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Introduction (D eians

EUROCODE 2: DESIGN OF CONCRETE STRUCTURES is published in four parts:

IS EN 1992-1-1:2005 General Rules and Rules for Buildings
Irish National Annex due 19t October 2009
Replaces BS 8110-1,2,3

IS EN 1992-1-2:2005 Design of Concrete structures. Structural fire design
Irish National Annex due 19t October 2009
Replaces BS 8110-1,2

IS EN 1992-2: 2005 Design of Concrete Structures. Bridges. 2005
Irish National Annex due 30t October 2009
Replaces BS 5400

*IS EN 1992-3: 2006 Design of Concrete Structures. Liquid-retaining and
containment structures. .~

Irish nnex due 19th Octob
eplaces BS 8007
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Useful Resources

www.eurocode?2.info

www.concretecentre.com

|.S.E. Manual for Design of Concrete Structures to Eurocode 2

Companion Document BD 2403 U.K. Dept. of Communities
and Local Government

Designed and Detailed Eurocode 2, Concrete Society

Concrete Society / I.S.E. Standard Method of Detailing
Structural Concrete, third edition to Eurocode 2

Lecture and notes on www.ieicork.ie under downloads

——
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1. Eurocode 2 is generally laid out to give advice on the basis of
phenomena (e.g. bending, shear etc.) rather than by member
types as in BS 8110 (e.g. beams, slabs, columns, etc)

2. Design is based on characteristic cylinder strengths not
characteristic cube strengths

3. Code does not provide derived formulae (e.g. for bending,
only the details of the stress block are expressed).

4. Units for stress are mega Pascals, MPa (1 MPa =1 N/mm?)

—

—
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A comma used for a decimal point
One thousandth is represented by %o
Axes changed x,ytoy, z

The partial factor for steel reinforcement is 1.15. However,
the characteristic yield strength of steel that meets the
requirements will be 500 MPa; so overall the effect is
negligible

0 N O W

9. Higher strengths of concrete are covered up to class
C90/105. However, because the characteristics of higher
strength concrete are different, some expressions in the
Eurocode are adjusted for classes above C50/60

—




10.

11.
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The ‘variable strut inclination” method is used in for the
assessment of the shear capacity of a section

Serviceability checks can still be carried out using ‘deemed
to satisfy’ span to effective depth rules similar to BS 8110

The rules for determining the anchorage and lap lengths
are more complex than the simple tables in BS 8110




IS EN 1992-1-1:2005 ([)) ENGINEERs
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Twelve sections:

Section 1: General

Section 2: Basis of design

Section 3: Materials

Section 4: Durability and cover to reinforcement
Section 5: Structural analysis

Section 6: Ultimate limit states

Section 7: Serviceability limit states

Section 8: Detailing of reinforcement and prestressing tendons -
General

Section 9: Detailing of members and particular rules

Section 10: Additional rul
res

for precast concrete elements and
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Section 1 General Information IRELAND

e Scope of code

* Principles and application
rules

 Symbols

EC2 | Mg, | Voy | b | d | d N

BS
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Refers to IS EN 1990 / IS EN 1991 for design life, limit state
principles, actions, etc.

2.4.2.2 Partial factors for materials UK values

Table 2.AN: Partial factors for materials for ultimate limit states

Design situations i forconcrete | % for reinforcing steel | 5 for prestressing steel
Persistent & Transient 15 119 115
Accidental 12 10 10

B

—




. ) ENGINEERS
Section 3 Materials IRELAND

Concrete: Table 3.1

Strength classes for concrete Amnalytical relation
PR /I Explanation
fex (MPa) 12 16 20 25 30 (35\ <D 45 SO S5 60 70 80 20
fex cure 1S5 20 25 30 37 W SO0 S5 60 67 7S5 &85 95 105
(MPa)
e— 20 24 28 a3 38 43 48 53 s8 63 (2= 78 88 as fm = f+8{MPa)
(MPa)
Feem 1,6 1,9 2.2 2,6 2,9 3,2 3.5 3,6 4,1 4,2 4.4 4.6 4.8 5,0 [=-=0.30-L. 57 C50/80
(MPa) frae=2_12- I 14-{£"10))
= C5Q/80
fose. nos 1,1 1,3 1,5 1,8 2,0 2.2 25 2,7 29 3,0 2.1 3,2 3.4 3,5 fanam = 0.7 <lowm
(MPa) 5% fractile
[ A——— 2.0 25 29 3.2 3.8 4.2 46 4.9 53 5.5 5.7 6.0 6.3 6.6 fawam = 1. Bocfom
(MPa) 95% fractie
E... 27 29 30 a1 33 34 as 36 ar 38 a9 a1 a2 44 Eom = 221 V10T*
(GPa) (£ in MPa)
E1 (o) 1,8 1,9 2,0 2,1 2,2 2,25 23 2,4 2,45 2,5 2,6 2,7 2,8 2,8 seec Figure 3.2
e (V)= 0.7 £ <26
3.5 3.2 3.0 2.8 28 2.8 see Figure 3.2
Ezur (Yoo) for £.. = 50 Mpa
A ¥=2
(% 2,0 2,2 23 2.4 2,5 2,6 ses Figure 3.3
= ) for fs. = 50 Mpa
e Voo )= 2. 040085 %a-50)° =
F 33
£ (%) 3.5 3,1 2,9 2,7 26 2,6 o
| el ™/ 0 J= 2 B+ 2S[{D0-Fu ) 100T*
n 2,0 1,75 1,6 1,45 1.4 1.4 for .= 50 Mpa
n=1.4+23 4[(20- £.)/100]"
1.75 1,8 1,9 2.0 2 2.3 see Figure 3.4
&3 (%e) =2 for £ 50 Mpa
lees( )= 1. 75+ 0. 65 [(fa-50)40]
SGua (oo 3,5 3,1 2,9 2,7 2 2,6 see Figure 2.4
) S fior f.> 50 Mpa
o */ o0 =26+ 5[ QO£ 100]*
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Concrete Table 3.1 (extract)
fck
MPa 25 30 35 40 45 50
feu
MPa 30 37 45 50 55 60
fetm
MPa 2.6 2.9 3.2 3.5 3.8 4.1
Ecm
GPa 31 33 34 35 36 37
€, 0.0035| 0.0035| 0.0035| 0.0035| 0.0035| 0.0035
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* Concrete design strength cl. 3.1.6

fcd :accf%

a,. = coefficient; 0.85 flexure & axial load, 1.0 shear

UK values: Irish N.A. may change a_.in range 0.85 - 1.0
y.=1.5

 Poisson’s ratio=0.2 cl.3.1.3 (4)
» Coefficient of thermal expansion 10E-6/k cl.3.1.3 (5)
e Creep / shrinkage |
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Steel Reinforcement Cl. 3.2.2 IRELAND

 Ranges from 400 to 600 MPa, generally 500MPa
e Barsizes unchanged

 Modulus of elasticity, Es = 200GPa

* Mild steel reinforcement not covered

f
Fa ="y

¥. = partial factor for steel = 1.15




@ ENGINEERS
IRELAND

Section 4 Durability and Cover

Cl.4.4.1.1(2)
Cnom = Cmin t ACdev

C , C

= max{Cmin'b,

min min,dur}

from Table 4.2 (generally bar size)
Crnin dur from BS 8500 UK: IRISH N.A. & IS EN 206
AC,., = 10mm UK N. A.

m|n b




Cover for Fire Protection
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EN 1992-1-2 Typical dimensions / axis distance to satisfy fire resistance

Fire Beam One-way solid slab Braced column
Resistance Simply Continuous | Simply Continuous | Exposed on | Exposed on
Supported b min /a Supported h min /a one side more that one
b min /a2 (mm) (mm) h min /2 (mm) (mm) b min /a side
(mm) b min /a2 (mm)
R60 120/40 120/25 80/20 80/10 155/25 250/46
160/35 200/12 350/40
200/30
300/25
R90 150/55 150/35 100/30 100/15 155/25 350/53
200/45 250/25 450/40
300/40
400/35
R120 200/65 200/45 120/40 200/20 175/35 350/57
240/65 300/35 450/51
300/55 450/35
500/50 500/30
R240 280/90 280/75 175/65 280/40 295/70
350/80 500/60
500/75 650/60
700/70 700/50
Notes : o
bmin, hmin= beam or co
stance, generally distance t




@ ENGINEERS
] ] IRELAND
Section 5 Structural Analysis

5.1.1 Common idealisations of the behaviour used for analysis
are:

* linear elastic behaviour (Cl. 5.4)

* linear elastic behaviour with limited redistribution (Cl. 5.5)

e plastic behaviour at ULS including strut and tie models (Cl. 5.6)
* non-linear behaviour (Cl. 5.7)

5.2 Geometric imperfections

Structure assumed to be out of plumb with
inclination of 1/200. Analysis must include an
equivalent horizontal load acting with the other

’ ———

actions such



Load Cases and Combinations D EhiglEltliERS
Continuous Beams

Alternate spans loaded

5.1.3(1) permits analysis based on either:

(a) Alternate spans carrying the design
variable and permanent load , and
other spans carrying the permanent
load

(b) Any two adjacent spans carrying the
variable and permanent load, and all
other spans carrying only the design
permanent load

UK NA recommends (a), which leads
to three load cases considered




Floor slab simplification

UK N.A. recommends

analysis based on all spans

loaded where:

(a) For one way spanning
slabs with bay areas > 30m?

(b) Ratio of variable to
permanent load £ 1.25

(c) Characteristic variable load
does not exceed 5 kN/m?
excluding partitions |

ENGINEERS
GD IRELAND
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Bending moment and shear co-efficients for beams

| Moment | Shear

Cuter support 25% of span moment 045 (G + Q)

Mear middle of end span 0.080 O + 0.100 Qf

At first interior support - 0.094 (G+ Q) 063 (G + Q)
At middle of interior spans  0.086 O + 0.085 QI

At interior supports - 0.075 (G + Q)i 0.50 (G + Q)

Key
a 055 [T+ Q) may be used adjacent to the interior span.

Motes
1 Redistribution of support moments by 15% has been included

2 Applicable to 3 or more spans cnly and where Qi < Gy

3 Minimum span = 085 longest span.

4 [is the effective langth, © is the total of the ULS permanent actiors, @ is the total
af the ULS variable actions.

/
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Effective Width of Flanges IRELAND

5.3.2.1
The effective flange width b, ""T:“’; Cogsi - o

T and L beams is determinec
from: h L 5

b.=> b, +b, =b

fu=ﬂ.15ﬂ1+fz,} fnlﬂ..?fz fnlﬂ..15 l'z+l'!_

= =

where L
B,.,=0,2b,+0.11,<0,2I,

and 0 [

Bo., <b, Y .
b bbb
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Effective Span of Beams and Slabs
5.3.2.2 The effective span / of a beam or slab is:

JTE,,,:!,.I+-E.-1+EII

Generally the lesser of:
Clear span + h/2 or

Clear span + t/2
Where t is the width of the support
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i I
. RS
(al Non-continuous members (b} Continuous members

Extract Figure 5.4

B



Section 6 Ultimate Limit State () ENaINEERS
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Bending with or without axial force

6.1(2)

Assumptions

* Plane sections remain plane after bending so that:

(a) the strains are linearly proportional to the distance to the neutral axis and

(b) the strain in the concrete is equal to the strain in the reinforcement at the
same depth in the section

* The tensile strength of the concrete is ignored and no
contribution is taken for the concrete below the neutral axis

in tension




Strain distribution at ULS 1 EReINEERs

Range of possible strain

distributions

=i

[A]- reinforcing steel tension strain limit

c

Figure 6.1: Possible strain distributions in the ultimate limit state

- concrete compression strain limit

- concrete pure compression strain limit



6.1(2)P Stress in the reinforcement @ ENGINEERS

N IRELAND
Stress MPa dealised
* The stress in the | /_ __________________________
reinforcement is fy A
derived from its stress- fra '
strain curve given in ) Ix ([
. ealised design
Figure 3.8
€q=fu/E
yd fyd > E. =200 GPa
=500/(200* E3*1.15)
8ud 8uk=0.05 g
— 0.0022 8yd :fyd/Es Strain
Where: fi = tensile strength of the reinforcement

fy = yield strength




@ ENGINEERS

6.1 (3)P Stress in the concrete IRELAND
A

 The ultimate strain inos8s,

the concrete is 7.
€., = 0.0035 from
Table 3.1 Stress MPa

* The stress in the
concrete is obtained
from the stress-strain
curve Figure 3.3

»

£,=0002 ¢ ,=0.0035 Strain

Figure 3.3
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Singly reinforced beams rectangular — parabolic stress

block 0.85f
b €., = 0.0035 T
X

I N O Newralaxis |/ 4 / ______________________
d
v ® AS ®

8S

Section Strains at__U LS Concrete stress at

ULS

Figure 6.1
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EC2 Rectangular Stress Block Cl. 3.1.7 Figure 3.5

i=08 for f4 < 50 MPa
=08 - (£, -50)/400 for 50 < f, <00 MFa

1.0 for f4 <50 MPa
1.0 - {f4 -50)200 for 50 < . < 90 MPa
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Singly Reinforced Sections IBELAND

Meutral azis

d Z=d— 04x
b J As
F,

Section Forces at LS
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Design Equations IRELAND

Moment of resistance based on concrete reaching ULS
M, =F.Z

F.= 0567f.,(08x)}

Z=d—04x

M, = (0567F..(08x)b)(2)

My, =M for equilibrium at ULS
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MEd

k=—:
bd" f

And let
_d—z
0.4

X

Hence
kbd®f., = (u.45 £.b (%)) (2)

Therefore p—
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Which is a quadratic equation in terms of E With the positive roof of:

k
Z = d{ﬂ.E + JD.EE — —}
1.134

Which is an equation for the lever armin terms of k and d

The area of steel reinforcement required to resist M can be derived from:

M, =FZ= QASZ

I
With y,, = 1.15

Therefore:

_ M g,
' 087f,Z

g
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Summary: Design Equations

MEd

k=—
bd fck

k
Z=d {H.E + JU.EE — —]
1.134




Limit on k @D ENGINEERS

““LAND

These derived equations can be used to design the reinforcement in a singly
reinforced beam subject to the limits on the lever arm of:

1. Balanced design x = 0.6364d, which limits £ = 0.75d as a minimum
2. Maximum x = 0.45d (5.6.3(2)), which limits Z = 0.82d as a minimum

These limits expressed in terms of k are:

1. Balanced design x = 0.636d or £ = 0.75d substitutes to give:

K
0.75d=d {D.S + ‘]025 — —}
1.134

Which solves for k = 0.207 maximum

2. Maximum x = 045dor £ = 0.82d
solves for k = 0.167 maximum

It is also good practice to avoid failure by premature crushing of weak
’concre’re near the top of the section £ = 0.95d as a maximum
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Doubly Reinforced Beams IRELAND

B >
0,567 fa
FY

F

. . -—
A;. 0.8x _.‘T_ _FI':,E

Meutral axis
) Zl=¢dd — 04y = 0,824

Y | e s g Y, R

Section Farces at LILS




For the EC2 limit x = 0.45d the equilibrium of forces is:

0.87f,.4,,=10. 567f,,b0.8](0.45d) + 0. 871,

kttsl T
=F _(082d)+F._(d—ad")

= 0.167f,, bd* + 0.87f,, A, (d — d')

M —0.167f,, bd*

A. =
= 087f, (d—d)

@ ENGINEERS

Equation A

Equation B

IRELAND



By multiplying both sides of Equation A by Z = 0.82d and
rearranging gives

p 0.167f,, bd*
T 0.87f,(Zyar)

With Z,_, = 0.82d

+ ASE

Substitution of

ky., = 0167 and k =

bd*f.,

into Equation B and Equation C converts them to

_ [k_ khul}fckbdz
= 0.87f,,(d—d")

And

1

2
— kihulfck!]d
* EI.E?'Jm‘”:\\,,{.Ic.’j!i,ﬂ_E

+ Asl

P

Equation C

ENGINEERS
IRELAND




@ ENGINEERS
IRELAND

Shear

Section 6.2

The strut inclination method is used for shear capacity checks

The shear is resisted by concrete struts in compression and
shear reinforcement acting in tension

Shear formulae expressed in terms of force rather than stress
Designer free to choose a strut angle 22° < 0 < 45°

BO1




Slide 38

BO1 Brian O'Rourke, 12/10/2009



Strut Inclination Method
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F - -
I A — | : + ~
) l ;r, ZcosB
[l. f r_.-' f} 1,. r..-" J.e"
Zl=09d g o _ A
VE YEi/sinB ’
“ L‘fg\ T / _
Yy e | <7
YgcotB

}‘ S = Zcotl

%




Fﬁﬂlﬂ 5
Fﬁu 51
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notation

hie design shear resistance of the member without shear reinforcement
fie design value of the shear force which can be sustained by the yielding shear

[

forcement
the design value of the maximum shear force which can be sustained by the

member. limited by crushing of the compression strufs.
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Design equations are derived as follows:

The maximum design strength of the concrete strut
= Ultimate design strength x cross-sectional area

= (for./1.5) (b, Zcost)

And its vertical component

= [(for/1.5)(b,,Zcos8)]sinb

this is the maximum vertical shear that can be resisted
by the concrete strut, V., pmax

Trigonometrical conversion yields:

VA
’VR — f::k IE'1"1.-\«'

1.5(cotf + tan@)
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In EC2 this equation is modified by a strength
reduction, v factor for concrete cracked in shear:

v, = 0.6(L— f../250)
And Z = 0.9d

Therefore:
U; fer b, 0.9d

| —
Rdmax =1 5(coth + tand)
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When the design shear force, Vy; exceeds Vg, .

shear links must be provided.
Their area and spacing is obtained by taking a
method of sections cut at x-x

The vertical shear force in the link, V. is:
Viwa = Vea = [ ywd L

— f;}rk"qm
1.15

= 0.87f,;. A,

If the links are spaced ats then the force in each link
is proportionately:

Vew —— = 087f,2 A,

The shear resistance must equal the shear
applied hence and by rearrangement:

-

ASH-"




EC2 minimum links are:

A

T TR

5 fyh’

W

_ 0.8f.,."°b

For minor members that do not require shear
reinforcement the shear capacity is given by an
empirical equation:

1
Viar = [Eﬂd,rk(-lnnpifgk-}i + kiarp] b, .d
With a minimum value of:

Vede = (Voin + ke, )b, d

Where
__0.18

CR-::!-L' Y.

=l

d

Py = =< 0.02

b

AP

Ais taken from Figure 6.3 in EC2

P

ENGINEERS
IRELAND
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Shear Formulae Summary

v Uy foi B, 0.9d

= M EC2EQON.G69
Rdmax 1 5(coth + rand) m ¢

A
Ves = Vos. = ?mﬂ.?ﬂdfﬂcﬂtﬁ N EC2 EQN.68
A.EH" min ﬂ'Efcku.Ebw
TR — ¥ EC2 EQN.9.4
= fyk
1
Voo = ’E',,_,L,_.k{lﬂﬂﬁ f. )3 +k, u‘,,p] b,.d EC2 EQN.6.2a

But not less than
Veg.o = (Vonin + K10, )b, d

e

EC2EQN.6.2
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Suggested Design Procedure for Shear R e

. Determine Vv,

Calculate the concrete compressive strut capacity for 8 = 22%from:

v vy [ b, 0.9d
Rdmax — 4 5(cetd + tand)

If Vpu,...22° = Vg proceed to step 6

If v, ..22° = V., check that the strut angle lies between 220 and 45° by
calculating Ve, ... 45°

Determine the strut angle from:

. 17
g = U.SSiﬂ_‘{ 2d } < 452
Vﬂd,mmﬁ"}

Determine the area and spacing of the shear links from:

"q'sw
F.Eﬂ - Fﬂﬂ,ﬂ == T ﬂ.?Edfykﬁ'ﬂtE

Check minimum links from:

Am_m:’ﬂ _ U'Efcku.Eb

= f:.ri'{

W

Check link spacing maximum 0.754

Calculate additional longitudinal force in tension reinforcement.




kN

£00.00

E00.00

400.00

200.00

200.00

100.00

0.00

Strut angle choice 220 - 450 () ESEINEERS

VRd, max link spacing (10mm link)
250
X
/‘. > 200 \
=
o 2 150 :
=—"/Rd,... 'E \ et [ink spacing...
Q
Q 100
R \(
=
= 50
T T I O
20 40 G0 70 a0 60

Strut angle

Strut angle
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Cl. 6.4 Punching Shear

» Basic control perimeter radius at corners

* Located at 2d form the face of the loaded area

Figure 6.13: Typical basic control perimeters around loaded areas




Section 7 S.L.S. @ E“#Eé’i’ifq"é

Cl. 7.4 SLS Deflection

The serviceability limit state of deflection can be checked using span-
effective depth ratios. A more rigorous approach is possible but is seldom
used in practice. the verification equation is:

Allowable l/d =N kX F1x F2xF3 2 actual l/d

Where:
N = Basic span-effective depth factor
K = Element typefactor
F1 = Flange beam factor
F2 = Birittle finishes factor
F3 = reinforcement stress factor
Where:

g, = & [(Ek + sz Qk}f{:leEk + 15@]:}] [‘qs,raq-d -"Ill"qs.prau] (1-"{5}

-
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Table 7.4H: Basic ratios of span/effective depth for reinforced concrete members without axial
compression

Concrete highly stressed Concrete lightly stressed

Structural System K £=15% 02=05%
Simply supported beam, one- or
two-way spanning simply 1,0 14 20
supported slab
End span of continuous beam or
one-way continuous slab or two- 1,3 18 26
way spanning slab continuous over
one long side
Interior span of beam or one-way 15 20 a0
or two-way spanning slakb '
Slab supported on columns without 12 17 24
beams (flat zlab) (based on longer :
span)
Cantilever 0.4 B 8

Mote 1: The values given have been chosen to be generally conservative and calculation may frequently
show that thinner members are possible.

Mote 2: For 2-way spanning slabs, the check should be carried out on the basiz of the shorter span. For
flat zlahs the longer span should be taken.

Mote 3: The limits given for flat slabs correspond to a less severe limitation than a mid-span deflection of
spanf250 relative to the columns. Experience has shown this to be satisfactory.
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Columns

Sections 5.8 & 6.1

Design more complex than BS 8110

Braced / Unbraced

Geometric imperfections must be included in M,

Procedure is to:

-

Determine the slenderness ratio, A
Determine the limiting slenderness, A,
Design for axial load and first order moments

Include for second order effects where they occur




Cl 5.8.3.2 Column Slenderness, A (1) Entuens

IRELAND

(1) The =slendemesas ratic is defined as follows:
A=0DIi
where:

In -'ﬁ the effective length, see 5.8.3.2 (2)to (7)
i I= the radiuz of gyration of the uncracked concrete 22ction

Braced members (see Figure 2.7 (f)):

£u=+},5:.J[1+ ul }[1+ ks ] (5.15)

045 +k, 045+k,

Unbraced members (222 Figure 3.7 (g)):

iu=:.mmH1+1u-ﬂ ; [1+ al ]-[1+ u J} (=.18)
Ky +k, 1+k, 1+ Kk,

where:

K1, k; are the relative fiexibilibes of rotational restraintz at ends 1 and 2 respeciively:

g
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Concise Eurocode / I.S.E. / BS 8110 IRELAND

Table 5.1
Effective length [ : conservative factors for braced columns

End condition End condition at bottom
at top

ER o7 080 050
2 = 085 0.95
ERS os0 100

Key

Condition 1 Column connected monolithically to beams on each side that are at least as deep as the
overall depth of the column in the plane considered

Where the column is connected to a foundation this should be designed to carry moment
in order to satisfy this condition
Condition 2 Column connected monolithically to beams on each side that are shallower than the

overall depth of the column in the plane considered by generally not less than half the
column depth

Condition 3  Column connected to members that do not provide more than nominal restraint to
rotation

Note

Table taken from Manual for the design of conarete building structures to Furocode 21271 The values are
those used in BS 8110: Part 1: 199714 for braced columns. These values are close to those values that
would be derived if the contribution from adjacent columns were ignored.
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Limiting slenderness A . IRELAND

5.8.3.1 Slenderness criterion for isolated members

(1) As an altemative o 5.8.2 (6), second order effects may be ignored if the slendemess 4 (as
defined in 5.8.3.2) is below a certain value Ajim.

Mote: The value of i, for use in a Country may be found in its National Annex. The recommended value

follows from:

Aum = 20-A-B-CHn (5.13M)

where:
A =1/(1+0,2p.) (if @iz not known, A = 0,7 may be used)
B =yl1+2o (if @is not known, B = 1,1 may be used)
C =17 -y ({if ry, is not known, C = 0,7 may be used)
@  effective creep ratio; see 5.8.4;
o = Al ! (Aclza), mechanical reinforcement ratio;
A:  i5s the total area of longitudinal reinforcement
n = Ngy ! (AT,); relative normal force
[ = My My-; moment ratio

Mpy Mgz are the first order end moments, |M.u1| = |Mu1|

If the end moments M., and M,. give tension on the same side, r, should be taken positive (i.e. C = 1,7),
otherwise negative (ie. C=1,7).




and Braced () ENGINEERS
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Columns where A< A, IRELAND

Design for N4 and M,

5.8.8 Nominal curvature method:

Mgy = Mogg + Nege;

M4 = the larger end moment from analysis

e; = the eccentricity due to geometric imperfection from
5.2(7)
A4
2
6. =1/200

With a minimum eccentricity = h/30 or 20mm from 6.1(4)

- Solve using equilibrium of forces or column design charts



Columns where A > A

Design for N, and M4

5.8.8 Nominal curvature method:

Mg, = maximum of

() Mo,

(i) Mygq + M,

(iii) M, +0.5M,

M,y is the equivalent first order moment
including the effect of imperfections at

about mid-span height of the column,
given as:

M,eq = (0.6 M, + 0.4M,,)2 0.4M,, Exp 5.32

M, is the nominal 2"d order moment, giver
as:

M,=Neg €,
e,= deflection curvatu

and Braced () ENGINEERS

lim IRELAND
Moz
i
Mg, +M,
My =Neg®; ™
| |- s
05M, My, +05M,
First order Additional second Total moment
moments for order moments for diagram for
'stocky' columns ‘slender’ columns ‘slender’ columns

Again solve using equilibrium of forces
or column design charts




ULS Strain distribution Figure 6.1
for solution by equilibrium
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E - reinforcing steel tension strain limit
- concrete compression strain limit
- concrete pure compression strain limit

Figure 6.1: Possible strain distributions in the ultimate limit state



Figure 6.1 column strain relationships
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Column Design Charts: NCCI Concrete Centre / |.S.E (D E“{Eé't’iﬁ“é
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6000 6000 6000
@
()
NS
Plan A
Loading g roof =3.0kN/m2 g, floor = 4.5 kN/m?

q, floor = 4.0 kN/m?
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Thank you for your attention

brian.orourke@cit.ie

John.justinmurphy@cit.ie
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