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Reminder: last week: ((fmpa
Exercise: Load Arrangements

The Concrete Cemre
Q1.0verhanging cantilever beam. Determine the y; factors that should
be applied to G, and Q,:-
a) for equilibrium (EQU) (BS EN 1990, Table A1.2(A) & UK NA)
b) for structural strength (STR) (BS EN 1990, Exp (6.10) & UK NA)

1 =

Q2. Continuous single-way slab. Assuming permanent actions = 6
kN/m? and variable actions = 4 kN/mZ, calculate the value of ULS
total loading (kN/m?2) using Exps (6.10), (6.10a) and (6.10b) (see
BS EN 1990 Table A1.2(B) & UK NA).

Sm T 5m T 5m
. «mpa
Exercise: Load Arrangements (pro formdy Thecamersecome
Q1 Span y6Gy + voQk Cant v6G + voQ
a) EQU
b1) STR
b2) STR

) | T a

Q2 YsGk or &ygGy YoQu or vqWoQu n

(6.10)

(6.10a)

(6.10b)

T 5m T 5m T Sm T
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Load Arrangement Solution @ The Concrene Certre
Q1 Span v6Gy + 7oQk Cant y6Gy + vqQ«
EQU 0.9 G, 1.10 G, + 1.5Q,
STR 1.35% G, 1.35%G, + 1.5Q,
STR 1.35 G, + 1.5Q, 1.35%G,

# or 1.0 G, in each case

1 |

=

a
Load Arrangement Exercise (mpa
o Thee Comenetfe Certre

Solution

1. Overhanging cantilever beam

a) Combination for equilibrium (EQU)

BS EN 1990 Table A.1.2 (A) & UK NA
1.5Q,
0.9G,

1.1G,

b) Combination for structural strength (STR) BS EN 1990 Table A.1.2 (B) & UK NA
and BS EN 1992-1-1, C1 5.1.3 & UK NA
1.35G,

1.5Q,
1.35G,

1.35G,

Autumn 2017
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UK NA Load Arrangements: (((m& o
Cantilevers
0.9 G, 1.5 Qk\

EQU — — 1. 1G,

t t

1.5 Qu~—u,
STR/GEO - 1 T#T*— 1;: gk"
. k
1.5 Qe

STR/GEO - 2 mo S —— 1-0 Ci

t t

1.5Q,

135G 0r

STR/GEO - 3 1 1 1.25 G,
1.5Q,

STR/GEO - 4 106,

t t

3 m

Pattern Loading ((‘ pa
From EN1990: Rem\n

Table A1.2(B) - Design values of actions (STR/GEO) (Set B)

NOTE 3 The characteristic values of all permanent actions from
one source are multiplied by yg ,, if the total resulting action
effect is unfavourable and v ;¢ if the total resulting action effect
is favourable. For example, all actions originating from the self
weight of the structure may be considered as coming from one
source; this also applies if different materials are involved.

There is no such note for Table A1.2(A) - Design values of
actions (EQU) (Set A)

Therefore there should be no pattern loading on permanent
actions for STR and GEO verifications but there should be
pattern loading on permanent actions for EQU.

Autumn 2017
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(e

Load Arrangement Solution

Continuous single-way slab
(using BS EN 1990 and UK NA and BS 1992-1-2 Cl 5.1.3 & UK NA)

T T s T o 1

a) Value using Combination from BS EN 1990 Expression (6.10)
Y6 G + vq Q« 1.35x 6 + 1.5 x4 =14.1 kN/m?

b1) Value using Combination from BS EN 1990 Expression (6.10a)
and UK National Annex

Y6 Gk + Yo WoQk 1.35x6 +1.5x0.7 x4 = 12.3 kN/m?

b2) Value using Combination from BS EN 1990 Expression (6.10b)
and UK National Annex

16 &G+ 1qQ  1.35%0.925x 6 + 1.5 x 4 = 13.5 kN/m?

Expression (6.10b) gives the more economic design

Load Arrangements: (Gfm
Model Answers

pa

Thee Comenetfe Certre

Q1 Span v6Gy + 7oQk Cant Gy + vQ
EQU 0.9 G, 1.10 G, + 1.5Q,
STR 1,35 G, 1.35/G, + 1.5Q,
STR 1,35/ G, + 1.5Q, 1.35G,

# or 1.0 G, in each case

T =

Q2 ¥6Gk or &ysGy YoQ« or voWoQx n

(6.10) |1.35x6 +1.5x 4 = 14.1 kN/m?
(6.102) 11.35x 6 +1.5x0.7 x4 =12.3 kN/m?
(6.10b) 11.35x0.925x6 |+ 1.5x4 = 13.5 kN/m?

Autumn 2017
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(ficatiol (6:mpa

C\a The Concrete Centre

ULS (GEO/STR)
for UK Buildings

Design values of actions, ultimate limit state - persistent and transient
design situations (Table A1.2(B) Eurocode)

Comb’tion | Permanent actions Leading | Accompanying variable
expression variable | actions
reference | ynfavourable |Favourable |2action Main(if any) | Others

1.5.2.3 transient design situation
design situation that is relevant during a period much shorter than the
design working life of the structure and which has a high probability of
occurrence.
NOTE A transient design situation refers to temporary conditions of the structure, of use, or

exposure, e.g. during construction or repair.

1.5.2.4 persistent design situation
design situation that is relevant during a period of the same order as the
design working life of the structure
NOTE Generally it refers to conditions of normal use.

(oes

Thee Comenetfe Certre

Summary: Lecture 2

« Background & Basics
« Concrete

» Reinforcement
 Durability and Cover
« A Few Definitions

o Exercises

Autumn 2017
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The Concrete Centre

Background to Eurocode 2

BS EN 1992

Design of concrete structures

Materials

(oes

Eurocode 2: Context The Concre Centre
UK CEB/fib Eurocode 2
1968 CP114 (CP110 draft) Blue Book (Limit state
design)
1972 CP110 (Limit state design) Red Book
1975 Treaty of Rome
1978 Model Code 78
1985 BS8110 Eurocode 2 (EC)
1990 Model Code 90
1993 EC2: Part 1-1(ENV) (cen
2004 EC2: Part 1-1 (EN)
2005 UK Nat. Annex.
2006 BS8110/EC2 PD 6687
2010 EC2 Model Code 2010
BS8110 ‘withdrawn’
2013 (final) MC2010 WG and 10 TGs
2016 Project Team redrafting.

WG and 10 TGs

20237

EC2v2?

EC2 v2?

Autumn 2017
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Eurocode 2: Design of (@m

pa
Concrete Structures

Thie Conenete Cemre

BS EN 1992-1-1: General Rules and Rules For Buildings

BS EN 1992-1-2: Fire Resistance of Concrete Structures

BS EN 1992-2: Reinforced and Prestressed Concrete
Bridges

BS EN 1992-3:  Liquid Retaining Structures

(oes

Eurocode Hierarchy The Cancrese Cotre
EThese EN 1990 T NA Structural safety, serviceability
. Basis of Design . and durability
: affect v :

. EN 1991 | Actions on structures |
:concrete Actions on Structures [ +NA i
: desi v &
-design EN 1992 Concrete ] ; i
Tereresersireraranens EN-2993: = sSteehsrarnsasls +Nas|  Designand detailng |
EN 1994 Composite
EN 1995 Timber + PDs
EN 1996 Masonry
EN 1999 Aluminium
A —Sp— |
EN 1997 EN 1998 Geotechnical & seismic
T NA Geotechnical { Seismic [ + Na design
Design Design
I |

Lecture 2 9
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. . . (((mpa
Eurocode 2: relationships = TheConcremscerte
BS EN 1990
BS EN 1997 BASIS OF STRUCTURAL BS EN 1998
GEOTECHNICAL DESIGN SEISMIC DESIGN
DESIGN
h 4 BS EN 10138
BS EN 1991 Prestressing
ACTIONS ON STRUCTURES Steels
BS EN 206 v BS EN 10080
Concrete BS EN 1992 Reinforcing
DESIGN OF CONCRETE / Steels
S N R STRUCTURES

Part 1-1: General Rules for

)
Structures 3&] ! P

Part 1-2: Structural Fire Design

< LZ
e NN

Execution of
Structures

BS EN 1994 BS EN 1992 BS EN 1992 55 (21 BB
DS Ei Part 2: Part 3: Liquid RiEcast
(S:torTcpt. Bridges Ret. Concrets
: Structures V 3’ v

General notes on Eurocode 2
1.

(oes

Thee Comenetfe Certre

Code deals with phenomena, rather than element types so
bending, shear, torsion, punching, crack control, deflection
control (not beams, slabs, columns)

Design is based on characteristic cylinder strength

No derived formulae (e.g. only the details of the stress block
are given, not the flexural design formulae)

No ‘tips’ (e.g. concentrated loads, column loads, )
Unit of stress in MPa

Applicable for ribbed reinforcement f, 400MPa - 600MPa
(Plain or mild steel not covered but info on plain and mild
steel given in PD 6687)

Notional horizontal loads considered in addition to lateral loads
High strength, up to C90/105 covered

No materials or workmanship section (refer to various ENs)

Autumn 2017
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General notes on Eurocode 2 («mﬁmm

10. Cover related to requirements for durability, fire and bond also
subject to allowance for deviations due to variations in execution

11. Variable strut inclination method for shear
12. Punching shear checks at 2d from support
13. 1/1000 expressed as %o

14. Major axis y and minor axis z

y
X y
EN1992-1-1: Contents («mﬁmm

General

Basis of design

Materials

Durability and cover to reinforcement

Structural analysis

Ultimate limit states

Serviceability states

Detailing of reinforcement and prestressing tendons - General

O 00 NN O U AN W N =

Detailing of members and particular rules

10. Additional rules for precast and concrete elements and structures
11. Lightweight aggregated concrete structures

12. Plain and lightly reinforced concrete structures

Autumn 2017
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EN1992-1-1: Annexes ((gmpa

M m

onNn=>

c-zo

Informative)
Informative)
Normative)

Informative)

PR

(Informative)
(Informative)

Informative
Informative
Informative
Informative

PR
~— ~— ~— ~—

Thie Conenete Cemre

Modification of partial factors for materials
Creep and shrinkage strain
Reinforcement properties

Detailed calculation method for pre-stressing steel
relaxation losses

Indicative Strength Classes for durability  Use BS8500

Reinforcement expressions for in-plane stress
conditions

Soil structure interaction
Global second order effects in structures
Analysis of flat slabs and shear walls

Examples of regions with discontinuity in geometry
or action (Detailing rules for particular situations)

Alternative Annex J in PD 6687

(((mpa

The Concrete Centre

Basis of design

Autumn 2017
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Basis of design (2.0)

o Use EN 1990

o Use EN 1991

 Partial material factors, v,

(e

Thie Conenete Cemre

Table 2.1N and NA

Design situation

yc for ys for vs for
concrete reinforcing steel | prestressing steel
Persistent and 1.50 1.15 1.15
transient : : )
Accidental 1.20 1.00 1.00

NB. alternative yys in EC 7

(NB. EN 1992-4, Fasteners out soon!)

« Fastenings should be subject to an ETA

Concrete

(((mpa

The Concrete Centre

Autumn 2017
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Eurocode 2 («mﬁmm

Concrete properties (Table 3.1)

Strength classes for concrete

f.. (MPa) 12| 16| 20| 25| 30| 35| 40| 45| 50| 55| 60| 70| 80| 90
fekcube (MPa) | 15 20| 25| 30| 37| 45| 50| 55| 60| 67| 75| 85| 95| 105
f.., (MPa) 20| 24| 28| 33| 38| 43| 48| 53| 58| 63| 68| 78| 88| 98
fm (MPa) 1.6/1.9(2.2|2.6/2.9(3.2(3.5/3.8|4.1|4.2|4.4|4.6(/4.8| 5.0
E., (GPa) 27| 29| 30| 31| 33| 34| 35| 36| 37| 38| 39| 41| 42| 44
fox = Concrete cylinder strength fex cuve = CoNcrete cube strength
fom = Mean concrete strength fum = Mean concrete tensile strength
E = Mean value of elastic modulus

cm

» BS 8500 includes C28/35 & C32/40

 For shear design, max shear strength as for C50/60

Design Strength Values (3.1.6)

« Design compressive strength, f4
fcd = Olec fck /YC

 Design tensile strength, f_4
fctd = Olet fctk,0.0S /YC

o (= 0.85 (flexure) and 1.0 (shear)) and o (= 1.0) are
coefficients to take account of long term effects on
the compressive and tensile strengths and of
unfavourable effects resulting from the way the load
is applied

fctk,0.05 =0.7 fem

Autumn 2017
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Poll:

s

Thie Conenete Cemre

Design compressive strength, f_,

For a C30/37 concrete what is f_4?

-+~ O O 0o T Q©

17.0 MPa
20.0 MPa
21.0 MPa
22.2 MPa
23.5 MPa
24.7 MPa

Poll:
Design tensile strength, f_.4

For a C30/37 concrete what is f_.4?

-~ 0 O 0o T Q©

s

Thee Comenetfe Certre

1.08 MPa
1.15 MPa
1.35 MPa
1.50 MPa
1.64 MPa
1.93 MPa

Autumn 2017
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s

Thie Conenete Cemre

Elastic Deformation (3.1.3)

Values given in EC2 are indicative and vary according to
type of aggregate.

» quartzite aggregates factor 1.0,

» limestone factor 0.9,
» sandstone factor 0.7,
* Basalt factor 1.20,

Ecm(t) = (fcm(t)/fcm)0’3Ecm

Tangent modulus, E_, may be taken as 1.05 E_,

e Poisson’s ratio
- for uncracked concrete = 0.2
- for cracked concrete =0

Linear coeff. of thermal expansion = 10 x 106 K-

s

Creep (3.1.4) The CancreeCente

Inside conditions - RH = 50%

] Example: 300 thick ground bearing slab, loading at 30 days, C30/37

}\NR

3 ~—
\ —

5 \\\\‘§— C20/25
- — | [ T—t———c25/30
- 4 ——T—1C30/37
10 \ \\\ I C35/45
1 T T C40/50

20 \ \QE —— E83/e8 55067
~—T—1 1 1 C60/75

C70/85
C90/105

30 > —

50 \

1007,0 60 50 40 30 20 10 0 100 300 500 700 900 1100 1300 1500
@(o0, to) ho(mm)
¢0=1.8 hy = 2A./u where A_is the cross-section area and
u is perimeter of the member in contact with
the atmosphere

C80/95

Autumn 2017
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(e

Thie Conenete Cemre

Shrinkage (3.1.4)

Shrinkage Strain, ¢, is composed of two components:
» Drying Shrinkage Strain, ¢4, develops slowly

» Autogenous Shrinkage Strain, ¢.,, develops during the hardening of the
concrete.

Drying shrinkage, ¢
8cd(t) = Bds(tyts)'kh * €cd,0 (ECZ, Exp (39)

Autogenous shrinkage, ¢,
€calt) = Pas(t)-€ca(0) (EC2, Exp (3.11)

(There is more information on creep and shrinkage in Annex B)

Creep and Shrinkage AnnexB

« Creep

— @, is the notional creep coefficient (in Figure 3.1 the notation
used is @(oo,t,))

- o(t,t,) is the creep at any time, t after time of loading, t,

« Shrinkage
— &qq, IS the basic drying shrinkage strain
- Scd,(t) = Bds(t;ts)kh Scd,O (SeCtion 3)

Autumn 2017
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(
Concrete Stress Blocks (3.1.5 and 3. (;Tﬁmm

For structural analysis For section analysis

Oc I3 . . ”
o “Schematic” .+ “Parabola-rectangle” A\ “Bi-linear
oo o o Fo e
fem - 7
4 ’
4 /7
v / 7
: f. ’ fus /
| 1 7
0,4 fund--- 3 / ,
' ! 7
1 ! /
| 1 ,
i [/ ,
| /
! /
£ Eon & 0 fe oz G 0 s & Ee
&1 (Ugg) = 0,7 £, 031 0, =y {1 - [1 - g‘ij } for 0<e,<éq &4 () = 1.75 + 0.55 [(f,-50)/40]
ot Cloo) = o f for e e s for f,= 50 MPa otherwise 1.75
- 4 4
2.8 + 27[(98,,,)I00I" ,,,)/100] n=1.4+23.4[(90-f,)/100} Eaua (o) =2.6+35[(90-f,)/100]*
for f, = 50 MPa otherwise 3.5 for f,= 50 MPa otherwise 2.0 for f, 2 50 MPa otherwise 3.5

ck =
&, () = 2.0 + 0.085(f,,-50)053
for f, = 50 MPa otherwise 2,0
&2 (Yy0) = 2.6 + 35 [(90-f,, )/100]*
for f,, = 50 MPa otherwise 3.5

Change in Shape of Concrete (ﬁm
Stress Block for high strength

concretes , _
; Strain at maximum
stress increases
Stress
T C90/105 /"

up to C50/60

Ultimate strain
reduces

—® Strain

Autumn 2017
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Rectangular Concrete Stress Block («mﬁm
(3.1.7, Figure 3.5)

Cemne

Eeus n fcd

A =

A=0.8 for f, <50 MPa
(f, —50)

=0.8- for 50 < f,, <90 MPa

n

1.0 for f,, < 50 MPa
1.0 - (fy - 50)/200 for 50 < f., < 90 MPa

Flexural Tensile Strength (3.1.8) («mﬁmcm

« The mean tensile strength, f., ¢, (only used in does-it-crack-or-
not? checks) depends on the mean axial strength and the depth of
the cross section

fetms = Max{(1.6 - h/1000)fctn; feem}

« This relationship also applies to the characteristic tensile values

« For Serviceability calculations care should be taken in using f.m «
(See Section 7) '

Autumn 2017
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Confined Concrete (3.1.9) The Cancrete Cerre

o1 = fue o

o2 os(= o)

fck,c = fck (1 .000 + 5.0 O'z/fck) for oy < O'Osfck

= fu (1,125 + 2.50 &,/f,) for o, > 0.05f,,

5c2,c = ‘9c2 (fck,c/fck)2

5cu2,c = &w + 02 O-Z/fck

(((mpa

The Concrete Centre

Reinforcement

Autumn 2017
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Reinforcement (1)

(3.2.1 and 3.2.2)

(i

« Principles and Rules are given for deformed bars,
decoiled rods, welded fabric and lattice girders.

» EC2 does not cover the use of plain reinforcement

» Material properties are given in Annex C of EC2.

BS 4449 aligns with Annex C.
(When finally published EN 10080 should provide the performance

characteristics and testing methods but will not specify the material

properties.)

pa

Thie Conenete Cemre

Reinforcement (Annex C)

s

Thee Comenetfe Certre

Product form Bars and de-coiled rods Wire Fabrics

Class A B C_|"A B C

Characteristic yield 400 to 60 . /

strength £, or foo (MPa) | cold worked hot rolled selsmic

k= (ffy) >1,05 | >1,08 | 1,15 | 1,05 | >1,08 | >1,15
<1,35 <1,35

Characteristic strain at >2.5 >5.0 >7.5 >2.5 >5.0 >7.5

maximum force, g (%)

Fatigue stress range

(N =2 x 105 (MPa) with 150 100

an upper limit of 0.67

The UK has chosen a maximum value of characteristic yield strength, f,, = 600
MPa, but 500 MPa is the value assumed in BS 4449 and BS 4483 for normal supply.

Autumn 2017
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Reinforcement («“‘P“ _
. The: Conerete Cemre
(3.2.4, figure 3.7)
o)
Oy
fi = kfs
f|= kfozk ................
i 9
02% | - .
S R — |— Euk ! E
|
Hot rolled steel Cold worked steel

« The design value for E; may be assumed to be 200 GPa

Reinforcement - Design (ﬁmgam‘_
Stress/Strain Curve (3.2.7, Figure 3.8) “

Alternative design stress/strain relationships are permitted:

inclined top branch with a limit to the ultimate strain horizontal
horizontal top branch with no strain limit

o Idealised
‘ ’_______\/Rarelyused
kfyk ————————————— ) -! . /
kit
fyk
fyd=fyk/75 B

k = (ft/fy)k
8ud= 0.9 guk

UK uses horizontal
L top branch

Lecture 2 22
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Extract from BS 8666 (mpa

Table 1 — Notation of steel reinforcement

Type of steel reinforcement Notation

For diameters < 12mm, Grade B500A, Grade B500B or Grade B300C conforming | H
to BS 4449:2005

For diameters >12mm, Grade B500B or Grade B500C conforming to BS 4449:2005

Grade B500A conforming to BS 4449:2005

Grade B500B or Grade B500C eonforming to BS 4449:2005

Grade B500C conforming to BS 4449:2005

A specified grade and type of ribbed stainless steel conforming to BS 6744:2001

el e

Reinforcement of a type not included in the above list having material properties that
ave defined in the design or contract specification.

[)NOTE 1 In the Grade description B300A, etc., “B” indicates reinforcing steel.
NOTE 2 Within the ranges given, the grades(s) supplied for notations H and B are at the supplier’s discretion.

Prestressing Steel (1) (mpa
(3.3.1 and 3.3.2)

Pending release of EN 10138, BS 5896 is being used.

(Unlike EN 10080 the harmonised standard for prestressing steel, EN10138, is likely
to provide all the mechanical properties. The reason given is that there are only a
few types of prestressing steel and they can all be included within the Standard. )

* Adequate ductility is assumed if f /fo = 1.1

o Prestressing steel losses are defined for:
— Class 1: wire or strand - ordinary relaxation
— Class 2: wire or strand - low relaxation
— Class 3: hot rolled and processed bars

Autumn 2017
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Pre-stressing Strands Commonly (((mﬁmm
Used in the UK (Bs 5896 )

Strand Steel Nominal | Nominal | Cross- Nominal Charact- | Maximum Charact-
type Number tensile | diamete | sectiona mass eristic value of eristic
strength | r (mm) | area (kg/m) value of | maximum value of
(MPa) (mm?2) maximum force 0.1% proof
force (kN) (kN) force
(kN)
12.9 1.1373 1860 12.9 100 0,781 186 213 160
‘Super’
12.7 1.1372 1860 12.7 112 0.875 209 238 180
‘Super’
15.7 1.1375 1770 15.7 150 1.17 265 302 228
‘Super’
15.7 1.1373 1860 15.7 150 1.17 279 319 240
Euro’
15.2 1.1371 1820 15.2 165 1.290 300 342 258
‘Drawn’

(oes

Prestressing Devices (3.4) The Concrete Centre

« Anchorages and Couplers should be in accordance with
the relevant European Technical Approval.

« NB. new BS 8597 on couplers.

« External non-bonded tendons situated outside the original
section and connected to the structure by anchorages and
deviators only, should be in accordance with the relevant
European Technical Approval.

Autumn 2017
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((mpa

The Concrete Centre

Durability and Cover

Durability of Structures The ConcreeCerte

To avoid durability
issues:

We:

o Specify cover,

o Control the
maximum
water/cement
ratio

o Control the
cement content.

Informative Annex E (strength classes for durability) does not apply
in the UK. The UK has its own methodology - refer to BS 8500.

Autumn 2017
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Cover 4.4.1)

Nominal cover, ¢, = Crin + ACye,

(e

Thie Conenete Cemre

Nominal cover, ¢,

Minimum cover, ¢,

Crin = max {cmin,dur; cmin,b ; 10 mm}

/
‘ Durability as per BS 8500 ‘

bond=4 |

Allowance for deviation, Acy,,

‘ 10 mm recommended ‘/J

AXis distance, a

Fire protection

Tables in Section 5 of part 1-2 (etc.) ‘

Cover, ¢y gur» (44.1.2(5))

-

Thee Comenetfe Certre

Crin,dur» MiNimum cover for durability

The UK National Annex decision for c, 4, is: use BS 8500, viz:

environmental
conditions Cpin dur

Subclause Nationally Eurocode UK Decision
Determined Recommendation
Parameter

4.4.1.2 (5) | Structural Table 4.3N for structural | Use BS 8500-1:2006, Tables A.3,
classification and | classification Tables 4.4N | A.4, A.5 and A.9 for
values of and 4.5N for values of recommendations for concrete
minimum cover Crnin,dur quality for a particular exposure
due to class and cover reinforcement c.

In ECZ, Cpyin qur €AN be modified by further factors, but in
the UK these factors are all 0.
i.e: Values of ¢y ., ACyyr s aNd ACyy, a4 @re taken as 0 in
the UK unless reference is made to specialist literature.

Autumn 2017
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In order to use Tables in BS 8500, one needs
to establish relevant Exposure Class.

Exposure Classes.

Table 4.1 (based on EN 206-1) provides the definitions for different
environmental conditions.

XO - no risk of corrosion or attack

XC - risk of carbonation-induced corrosion

XS - risk of chloride-induced corrosion (sea water)
XD - risk of chloride-induced corrosion

XF - risk of freeze/thaw attack

XA (DC - BS8500) - risk of chemical attack in ground

Cover, Crin dur

s

Thee Comenetfe Certre

Table 4.1 (based on EN 206-1)

Class

designation

Description of the environment Informative examples where exposure classes

Miay oCCUr

1 Mo risk of comosion or attack

X0

For concrete without reinforcement ar
embedded metal: all exposures except where
there is freeze/thaw, abrasion or chemical
attack

For concrete with reinforcement or embedded

metal: very dry Cancrete inside buildings with wery low air humidity

2 Corrosion induced by carbonation

xc

Dy or pemanenthy wet Caoncrete inside buildings with low air humidity

Concrete permanently submerged in water

XC2

Wet, rarehy dry Concrete surfaces subject to long-term water
contact

Many foundations

XC3

Moderate humidity Concrete inside buildings with moderate or high air
urnidity
Extemnal concrete shelterad from rain

XC4

Cyclic wet and dry Caoncrete surfaces subject to water contact, not

within exposure class XC2

3 Corrosion induced by chlorides

ping|

Moderate humidity Caoncrete surfaces exposed to airbomne chlofdes

XDz

Wes, rarely dry Swimming pools
Concrete components exposed io industrial waters

containing chlonides

XD3

Cyclic wet and dry ;ﬂr_rtdc: bridges exposed to spray containing
orides
Pavements

(Car park slabs

Lecture 2
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Table 4.1 (cont. based on EN 206-1)

(e

Thie Conenete Cemre

4 Corrosion induced by chlorides from sea water

contact with s2a water

%51 Exposed to airbome salt but not in direct

Structures near to or on the coast

A52 Permanently submemged

Paris of marnine structures

] Tidal, splash and spray zones

Parts of marine structures

5. FreezeiThaw Attack

agent

XF1 Moderate water saturation, without de-icing

freezing

‘ertical concrete surfaces exposed to rain and

XF2 Moderate water saturation, with de-icing agent

‘ertical concrete surfaces of read structures
exposed to freezing and airbome de-icing agents

XF3 High water saturation, without de-icing agents

freezing

Horizontal concrete surfaces exposed to rain and

sea water

XF4 High water saturation with de-icing agents or

freazing

Road and bridge decks exposed to de-icing agents
Concrete surfaces exposed to direct spray
containing de-icing agents and freezing

Splash zone of marine structures exposed to

&. Chemical attack

xA1 Slightly aggressive chemical environment
according fo EM 208-1, Table 2

Matural soils and ground water

XA2 Moderately aggressive chemical emvironment
according fo EM 206-1, Table 2

Matural soils and ground water

HAZ Hightly aggressive chemical emvironment
according o EM 2068-1, Table 2

Matural soils and ground water

Car Park Exposure Classes

Tabls 5: Prapased sxposurs classes far car parks

Element type and location

Top surface of decks and ramps at the entry lavel of car park

Top surface of decks and ramps exposad 1o freezing e.q.
raof level

Top surface of decks and ramps In other locations
soffits of decks and ramps

Vertical elements

Vertical elements exposed to freezing

Elements protected from rainfall e.g. Internal area such as
stair enclosures

Key:

Rec posure class

XD3 (XC3/4) & XM1"

XF2 & XD1(XC3/4) Optional - XM1"

XD1(XC3/4)* Optional - ¥M1*
KC3/4

XC3/4

XC37/4 XFI

Xl

I class in coastal areas

XD3MNCI/Ap, X517 & XM

XF2,X51(XC3/4) & XD1¢ Optional - XM1+

X571 (XC3/4)* & XD Optional - XM1*
X3l (XC3/4)

XSI(XC3/a)p

XSI(XC3/4)* XF1

Xcl

a  Exposure classes glven In brackets denote classes which are less critical and assumed In BS 8500 to occur simultanecusly with the main exposure class.
b BSEN1992-1-1 C1 4.4.1.2(13) advises that for abrasion class XM1 (moderate) a sacrificial layer of Smm of concrete may be used. This is appropriate for use
at the entry level to the car park, which will be subject to the most severe conditions and may also be adopted for other situations.

¢ XD3 condition is more critical.
d XSl condition is more critical.
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min,dur> (mpa
The Concrete Cerre
(from BS 8500 for a 50 year life.)
Table A4 Durability & for or prestressed el ‘with an in ded i life of at
least 50 years
Nominal | Cs ive strength ciass where . ratio and cement or b nat fon | Ca
cover ' | content for normal-weight concrete 7 with 20 mm maximum aggregate size ypes

o, 15 4 ac 20+ % QN e 30+ A 35 + dc

40 + Ac 45 + A 50 + Ac

Tarrosion Induced by carbonation (XU ¢ xposs e classes)

. =0eh (R [T [E) N
xc1 0.70 240 0.70 240 2 Allin Table A6
Xc2 Al in Table A6
— == CAD/50 Al in Talle A6 except VBV
L 0.45 340
C oxean N o .
~_ -t Cavs0 VBV
0.45 340

Corrosion induced by chiorides (X5 from sea waler, X ofher than sea waler)
Also adequate for any associated carbonation induced comrosion (XC)

xm

~d Allin Tahle A6

0,60 30

:]5]-1;:; :I"I_I"”” CEM I, [, 1IB-5, SRPC
- . For the relevant Exposure
040380 Class, choose a preferred
- - - 040380 concrete strength and ¢y, qur
Py Note restrictions on w/c ratio,
W2or |- i - Catsm , cement content and type
— — -_— GRErA0 CA02h Cawab e, VB-Y
0,40 380 0.55 220 0.55 320

Cover, cinp (4.4.1.2(3))

Crnin,p Minimum cover for bond,

For bars:

Cmin,p = bar diameter

For Post-tensioned tendons:
» Circular ducts: Duct diameter
* Rectangular ducts: The greater of:
» the smaller dimension or
» half the greater dimension

Thue Comerette Cerine

Crint= B

For pre-tensioned tendons:
- 1.5 x diameter of strand or wire
- 2.5 x diameter of indented wire
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AC4e,, allowance for deviation = 10mm

e Areduction in Acy,, may be permitted:

- quality assurance system, which includes measuring concrete
cover, 10 mm > Acg., = 5 mm

- where very accurate measurements are taken and non
conforming members are rejected (e.g. precast elements),
10 mm 2 ACy, 2 0 mm

o RECAP : Crom = Crin + ACqey

. . . subject to considerations of fire

Fire: axis distance, a @m
(EN1992-1-2 Cl 1.6.1 & Fig 5.2 etc.)

Axis Distance, a, is specified as the
distance from the face to the 2| s
centre of the main bar (not cover). Distance

So:

Chom 2 A - ﬂink - ¢main baAr/2

Rl o o A A VA A A A F A

Axis Distance, a, is usually derived from Tabular Data for various
elements in section 5 of BS EN 1992-1-2, Structural fire design

Axis Distance, a, may also be derived from various fire design
methods in BS EN 1992-1-2.

(NB: No A ye,: Fire will be covered in Lecture 8)
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Cover: Summary

The Nominal Cover, ¢, is the cover specified on the drawings.
za- ¢link h ¢main bar/2

It is defined as:
Cnom = max {Cmin,dur; Cmin,b; 10 mm} + ACdev

1B

; 10 mm} + 1P mm 2 a\' Plink = Pmain bar 2

Autumn 2017

Usually:
Cnom = max {9min,dur; ¢
//I ’\ / /
I N / i N
R Lo = l,' ’_/L \ \\
aem==r L {_Bond /T, RN
g SS S=ao-" \ _Bedev , _\ Ne——-—
. Durability N f 1 ~---7 ST~
( From BS 8500 ! 11 ,7 Fire: axis distance ™\
\ Table A4 et al ’ 1 [ From Tables in \
TNeL -7 F | ‘. Section50fBSEN
- R So_ 1992-1-2 (ete.) _ -7
I/ ) ~ S __-- -
\\Mm’ J

A few definitions

In time for next week

-
The Concrete Centre
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« Beam: Span > 3h otherwise it is a deep beam

e Slab: Minimum panel dimension > 5h
- One-way spanning

Ribbed or waffle slabs: these need not be treated as
discrete elements provided that:
+ rib spacing < 1500mm
 rib depth below flange < 4b
+ flange depth > 1/10 clear distance between ribs or 50mm -
transverse ribs are provided with a clear spacing < 10 h

e Column: h < 4b and L > 3h otherwise it should be
considered as a wall

Effective Flange Width (5.3.2.1) (ﬁmﬂmm
beff =X beff,i + bw <b

Where by = 0,2b;+0,1fy < 0,2% and by < b

eff
beﬂ,1 beffZ
| ‘lv;\
[z 1 7 7]
) b, U 5 7
b, b [ b b

Iy, is the distance between points of zero moment.
It may be taken as:

|
h=085k |045(i+k] ©h=07k | k=015k+l
I1 ) |_ T /2 I _L I3
Il bt
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Effective Length of Beam or Slab ((""Qmm
(5.3.2.2)

a;=min {1/2h 1/2t}

» The design moment and reaction for monolithic support should
generally be taken as the greater of the elastic and redistributed
values (> 0.65 the full fixed moment).

« Permitted reduction, AMgy = Fig g, t/8

(((mpa

e Concrete Cent

Exercise
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Cover Exercise (Fire and Durability)

What is the nominal cover for a car park one-way slab with
one hour fire resistance (i.e. REl = 60)?

« Use Concise Eurocode 2
e Assume the max bar size in the slab is 25mm.
» Assume the concrete is C32/40 with cement type IlIB

» Assume design life 50 years and in-situ construction

COVG r Exa m p le (pro forma)

Seg
BOND Concise

EC2-1-1 Table 4.2 (Section 4.2) Crnin.p Sesseesssssesssssssens
DURABILITY

EC2-1-1 Table 4.1 (Table 4.1) Durability Class ....ce.... . .
UK NA & BS 8500 (Table 4.2) Conindur = eesereeeseseeeee
DEVIATION

EC2-1-1Cl. 4.4.1.3 (Section 4.5) ACgey Serverrersrssneraenes

FIRE

EC2-1-2 Table 5.8 (Table 4.7) Min axis distance a-=.....
Nominal Cover governed by ..........ccuuu.... = eveeeens .mm
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Course Outline

Lecture Date

1
2
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o

21 Sep
28 Sep

5 Oct
12 Oct
19 Oct
26 Oct
2 Nov
9 Nov
16 Nov
23 Nov

Speaker
Jenny Burridge
Charles Goodchild

Paul Gregory
Charles Goodchild
Paul Gregory
Charles Goodchild
Jaylina Rana
Jenny Burridge
Paul Gregory
Jenny Burridge
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Title
Introduction, Background and Codes

EC2 Background, Materials, Cover
and effective spans
Bending and Shear in Beams

Analysis

Slabs and Flat Slabs
Deflection and Crack Control
Columns

Fire

Detailing

Foundations
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End of Lecture 2
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