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DeS|gn situations

d-There are four types of design S|tuat|on
e persistent, corresponding to normal use;
e transient, temporary conditions e.g. during construction,
: refurbishment or repair
e accidental, exceptional conditions such as fire, explosion
or earthquake.
e Seismic: conditions that are applicable to the structure
during a seismic event.




TYPES OF ACTIONS: -

oADS |

- Direct action

{ A force (load) applied to a

/{structure.

v - permanent action
v -variable action

v’ -accidental action

\ACTbNS

- /no’/recz‘ acz‘/on

An imposed deformation; such as temperature
~Jeffects, settlement or shrinkage of concrete.




TYPES OF ACTIONS -

V- Permanent actlons( . g) (Dead Ioads)
~(EN1991- 1-1)

- The self-weight of the structural and non- structural
elements. (weights of floor slabs; roofs, walls,”
celllngs partitions, f|n|shes services and self—welght
- of steel). AL |

Loads due to prestressmg, shrlnkage of concrete _

Structural
steelwork




TYPES OF ACTIONS

Permanent actions are represented (and speaﬁed) bya -
characteristic value; G, | :
“Characteristic” implies a deﬁned fractlle of an assumed
statlstlcal distribution of the action, ‘modelled as a random
varlable For permanent Ioads |t is usually the mean ‘value
(50% fractlle) & -



TYPES/OF ACTIONS

v - Var/ab/e actions (Q q) actrons for WhICh the varlatlon

In magnltude with time is neither negllglble nor monotonlc

-

» Snow loads
+-Wind loads

~< «Imposed floor & roof loads

11 \ Bridge

Building

i Y




Variable actions are sub-divided into : TYRES OACTIONS

1-Leading variable actions [ 2- Accompanying variable
These are variable actions | actions (non-leading)

which when acting on a These are variable actions that
structure cause the most | act on a structure at the same
significant structural time as the leading variable
effects. action.

Variable actions have four reépresentative values:

«.characteristic (@), normally the upper.5% fractile

 combination (Wo Q). for use where the action is assumedto
accompany the design ultimate value of another
variable actlon which.is the ‘leading action’;

. frequent (W, Q%) for example occurnng at least once a
week -+ -

» quasi-permanent (L|J20k)

el \Juek:._u/\:._r\_.:_; 151 “AhS




TYPES'OF ACTIONS |

Imposed floor Ioads :
BS. EN 1991-1-1 identifies four, categorles of use
Aareas for domestlc and resrdentlal act|V|t|es

I B office areas ) Y S

C areas: where people may congregate

D shopplng areas. -

Alk categorles have addltlonai sub categorres the UK NA
--prowdes a large number of sub- -categories with examples For
each category of. loaded area, imposedloads are given both-
as a pomt load, ‘Qkand a umformly distributed-load, q k- For
most-design purposes, the polnt Ioad has little effect other
than for local checking. & | -

__.The unlformly dlstrlbuted load WI|| be used for general design.
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TYPES! OF ACTIONS |

'On roofs (particularly for category H roofs), |mposed loads,.

need not be applied: |n comblnatlon W|th elther SNnow Ioads
and/or wind actions.’ R B

¥ The mtent is that: N ~

(a) |mposed roof loads. and wmd should not be comblned
(b) imposed roof loads: -and snow should not: be combined
(c) that snow Ioads and wmd loads should be comblned
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TYPES OF ACTIONS

. Table NA.3 — lmpoaed Inadn on floars, bnlmien and ntairn in huildin[s

ﬂlmprr of loaded area G '_ : (+ X
- 'Gategurrﬁ Al 1,5- A - 12,0
1 -|A2 15 20
(a3 (20 20 o
A+ (20 ¥ 2710 A
A5 2,5 - 2,0
A6 Same nthemumstnwhmh theygwe access lmt 12,0 (concentrated at the
with a minimum of 3,0 - |outer edge)
AT Same as the rooms tqwlnch they give access but 2,0 (concentrated at the
\a witha minimum of 4,0 _ outer edge}
Category BBl (25 ‘_ 27 Y
~ - |B2 30 2T
CategoryC |C11 |20 - 13,0
- ciz |[25° 14,0
C13 3,0 3,0 S
C21 {40 3,6
c22. |30 2,7
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TYPE@-_;_:ﬁéF ACTIONS

" Table m—lmpoaedlundlunﬂourl,bnlmminlndm]nlnhuﬂdinp

ﬂntmrrnfhﬂudluu

"
kN

C31 3,9--__,"'"'

)_”__4’5

/C32 3,0

4,0

~Css 4,0

C3a (5,0

4__5

C35 4,0

C36 |30

jﬂin

C37 5,0

13,6

C38 7.5

4.5

4,5

Yy 7

ot [50

3,6

70

G5l 50

36

G52 75 —

Va 36




TYPES OF ACTIONS |

Table NA.5 — Impused floor luads due tn stura.ge

Category of loaded M ;qk" A o .

ares = ) “KN/m? AN KN
Eii 20 LORSS H
“|E12 4,0 A o 4,5
E13 v 2,4 per metre of storage height . 7.0
E14 NG 5,0 R ~ M5
Eis - 2,4 per metre of storage height but with a minimum of 6, B> A 7,0
El6 4,0 per metre of storage height 9,0
E17 - 4,8 per metre of storage height but with a minimum of 9,-6 17,0
E18 4,8 per metre of storage height but with a minimum of 15,0 11,0
E19 5,0 per metfe of storage height but with a minimum of 15,0 25]9,0
|NOTE E13isa general category, however, designers HIE encouraged to liaise wll:h thent-ﬂ to determine more prﬂlﬁc load values
than the lower bound value gwen n this table,
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TYPES OF ACTIONS

Table NA.6 — Impnsed loads on garages and vehmle traﬂ'ic areas

(30 kN < gross vehicle weight <160 kN)

Categories of traffic areas - . _ ‘_ Qu
A : kN/m?® kN
[Category F 2,5 10,0
“Heross vehicle weight < 30 kN) L _ A ,
Category G 5,0 - To be determined for specific use -

NOTE qh_and- €, should not be applied s:tmult.anm_uﬁjr.

Tahlé,Nﬁ.’i‘ — Imposed loads on rpcifs not accessible except for normal maintenance and repair

Roof slope, a T L
. degrees Mo kN/m* ) N
a < 30° oS e 0,6 0,9 ~ ~—
30° < a< 60° ~10,6[(60 — a]ran] ' ' NS
a z 60" 0

NOTE 1 All roof slopes & are measured from the horizontal and all loads should be apphed vertically.

NOTE 2 In evaluating Table Nﬁ 'i' for curved roofs the roofs should be divided inito not less than five egual aegmenm am] the mean
slope of each segment mnsldered to be equivalent to the roof slope, a

'NOTE 3 BS EN 1991-1-1:2002, Note 3 to Table 6.10 states that g, may I:ra assumad to act on an area A. It is remmmendad that the
~|'walue of A should be the whole area of the roof.
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TYPES OF ACTIONS .

v'- Accidental actions (A) are caused by events that
usually have a short duration but have a significant effect. It
IS considered that such events have a low probability of

fl occurrence during the design working life of a structure. (fire,
Impact and explosion).




BASIS:OF DESIGN |
- ’Effect of actions’:

The effects of actions are the responses of the
structure to.the actions: stresses, strains,
deformations, crack widths, etc., as well as
beﬂdlng moments, shear forces, etc.
< Ey=E(Fy) - >
= function £ represents the process of structural
analysis. Where the eﬁect Is.an mternal force

or mement. -
" Fy=YeF De5|gn values of actlons
¢ e 9. Gi=Ys G ©

Qd— Yo Qkor Oy —VQLP| G
Characterlstlc Ioads (G« Q,, A,) are those loads which
have an acceptably small probability of not being
exceeded during the lifetime of the structure.

-Y"-.J'm Ll ol § omy |
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BASIS: OF DESIGN

The deS|gn (or factored) load (Gd, Qg 2 d) " .
is the characteristic’ (worklng) Ioad multlplled by the relevant

_,partlal safety factor

Q- Verification for an u/z‘/maz‘e //m/z‘ sz‘az‘e conS|sts of

checklng that G

Ed <Rd

[de5|gn effect from sz‘rucz‘ura/]
_analysis M, V/ N (/m‘ema/)

design resistance from
section Resistance

es o vy

applled uItlmate bendlng
moment (an ‘action effect
or ‘effect of action’)

| bending resistahc ‘




BASIS OF DE‘SIG/NV

Ed <Rd

L

The deS|gn effect = =~

a load or Characterlstlc
_action X various partial __

[ factors (usually to increase- it

for the design situation). .

- Ea=7¢YFx -

_Ed s the design value of the
Toad . S A
F IS th.e- 'charaCteristic
value of the action-

¥ factor that converts |

the characterlstlc value to a
‘representative value
Y  Partial load factor

|-/\..

| The design resistance = -

| factor (usual_!y to reduce it

“for strength

“Jfactor is applied to the
-~ | material strength

the characteristic strength
of the materlal(s) being
designed == some partial

for the design situation)
Rd = ka"}'m -

R, is the design value of

the material’s reS|stance

R, Isthe characterlstlc

value usedin design~

Ym A partial material

DE=Ghayath=Hallak




Bas i,_S*fo design
Vv ,

P P

Varlatlon n materlal propertles

-f —f —1cr

Frequency

f\ X
1,640 |
- B

Characteristic
strength

Frequency

5% of resulis

-"-:-:_:'fi-_*f'\/ariatio"ﬁ""'in loads (ACT TONS)

en |\ Loads Wk :Wm +-1‘.640

Mean - »| Characteristic
load load

—_Fmp%r;m




Basis of desian

A Frequency

Actions A

\

‘}Hesistahce H

Hesistance or actions

.
_—

7 Ay Hy
o Design value of actions Design value of resistance
" Ry-Ag>0

Statistical relatronshrp between actrons and resrstance

It Is- therefore accepted that 5%~ of the materral |n a
structure is below the desrgn strength and that 5% of the
applied Ioads are greater than the design Ioads

Dr=Chayath=Halle



Combmatlon of actions and design reS|stance

Four ultimate limit states are identified in BS EN- 1990:

EQU which should be ver|f|ed when consrderrng overturnlng
or sliding - 5 --

‘STR, which concerns strength of the structure

GEO, covering strength of the ground and is used |n
“foundation design > -

FAT covering fatigue failure. -

For ultimate limit states the: prlnc:lples of comblnatlon are:

‘> - permanent actions are present in aILcomblnatlons

.- each variable actlon IS chosen-in turn+to be the Ieadlng
““action (i.e., to have its full deS|gn value)andis

-~ combined with lower ‘combination’ values of other

variable‘actions that may co-exist with it;

-+-the design‘action effect’is the most unfavourable of those

found by this process.



ombination of actions:and design resistance
Fundamental combinations of act|ons may be determlned
from EN 1990 using either of | <3

- Equation 6.10~ -- G
- Less favourable of Equatlon 6.10a and 6 10b

Equatlon 6.10:

‘to be combined Actions due to 1.5 x combination factor x
with’ prestressmg Other variable actions

1.35 x Permanent 1.5 x Leading
actions variable action

_The combination factor v, is mtended specifically to take account
of the reduced probability of the simultaneous occurrence of
two or more variable actions.

AN el TSV oS ST B NI Y
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partial-factors for actions for ultimate Limit states Yo g w

unfavourable

deformations (EN 1994-1-1)

action favourable
effect effect

permanent actions y; (EQU) 1,10 0.9
permanent actions y, (STR) 1,35 1,0
variable action v, (imposed loads 1,9 0
on buildings acc. to EN 1991-1)

| wind loads (EN 1991-4) 1,5 0
snow loads (EN 1991-3) 1,5 0
climatic temperature effects 1,9 0
(EN 1991-5)

| Shrinkage 1,0 1,0

| prestressing by controlled imposed 1,0 1,0




Combination factor valties for actions acc to EN 1990

action Yo Vi Y2
category | imposed loads on buildings acc. to EN
1991-1
A domestic, residential areas 0.7 0.5 0.3
B office areas 0,7 0.5 0,3
C congregation areas 0,7 0,7 0.6
D shopping areas 0,7 0,7 0.6
E storage areas 1,0 0.9 0.8
F traffic area (vehicle weight < 30 kN) 0.7 0.7 0.6
G traffic area (vehicle weight 30kN<Q <160kN | 0,7 0.5 0.3
H roofs a0 0 0
snow loads for sites located at altidude H < 1000m (EN | 0,5 0.2 0
1991-3)
wind loads on buildings (EN 19381-4) 0.6% 0.2 0
_| climatic temperature effects in buildings (EN 1991-5) 0,6 0,5 0
* 0.5 1S UK NA value, 0.6 is the unmodified EC value
Dr-Ghayath-Hallak



ombination of actlons and deS|gn reS|stance

Equations 6.10a and 6.10b — use less favourable
result: |
> ZTG,jGIt,j "+ ¥pP "+" ¥q W01 Qi1 "+ ZT::.I‘I’u,lau,l X >

21 i>1

%Gu "+ P "+ 7 Q"+ ZTq,i'hlfn,lan,l
21 i>1

Unfavourable dead load reduction factor (i.e. not

applied when y; = 1), £ = 0.925 in UK NA (0.85
|s the unmodlfled EC value) N

Equmbrlum check (EQU):
For checking sliding or overturnmg of the structure
asa rigid body, only Eq. 6.10 may be used.




ombmatlon of actions and deSIgn reS|stance

Equmbrlum check (EQU) Favourableand unfavourabl
Ioadmg |

~ Wind load unfavaarable, ..,--:-;_.-ff-_-%"—W'“d Ioad unfavourable, part
dead load favourable, ~ ©f dead load favourable, part
lmposed load favourable unfavourable, part of lmposed

unfavourable

15W, 1.5W,

Overturnlng
Y point

Overturning
¥ point

’VG Gk Y01 Qk ™ ile Gk +Y01Gk1 Y @2WVo2 2

_0_96I +15 Wli 109G, +1.1G,,+1.5W +(1. 5)(0 7) Qk

—ﬁm



ombination of actionsand design resistance -
Table 14.4. Typical STR combinations of actions arising from equations (6.10a) and (6.10b) of EN 1990

Combination Load factor

Dead 7 Imposedyq Wind 7q

Permanent + imposed: equation (6.10a) 1.35 1.05 -

Permanent + imposed + wind: equation (6.10a) 1.35 1.05 0.75

Permanent + imposed: equation (6.10b) 1.25 1.5 -

Permanent + wind (uplift): equation (6.10b) 1.0 - 1.5

Permanent + imposed + wind (imposed leading): equation (6.10b) 1.25 1.5 0.75

Permanent + imposed + wind (wind leading): equation (6.10b) 1.25 0.75 1.5
Yo — _Z 35 NS

& vo=0.925x1.3551.25

Yor =1.5 L eadling (/mposed or wind)
Yqzlllo o = 1.5x0.7=1.05 nofi-leading (imposed)

YoaWo.2 = L 5x0.5=0.75 non-/eao’mg (Wind)




Combination of actions-and design resistance-
The use of the expression 6.10 and the pair of expressions 6.10a and 6.10b

The table assumes the permanent action is 3.5kN/m?: the imposed floor load is 5kN/m? and

the snow load is 0.8KN/m?,
Expression Leading Permanent Leading Other variable Total
variable action action variable action action
Factored loads (kN/m?)
5.10 imposed floor load 4.73 7.50 0.60 12.83
6.10 snow load 4.73 1.20 5.25 11.18
6.10a imposed floor load 4.73 5.25 0.60 10.58
6.10a snow load 4.73 0.60 5.25 10.58
6.10b imposed floor load 4.37 7.50 0.60 12.47
6.10b snow load 4.37 1.20 5.25 10.92
6.10 6.10.a-

135G+ "1.5x 0 "+"1.3x0.5xQ,
L35G "+"1.5x 0 "+ " 1.5x 0.7 < X

135%G "+" Hxn?fo"+"1 ixﬂsxg,
1.35XG ™" 1.5%0.5% 0, "+"1.5% 0.7 O,

6.10.b  0925x1.35%G"+"1.5xQ; "+"1.5x05x Q. |

0.925x1.35x G "+" 1.5 Q, "+" 1.5x 0.7x Oy



Combination of actions and design resistan ce’ 7

Example YQZ Qk2: Wind._ 1.5 Qk 2'_ y v v.' v v YY VY v
leOkl |mposed 1. Sle A YV Y vY vy -
e =self weight &flnlshlng 1, 35(;k fl RERER l l

SN

The fundamental combinations for verification for perS|stent
design situations are: -

YG Gy Y016k 1 "'VQz\Vo 2 Gk 2

1.35G, +1. 5Qk1 "‘1 5 (0.6) ka 1.35G, +---l"l-5Ok,1 +O"9'Q;<;2

VGGk Y01 Vo.1 @1 +YQ2Q< D

=4 356G, +1.5(0 7) Ge1 1. 5Qk2—1 BSGk +1. 5(0 7) le L SQkZ

...'—1 35Gk +1. O5Qk1 +1. 5Qk2

Take the max between this two comblnatlons




Partial;_jj_é afety factors for material{reco mmended values)

ultimate limit states (STR)

sl tructural steel | reinforcement oncret ol sl
situation Stre SIeet| reinorceme ¢ e (headed studs)
persistent and Yamo= 1,0 _ o _
transient ?a,r"ﬂ =1 :D Ts— 1 ,1 ] e 1 -SD Y"u" =1 ,25
accidental
“il"a:z 1[} "':"Ez 1,[][} TC= 1 ‘ED Y"'."' = 1![][}
fatigue (FAT)
structural steel
low high reinforcement | concrete shear
consequence | consequence connection
of failure of failure
d
ot | %a=100 | =115
Tis= 1,15 ﬂn"n'rf:.:;=.1 90 Y= 1,00
safe life Yia=1,15 Ya=1,35

v, =1.25 for structural steel subjected to direct tension, bolts, plates and weld

o BN o Bl oy |

jayath-Hallak



Partial safety factors for material

Y account for material and modelling uncertainties:

Partial factor y,, {UEKEN?:::::;] Application
Yao 1.00 (1.00) Cross-sections
Tmi 1.00 (1.00) Member buckling
Tz 1.25 (1.10) Fracture




Design: values for favorable and unfavorable effects of

permanent actions

Minimum bending

wH#HHHJr{

moment at inner 0 A e e A i [ e Y
support Ll YG.sup Gk
Ed= 1,35 EG,H +1,5 EQ,H AN g AN
Maximum bending TEERE/ RIS
moment at midspan I EEEEEEE RTINS
Ed= 1,35 EG,R +1.5 EQ,H & “‘I}C & 7l
max MF Q
Minimum bending YY VYV v
moment at midspan T T vt YL ¥+ ¥ 4] Yaint Gk
Ed= 1,00 EG,H +1,5 E'[],k A }g aN AN
min Me

unfavourable
effect of G,

unfavourable
effect of G,

favourable
effect of G,




Serwceablllty limit state

The UK NA states that the charactenstlc combmatlon of
actions should be used at SLS. The characteristic -
combination of actlons IS glven as expressmn 6.14b in BS EN

1990: Yo X
Zﬂk,j +" Q1 "+ ZW&,@Q&..- (6_14b)
j=1 - sl A
TherK National Annex states that serviceability deflections
should be based on unfactored variable actions, and
that permanent actlons need not be included. In the
UK therefore expressmn 6. 14b reduces to O "+ Elﬁfmﬂu
The caIcuIated deflectlons should compared with certain’
deflection limits for members provides by the UK NA. ‘Vertical
_deflection limits are given in the previous lecture. "=

Apa__ £ ko sy gopduia BN o § § on |
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STRUCTURAL INSTABILITY

d When structural or mechanlcal systems are deS|gned the

three factors that must always be considered are: |

~ - Stiffness:” If a structural -or mechanical system
deflects ‘or deforms too much under expected-design

loads, then . it “is not - acceptable.
_In this case the system does not have sufficient
stiffness. -- -

7~ o= Strength: if: the yield or failure stress in any member
in_the structure is exceeded the structure does not
have sufficient strength.
-~ Stability: - Compression Ioads in Iong slender
structural- members can cause bucklmg behawor
WhICh IS unstable & |










2- T ars:anal-ﬂuxeral Bucklmg

Comblnatlon of FIexuraI and Tor5|onal Buckllng v
Only with unsymmetrlcal cross section-(channels, structural
_,_Tee double angles equal ancl unequal smgle leg angles

after _____-j'-f-'3'.f_jf'-i:'before




Local Buckle

/

-~

{c) Patch loaded web




Clamp

 Buckled
‘7 position

" Dead welghf
load applied
vertically




Thin-Walled Sections

lateral-torsional buckling



5- Tﬁ@i@ﬁ@i @w@kiiﬁ@ ,

TW|st|ng about Iongltudlnal aX|s
‘of member. _

1 Only with doubly symmetrlcal

cross section with slender

cross-sectional elements. -

Standard Hot-Rolled shape are

Not susceptible.

& LT L r

T

- Torsional buckling of
cruciform section




