports move on
these rollers in order to compensate for the difference in length. Bearings
of this kind can absorb the vertical forces affecting the bridge, but do not
resist horizontal forces such as those caused by expansion movement as
a result of temperature change, and they do not prevent the girders from
deflecting either. For this reason they are called expansion bearings.

These supports are not on rollers and thus transfer horizontal as
well as vertical forces. They are known as fixed bearings or simply articu-
lations.

What happens to the above-mentioned flagpole fixed into the ground?
Its anchorage can transfer vertical and horizontal forces from the mast
into the ground, and thus also prevent the mast from tipping over — a turn-
ing movement around the support. A support of this kind is called a re-
straint. > Fig.8

We distinguish between three forms of support:

_ Simple supports can dissipate forces from one direction only. They
slide and are articulated.

15



Support
Teaction

simple support double support triple support
sliding, articulated fixed, articulated restraint |

The three types of support, the di
1n stotical systems and examples

fferent ways of Tepresenting thenm

_ Double supports can absorb forces from several directions. They
are fixed and articulated.

_ Restraints are triple supports and can absorb forces from different
directions, as well as moments.

The correct choice of support is very important in construction, and
must therefore be represented in statical Systems. » Chapter Statical systems

Support forces

Let us assume that a beam is supported on a spiral spring rather
than masonry. The spring is compressed by the load from the beam, thus
creating a counter-force to the load that the beam exerts.

This force is called support reaction. » Fig.9 If the beam does not move,
the reaction force of the spring is exactly the same as the force exerted by
the beam. Put simply: action equals reaction. » Fig. 10 It is not possible to see
this in the masonry that usually provides support, but it is compressed just
like the spring, so that it can generate the support reaction force.

When calculating a construction it is necessary to know the magni-
tude of the forces that the supports have to apply to support the structural
element above them. The support forces are therefore always calculated



