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Objectives

- What are Eurocodes?
- Defining limit state design concept.

- Structural design parameters
- Design Loads or actions?
National annex
Factors of safety
Combination of loads.
Defining structural constraints (use, durability, environmental
conditions, etc.)
- Structural design examples of a simple elements.

- Summary
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What are EUROCODES?

- Historically British Standards, German Standards,
French Standards, etc. Not ideal for free trade within the
European Union, so standardisation necessary.

- ODbjectives

- “The Eurocodes to establish a set of common technical rules for
the design of buildings and civil engineering works which will
ultimately replace the different rules in the various Member
States.”

- Special agreement (BC/CEN/03/89)

- Council Directives on Public Procurement (71/305)
- The Construction Products Directive (CPD)
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What 1s the CPD?

- The necessity to have commonality of structural materials
Irrespective of the source country or the destination
country.

- Six Essential Requirements
- Mechanical resistance & stability
- Safety in case of fire
Hygiene, health and environment
Safety in use
Protection against noise
Energy economy and heat retention
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Who are effected by CPD

- Clients

- Product manufacturers

- Consulting Civil/Structural Engineers
- Builders and Contractors

- Regulators - Building Control

- Quantity Surveyors

- Architects

- Insurers
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Key elements of CPD

- Harmonised European Product Standards
- European Standards or European technical Approvals (ETA)

- Agreed conformity for each product family

- A framework of notified bodies
- Attestation by 3" party OR manufacture's declaration plus
supporting evidence.

- CE marking of construction products
- Examples: structural steel not mild steel, or Grade 43 now S275

o concrete not grade 25 now C25/30

- It should be noted that the mode of testing concrete can be cylinder
based tests or cube based testing. (25N/mm? and 30N/mm?

respectfully.)
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Product families

- Structural Bearings (M104)

- Structural timber products (M112)

- Wood base panels & related products (M113)

- Cement, building limes & hydraulic binders (M114)

- Reinforcing and prestressing steel for concrete (M115)
- Masonry products and ancillaries (M116)

- Structural metallic products and ancillaries (M120)

- Aggregates (M125)

- Construction adhesives (M127)

- Products related to concrete, mortar & grout (M128)
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So Eurocodes!

- Intended use In structural design of buildings and civil
engineering works, including:
- Geotechnical features
- Structural integrity and stability
- Structural Fire design
- Earthquakes, construction, demolition and temporary structures
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What are the 58 Eurocodes?

- EN1990 Eurocode - Basis of Structural Design (1 unit with no subdivisions)
- EN1991 Eurocode 1 - Actions on structures (10 subdivisions)

- EN1992 Eurocode 2 - Design of concrete structures (4 subdivisions)

- EN1993 Eurocode 3 - Design of steel structures (20 subdivisions)

- EN1994 Eurocode 4 - Design of composite steel and concrete structures (3
subdivisions)

- EN1995 Eurocode 5 - Design of timber structures (3 subdivisions)
- EN1996 Eurocode 6 - Design of masonry structures (4 subdivisions)
- EN1997 Eurocode 7 - Geotechnical design (2 subdivisions)

- EN1998 Eurocode 8 - Design of structures for earthquake resistance (6
subdivisions)

- EN1999 Eurocode 9 - Design of aluminium structures (5 subdivisions)
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Eurocode system

EN1990 » Structural safety,
serviceability and
durability

EN1991 » Actions on structures

EN1992 EN 1993 EN1994 _ | Design and Detailing
EN1995 EN1996 EN1999

N

EN1997 EN1998 — Geotechnical/ seismic
| design
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Basic format of Eurocodes
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National Annex

- “Eurocodes recognise the responsibility of regulatory and
other relevant authorities in each Member State and have
safeguarded their rights to determine values related to
safety matters at National level where these continue to
vary from State to State.”

- In these notes where examples are used to illustrate a
point the NAs of the UK will be used.

- Definition of the applicable NA will be contract dependant but only
one NA system should be used. Mixing NA from UK and Germany,
for example, is not permitted.
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Concept of limit state.

- Early structural design.
Forth Bridge 1894
First major steel structure.

Acceptable maximum stress
was 6 Tons/ins? (93N/mm?)

Design taken to be within elastic
range of the materials.
- Needs result in change

- Same material but acceptable
limit increased to 10 Tons/ins?
(153N/mm?).

- Design remains within the
elastic range.
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Elastic vs plastic design

- Elastic design

- Factors of safety in the " —
acceptable limit of the 50 — ASTM A3
material. 500 —_ \\

- Use statistical historic .%‘w \
and experimental values #**
for dead and live loads. o

100

- Originally applied to all

structural materials (iron, ‘& & o  t ol wd A

1 rain (%)
steel, concrete, timber, e - _____
etc.) YieldStrength (MPa) | 402:12 289:12
Tensile Strength (MPa) 555+ 18 449 + 18

- But was it making the
best use of the materials
capacity?
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Elastic vs plastic (continued)

- As defined in the Free Dictionary:

- 1. (General Engineering) a design criterion specifying that with
acceptable probabilities a structure will not reach a limit state in
which it either is unfit for the use for which it was designed
(unavailability limit state) or fails (ultimate limit state)

o (http://www.thefreedictionary.com/limit-state+design December 2015)
- Reinforced concrete was the first material in Europe to
consider plastic design and called it limit state design.

- Structural steel soon followed and only with the
iIntroduction of Eurocodes did timber follow.

- Factors of safety applied to materials and loadings plus on
combinations of loads.
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Limit state design

- The concept of limit state design first applied in Russia in
the 1930°s (yckenziey @Nd CONSsists of two aspects:

- Serviceability Limit State in which a condition e.g. deflection,
vibration or cracking, which is unacceptable to the owners of the
structure.

- Ultimate Limit State in which the structure, or some part of it, is
unsafe for its intended purpose. Modes of failure can be
compressive, tensile, shear, of flexural failure or instability lead to
total or partial collapse of the structure.
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EN1990

- No British Standard equivalent

- Provides the overall concept of the suite of structural
Eurocode.
- Ultimate limit state
- EQU — loss of static equilibrium
- STR - failure where material strength governs
- GEO - failure or excessive deformation of the ground
- FAT — fatigue failure of the structure or elements
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BS EN1990

- Design values

‘ |:d:ngrep
- (;is the partial factor for action (favorable/unfavorable)

* Fep IS the representative value for the action and is derived from
Frep=vFi (v as discussed below and F, is the characteristic value of the

action — BS EN1991)
- yis 1.00 or as defined by BS EN1990 Table Al1.1
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Load combinations

- Characteristic
E, = {Gk,j; P;Qk,l;l//O,le,l}

- G Is the abbreviation for
permanent action (dead
load)

- Q is the abbreviation for a
variable action and can be
subdivided to frequent and
guasi-permanent

- P Is where prestressing has
been applied
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Extract of ECO

Table A1.2(A) — Design values of actions (EQU) (Set A)

A&B Intro2Eurocode 2016

20

Persistent and Permanent actions Leading Accompanying variable actions
transient variable action
design Unfavourable Favourable *) Main Others
situations (if any)
(Eq. 6.10) 76j,5upChi,sup V6i,infGi,inf Y1 Qi 7Qi¥0,iQki

(*) Variable actions are those considered in Table Al.1

NOTE 1 The y values may be set by the National Annex. The recommended set of values
for y are:

Yejsup = 1,10
Yaj,int = 0,90
Ya,1 = 1,50 where unfavourable (0 where favourable)
Yo, = 1,50 where unfavourable (0 where favourable)

NOTE 2 In cases where the verification of static equilibrium also involves the resistance of
structural members, as an alternative to two separate verifications based on Tables A1.2(A)
and A1.2(B), a combined verification, based on Table A1.2(A), may be adopted, if allowed by
the National Annex, with the following set of recommended values. The recommended values
may be altered by the National Annex.

VGj,sup = 1,35
Yei,int = 1,15
7q,1 = 1,50 where unfavourable (0 where favourable)
7q,i = 1,50 where unfavourable (0 where favourable)

provided that applying 7g;,in = 1,00 both to the favourable part and to the unfavourable part
of permanent actions does not give a more unfavourable effect.
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Combination of actions

7 oQk

The principles of applying the
various load parameters is no

7G,squk,sup different from existing codes but
the values have changed.
See tables A1.2(A, B and C)

% and BS EN1991
Y int Ok int
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BS EN1991 Actions on structures

- 10 parts including General Actions (3), Wind, Snow,
Thermal, Traffic, Accidental, Cranes & Machinery plus
Silos & Tanks.

- Climate dependant criteria will be influenced by local
conditions, hence the need for nationally determined

parameters (NDPs).
- General concepts of wind loading will apply throughout but the
value of the wind pressures used will be directly related to historical

metrological data and defined by the National governing body in
NDPs.

- Snow loading is also a condition that is geographical dependent
and will be covered by NDP
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Actions!? What happened to loads?

- Eurocode “talk”

- Actions on a structure
leads to effects

- For example: / Action

Effects:

Shear, bending
and deformation
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Eurocode Abbreviation examples

- Effect - Resistance
- Max Shear (V) - Shear (Vgy)
- V is the notation for shear - Details are material dependant
force as with current codes
- E indicates it is an effect - Bending (Mg 4)
- dindicates it is a design - Details are material dependant
consideration as with current codes

- Bending Moment (Mg,)

- M is the notation for bending
moment

- E and d as above
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Eurocode O

- Design Life

- The normal working life of a structure can be defined at the design
stage by the client’s specification.

- UK National Annex has define 5 categories of notional design
working life.
- Category 1: working life of 10 years such as temporary structures.

Category 2: working life 10 to 30 years such as replaceable elements of
a structure like crane gantry girder.

Category 3: working life of 15 to 25 years such as agricultural buildings.
Category 4: working life of 50 years such as domestic and commercial
buildings.

Category 5: working life of 120 years such bridges
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BS EN1991 vs. Existing codes

- 10 Sections similar to existing codes (BS5400:2 &
BS6399: 1, 2 & 3). Ranges recommended with the
designer deciding.

- Potential problem if change of use or in D&B contracts.
- Bridge NA more complex than BS5400

- Update of “Design Manual for Roads & Bridges” can be checked on
www.highways.gov.uk/business/euro_codes
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BS EN1991 (continued)

- Climate dependant actions will require the NA to provide
specific data.

- Wind Load similar to a mix of CoP 3 Ch 5 part 2 and BS6399 part
2. (NA due in August 2006)

- Snow Loading similar in principle to BS6399 part 3 (NA due in
December 2005)
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BS EN1992 vs. existing codes

- Beams - Compression members

- More in line with BS5400 than - Use of graphs no longer
BS8110. available. Compression

- Web crushing limit is shear members designed as beams
higher so thinner webs possible with axial loading.
In non-rectangular section . - Alternative design curves for

- More modern, e.g. non-linear reinforcement and prestressing—
analysis included - ldealised and design

- Material strengths based on - No formulae given for bending
cylinder strength not cube refsistance — application of first
(C40/50 — f,/f,,) principles.
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Fundamental Principles of EC2

- Concrete Is a non-homogeneous material.
- Cement, aggregate (course & fine) but treated as homogeneous

- Design using established theories
- Stress and strain
- Plastic design — ultimate and servicability

- Strong in compression weak in tension
- Table 3.1 —see next slide.
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Table 3.1 — Strength and deformation characteristics for concrete

Strength classes for concrete Analytical relation / Explanation
fa (MPa) 12 clodbid 200 2515800 |35 4 40 . [<45 | 50 | 55 1601 70 | 80; |:.90
facube (MPa) | 15 | 20 | 25 | 30 [ 37 | 45 | 50 [ 55 | 60 | 67 | 75 | 85 | 95 | 105 .
fem (MPa) 20 24 28/ 33" 38°'] 43| 48 ‘| .53 58 163 .| .68')1 78 .88 | 98 fem = f + 8 (MPa)
fam(MPa) |16 }|19122[26[29]|32[35|38|41|42]44]326]48]5,0 fum = 0,30 x fy ?/3) < C50/60
" fam=2,12-In (1 + (fn / 10)) > C50/60
fax. 0,05 (MPa) |, 1 Pl 301 0,500 18420, 42 20000 621 2 7 2.0 1 3,0 art il 32 1137401 :3:5 fk, 0,05 = 0,7 X fetm
5% fractile
fk, 095 (MPa) | 2,0 (25|29 (33|38|42(46|49(53|55(57][6,0]6,3]6,6 fisi o8 = 1,3 X fug
95% fractile
E., (GPa) 27 29 801> 31 33 Sl ah il BRI 3T ¢ |38 .39 4T 42 | 44 Etn = 22 [(f5:) 77101%3
5 (fem in MPa)
et (%0) eyt 20 1 21 1221226 23 2 V2 48| a5 28 | 27 28 28 see Figure 3.2
&1 (%o) = 0,7 fn03! < 2,8
&cut (Yo0) 3,5 3,213,001 208 1.2, 8ul=2°8 see Figure 3.2

for fy = 50 Mpa :
Ecur (Y00) = 2,8 + 27 [(98 - f.m) / 10014
£c2 (%o0) 2,0 2,2 1 23 24l e8] G see Figure 3.3
for fy =2 50 Mpa
£ (%o) = 2,0 + 0,085 (fy - 50)%°3
&z (%0) 3.5 1Y 29 el is see Figure 3.3
for fu = 50 Mpa
£cuz (Y0) = 2,6 + 35 [(90 - f.) / 100]*

n 2,0 1,751 1,6 11,45 1,4 | 1,4 for f = 50 Mpa
n=1,4+ 23,4 [(90 - f,,) / 100]*

&3 (Yoo) 1,75 1.87131;95%2i07 2,2/ | 2:3 see Figure 3.4
: for fy. = 50 Mpa

- &c3 (%0) = 1,75 + 0,55 [(f — 50) / 40]
Ecy3 (Yoo) 3,5 3,1152,9:2.72.2,6.°2)6 see Figure 3.4
for fye = 50 Mpa

€cuz (%oo0) = 2,6 + 35 [(90 - fy) / 1007*

For design to EC2 use the cylinder (not cube) strength f,
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Fundamental Principles

- Distribution of bending strain/stresses
- Assume no tensile resistance from concrete
- Assume the compressive zone is rectangular, even though it isn’t!

- . x I 5=0.8x
Neutral |/ | 7o

Strain Stress
z=d-5/, or s=2(d-z)

Depth O/A (h)
Depth to compression reinforcement (d’)
Centre of compression to centre of tension (z)
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Strength of materials

- Concrete
- Characteristic strength f

- Design strength
- Where

fck
fcd = Bop—
Ye

ao..= coefficient to allow for the design assumptions. In the UK
use 0.85 for bending and axial loading

Y= Partial factor for concrete. In the UK use 1.5
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Strength of material (continued)

- Concrete (continued)

- For example: It has been decided to use C25/30 concrete for the
construction of a building. What is the design strength of concrete

- H 7 !
that should be used in the design? | e 0'85% = 0.567f..,

- Design strength in compression = 0.567x25=14.2N/mm?

- Note that for shear a.. can be taken as 1.0 so
- Design Shear strength = 25/1.5=16.7N/mm?
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Strength of material (continued)

- Reinforcing steel
- ALL reinforcing steel in the UK has a strength (f,,) of 500N/mm?—
BS EN 10080

- Only ductility differences are specified A, B or C

« A and B are the most common with C most likely for structures that are
exposed to low operation temperatures (below -20°C)

- Partial factor for reinforcement (y,) is 1.15
- Applicable to cold and hot formed reinforcing steel (plain or ribbed).
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Design Equations for Bending

- For equilibrium the compressive resistance must equal
the tensile resistance.
°© Fee=Fst
- Moment of resistance from compression
* FeoZ
- Moment of resistance from compression
c Fy 2z
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Compressive force

- As a design assumption the compressive zone is defined
by the rectangular stress block.
- Block’s dimensions are b and s
. ..F..=stress x area = 0.567f, X b X s

~.M=0.567f,bs x z=1.134f_b(d-z)z

Rearranged to be M=Kbd?f,,

and z=d[0.5+V(0.25-K/1.134)] (max 0.95d)

Note if K<0.167 there is no need for compressive
reinforcement
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Tenslle force

- The tensile force is defined by the stress on the
reinforcing bars
- Area of reinforcing bars referred to as A..
« .Fy=stress x area = (f,, /1.15) x A; or (0.87xf,)
- M=0.87f, A x z

- Rearranged to be A;=M/(0.87f,z)=M/(4352)
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Example — simple slab

- Design assumptions

Design as a beam

Consider a 1m wide strip of slab
Use mesh reinforcement

Define if simply supported or continuous
- At this stage we will assume simply supported

Consider bending and deformation criteria
Ignore shear
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Slab detalls

- A span of 4,5m Is required to carry a characteristic
variable action of 3.0kN/m? plus floor self weight, finishes
and the ceiling below.

- Strength of concrete C25/30 steel 500N/mm?
- Exposure XC-1

- Use the span - effective depth ratio graph from “The Concrete
Centre Concise Eurocode 2”
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Span-effective depth ratio

32 — :
“1\‘; ; : ‘ | | | A |
| | dfamso | | ]| | | ~ Figure 15.2 from The
! BEEEEREERE [ |
ittt il Concrete Centre's
" /a™ [ | [ | | [ | | . . .
p r — : - publication Concise
o= ‘ | |
& EREI 1 Eurocode 2.
s || | | A .
z L fo=35 | ‘ ; ‘ § Published June 2006
-% v | ‘; 1 1 - ! - ; ——
5 L\ , | ] L] ]
g A\ | | || BE
. NAL L b =30l 1L 11 e 1L { |
3 \ \'\/\/ | |
% \\: N\, ‘
$ SRSRNEE EEEENEESEENEERRE T
H SRANANAS
9 I \\ \\
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| I A e e e e S
14 ! f'=20 1 : 1 SR EL _—-_-L—-—-"—-;_._ 2 7= = e W
O e OB Bmaet O LS P -
| ‘ | | ‘ [ | ———— i
2Lk | | | i [ | 3 ‘ . i | L
0.40% 0.60% 0.80% 1.00% 1.20% 1.40% 1.60% 1.80% 2.00%
Design tension reinforcement (1004, /bd)
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Design of slab

- Estimate slab thickness
- Assume span to effective depth 20
« 4500/20=225mm

- Exposure cover 15mm (which is the distance from the outermost
face of rebar to exposed face of concrete

« Assume 10mm bar AND no shear links

- Total cover 15+(10/2)+ AC,., =15+5+10=30mm h
- Depth of slab=225+30=255mm, say 250mm {

* Permanent action 25x0.25=6.3kN/m?

Cover illustration

Note: AC,,, can be 10mm, 5Smm or Omm depending on

conditions, e.g. normal site, precast yard, factory controlled,
etc.
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Design of slab (cont’d)

Ey =Gys +Qyo = 7x1.35+3x1.5=18.7kN/m?

wL? 18.7x 4.5

8
Check for K

= M 47 x10°
bd*f, 1000x 225° x 25

z=d|0.5+ (O.ZS—Lj =d| 0.5+ (0.25—%] =0.96d
1.134 1.134

Max z value i1s 0.95d ... use 0.95d=214mm

A__ M _ 47 x10°
" 0.87f,, 0.87x500x214

= 47KkNm

ME,d =

=0.04 <0167

—=505mm?
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Design of slab (cont’d)

- The area of steel is per metre of slab
- Adopt 10mm bar at 150mm c/c (523mm?)
- Span to effective depth ratio

100A, .,  100x505

bd  1000x 225
From curve max is 22.5 and actual is 20 ... satisfactory.

=0.22%

p:
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Example — singly reinforced beam.

- Arectangular RC beam is required to carry a design
bending moment (Mg,) of 185kNm.
- The concrete is to be C25/30
- Beam width (b) is 260mm and depth to reinforcement (d) is 440mm

- What is the minimum area of steel reinforcement?
* (f,=500N/mm?)
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Check compressive resistance

M 185 x 10°%

K = 5d7f. ~ 260 x 2407 x 25

= 0.147 < 0167

- As K Is less than 0.167 there i1s no need for
compression reinforcement

- Lever arm (z)

¥ 0.147
0.5 + !(0.25 - —) = 373mm

=0

\ 1.134 \ 1.134

05+ | (025 - L)J = 440
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Tenslle resistance

M 185 x 10°

= = = 1141 mm?
0.87f,xz  0.87 x 500 x 373 .

As

- The designer must chose the necessary
reinforcement
- But it will not be exact as was the case with peceeding codes.
- Options
« 3@ 25mm dia (1470mm?) 78% capacity
« 2 @ 32mm dia (1610mm?) 71%capacity
« 6 @ 16mm dia (1210mm?) 94% capacity
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Maximum & Minimums!

« Max Aq

- 0.04A. for beams and slabs (Ac is the gross cross sectional area of the
concrete member)

« Min A
‘ As:kckfct,eﬁAct/ fyk

* k. 0.4 for beams and slabs, k 1.0 or 0.65, f .« use f,, from Table 3.1
EC2, A, are of concrete in tension before crack initiation.

'Strongtn | G205 | C2530 | G0137 | C35i45_| GAOIS0__

%Asmin  0.130 0.135  0.151 0.166  0.182

- Min bar spacing
- Larger of bar diameter, 20mm or max. aggregate size + 5mm.
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Durability and fire resistance

- Concrete Is a durable material but it does suffer decay
due to natural and “man-made” aspects — see table 4.1.

- Protection of reinforcement from a cover of concrete.

¢ Minimum cover c.,;, Section 4.1, 4.2 and 4.3
» Cover for bond ¢,
» Cover for durability ¢, gur

@ Dcdev to allow for deviation (10mm, Smm or Omm)
* Fire protection ‘@’
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BS EN1993 vs. existing codes

- Beams - Compression member

- Design dependant on - Same imperfections and
application of first principles Perry-Robertson formulae.
for bending - Additional check for flexural-

- Plastic design can be torsional buckling
considered in Class 1,2,3& . System slender can be
4. considered

- Effect of shear lag to be - LTB depends on application
considered of 15t principle analysis (FE)

- Semi-rigid connection to be
considered in joint design
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Steel section nomenclature

- Notation Description Units in normal use

- b breadth of section (flange width) mm
« h Overall depth of section mm
- d Depth of straight portion of web mm
- G Weight per metre of section kg/m
-t Thickness of flange mm
. 1, Thickness of web mm
- Wy Elastic section modulus (axis dependant) cm3
- Wy, Plastic section modulus (axis dependant) cm3
o Second moment of area (axis dependant) cm4
o Radius of gyration cm

- A Cross sectional area cm2
< A Shear area cm2
o r Root radius mm
« Clt Outstand of flange divided by flange thickness ND
- dhit, Web width divided by web thickness ND
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Classification of section

- Check outstand of flange

- C is the “unsupported” element of the
compression zone.

- Liable to buckle locally
« Check outstand and internal elements

- Check what the NA states regarding limitations for f,
as it is thickness dependant
 (e.g. less than or equal to 40mm, and above 40mm)
- Define using the highest classification for outstand
and internal
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Table 3.1 — Nominal values of yield strength f, and ultimate tensile
strength f, for hot rolled structural steel

Nominal thickness of the element t [mm]
Standard and
steel grade t <40 mm 40 mm < t < 80 mm
f, [IN/mm?] f, [N/mm?] f, [N/mm?] f, [N/mm?]

EN 10025-2

S 235 235 360 215 360
S 275 275 430 255 410
S 355 355 510 335 470
S 450 440 550 410 550
EN 10025-3

S 275 N/NL 275 390 255 370
S 355 N/NL 355 490 335 470
S 420 N/NL 420 520 390 520
S 460 N/NL 460 540 430 540
EN 10025-4

S 275 M/ML 275 370 255 360
S 355 M/ML 355 470 335 450
S 420 M/ML 420 520 390 500
S 460 M/ML 460 540 430 530
EN 10025-5

S 235W 235 360 215 340
S 355w 355 510 335 4_«90
EN 10025-6 '

S 460 Q/QL/QL1 460 570 440 550

”The grades of steel are those already used in UK. Note that thicker elements (>40 mm)

- have reduced f, values. This is due to the manufacturing process where thinner sections

ave undergone more ‘work hardening’ by extra rolling. Using 3.2.1(1)a), i.e. taking the
alues directly from the standard, would also give decreasing design strength with increasing
hickness but with more steps. In normal situations the flanges are both the critical and
ickest element so it is reasonable that yield strength is based on them. 5235 steel is a basic
rade commonly available in Europe, not generally available in UK, but the situation may
hange in the future.
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Extract of BS EN1993 for classification

Table 5.2 (sheet 1 of 3) — idth-to-thick ratios for compression paﬂj
Internal compression parts !
Table 5.2 (sheet 2 of 3) — Maximum width-to-thickness ratios for compression parts
_— R Y IR | RISt | IS ERIER £ Axis_of
t t taille £ bending Outstand flanges |
C
41 . -* —} £ g -
L !
Bl SN ol pad iy (750 (s R A tisof ]
| | bending friy - c | et —
—dh s a
C
Class Part subject to Part subject to Part subject to bending
bending compression and compression Rollod sact] Welded
olled sections ‘elded sections
Stress __fy fy _ 5 S Part subject to Part subject to bending and compression
distributi [ i z i T z
iparedt Heey & R b 53 Compression Tip in compression Tip in tension
(compression E =
positive) y fy ¢ f Stress & -
Y
distribution e _]I * >
in parts S 1 5 | = ]
. whena>0,5:c/t=< 1:336_1 (compression ” c | ”'_'I ‘“' =
c/t=72 c/t=<33 iti [
whenuSD,S:c/tS% posn:lve) A —= LS - £ -
whene>0,5:c/t < 436€ 9e <_9€
2 c/t<83 c/t <38 14:10‘551 1 c/t=9¢ c/tSTf c/t“aﬁ
whenasO,S:\:lt5+
: 10e < 10e
Stress ' fy b 2 c/t=10e ClS= S
distribution y E
in parts = - Stress
(cor’nggi;?vs:;un ,-é 2 distribution = ol St el i b 5
v vy in parts A ‘ H H
(compression ! "II [ | s
wheny > -1ic/t=- 426 o, " CT
3 c/t< 1248 c/t<a% 0,67+0,33w positive)
wheny <-1:c/t<62e(l-y) /(¥ Jt<21 /k_
cft=2le
f, 235 275 355 420 460 3 c/t<14e <
e=/235/F, For k, see EN 1993-1-5
: e o2 o =a °oZ f 235 275 355 420 460
*) v = -1 applies where either the compression stress o < f, or the tensile strain &, > f, / E. e=/235/f, !
& 1,00 0,92 0,81 0,75 0,71

See page 349 DoSE
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Variable values of fy

EN1993-1-1 EN10025-2 (UK NA)
Stee| [Thicknesst Thickness t
Grade |(mm) f, (N/mm?) |f, (N/mm?) [(mm) f, (N/mm?) |f, (N/mm?)
t<16 275 430
— t<40 275 430 16 <t <40 265 430
40<t<63 255 430
40<t <80 255 410 63<t<80 245 430
t<16 355 510
sa5E t <40 355 510 16 <t <40 345 510
40<t<63 335 510
40<t <80 335 470 63<t<80 325 510
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Classification Example (S275)

Section Mass Depth Width Thickness Root Depth Ratios for
Designation per of of Radius between Local Buckling
Serial Size Metre Section Section Web Flange Fillets Flange Web

h b t, t r d clts d/tw
kg/m mm mm mm mm mm mm
457 x 152 x 82 82.1 465.8 155.3 10.5 18.9 10.2 407.6 3.29 38.82

- Check flange thickness

. 18.9mm .".less than 40mm so fy:265N/mm2
o €=0.92

. Class 1 flange c/t max = 8.5>3.29
. Class 1 web d/t max = 67.8>38.82
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Simple beam design to EN1993

- To demonstrate the design process a simple example of a
structural frame is considered.
- Key features.

- Span of beams m
- Span of floor slab 3m

- Beams to be designed
- Edge beam (A1B1)
- Mid floor beam (A2B2)

- Material to be use S275
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Example of simple beam

Actions on structure

- Permanent Action
- It would be normal process to determine the permanent action
(formally known as dead load).

- In this example we will not be designing the floor structure but from
previous similar contracts a precast concrete plank with voids will be
used. Allowance for the weight of the steel structure can be made at this
stage, as the designer decides.

Equivalent permanent load (g,) is 3.3kN/m?

- Variable Action

- Use defines class C41 so Q,=5kN/m?

- Note no allowance for partitions in this case nor is there any allowance
for .
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Design loading

- Ultimate

E, =1.35xG, +1.5xQ,
_ _12kN
E, =1.35x3.3+1.5x5.0=12KN/

Using the design loading for the above it is clear the design udl for
beam A1B1 is 1.5mx12kN/m?=18kN/m? and A2B2 is 36kN/m?

For beam A1A3 the loading will be the shear value from beam

A2B2 (126kN) and beam B1B3 will be twice this value (252kN)
*These values can applied throughout the structure as there is
a consistency of dimensions, but this may not be the case in

each structure.
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Analyse beams

- Beam A1B1 - BeamA2B2
2
w2 WL MEd=WL or VL
Meo =g 04 1778 8
X ° 36x 72
2 ) _ X B
M, _18XT 1 okNm Mg,y = — 221kNm
wL W
Ve g =W—L0er Ve :70"?
’ : 36x7
'.'VE,d = 18x7 :63kN VEd = 5 :126kN

Both beams have uniform distributed load (udl) hence the use of these
standard formulae. Form of analysis not a requirement of Eurocodes.
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Design beams

For all beams , _Waxf, taking f,=275N/mm? & v,,5=1.0

- Beam A1B1 - Beam A2B2
- Min W, =400cm? - Min W, ,=804cm?
- Use UKB 305x102x33kg/m - Use UKB 406x178x54kg/m
- W,,,=483cm3 - W,,,=930cm?
* Mcrg=133kNm (83%) * Mcrq=266kNmM (83%)

For each of these beams there are other standard beams that could be used but the
final decision will depend on normal engineering judgement. There is seldom a
“perfect” solution and will be a compromise of many factors. For example, availability
of the section, easy of detailing and construction, standardisation, etc.
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Design of beams (continued)

Mcrgq IS @s previously stated

- Beam A1A3 - Beam B1B3
- Min W, =687cm3 Min W ,=1374cm?3
- Use UKB 406x140x46kg/m Use UKB 457x191x74kg/m
- W, =778cm3 W,,,=1458cm?
* Mcrg=214kNm (88%) Mcrg=401kNm (94%)

As previously stated there are other beams that could have been chosen. Although
at this stage the design is within the permissible capacities these beams are liable to

suffer from Lateral Torsional Buckling (LTB) which is covered in Design of Structures.
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Shear capacity

- A,=greater of the two calculations.

- Beam A1B1
* Vepg=363kN (17%)

- Beam A2B2 A\/:A_btf +(tw+2r)tf
* Vrg=545kN (23%)
and
A, =nh,t  for simple beamsn =1.0
A f
Vera = :
J3
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Serviceabllity check

5qL*
- UDL °” asE] There are different views taken by each
- Beam A1B1 NA. For example,
- Q=1.5x5=7.5kN/m UK tis acceptable to consider
. 1=6501cm? variable action value only and

deformation limited to span/360 for

* 6=17mm>35mm brittle finish to flooring and span/200

- Beam A2B2 for non-brittle finish.
« W=(5x3)=15kN/m e Germany self weight deformation is
. 1=18720cm?3 inversely pre-set and deformation due

to variable action defined by the

_ specific needs of the flooring and
In each case maximum Client.

deflection has been taken as
span/200.

° 0=12mm>35mm
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Overview

- It Is recommended the Design of Structural Elements to
Eurocodes — 2" Edition by William M C McKenzie would
be suitable to review this complex aspect to more
complex beam design. This example considers:

- Definition of buckling

- Lateral torsion buckling
- Example

- Conclusion
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Buckling — examples

Design of Structural Steelwork Elements 343
- Page 343 o E U
- We are concerned with “““J-E mI s
(b) Distorsional buckling

(a) Local buckling

Note that we will be
considering all forms
of buckling but not at
this stage

(h) Shear buckling
Figure 7.5

In EN 1993-1-1: Clause 5.5.2(1)/Table 5.2, four classes of cross-section in relation to local
buckling are specified:
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Bucklina — the theorv

7.3.3 Flexural Buckling

Flexural buckling is characterised by out-of-plane movement of the cross-section at the
critical load and is the predominant buckling mode in typical building structures using hot-
rolled sections. In 1757 the Swiss engineer/mathematician Leonhard Euler developed a
theoretical analysis of premature failure due to buckling.

The theory 1s based on the differential equation of the elastic bending of a pin-ended
column which relates the applied bending moment to the curvature along the length of the
column. The resulting equation for the fundamental critical load for a pin-ended column is
known as the Euler Equation. i.e.

. . n*El .
Euler critical buckling load N = 7 Equation (7.4)

cr
where:
L., 1s the critical buckling length,
I 1s the second moment of area about the axis of buckling.
The Euler critical buckling stress and the ‘slenderness’ can be derived from Equation (7.3)
as follows:

o Ne 7TEA” 1 _r'Ei’ mE _n'E
% 4 E 4 £ b K

cr cr

where A 1s the slenderness.

; . ’ E -
This can be re-written such that the slenderness A =7 [— . A graph of critical stress

cr

versus slenderness, i.e. the Euler curve, 1s shown in Figure 7.18.
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Buckling — the theory

The critical stress on the Euler curve 1s limited by the yield stress £, of the material. The
slenderness corresponding with this value is known as the Euler slenderness.

Stress Medium Large
A slenderness slenderness

f; ________________

Failure by |
yielding Euler curve

F ailure by

+ buckling

Figure 7.18 Euler slenderness 4,

» Slenderness A
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EC3 Bucklina
[4f

stresses as above. e.g. for flexural buckling 7 = VN_Y :

x=olf
A Plateau indicating limiting non-dimensional slenderness below

which flexural buckling need not be considered: ie. 2 <0.2

I ‘\
1.0 ) Failure predicted by Euler

Actual test results

Safe lower-bound
Not to scale

design curve in EC3
' : -
0.2 1.0
Non-dimensional slenderness A
Figure 7.19

The buckling curves given in EC3 are the result of more than 1000 tests on various types
of cross-sections with values of slenderness ranging from 55 to 160. The curves include
the effects of imperfections such as initial out-of-straightness. residual stresses.
eccentricity of applied axial load and strain-hardening.
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Lateral Torsional Buckling

When the web is very slender the restraint it provides to the compression flange against
buckling is negligible and lateral torsional buckling is very similar to flexural buckling of
the flange by bending about the weak axis of the cross-section as shown in Figure 7.27(a).

When the web 1s ‘stocky” it behaves in a similar manner to a rigid plate element,
providing more restraint inducing lateral-torsional buckling. resulting in combined
torsional and bending deformations as shown in Figure 7.27(b).

Lateral and twisting displacement

T2 of the compression flange

Compression

Lateral torsional buckling :

(a) very slender web (b) stocky web
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For umform doubly-symmetnc cross-zections generally, loaded through the shear centre at
the level of the centroidal axis, A, can be determuned by modifying the fundamental case
as follows:

] 2 - 0s
NELLL Gl :
= e . ;
Elastic oo BRG] memess
- where C) 15 a factor to take account of the shape of the bending moment diagram For the
rI I I fundamental case with uniform compression along the full unrestrained length of the beam
(see Figure 7.28), C) = 1,0, and the value of () 15 greater than 1,0 for all other cases.

(Note: k and k, are assumed to be equal to 1.0 unless a smaller value 15 justified).
Due to the complexity and a lack of consensus between the contmbuting European

nations regarding the determunation of C, values, no information 15 given in EN 1993-1-1.
I I lOI I len There are numerous publicatons relating to this problem and acceptable approxamations
are gven in Figure 7.32.

(page 375) o cmion 7

p=+075 C =114 UDL pinned supports €, =1,127

AN A
y=+050 C =131 N
UDL fixed supports C, =2,578

w=+0,25 CI =152 \/

=0 C =17 Central point load _
1 em— C‘I =1,348
py=-025 C =205 b d
w=-050 C'l =233 Central point load
fixed supports C1 =1.683

w=-075 C =257

UL

% span point loads C:=l’046

IV

w=-10 C =255

C, values for restramed lengths with C, values for commonly loaded spans
no load apphed between the restramts. with restramnts at the support points only.

Figure 7.32
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Reduction factor y, + (Chi)

1

Lt = but %< 1,0 EN 1993-1-1: Equation (6.56)
L'l‘ Ly \I ®; ALT
where:
~ - _ W,
cr

or7 15 an imperfection factor given in EN 1993-1-1: Table 6.3. The value is dependent on
selection of the appropriate buckling curve from Table 6.4.

7.3.4.2 The Method for Hot-rolled Sections or Equivalent Welded Sections

No buckling curves are given in EN 1993-1-1 for this case: The value of /1 may be
determined using EN 19931-1-: Equation (6.57).

1
= 5—e S 10
Oy + 'JQLT = Phix EN 1993-1-1: Equation (6.57)
1
7y

where:
AL = 0.4 (in the UK National Annex /1-1- o = 0.2 for welded sections).

£ =0.75 (in the UK National Annex § = 1.0 for equivalent welded sections).
The imperfection factor o171 is obtained from EN 1993-1-1: Table 6.3. The selection of the

appropriate buckling curve is given in EN 1993-1-1: Table 6.5. In the UK National Annex
EN 1993-1-1: Table 6.5 has been replaced by the Table given in Clause NA.2.17.
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Moment capacity - buckling

The value of M can also be calculated using the LTBeam software (available free of
charge) which can be downloaded from http://www.cticm.com

The lateral torsional buckling resistance moment Mypq as given mm EN 1993-1-1:
Clause 6.3.2 1s taken as the smaller of:

F
M, zq = X11W- Jy for Cl Class 2 i
bRd = ALt py T or Class 1. Class 2 cross-sections. l_ o
M1
r Iy
Myga = Xi1Wa,——  for Class 3 cross-sections. <fy
AT F
P y
M, za = XYi1Weue, ——  for Class 4 cross-sections. .
J Figure 7.34
Vi igure <,

where i1 is the reduction factor for lateral torsional buckling and the W value is the
appropriate plastic. elastic or effective section modulus. The formulation to calculate the
reduction 1s given in two formats.

(1) a General case which may be applied to all common types of section. 1.e. hot-
rolled sections, plate girders, castellated beams etc.. (EN 1993-1-1: Clause 6.3.2.2
and

(11) for use with hot-rolled sections or equivalent welded sections. (i.e. with similar
dimensions to rolled sections). EN 1993-1-1: Clause 6.3.2.3.
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Exam p I e 7.3.10.5 Example 7.14: Design ofsnfyimply Supported Beam with Mid-span and End

A smply supported floor beam in a braced steel industnal frame supports a column as
shown in Figure 7.62. Using the design data given and EN 1990:2002: Equation (6.10),

7 16 venify, or otherwise, the swtability of the proposed steel beam with respect to:
u (page (1) shear resistance,

(1) bending resistance,
(i) lateral torsional bucking resistance and
425) (1v) deflection, (assume the beam 15 supporting a bnttle fimsh).
Design Data:

Charactenstic permanent load in the column (G,) 20,0 kN
Charactenstic vanable load m the column (Oy) 50,0kN

Conditions of restraint at supports:

Compression flange laterally resmrained

Beam fully restrained against torsion

Both flanges are partially restrained against rotation on plan

60m

Figure 7.62
Section classification Class 1

457 x 152 x 67 UKB S 275 - Section properties:

h=4580mm d=407,6omm b=1538mm #£,=90mm £=150mm
A,=8560 cm’ iy=184cm i,=327cm r=10,2 mm

I,=28900 cm* I,=913 cm’ Wy g = 1450 x 10’ mm’ =477 cm*
I, = 0,448 dm°® (= 0,448 x 10" mm®)
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SIMPLE COLUMN
DESIGN (compression MEMBER)
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Why does a column buckle?

- Buckling is when a compression member deforms
laterally.
- Causes

- Materials inherent resistance to compression

- Impurities in the member e.g. faults in the material, lack of straightness,
minimal non-symmetry, etc.

- Compounded by
- Applied bending moment
- Eccentricity of axial load
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Examples of restraint

- Simple column
- Pinned at both ends, or
- Fixed at both ends, or
- Fixed at one end and pinned at the other

R

- Continuous L.=1.0L L.=0.7L L.=0.85L
- Similar to the above

- Cantilever
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Simple Column Example

- This example gives the detalls for the design of an
edge column in simple construction.

Level@ &« —I - —— - —— - —— - —— ~—
o
=)
o
v v
A
Level @ & —T: - —— - —— - —— - —— ~— 1l
# R1
1l
H I R2
F=-=X=====
1]
% |rs
8 1l
S A
0
LevelQ +— ==
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Design of lower section of column

- Axial load from upper levels

- Reaction from beam 1

- Reaction from beam 2

- Reaction from beam 3

* Ngg= Np 3 gtR1 g R ggt Ra gg=589KN
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Chosen Column

b
UKC 203x203x46k9/ ’ 2 ’
Depth h = 203,2mm o
Flange thickness t: = 11.0mm hi d vy —y
Web thickness t, =7.2mm ] "
Radius of gyration i, =5.13cm === Ft
Section area A =58,7cm? l
Plastic modulus, y-y axis W, , =497cm?3
Plastic modulus, z-z axis W, ,=231lcm?
Buckling length about y-y axis Lery = 5.0m
Buckling length about z-z axis L., =5.0m

Note: In choosing a column there may be more advantage by using a
column to suit incoming beams rather than load bearing capacity.
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Eccentricity

- Design assumption
- Simple construction therefore “pinned” connection between beams
and column.

- Use of rigid or semi-rigid connections would induce bending moment
due to the distribution.

- Option 1 make a decision to firmly establish the eccentricity and
calculate accordingly.

- Option 2 make a standard allowance of a 100mm eccentricity plus
half the member size.
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Option 1
All joints are moment resisting

How to analyse the frame to
L@ § e —— 1 — establish the bending moment —
Moment Distribution or CAD

3000

Level @/

Level D —L —1
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Option 2
Simple construction with pinned joints

Level @ %

3000

A&B Intro2Eurocode 2016 83

Analysis of beams basic beam theory.
Column will require application of
moment distribution theory.

At this stage in the
education process

Level @

5000

Level @D -

a Option 2 is the preferred
course of action.

Also recommended in

industry as moment
connections (full or partial)
can be difficult to justify
economically.
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Design bending moments

* My, gq = ((t,/2)+100)x(Ry g4-R3 £4)=0.9KNmM

37kNl iZBkN

° My.Ed:MZ.y.EdX3/8:11'1kNm
‘ I\/lz.Ed:MZ.Z.EdX3/8: 0.3kNm
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Flexural Buckling Resistance

- A = 93.9xe = 93.9x(235/275)05 = 86.8

o N, par=(L, o /i.)IN,=(500/5.13)/86.8=97.5/86.8
= 1.123

- h/b<1.2 and t,<100mm, so use buckling curve “c” for the z
axis
- Find X, from tables or graph, X, = 0.472

+ Npyra = (xAXE,) | Yy = 0.472x5870x275%x10-3/1.0 =
762kN
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LTB Resistance

- Take
- 0.9x 1.123 =1.011

- Rolled bi-symmetric I-section, h / b < 2, so use buckling
curve “b” for the z axis

- Find X, from tables or graph, X, = 0.686

ALt =0.94,

f
M ra = 21 7W, — = 0.686x 497 x:zl—705><10_3 =93.8kNm

Y M1
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Lateral Bending Resistance

- Due to the strength of the section in this direction there is
no reduction.

W f 3
o Wafy 2812753107 _ o

Y1 1.0
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Combined bending & compression buckling
(simplified version)

NEd M y.Ed M

+ +15—28 <10
I\Ib.Z.Rd M b.Rd M b.z.Rd

589 11.1 150.3

+ +1.5——
762 93.8 63.5
=0.773+0.118+0.007 =0.898<1.0

- Therefore a UKC 203 x 203 x 46 is adequate.
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BS EN1995 vs. existing code

- Fundamental change from elastic design (BS5268) to the
same Limit State design of all other materials.
- Variability of strengths (parallel/perpendicular to grain, shear, etc.)
recognised as a percentage of bending strength.

- Material strengths contained with a separate code (BS EN338:2003)
with no species listed only strength class.

- Fastener type and reliability to movement to be considered at the
early design stage.

- Good TRADA guidance available and software/ freeware for design
and classification

- Named k-factors rather than numbered (e.g. k;, from height)
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Timber or wood

- Wood

- A generic term for the hard fibrous material from trees below
the bark.

- Timber

- Generic term for wood used in furniture, pulp (for paper) and for
construction

- Nomenclature Bending parallel to
grain AND shear

parallel to grain

Compression

h .
parallel to grain
Tension parallel

=g v to grain
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Design principles

- Actions as define in EN1991
- Factors and principles are the same as were used for
steel and concrete.
- Plastic rather than elastic

- Factor of safety for permanent action 1.35 and for variable action
1.5.

- Major difference: timber is anisotropic (properties are
direction dependant)

- See Table 1 of BS EN 338

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

Extract of BS EN338

Table 1 — Strength classes - Characteristic values

modulus, have been calculated using the equations given in annex A

¢ Timber conforming to classes C45 and C50 may not be readily available.

b The tabulated properties are compatible with timber at a moisture content consistent with a temperature of 20°C and a relative humidity of 65%

Poplar and softwood species Hardwood species
C14 |C16 |C18 | C20 | C22 [ C24 | C27 | C30 [C35|C40 | C45 | C50 | D30 | D35 | D40 | D50 | D60 | D70

Strength properties (in N/mm?)
Bending Tk 14 16 18 20 22 24 27 30 35 40 45 50 30 35 40 50 60 70
Tension parallel fuak 8 10 |11 (12 (13 |14 |16 [18 |21 |24 (27 |30 |18 (21 |24 |30 (36 |42
Tension perpendicular frook 04 |05 |05 |05 |05 |05 |06 |06 |OB6 |OB (06 |OB |O6 |06 |06 (OB |06 |06
Compression parallel fe.0k 16 17 18 19 20 21 22 23 25 26 27 29 23 25 26 29 32 34
Compression fe0k 20 122 |22 |23 |24 [25 |26 |27 |28 |28 |31 32 |80 |84 [88 |97 [105]135
perpendicular o

f 1,7 18 |20 (22 (24 |25 |28 |30 |34 |38 |38 |38 (30 (34 |38 |46 |53 |60

v,k

Shear
Stiffness properties (in kN/mm?)
Mean modulus of Eo mean 7 8 9 95 |10 1 11,5112 13 14 15 16 10 10 1 14 17 20
elasticity parallel
5% modulus of elasticity
parallel Eoos 47 (54 |60 |64 |67 |74 |77 |80 |87 |94 10,010,780 (8,7 |94 |[118]|143]16,8
Mean modulus of Esomean |0,2310,27]10,30/0,32|0,33|0,37|0,38|0,40|0,43|0,47|0,50|0,53|064(069|0,75(093|1,13 (1,33
elasticity perpendicular

Ginean 044105 |056(059|063(069]0,7210,75(0,81)1088(094]100|060(065]|0,70(0,88(1,06]1,25
Mean shear modulus
Density (in kg/m°)
Density Pk 290 | 310 | 320 | 330 [ 340 | 350 | 370 | 380 | 400 | 420 | 440 | 460 | 530 | 560 | 590 (650 | 700 | 900
Mean density Prmean 350 | 370 | 380 (390 | 410 | 420 | 450 | 460 | 480 | 500 | 520 | 550 | 640 (670 | 700 | 780 | 840 | 1080
NOTE a Values given above for tension strength, compression strength, shear strength, 5% modulus of elasticity, mean modulus of elasticity perpendicular to grain and mean shear
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Modification to Material Properties

» Structural timber must be considered for the
operational conditions.
- Consider solid timbers at this stage
- The assumed reference timber is 150mm cross-sectional

dimension. 0.2
K, = (%j orl.3

- Where h is the height of the solid section

» Duration of load is important

» (See Table 3.1)
- Timber suffers from creep when loaded over a long period.

- Creep is when a member suffers continued deformation despite
the applied actions not changing PLUS when action is removed a
permanent set is a consequence.
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kn =min
1,3 (3.1)

where h is the depth for bending members, in mm.

Table 3.1 — Values of Kk og

Material Standard Service | Load-duration class
Class
Permanent | Long Medium | Short | Instant-
action term term term aneous
action | action action | action
Solid EN 14081-1 1 0,60 0,70 0,80 0,90 1,10
timber 2 0,60 0,70 0,80 0,90 1,10
3 0,50 0,55 0,65 0,70 0,90
Glued EN 14080 1 0,60 0,70 0,80 0,90 1,10
laminated 2 0,60 0,70 0,80 0,90 1,10
timber 3 0,50 0,55 0,65 0,70 0,90
LVL EN 14374 1 0,60 0,70 0,80 0,90 1,10
2 0,60 0,70 0,80 0,90 1,10
3 0,50 0,55 0,65 0,70 0,90
Plywood EN 636
Part 1,Part 1 0,60 0,70 0,80 0,90 1,10
2,Part 3
Part 2, Part 3 2 0,60 0,70 0,80 0,90 1,10
Part 3 3 0,50 0,55 0,65 0,70 0,90
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Factor for design

- Partial factor from material
- (Table NA.3)
- Use 1.3 for solid timber (& 1.25 for GLULAM)
- Design value of material property
- (Eq2.9) X Xy

X, =k  —k=k
d mod 7/M mod 13

Stiffness properties are NOT affected by k.4
(See Eq2.10)

- Design resistance
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Table NA.3 — Partial factors yu for material properties and resistances

Fundamental combinations

Solid timber, untreated 1,3
Solid timber, preservative-treated 1,3
Glued laminated timber 1,25
LVL, plywood, OSB 1,2
Particleboard 1,3
Fibreboards, hard 1,3
Fibreboards, medium 1,3
Fibreboards, MDF 1,3
Fibreboards, soft 1,3
Connections (except for punched metal plate fasteners) 1,3
Punched metal plate fasteners, anchorage strength 1.3
Punched metal plate fasteners, plate (steel) strength 1;15
Accidental combinations | 1,0
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-
Load Duration & Service Class

» Load duration

>10 years Self weight
Long term 6 months — 10 years Storage loading (including lofts) water tank
Medium term 1 week to 6 months Imposed floor loading
Short term <1 week Snow, maintenance or man loading on roofs, etc
Instantaneous Wind, impact loading, explosions
» Service Class
Clause 2.3.1.3

Class 1: 20% moisture content or less and surrounding air only exceeding 65%
for a few week per year.

Class2: 20% moisture content or less and surrounding air only exceeding 85%
for a few week per year.

Class 3: conditions leading to moisture conditions greater than Class 2.
- See table NA.2
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Table NA.2 — Service classes

Type of construction Service class
Cold roofs 2
Warm roofs 1
Intermediate floors 1
Ground floors 2
Timber-frame walls, internal and party walls 1
Timber-frame walls, external walls 2
External uses where member is protected from direct wetting 2
External uses, fully exposed 3

2.4 Verification by the partial factor method
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Examples
- A C24 timberisina Service CI%SS 2 Wg[h a Medium term
action. -
- Compressive strength f g =0 oo - O'8X21=12.9|\y )
’ Ym 1.3 mm
- Bending strength Kinog Tysc _ 0. 8><24
fuye == 55 1480
7'M
- For compression members there is a check necessary for
buckling.

- Relative slenderness as quoted in Clause 6.3.2

- Note for a rectangular section
L | bh® 1 h
A =—2Lwherei, =,/ = || — |x| — | =—
7 VA \/[ 12jx(bhj V12

. Lny\/E
. y: h
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Example of a beam

- A timber beam is required to carry a design bending

moment (Mg,) of 6.7kNm and a shear (V4) of 12.8kN.
Using C16 timber what is the best size to provide
adequate resistance to:

- Bending
- Shear

- Do not consider deformation OR vibration at this stage.
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Example of a beam (cont'd)

- Although the design is considered “plastic” the elastic
modulus of the section is used.
‘ IVICR:\NeIfm,d
- For C16 solid rectangular timber.

kmod 1:md O 8X16 N
fma = %nm

m.d
14y

Ko To _0. 8><1 8 _
flo=—2 5= I\%nm
Ym

- To prevent lateral torsional buckllng of the beam keep the breadth
to height ratio to no more than 1 to 5.

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

Example of beam (cont’d.)

2
WeI - &
6
If h=5b
2 3
W, - b(Sb)* _ 25b
6 6

3 6
W, = Mes _ 260 Orbzsw_m:i/axa?xm &4 7mm
f., 6 25, 25x9.8

From this information 60 wide by 300 high would provide resistance
Mg 4 Of 8.82kNm (76%)
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Check for shear.

Maximum shear stress for a rectangular section is 1.5 times the
average shear stress.

1.5xV 3
O,y = Vea (15x1.8x107_, N/mm?(1.1N/mm?
/ XSA 60x300

The section is satisfactory, but only just!
The designer should decide to accept or change the
section size — so what do you think?
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Load share and LT buckling

» Correction factors for load
sharing and for sections where
buckling is not critical.

- Load share

- kc=1.1 for spans not greater than
6m and the attached flooring is
continuous over at least 2 spans
and joints are staggered.

- Lateral Torsional Buckling

Kt IS @ reduction factor to allow for
buckling so 1.0

%TRADA

15BN 0 901348 29 6

EUROCODE §

85 DD-ENV-1995 Part 1.1

GUIDANCE DOCUMENT 2

GD2 HOW TO CALCULATE DESIGN VALUES FOR LOADS USING EUROCODE 5

Pars 1 of furocode § provdes general nelec and rudes for buildings for the desyn of amber
strictures, For the present, @ may bo wsed as wn alternative fo BS 5208 : Part 2, but veentually it 1 expected

1o replae ibe firitish code attogethor:

Turocode 5, 3 Sructral

4  factar design code, i which faciurs
2

are apphied both 10 loads and (o oz order io

wetives  This paper

#
ins b 23 calessette the design vales of hoads Chavwm s “actions” in BC5), for both wlimate and

servicoability limit siafes,

LOADING CODES

Fou the dme being Dritish Toading
codes will continue 1 be used in the UK as sources
fur the weights of general building materials, for
imposed loads and for wind loads. The Nationa)
Application Docnment (NAD) which is published
with ECS, lists thie codes i be used as-

HS (48 Schedule of weights of building materials

BS639%9  Loading for buddings:
Part 1 Code of pracice far dead and imposed

ads.

Part3 Code of practice fac imposed coof loads.
CP4 Basie ats far the design of buildings.
Chapiec V Loading - Part 2 Wind loads

“Phe NAT inchudes the following adds-
tienal insttuctions an loading. The impased floor
ioading should not be reduced in the case of malt-
starey buiidings as BS 6399 Pan 1 permils Snow
Loads arising from tocal deifung should be treated as.
acodenta; Joading of shon-lerm duration, and
wind laacs should be taken as only 90% of the
wvalues obtained rom CP3 Chapter V- Pan 2,

LIMIT STATES

Eurncoute § requires desigaers 1o con-
sider rovo konds of lowit state, beyond which a atruc-
ture can no longer perdorm satistaciorily.

Lltimaie Lt staies are assocated

vith Tracwise, collipse s Dackling; and with loss of
equilibriusn ur stabiliry, ¥ they ane asyoviated
with any lorm of struciur: hiee which may en

daager the safety of peaple They mvolve caleula-
nuus af suength and sabilicy.
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Sermceabiiity lmi gages are assocl-
ated with deflectioo. deformation and vibration
Thus, they are gssocialed with any farm of structural
bekaviour which flay fender the SUUCIC URsalis
factory in tepms af it functiconing (e doots jamin:
ing) o1 comlort (eg excessive vibration or bounce),

pp (g dumage tructural clements
or finishes) may also be 2 criterion. Serviceability
limut states involve calentations of deflection. joint
slip and vibuation.,

Linu states are checked by exumining
the effects on a structure and us individoal compo-
nents of Joads and impused defonations, and by
‘exaniuning the aterial properties of the compo-
nents conceraed and their capaciny 10 resist these
efffects

Tn ECS, a5 in all the structural Funs
codes., the design values of loads acting on o strue:
wre depend on four factars. These are.

» herypes of load or acton

» the design situaion under consideration

» the characteristic values of the actions

» the combination of actions unider cansieration
TYPES OF ACTION

There are three types of action, which
are detined in Table 1.
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-
Shear

There are factors associated with

notched ends.
For notch on opposite side of support

kV: 1 . O - For beams notched on the same side as the support (see Figure 6.11a)
For notch on same side! 1
1,145
k, =min ko (1 =k ) (6.6
./F(./:x(l—a)-»O,B% é,az)
where:
f kmOd X kIS X fV, k i is the notch inclination (see Figure 6.11a);
I h is the b_eam depth in mm;
v , d— X is the distance from line of action of the support reaction to the corner of the notch;
Y 'm a=fe
4,5 for LVL (6.6
Modification Factor for Shear of timber beam with notched end k"'[:’_,, i e
Height of main beam (h) 196 mm kn 5
height of notched end (heff) 80mm alpa 0.408
Length of notch 70mm X 90 mm E it
h-heff 116 mm Breadth 50 & e =
i 0.603 kv 0.6715 e [ ‘ | -
Design shear stress 2.5N/mm2 f 5 I E
Shear Capacity 6.7kN Sl S q
il f
(a) (b)

Figure 6.11 — End-notched beams
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