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Introduction

Structural materialsare used to construct the loadbearing structural part of
building constructions.

Loadbearing structuresf buildings should safely support loadsiagton
the structurgwithout damage, rupturdpss of stability, falling over or
down), and transmit loads to the subsoil under the building.

Their most important characteristic is having adequate strength.
Strengthis the greatest force per unit area that the material aabear
without damage, rupture.

Tensile strength, compression strengthl ahear strengtitan be
distinguished, according to the way of actuation the force is amting the
crosssection of the investigated member.
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Normal stress andnormal strength

F F

Fy
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Normal stress(l (N/mn7): force per unit area acting perpendicular to the plane
under consideration. It can be compression or tensile stress.
Normal strengthf (N/mnr): capacity force per unit area acting perpendicular
to the plane undexonsideration. It can be compression or tensile strength.
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Shear stress and shear strength
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Shear stres€J(N/mnr): force per unit area acting in the plane under
consideration.

Shear strengtik (N/mnr): capacity force per unit area acting in the plane
under consideration.

FUNDAMENTALS OF STRUCTURES 2018 STRUCTURAL MATERIALS  paget



Stressesand deformations
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Stressdeformation diagrams
visualize the better the mechanical behaviour of the structural materials

Strain is the specific deformatiod(mm/m=%,) =- or deformation
(that iselongation or shortening) per unit length

Stressstrain diagrams:  f{l)= A
F \Stress o=F/A
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General requirements of structural materials

structural requirements non-structural requirements
strength space limitation
tensile strength(f,) thermal insulation
compression strengtff.) sound insulation
shear strength (fy economy, prize
deformability density, specific weighty

elastic, elastiplastic, plastic, brittle behawin
ultimate deformation

fire resistance

durability, resistance to corrosion

re-modeling possibilities
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Mechanical characteristicsof some structural materials

Materials Strength Deformability fq/ oatio**
compression tension atC=fy at rupture (KN/m?)/(kN/m°)=
N/mnt mm/m=%o =m
Brick walls: @ramicbrick+lime nortar
0,21 0 0,8 4 120
Concrete 10-50 0,7-4 1 2,53,5 320
Timber (parallel to fibre direction
15-30 15-30 2 4 1900
Steel mild 180280 180-280 1-2 25 2500
high strengttsteel14001800 1400 1800 7-9 15 17200
Reinforcedconcrete see concrete see concrete 1200

* 1kN/cnf = 10 N/mnd
** Max. column length that the material can support its weight. In compression : continuous
lateral support against buckling.
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Numerical example

Giard0,8 kN= 800 N
Apaim® 100x100 =1000 mnf

Crman - 800 o 41 \/minP=0,01kN/erd
Ao 10000 Auain

Osoil

0
Sson

Compare this stress You can feel
with material strengths indicated above!
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1. Uniaxial stressstrain relationships of structural materials

Definitions:
Stress 0 = for ce%p(l‘da/mmz)uni t area =

Stress at rupture= strength (compression or tensile strength according to
the direction of)

. o Dl
Strain= U = speci 1:along_;atloporSgontractlcn:t on

length

Perfectlyplastic behaviourthe material deforms under compression or
tension withoustress increment
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Characteristic mechanical behaviours in uniaxial stress state

elastic

rigid-plastic

o

o

elasticplastic

nonlinear

[

&

&

Hook's lawdescribes the linear elastic mechanical behaviour:

where E: modulus of elasticityN/mnv)

s = ke

Definition of E the value of the stress to be applied to doublé {jorcase
of compressioii to halvd the length of the membel{1)
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Characteristic 0-Urelationships of some important structural materials
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Test specimens used for uniaxial tests
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timber steel concrete
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Static bending test of a timber specimen

Tension test of steel specimen
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Mechanical behaviair of the tested materials

Timber
Strength perpendicular to grains is different (very low). Linear elastic
behaviar. Strength is similar to compression strengfticoncrete.

{T17T

Buckding Compression Shear

After linear elastic behaviw yield produces great plastieformaton.
The same strength in compression or tension. The strength is approximatel
10 times greater thahat oftimber.
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Concrete
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Compression antiénsile strength is very different. After short linear
behaviar nortlineard-Ucurve can be observed. Ultimate deformation is
much smaller than that of steel.

Brickwork

Negligible tensile strengtiihe strength of brickwork is much smaller, than
that of ceramic bricks. Compression strength is at about by one order of
magnitude smaller than that of concrete.
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2. Strength as probability variable

2.1 Statistical strength data

no. of occurence relative occurence
A nom \
> fnom
strength  f (N/mn) streng{h
Strength distribution diagram Density function ofstrength
(histogram) distribution

The probability of not exceedingfon= % A,
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2.2 Statistical evaluation of test results(Statistical strength evaluatior9

Characteristics of the strength distribution

Mean value fm:S—fi n: number of test data (min 10, if
n

gualification is based on unknown scatter)
S(fi - fm)°

n-1
Threshold valudécharacteristicor nominalvalué):

Scatter F\/

fi= foom= fm 1 tS

where t is the so calle&tudent factgrwhich, forn=10 and5% risk ist=1,79
(5% threshold value: the probability of the ooence of a strength value
smaller tharfy is 5%)
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Relation of characteristic anddesign value

N relative occrrence

strength distribution curve

An—\

™

—
=

fy f  f=fn Jf strength (N/mr)
design (d) characteristic (k) and mean (m) strengths

Design value f= T
Om
Thesafety facton, for some important structural materials
1,15 forreinforcement (steel in reinforced concrete)
1,3 for timber
1,5 for concrete
The probability offy not being exceeded is 0,1%
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Example: test data evaluation of a timber test specimen
subjected to axial compression in direction of the grains.
Specimen data3,2x3,2x5 cm timber

No. Crosssection  Rupture load Rupture strength

A Ny f=NJ/A fur- fn (Fuir f)”
mmxmm kN N/mn? N/mn? N%/mm’*

1  32x32 35,0 34,18 151 228

2 32x32 31,2 30,47 2.2 4,84

3 32x32 28,4 27,13 -4 A 2440
4 32x32 37,5 36,62 3,% 1560
5 32x32 34,8 33,98 131 1,72

6 32x32 33,4 32,62 -0,06 0,081
7 32x32 37,2 36,33 3,66 1340
8 32x32 29,4 28,71 -3,9% 15,68
9 32x32 33,7 3291 0,24 0,068
10 32x32 34.0 33,20 0,53 0,281

f=3 f. /n=326,75/10=32,67 N/mmMm S(fy - fm)? = 78,9
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Mean value of the rupture strength:

n
The scatter:

2

= \/S(f' fm)” - [7829 _ 5 g5n/mn?
n-1 9

The characteristic compression strength:

fi=f- ts= 32,677 1,79R,93- 2%,39N/mnr
for n= 10 and 5% risthe Student factort=1,79
Design compression strength:

the safety factoof timber:3,= 1,3
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TESTING OF PREFABRICATED REINFORCED
CONCRETE BEAMS IN.2005 IN THE LABORATORY
OF THE DEPARTMENT OF STRENGTH OF
MATERIALS AND STRUCTURES
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