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Requirements to a code

Scientifically well founded, consistent and coherent

Transparent

New developments reckognized as much as possible

Open minded: models with different degree of complexity allowed
As simple as possible, but not simplier

In harmony with other codes
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EC-2: Concrete Structures

EC2: General rules and rules for buildings
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[ Reinforcing steel | Product standards
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EN 1992-1-1 “Concrete structures” (1)
Content:

General

Basics

Materials

Durability and cover
Structural analysis
Ultimate limit states
Serviceability limit states
Detailing of reinfor
Detailing of members and particular rules

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

12. Plain and lightly reinforced concrete structures

PeNoUsWNE

EN 1992-1-1 “Concrete structures” (2)

Annexes:

. Modifications of safety factor (I)

Formulas for creep and shrinkage (I)
Properties of reinforcement (N)
Prestressing steel relaxation losses (I)
Indicative strength classes for durability (I)
In-plane stress conditions (I)

. Soil structure interaction (I)

Global second order effects in structures (I)
Analysis of flat slabs and shear walls (I)
Detailing rules for particular situations (I)

CHIOTMMOOD>

I = Informative
N = Normative
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EN 1992-1-1 “Concrete structures” (3)

In EC-2 “Design of concrete structures —
Part 1: General rules and rules for buildings

109 national choices are possible

i3
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Chapter: 3 Materials

3.C. Walraven

02 February 2008
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Concrete strength classes Concrete strength classes and properties
Strength classes for concrete
Concrete strength class C8/10 tot C100/115. fou(MPa)| 12 | 16 [ 20 [ 25 [ 30 | 35 [ 40 [ 45 [ 50 | 55 | 60 | 70 | 80 | 90
fokcube 15 20 25 30 37 45 50 55 60 67 75 85 95 105
isti i (MPa)
(Characteristic cylinder strength / char. cube strength) B e B T B = L e B T
(MPa)
feim 1,6 1.9 22 26 29 32 35 | 38 41 42 44 46 48 50
(MPa)
fewo05 11 1.3 15 1.8 20 22 25 | 27 29 3.0 3.1 32 34 35
(MPa)
oo, 2,0 25 29 33 3.8 42 46 | 49 53 55 57 6,0 6.3 6.6
Is concrete s
becoming Ecn 27 [ 29 [30 | 31 [ 32 ] 3 [35[ 3 [ 37 [ 3 | 39 [ 41 [ 42 | 44
(Gpa)
too st[ong Eeq (%) 1.8 1.9 20 21 22| 225 | 23| 24 | 245 25 26 27 28 28
- Eeut (%o) 35 32 3,0 28 2,8 2,8
to test? 60 (%) 20 22 |23 24 | 25 | 26
Eeup (%0) 3.5 3.1 29 27 26 26
n 20 1,75 1.6 145 14 14
£ca (%0) 1,75 1.8 1.9 2,0 2,2 23
Eeu3 (%o) 35 3.1 29 27 26 26
x x
TUDelft TUDelft

Design Strength Values

(3.1.6)

« Design compressive strength, £,
fg = e Faclve

« Design tensile strength, £
fag = Ot feo.05 /e

o (= 1,0) 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 (national choice)

i3
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Concrete stress - strain relations (3.1.5 and 3.1.7)

For structural analysis For section analysis

o “Schematic”

“Parabola-rectangle” "y “Biinear

o PR

() = 0.7 1,091 ot |11 } for 0zc. sy £l = 1,75+ 0,55 [(£,-50)/40]
o ) = 0. =ty for s % e iy for f,,2 50 MPa otherwise 1,75
2,8+ 27[(98-1,, 100} £, )/100}¢ = 1,4+ 23,4 [90- £,)100] £ ) =2,6+35[(90-0,)/100]¢

for £, 2 50 MPa otherwise 3.5 for f,2 50 MPa otherwise 2,0 for f,= 50 MPa otherwise 3,5
& () = 2,0 + 0,085(f,-50)°5%

for f, = 50 MPa otherwise 2,0

i3
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Concrete stress-strain relations

- Higher concrete strength show more brittle behaviour,
reflected by shorter horizontal branche

o MP]

Chapter 3.1: Concrete

Simplified & - ¢ relation for cross sections with non rectangular cross-
section

%= 0,8 for f, < 50 MPa
% = 0,8 - (f4-50)/400 for
50 < fck < 90 MPa

n = 1,0 for f, < 50 MPa
n = 1,0 - (f,4-50)/200 for
50 < fck < 90 MPa

| i3 | | i3 |
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Shrinkage (3.1.4)

« The shrinkage strain & is composed of two components:

€cs = €cd + Eca

where
- drying shrinkage strain
ec(t) = Bas(ts t)-Knecqo Where e s the basic drying shrinkage
strain
- autogenous shrinkage strain
£a(t) = Bas(t)-£ca(*0)

| i3 |
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Autogenous shrinkage

Stichtse Bridge, 1997:
Autogenous shrinkage
20.1073 after 2 days

Concrete strength f.=90 MPa

| i3 |
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Shrinkage (3.1.4)

1)
Aulest) (t—1,)+0,04

where t = age of concrete at time considered, t,;= age at beginning of drying
shrinkage (mostly end of curing)

£ (1) = B (D6, (0)
where

£,(0)=2,5(f, -10)-10°  and B, (t) =1-exp(-0,2t"")

| i3 |
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Creep of concrete (3.1.4)

Inside conditions — RH = 50%
Example: 600 mm thick slab, loading at 30 days, C30/37 - ¢=1,8

NINR
S
I~
—]
5 —T———{c2025
— I — 25130
—————{cao37
10 N [ T—1—t+—{cwms
\ — —r—t———lcaom0
T . — — €358 55/67
| —T— BT (o0
[ 808 Coortos
70 60 50 40 30 20 10 100 300 500 700 900 1100 1300 1500
o(, to) ho(mm)

h, =2A Ju where A_is the cross-section area and
u is perimeter of the member in contact with the atmosphere

i3
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Reinforcement (2) — From Annex C

Stress-strain relations for reinforcing steel Product form Bars and de-cofled rods Wire Fabrics
i o _ Class A B C_|_A | B C
a Characteristic yield - 400 to 600
o strength fyx_or foox (MPa) | cold worked hot rolled seismic
i ":‘- T k= (ffy) >1,05 | 21,08 | >1,15 | >1,05 | >1,08 | >1,15
| : <1,35 <1,35

f: Characteristic strain at >25 | =50 | 27,5 | =25 | =50 | 27,5
5 H maximum force, guk (%)

£ v Fatigue stress range
= R | ey e ® (N =2 x 10%) (MPa) with 150 100
Cold worked steal an upper limit of 0.6fyk

Hat rolled stesl

| i3 | | i3 |
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Idealized and design stress strain relations for reinforcing steel
o A , Durability and cover
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

k= (/)

&= 0.9 &

Prof.dr.ir. J.C. Walraven

02 February 2008
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Deterioration of concrete

Corrosion of reinforcement by chloride penetration

Penetration of corrosion stimulating
components in concrete

[ —

BESEEE

COz; cCI' O2 H>O
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Avoiding corrosion of steel in concrete

Design criteria '
- Aggressivity of environment l
Specified service life : ] s
{
.-

i

Design measures o

- Sufficient cover thickness )

- Sufficiently low permeability of concrete (in combination with cover
thickness)

- Avoiding harmfull cracks parallel to reinforcing bars

- Other measures like: stainless steel, cathodic protection, coatings, etc.

3
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Aggressivity of the environment

Main exposure classes:

« The exposure classes are defined in EN206-1. The main classes are:

+ X0 - no risk of corrosion or attack

+ XC - risk of carbonation induced corrosion

« XD - risk of chloride-induced corrosion (other than sea water)

» XS —risk of chloride induced corrosion (sea water)

« XF —risk of freeze thaw attack

+ XA - Chemical attack 1

3
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Agressivity of the environment
Further specification of main exposure classes in subclasses (I)

Thass T of

11 Mo risk of comosion or aftac
For concrets

|may sscur

KO | srimdded metat a8 sxposunes except whens
thermical

|7 Corasion indused by carbonation
WCT | Dry of permananty wi

COnMIING chiorides.
Parts of tretges sopmesd % spray cortanes

Pavemests
| Cior park slabs
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Procedure to determine ¢

min,dur

EC-2 leaves the choice of ¢y g, to the countries, but gives the following
recommendation:

The value Cy,, 4, depends on the “structural class”, which has to be
determined first. If the specified service life is 50 years, the structural class is
defined as 4. The “structural class” can be modified in case of the following
conditions:

-The service life is 100 years in stead of 50 years

-The concrete strength is higher than necessary

- Slabs (position of reinforcement not affected by construction process
- Special quality control measures apply

The finally applying service class can be calculated with Table 4.3N

3
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Table for determining final Structural Class

Structural Class
1 to Table 4.1

Criterion | %0 | wc1 | xcaixca | xed WD | KD2 ) XS1 [KD3 ) X62 | XSS
Design Working Life of | Increase | Increase | increase | Wcrease | increase | Increase | Increase class
100 years class by 2 [classby 2 | classby 2 |classby 2 | class by 2 | class by 2 by 2
Strength Class "' = C30/37 | = C30/37 | = C3848 | > C4V80 | > CA0VSD | > CAOMSD = C48/58

reduce reduce reduce reduce reduce reduce reduce class by
class by 1 | class by 1 | class by 1 | class by 1| class by 1 | class by 1 1

Marmber with skab reduce | reduce reduce reduce | reduce | reduce |reduce class by
classby 1 | class by 1 | classby 1 |classby 1 | class by 1 | class by 1 1

Ipostion of reorcament

ot affected by consmeton

jEocees) A A —S.€LkE

Special Cuality redice reduce redce reduce reduce reduce uce class by

Control of the concrete ( class by 1 | cassby 1 | class by 1 | classby 1 | class by 1 | class by 1 1

3
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Final determination of c,, 4, (1)
The value €y g is finally determined as a function of the structural
class and the exposure class:

Table 4.4N: Values of minlmum cover, ¢, 4., requirements with regard to durability for
I steel In i with EN 10080.

Environmental Requirament for oy ., (mm)

Structural Exposure Class according to Table 4.1
Class X0 XC1 | XC21XC3 XC4 XD/ X511 | XD2/ XS52 | XD3 [ X53
1 10 10 10 15 20 25 30
10

52 10 15 20 25 30 35
53 10 10 20 25 30 35 40
54 10 15 25 a0 as 40 45
55 15 20 30 as 40 45 50
56 20 25 35 40 45 50 55
3
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Special considerations

In case of stainless steel the minimum cover may be reduced. The
value of the reduction is left to the decision of the countries (0 if no
further specification).

Structural Analysis

| i3 | | i3 |
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Methods to analyse structures

Linear elastic analysis

1. Suitable for ULS and SLS —
2. Assumptions: "I |
- uncracked cross-sections ! |

- linear o - ¢ relations ‘ S S| —
- mean E-modulus

3. Effect of imposed deformations
in ULS to be calculated with
reduced stiffnesses and creep

Forces due to geometric imperfections on
structures(5.2)

, a2
He
012
Bracing System Floor Diaphragm Roof
Hi= 0, (Np-N,) Hi= 0, (Ny*+N,)/2 =6 N,

| i3 | | i3 |
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Methods to analyse structures

5.5 Linear elastic analysis with limited redistribution

1. Valid for 0,5< 1,/ 1,<2,0 M,
2. Ratio of redistribution 5, with
8 = k; + k x,/d for fy, < 50 MPa

A
52 ks + ks x,/d for £, > 50 MPa M LM

§ 2 ks for reinforcement class B or C
§ 2 kg for reinforcement class A

| i3 | |
TUDelft

Redistribution limits for Class B & C steel

35
30—

25

20

% redist

xId

— fok =70 — fok =60 — fck =50 |
5
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Methods to analyse structures

5.6 Plastic methods of analysis

(b) Strut and tie analysis
(lower bound)

- Suitable for ULS

- Suitable for SLS if compatibility
is ensured (direction of struts T
oriented to compression in elas-
tic analysis

3
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Methods to analyse structures

Ch. 5.7 Nonlinear analysis

“Nonlinear analysis may be used
for both ULS and SLS, provided
that equilibrium and compatibility
are satisfied and an adequate non-
linear behaviour for materials is
assumed. The analysis may be first
or second order”.

3
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Chapter 5 “Structural analysis”

5.8 Second order effects with axial loads T

- Slenderness criteria for isolated members
and buildings (when is 2" order analysis required?)
- Methods of second order analysis
« General method based on nonlinear
behaviour, including geometric nonlinearity
« Analysis based on nominal stiffness
« Analysis based on moment magnification factor
« Analysis based on nominal curvature

Extended calculation tools are given

3
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Methods of analysis

Lateral buckling of beams

No lateral buckling if:

; o= ]
- persistent situations: =< and hb<25
b (nb)®
[
- transient situations; -% < ?_0." and AB<35
b (he)

where:
I s the distance between torsional restraints
B s the total depth of beam in central part of Jy
b s the width of compression flange

3
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Bending with or without axial force

Prof.dr.ir. J.C. Walraven
02 February 2008
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Group Concrete Structures

Concrete design stress strain relations for
different strength classes

- Higher concrete strength shows more brittle behaviour, reflected by
shorter horizontal branche

@ [MPa]
0

3
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“Parabola-rectangle”

o, =1y |1 - \(1 - i]n for 0< s, <5,
U |
0, =1, for s, se <6,
n =14+ 23,4 [(90- f,)/100]*
for f,2 50 MPa otherwise 2,0

& (Y) = 2,0 + 0,085(f,-50)053
for f, = 50 MPa otherwise 2,0

o

Concrete design stress - strain relations (3.1.5 and 3.1.7)
for section analysis

“Bi-linear”

£ (%) = 1,75 + 0,55 [(f,,-50)/40]
for f,,2 50 MPa otherwise 1,75

03 () =2,6+35((90-1, /100
for f,.2 50 MPa otherwise 3,5

Eauy (Yoo) = 28 + 35 [(90-F, )/1100)¢
for £, 2 50 MPa otherwise 3,5

i3
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Simplified concrete design stress block

o Nt

-—1

A1=0,8 forf, <50 MPa

ck =
_og_ (fa=50)
! 4

% for 50 < f,, < 90 MPa

for f, < 50 MPa

n=10
=1,0 - (f,,—50)/200 for 50 < f,, <90 MPa

i3
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Simplified factors for flexure (1)

Factors for NA depth (n) and lever arm (=z) for concrete grade < 50 MPa

2
100 Tt
i e e R lever arm
- |
.
i e Y
o0
K
S o
£
[
e |
NA depth L]
|t
X”’
020 =
o
[
| ot
L
|
| o
00 {2 .
001 | 002 | 003 | 00+ | 005 | 006 | 007 | 006 | 008 | 010 | 011 | o1z | o3 | o1s | 015 | ots | o7 | Mibd?fy,
[Fo=n| 00z [ 00s | oor | oo | ore | om | o | oo |02 | oz | 027 | 0w | om |om | 0w | 0w | oas
o= T 0w [ oss [ oor Jos | ow | oo | oss | osz | oer | oso | oes | ome | osr | oss [oss |om | oez

i3
TUDelft

Simplified factors for flexure (2)

Factors for NA depth (=n) and lever arm (=z) for concrete grade 70 MPa

2
100 Tt
e lever arm
N i R
I S

080
g
S om0
&
040

NA th -

ol P
020 =1
7
| o1
[ ot
000 {—2=
001 | 00z [ 005 | 004 | 005 | oo | oo | oo [00e | 010 | ow1 | ovz | 015 o1 | 015 [ a6 |07 | Mibd?f,

[ o |05 | oo o | o | ov |02 [0z oz [om |om
= [0 [0 [ osr 0w [0w [avs |00 [os1 {09 [0m |om
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Column design chart for f , < 50 MPa
2

DENN

1.8 ‘ ‘ Z’fi_f- .o T

16 A, /bhf, !

1
14 | é L
0.8.0- T bl i

121 o~ d/h=0.05
g ] s =50
E 0203

0.8 5 1' -
0.6 N

0.4 4

0.2 4 /

0 005 01 015 02 025 03 035 04 045 05 055 06
My/bh’f,
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Column design chart for f,, =70 MPa

2
AL l— b—s|
1.8
Jrfo . I
1.6
4 i
1.4 oo o 1
2 e
3 A /ohf, dith =041
=
s 1 1.0 fo = 90
Z 8 0.8 09
0.6 06 07
0.4 N5
o %)
0.2 lo, 0.1 /
0 - ] - « . .
0 005 01 015 02 025 03 035 04 045 05 055 06
My/bh?4
x
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Shear Principles of shear control in EC-2

Until a certain shear force Vg, no calculated shear reinforcement is
necessary (only in beams minimum shear reinforcement is prescribed)

If the design shear force is larger than this value Vg4 shear
reinforcement is necessary for the full design shear force. This shear
reinforcement is calculated with the variable inclination truss analogy.
To this aim the strut inclination may be chosen between two values
(recommended range 1< cot 6 < 2,5)

The shear reinforcement may not exceed a defined maximum value to
ensure yielding of the shear reinforcement

Prof.dr.ir. J.C. Walraven
02 February 2008

| 3 |
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Concrete slabs without shear reinforcement Concrete slabs without shear reinforcement

Prestressed hollow core slab

Shear resistance Vrg,c governed by shear flexure failure:
shear crack develops from flexural crack

Shear resistance Vrq,c governed by shear tension failure: crack
occurs in web in region uncracked in flexure

| i3 | | i3 |
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Concrete beam reinforced in shear Principle of variable
truss action

approach "“Variable inclination struts”:
a realistic

Stage 1: web uncracked in shear

Stage 2: inclined cracks occur

Stage 3: stabilized inclined cracks

Stage 4: yielding of stirrups,
further rotation, finally
web crushing

Strut rotation as measured in tests
(TU Delft)

Shear failure introduced by vyielding of stirrups, followed
by strut rotation until web crushing

| i3 | | i3 |
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Principles of variable angle truss

Strut rotation, followed by new cracks under lower angle, even in high
strength concrete (Tests TU Delft)

3
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Web crushing in concrete beam

Web crushing provides maximum to shear resistance

3
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Advantage of variable angle truss analogy

-Freedom of design:

 low angle 6 leads to low shear reinforcement

« High angle 6 leads to thin webs, saving concrete
and dead weight

Optimum choice depends on type of structure

- Transparent equilibrium model, easy in use

3
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Shear design value under which no shear
reinforcement is necessary in elements
unreinforced in shear (general limit)

VRd,c = CRd,ck(loo Pt )mbwd

Crge  Coefficient derived from tests (recommended 0,12)
k size factor = 1 + V(200/d) with d in meter

Pl longitudinal reinforcement ratio ( <0,02)

fok characteristic concrete compressive strength
bw smallest web width

d effective hejght of cross section

3
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Shear design value under which no shear
reinforcement is necessary in elements
unreinforced in shear (general limit)

Minimum value for Vg, Values for Viin (N/mm2)

d=200 d=400 d=600 d=800
I/Ra’,c = Vipin bwd

3
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Shear design value under which no shear
reinforcement is necessary in elements
unreinforced in shear (special case of shear
tension)

3
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Special case of shear tension (example hollow Design of members if shear

core slabs) reinforcement is needed (V¢ 4>Vgq )
I-b 5
VRd,c = = \/(f‘ctd) + al O-cp ctd v Ge=for
S 0 o
I moment of inertia

by, smallest web width
S section modulus
fxa  design tensile strength of concrete

Vuz

For most cases:

a;  reduction factor for prestress in case of -Assume cot 6 = 2,5 (6 = 21,8)
. ) ) -Calculate necessary shear reinforcement
prestressing str: and_s or wires in ends qf mem_bé"r -Check if web crushing capacity is not exceeded (Ved>Vrd,s)
(o7 concrete compressive stress at centroidal axis ifor -If web crushing capacity is exceeded, enlarge web width or calculate the
for fu//y deve/opedprestress value of cot 6 for which Veg = Vra,c and repeat the calculation

| i3 | | i3 |
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Special case of loads near to supports Influence of prestressing on shear resistance
1)
L |
|I 1 d 'I| E 1. Prestressing introduces a set of loads on the beam
T a, |

@'] k-..__LR_'I/E\\._:IE:./ i‘.a-\‘\_i_‘--ﬁ‘ d

For a, < 2d the contribution of the point load to the shear force Vg4 may be

reduced by a factor a,/2d where 0.5 < a, < 2d provided that the longitudinal L

reinforcement is fully anchored at the support. However, the condition Fo/Ra r FolRa
|

Ves < 0,5bu0f,,

:
i

FTT A T3

Fp/Ry Fa/Rz FpRy

| i3 | | i3 |
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should always be fulfilled T

Influence of prestressing on shear Influence of prestressing on shear
resistance (2) resistance (3)

Prestressing increases the load Vy 4 below which no calculated shear

1. Prestressing increases the web crushing capacity
reinforcement is required

V =a.,b,z /(cot @ + tan @
V _[C k(lOO f )1/3+ko_ ]b d Rd ,max cww %d ( )
Rie = LCRae P1] ek 10, 10,
o, factor depending on prestressing force
k; coefficient, with recommended value 0,15 w = 1 for non prestressed structures
G, concrete compressive stress at centroidal axis due ow =
¢ to axial loading or prestressing gI;'; o fed) for 0,25 < oe < 0,250,

. for 0,25f 4 <o, <0,51,
25(1- o,/fy)  For 0,5fy <o, < 1,0fy

| i3 | | i3 |
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Increase of web crushing capacity by
prestressing (4)

025fcg 0.5fg fed

5 5
| TUDelft | | TUDelft |

Influence of prestressing on shear resistance

4)

Reducing effect of prestressing duct (with or without tendon) on
web crushing capacity

Grouted ducts b, 5, = B, - 3¢

Ungrouted ducts by, o, = b, — 1,259

Influence of prestressing on shear resistance

(5)

Reducing effect of prestressing duct (with or without tendon) on
web crushing capacity

Grouted ducts 5,5, = B, - 3¢

Ungrouted ducts by, o, = b, — 1,259

3
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Shear at the interface between concretes cast
at different times

3
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Shear at the interface between concrete’s cast
at different times (Eurocode 2, Clause 6.5.2)

Veai = Cfag + peon + pfyg (wesin B+ cos B) < 0,5 vfy ﬁ

(=tan a)

f4g =concrete design tensile strength
o, = eventual confining stress, not
from reinforcement < H
p= reinforcement ratio Very smooth 0,25 0,5
B = inclination between reinforcement
and concrete surface smooth 0,35 0,6
f.g = concrete design compressive rough 0,45 0,7
strength -
v = 0,6 for f < 60 MPa indented 0,50 0,8

= 0,9 - £4/2000,5 for f, > 60 MPa

3
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Torsion

Prof.dr.ir. J.C. Walraven
02 February 2008
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Modeling solid cross sections by
equivalent thin-walled cross sections

Outer edge of effective
crossection, circumference u

Effective wall-thickness follows from teri=A/u, where;

A = total area of cross section within outer circumference, including hollow areas
U = outer circumference of the cross section

| i3 | | i3 |
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Design procedure for torsion (1)

Shear flow in any wall follows from:

Tl = 24
&

where

7  torsional shear stress in wall I

tesr effective wall thickness (A/u)

Tes applied torsional moment

Ax  area enclosed by centre lines
of connecting walls, including
hollow areas

Design procedure for torsion (2)

Shear force Veq in wall i due to
torsion is:

Via, =7,

i

tef’t.zt.
where

7 torsional shear stress in wall i

tesr  effective wall thickness (A/u)

Z;  Inside length of wall I defined
by distance of intersection
points with adjacent walls

| i3 | | i3 |
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Design procedure for torsion (3)

The shear reinforcement in any wall can now be designed like a beam
using the variable angle truss analogy, with 1< cot 6 < 2,5

Design procedure for torsion (4)

The longitudinal reinforcement in any wall follows from:

Milu _Tet org
u, 24,
where

ux  perimeter of area A,
fw  design yield stress of steel
6  angle of compression struts

| i3 |
TUDelft

Punching shear

Prof.dr.ir. J.C. Walraven
02 February 2008

'?U Delft

Group Concrete Structures

Bt uaiseriny o Teinpatagy
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Design for punching shear

Most important aspects:
- Control perimeter s e 158
- Edge and corner columns z‘;ﬁ-«&»

=Tk g
- Simplified versus advanced v Ll 1 s

J
control methods s L

Definition of control perimeter

A« basin pontrot
senen

) Baction

| i3 | | i3 |
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Definition of control perimeters

The basic control perimeter u, is taken at a distance 2,0d from
the loaded area and should be constructed as to minimise its length

| i3 |
TUDelft

Limit values for design punching shear
stress in design
The following limit values for the punching shear stress are used in design:

If no punching shear reinforcement required
Ved S Vrae

where:

Vet = Cra k(100 p, )" +0,100,, > (v, +0,100,,)

‘min o

| i3 |
TUDelft

How to take account of eccentricity

More sophisticated method for internal columns:

e ande,
b, and b,

eccentricities Mgy/Vey along y and z axes
dimensions of control perimeter

How to take account of eccentricity

vV,
Ve :ﬂﬁ

Or, how to determine B in equation

For structures where lateral
stability does not depend on
frame action and where
adjacent spans do not differ by
more than 25% the
approximate values for
shown below may be used:

| i3 | | i3 |
TUDelft TUDelft
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How to take account of eccentricity

Alternative for edge and corner columns: use perimeter u,. in stead of
full perimeter and assume uniform distribution of punching force

=1.5d
0,56

| i3 | | i3 |
TUDelft TUDelft

Design of punching shear reinforcement

If Vgy> Viy Shear reinforcement is
required.

The steel contribution comes from

the shear reinforcement crossing a
surface at 1,5d from the edge of k
the loaded area, to ensure some
anchorage at the upper end. The
concrete component of resistance

is taken 75% of the design

154

LI

strength of a slab without shear iear reinfareamont crocsing
. thiy {and cna anchored)
reinforcement is faken Info account at uy

Punching shear reinforcement

Capacity with punching shear reinforcement
Vu = 0,75Vg4,c + Vs
Shear reinforcement within 1,5d from column is accounted for with f, req =
250 + 0,25d(mm)<fyuq

| i3 |
TUDelft

Punching shear reinforcement

Gfiter perimeter of shear
Outer control,+ feinforcemast 0=+ 01, O
porimeter -

The outer control perimeter at which shear
reinforcement is not required, should be

w208 e T=rsd (21 » 20 v0m Calculated from:
— . L CEE L .
tA L B o obd o b H : AT Uouer = Vea! (Vrac 9)

06 srrmonnionnd ¢ S0

070 o-oy---0iio OO0

The outermost perimeter of shear
reinforcement should be placed at a
distance not greater than kd (k = 1.5)
within the outer control perimeter.

Outer contral

1177

| i3 |
TUDelft

Punching shear

« Column bases; critical parameters possible at a <2d
* Vra = Crac k (100pfa)1/3- 2d/a

| i3 |
TUDelft

Design with strut and tie models

Prof.dr.ir. J.C. Walraven
02 February 2008

|
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General idea behind strut and tie models

Structures can be subdivided into regions with a steady state of the
stresses (B-regions, where “B” stands for “Bernoulii” and in regions with
a nonlinear flow of stresses (D-regions, where “D” stands for

“Discontinuity”
|

S Pk

| i3 |
TUDelft

b

D-region: stress trajectories and strut and tie

model
Steps in design:
| P P 1. Define geometry of D-region
e [ (Length of D-region is equal to

maximum width of spread)
Sketch stress trajectories

Orient struts to compression

/ trajectories

{ ot 4. Find equilibrium model by adding
tensile ties

Calculate tie forces

Calculate cross section of tie
Detail reinforcement

| i3 |
TUDelft

wN

Now

Examples of D-regions in structures
R )

=H n & ~|f. :C __5 I T
iy bon

n ¥ ‘
( l 3
o N ;L]
—2hn + :t
R
|
a} ) g T

| i3 |
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Design of struts, ties and nodes

yyvy Crams:
=
NYYY transverse compressive stress or
FTA] no transverse stress

Struts with transverse compression stress or zero stress:

ORd,max = fea

| i3 |
TUDelft

Design of struts, ties and nodes

! ! i ! O Ra.max
E=—————
|:> E————

Yvyy

Struts in cracked compression zones, with transverse tension

ORd,max = Ufcd

Recommended value v = 0,60 (1 - fa/250)

Design of struts, ties and nodes

Compression nodes without tie

ORd,max = kl v’ fcd
where
v = 0,60 (1 - fu/250)

Recommended value

|Faar = Fus + Fay
Ki=1,0

| i3 | | i3 |
TUDelft TUDelft
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Design of struts, ties and nodes

Compression-Tension-Tension (CTT) node

ORd,max = k3 v’ fcd
where

v’ = 0,60 (1 - fu/250)
Recommended value

ks = 0,75

| i3 |
TUDelft

Example of detailing based on strut and tie
solution

L ==l ==

C e

(o Perraag e, SO0 R, ) g o 8,3 B6 B,

Stress - strain relation for confined concrete (dotted line)

| i3 |
TUDelft

Crack width control in concrete structures

Prof.dr.ir. J.C. Walraven

02 February 2008

'?U Delft

By Univuruiry o Toshnaiagy

Group Concrete Structures

Theory of crack width control (4)

When more cracks occur, more disturbed regions are found in the
concrete tensile bar. In the N-¢ relation this stage (the “crack formation
stage” is characterized by a “zig-zag"-line (N, ;-N, ,). At a certain strain
of the bar, the disturbed areas start to overlap.

If no intermediate areas are left, the concrete cannot reach the tensile
strength anymore, so that no new cracks can occur. The “crack
formation stage” is ended and the stabilized cracking stage starts. No
new cracks occur, but existing cracks widen.

;{L{ 2.4 2.4 2., }ft,{
N ] ] ] I P
« o > -
= [ DN e Mo,
"\ disturbed area s
5
TUDelft

EC-formulae for crack width control (1)

For the calculation of the maximum (or characteristic) crack width,
the difference between steel and concrete deformation has to be
calculated for the largest crack distance, which is s, ., = 2. So

w=s ( -z ) .08 el

k r.max = sm

where ’ i
St.max IS the maximum crack distance
and
(&sm - &cm) is the difference in deformation between
steel and concrete over the maximum crack distance.
Accurate formulations for s, .., and (egy =€ ) Will be given

| i3 | | i3 |
TUDelft TUDelft

EC-2 formulae for crack width control (2)

S

[ kz ﬂ(l + aepp,f/])
b= =2 062  Fa70
E E

s 5

where: o is the stress in the steel assuming a cracked section
o, is the ratio Ej/E,
Ppet = (As + EAL)/A o  (effective reinforcement ratio
including eventual prestressing steel A,
& is bond factor for prestressing strands or wires
k. is a factor depending on the duration of loading
(0,6 for short and 0,4 for long term loading)

17



EC-3 formulae for crack width control (4)

Maximum final crack spacing s max

Srmax= 3.4C+0.425 k1k27;”% (Eq. 7.11)

where c is the concrete cover

@ is the bar diameter

k, bond factor (0,8 for high bond bars, 1,6 for bars
with an effectively plain surface (e.g.
prestressing tendons)

k, strain distribution coefficient (1,0 for tension

and 0,5 for bending: intermediate values van be

used)

| i3 | | i3 |
TUDelft TUDelft

EC-2 requirements for crack width control
(recommended values)

RC or unbonded
PSC members

Prestressed
members with
bonded tendons

Frequent load

Exposure class

Quasi-permanent
load

X0,XC1 0.3 0.2
XC2,XC3,XC4 0.3

XD1,XD2,XS1,XS2,X Decompression
S3

EC-2 formulae for crack width control (5)

In order to be able to apply element loaded
the crack width formulae, " 'e".s on
basically valid for a concrete beam
tensile bar, to a structure

loaded in bending, a definition

of the “effective tensile bar @
height” is necessary. The

effective height h. . is the

%

eff. cross-
section

ICRENCNER T
Ll

©]

25 (hd) <"

gravity line
of steel

minimum of: smallest value of
25-(c+¢i2)of t2
2'5 (h-d) o llest vall of
smalest value o
(h-x)/3 ® 25-(c+62)
h/2 C{E B T of
(-3

| i3 | | i3 |
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Maximum bar diameters for crack
control (simplified approach 7.3.3)

Wi =04
40
30 4
w,=0.3 mm
20

We=02Zmm
10 4

100 150 200 250 300 350 400 450 500

Reinforcement stress, o, (N/mm?)

maximum bar diameter (mm)

Maximum bar spacing for crack control
(simplified approach 7.3.3)

w, =04

NN W

S a o

S o o
L L

150 -

100 -

Maximum bar spacing (mm)
o
)
.

150 200 250 300 350 400
stress in reinforcement (MPa)

i3
TUDelft

Deformation of concrete structures

Prof.dr.ir. J.C. Walraven
02 February 2008
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Deformation of concrete

Reason to worry or challenge
for the future?

Deflection of ECC specimen, V. Li, University of
Michigan

Damage in masonry wall due to excessive
deflection of lintel

3
TUDelft

Reasons for controling deflections (1)

Appearance

Deflections of such a
magnitude that members
appear visibly to sag will upset
the owners or occupiers of
structures. It is generally
accepted that a deflection
larger than span/250 should be
avoided from the appearance
point of view. A survey of

produced 50 examples. The
structures in Germany that had ~ Measured sag was less than

given rise to complaints span/250 in only two of these.

3
TUDelft

Reasons for controling deflections (2)

Damage to non-structural
Members

An important consequence of excessive
deformation is damage to non structural
members, like partition walls. Since
partition walls are unreinforced and brittle,
cracks can be large (several millimeters).
The most commonly specified limit
deflection is span/500, for deflection
occurring after construction of the
partitions. It should be assumed that all
quasi permanent loading starts at the
same time.

3
TUDelft

Reasons for controling deflections (3)

Collapse

In recent years many cases of 1}
collapse of flat roofs have been
noted. If the rainwater pipes
have a too low capacity, often
caused by pollution and finally
stoppage, the roof deflects more
and more under the weight of
the water and finally collapses.
This occurs predominantly with
light roofs. Concrete roofs are
less susceptible for this type of
damage

3
TUDelft

EC-2 Control of deflections

Deflection limits according to chapter
7.4.1

o Under the quasi permanent load
the deflection should not exceed
span/250, in order to avoid
impairment of appearance and
general utility

o Under the quasi permanent loads
the deflection should be limited to
span/500 after construction to avoid
damage to adjacent parts of the
structure

3
TUDelft

EC-2: SLS - Control of deflections

Control of deflection can be
done in two ways

- By calculation
- By tabulated values

3
TUDelft
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The deflection follows from:

8= Cdp+ (1-0)3

Calculating the deflection of a concrete member
3  deflection
& deflection fully cracked

8y deflection uncracked ‘

¢ coefficient for tension stiffening (transition coefficient)

¢ =1-p(os/cs)

Gsr steel stress at first cracking
os steel stress at quasi permanent service load
B 1,0 for single short-term loading

0,5 for sustained loads or repeated loading

i3
TUDelft

Calculating the deflection of a concrete member

For pure bending the transition factor

£=1-po,/a,)

can as well be written as

i

where M is the cracking moment and M is the applied moment

£=1-B(M, | M)

i3
TUDelft

Calculating the deflection of a concrete member

7.43(7)

“The most rigorous method of assessing
deflections using the method given before is
to compute the curvatures at frequent i
locations along the member and then

calculate the deflection by numerical

integration.

In most cases it will be acceptable

to compute the deflection twice,
assuming the whole member to be in

the uncracked and fully cracked condition
in turn, and then interpolate using the

expression: g = l—ﬂ(M” /M)2

i3
TUDelft

Cases where detailed calculation may be
omitted

In order to simplify the design, expressions The expressions, which will be given

have been derived, giving limits of I/d for at the next sheet, have been

which no detailed calculation of the calculated for an assumed steel

deflection has to be carried out. stress of 310 MPa at midspan of the
member. Where other stress levels

These expressions are the results of an are used, the values obtained by the

extended parameter analysis with the expressions should be multiplied

method of deflection calculation as given with 310/,

before. The slenderness limits have been

determined with the criteria §<L/250 for

quasi permanent loads

and 8<L/500 for the additional load

after removing the formwork

i3
TUDelft

Calculating the deflection of a concrete member

For span-depth ratios below the following limits no further checks is needed

%
L: K| 11 +15./f, Po 3,2,/ [&, ] if p<py (7.16.a)
d P P

p=p

I oy 1 ol
Z K| 11+15F —JE 2| e (7.16.0)
d |: + ck T+ 1o Vi 2 :| 0

Id is the limit span/depth

K is the factor to take into account the different structural systems

Po is the reference reinforcement ratio = f,, 103

P is the required tension reinforcement ratio at mid-span to resist the moment due to
the design loads (at support for cantilevers)

Ve is the required compression reinforcement ratio at mid-span to resist the moment

due to design loads (at support for cantilevers)

i3
TUDelft

Previous expressions in a graphical form (Eq. 7.16):

N
&

@
&

limiting spanidept ratio

N
S

10

0 02 04 06 08 1 12 14 16 18 2
Reinforcement percentage (A,/bd)

i3
TUDelft
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Lmit values for |/d below which no calculated
verification of the deflection is necessary

The table below gives the values of K (Eq.7.16), corresponding to the
structural system. The table furthermore gives limit I/d values for a
relatively high (p=1,5%) and low (p=0,5%) longitudinal reinforcement
ratio. These values are calculated for concrete C30 and o, = 310 MPa and
satisfy the deflection limits given in 7.4.1 (4) and (5).

Structural system K p=15% |p=15%
Simply supported slab/beam 1,0 I/d=14 1/d=20
End span 1,3 I/d=18 1/d=26
Interior span 1,5 1/d=20 1/d=30
Flat slab 1,2 I/d=17 I/d=24
Cantilever 0,4 I/d=6 1/d=8

i3
TUDelft

Bond and anchorage

i3
TUDelft

Ultimate Bond Stress, f,4 (8.4.2)
+  The design value of the ultimate bond stress, £, = 2,25 n,n,f,; where f
should be limited to C60/75
n, =1 for ‘good’ and 0,7 for ‘poor’ bond conditions
n,.= 1 for ¢ < 32, otherwise (132- ¢)/100

Direction of concreting Direction of concreting

.|

a) 45°< @< 90° ©) h>250 mm

- Direction of concreting
Direction of concreting

= ]

b) h<250 mm d) h>600 mm

a) & b) ‘good’ bond c) & d) unhatched zone - ‘good’ bond conditions
conditions for all bars hatched zone - ‘poor’ bond conditions

i3
TUDelft

Basic Required Anchorage Length, /.4
(8:4.3)

lorqa = (81 4) (0! fo0)

where o, is the design stress of the bar at the position
from where the anchorage is measured

+ For bent bars |, .4 should be measured along the
centreline of the bar

* Where pairs of wires/bars form welded fabrics ¢ should
be replaced by ¢, = $V2

i3
TUDelft

Design Anchorage Length, I, (8.4.4)
loa =y 0y @3 0y A5 by rqq 2l min

a, effect of bends For straight bars a, = 1.0, otherwise 0.7

a, effect of concrete cover a, =1-0.15(cover - ¢)/¢ =0.7 and < 1.0

a, effect of confinement by transverse reinforcement (not welded)
a;=1-K4 >0.7 and < 1.0 where 4 = (XA - ZAg; 1 )/As

A b, Ay A, 15 Ast A 4 Ast
‘ ‘ /. ‘ ‘P
K=0.1 K=0.05 K=0
a, effect of confinement by welded transverse reinforcement a,=07

a; effect of confinement by transverse pressure
a;=1-0.04p>07and<1.0
where p is the transverse pressure (MPa) at ULS along /4
(a, a; a5 ) 0.7 Iy min > Max(0.3/,; 15¢, 100mm)

i3
TUDelft

Design Lap Length, /, (8.7.3)
Iy =a, a, a3 a5 ag by 1qq = Iy min
a, a, a, ag are as defined for anchorage length
ag = (p4/25)°5 but between 1,0 and 1,5

where p, is the % of reinforcement lapped within 0,65/, from the
centre of the lap

Percentage of lapped bars relative to < 25% 33% 50% >50%
the total cross-section area

a 1 1,15 14 15

Note: Intermediate values may be determined by terpoaton.

lo min = Max{0,3 g ks 15¢; 200}

i3
TUDelft
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Anchorage of Bottom Reinforcement at

Intermediate Supports
(9.2.1.5)

« Anchorage length, /, > 10¢ for straight bars
> ¢, for hooks and bends with ¢ > 16mm
> 2¢,, for hooks and bends with ¢ < 16mm

« Continuity through the support may be required for robustness (Job
specification)

i3
TUDelft

Supporting Reinforcement at ‘Indirect’ Supports

(9.2.5)
supporting beam with height h,
W _
supported beam with height h, (h, > h,) <he/3
I <h2/2
AN

+ The supporting reinforcement is in addition to <hi/3

that required for other reasons <mi2

< hs

« The supporting links may be placed in a zone beyond the intersection of
beams

i3
TUDelft

Columns (2)
(9.5.3)
< 150mm
B y— j
.
e 3 B -
| la °l |
A

< 150mm

* Sgmax= 20 X ¢y by 400mm

* Sqmax Should be reduced by a factor 0,6:
— in sections within h above or below a beam or slab
— near lapped joints where ¢ > 14. A minimum of 3 bars is
rqd. in lap length

i3
TUDelft

Additional rules for precast concrete

i3
TUDelft

Bearing definitions (10.9.5)

||
‘ [
)
a+dal 3] ] =
a

la.+ Aa. 2 2
a=a +a,+ta,+ \J4a, +4a,

a; net bearing length = F¢, / (b; fg,), but > min. value
Feq design value of support reaction
b; net bearing width

Bearing definitions (10.9.5)

||
‘ [
a+dal L8] =

la.+ Aa. 2 2
a - [
a=a ta,ta;+ \|da,” +Jda,

Minimum value of a; in mm

; ) Relative boaring sirees, ove/fs 50185 [0.15-04] >04
fre design value of bearing strength
a, distance assumed ineffective beyond outer end of supporting member Lind suppons (floors, root) 5 b 0
a, similar distance for supported member Ribbed Noors and purlins 55 o 80
4a, allowance for tolerances for the distance between supporting members [ r—— PR % 110 140
Aag =1,/2500, I, is length of member
x x
TUDelft TUDelft
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Pocket foundations
(10.9.6)

I<s+lg

Special attention should be paid to:
« shear resistance of column ends
« detailing of reinforcement for £ in top of pocket walls
« punching resistance of the footing slab under the column force

5 5
| TUDelft | | TUDelft |

Connections transmitting compressive forces

For soft bearings, in the
absence of a more accurate
analysis, the reinforcement
may be taken as:

A = 0,25 (t/h) Feg/fyg

Where:

t = padding thickness

h = dimension of padding in
direction of reinforcement

Feq = design compressive
force on connection

Concentrated
bearing

Soft bearing

Lightweight aggregate concrete

Prof.dr.ir. J.C. Walraven
02 February 2008

'fU Delft

Group Concrete Structures

Tecnemiagy

Lightweight concrete structures in the USA

Nappa bridge
California 1977

Oronado bridge San Diego

52 m prestressed concrete beams, Lafayette USA

3
| TUDelft |

Rilem Standard test

Raftsundet Bridge, Norway

Antioch Bridge california

Qualification of lightweight aggregate
concrete (LWAC)

Lightweight aggregate concrete is a
concrete having a closed structure and
an oven dry density of not more than
2200 kg/m? consisting of or containing
a proportion of artificial or natural
lightweight aggregates having a density
of less than 2000 kg/m3

5 5
| TUDelft | | TUDelft |

23



Lightweight concrete density classification

Density classification

Density class 1,0 1,2 1,4 1,6 1,8 2,0

Oven dry density 801- |1001- |1201- |1401- |1601- |1801-
(kg/m3) 1000 |1200 |1400 1600 1800 2000
Density \Plain concrete 1050 |1250 |1450 1650 1850 2050
(kg/m3) ‘Reinforced concrete 1150 |1350 | 1550 1750 1950 2150

i3
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Conversion factors for mechanical properties

The material properties of lightweight concrete are related to the corresponding
properties of normal concrete. The following conversion factors are used:

ne conversion factor for the calculation of the modulus of elasticity
n coefficient for the determination of the tensile strength

n, coefficient for the determination of the creep coefficient

ns coefficient for the determination of the drying shrinkage

p oven-dry density of lightweight aggregate concrete in kg/m3

Antioch Bridge, California, 1977

i3
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Design stress strain relations for LWAC

The design stress strain relations for LWAC differ in two respects
from those for NDC.

a; [MPa]
N « The advisory value for the strength
is lower than for NDC
(sustained loading factor 0,85 in
stead of 1,0)
The ultimate strain ¢, ., is reduced
with a factor 1,=0,40+0,60p/2200

i3
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Shrinkage of LWAC

The drying shrinkage values for lightweight concrete (concrete class
> LC20/25) can be obtained by multiplying the values for normal
density concrete for NDC with a factor n;=1,2

The values for autogenous shrinkage of NDC represent a lower limit
for those of LWAC, where no supply of water from the aggregate to
the drying microstructure is .

possible. If water-saturated, or even partially
saturated lightweight concrete is used, the
autogenous shrinkage values will considerably
be reduced (water stored in LWAC particles is
extracted from aggregate particles into matrix,
reducing the effect of self-dessication

i3
TUDelft

Shear capacity of LWAC members

The shear resistance of members without shear reinforcement
is calculated by:

Vira.a = 101517k (100 p, £,,)"” + 0,150, 1b,d

where the factor n,=0,40+0,60p/2200 is the only difference
with the relation for NDC

i3
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Punching shear resistance

Like in the case for shear of LWAC members, also the punching
shear resistance of LWAC slab is obtained using the reduction factor
n; = 0,4 + 0,6p/2200. the punching shear resistance of a
lightweight concrete slab follows from:

Viae =(Cra k(1 OOPIflck)m +0,080,, 2 7,v,,,, +0,080,,

where Cgy = 0,15/y,
(in stead of the 0,18/, for NDC)

i3
TUDelft
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Plain and lightly reinforced concrete

Prof.dr.ir. J.C. Walraven
02 February 2008

=
'?U Delft

Group Concrete Structures

By Univuruiry o Toshnaiagy

Field of application

Members for which the effect of dynamic action may be ignored

« Members mainly subjected to compression other than due to
prestressing, e.g. walls, columns, arches, vaults and tunnels

 Strip and pad footings for foundations

 Retaining walls

o Piles whose diameter is > 600mm and where N /A< 0,3f

i3
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Additional design assumptions ULS: design resistance to bending and axial
failure
12.3.1 Due to the less ductile properties of plain concrete, the The axial resistance N... of a rect |
design values should be reduced. The advisory reduction factor is Croessa_ );:ct?grs\'fmt?c: uﬁ?éﬁala ercie:;(igc?t;re, in
0,8 the direction of h,, may be taken as:
o e Ngg=nfq bh(1-2e/h,,)
" * where
A 1 Nfy is the design compressive strength
! B ! belonging to the block shaped stress-
f strain relation
a) -] —_—
x x
TUDelft TUDelft
Shear Simplified design method for walls and

12.6.3 (1): “In plain concrete members account may be taken of
the concrete tensile strength in the ultimate limit state for shear,
provided that either by calculation or by experience brittle failure
can be excluded and adequate resistance can be ensured”

—L‘ — I Using Mohr’s circle it should
H:| be demonstrated that in
nowhere in the structure the
principal concrete tensile
stress of the concrete
exceeds the design tensile
strength fg,

i3
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columns

In the absence of a more rigorous approach, the design resistance in terms
of axial force slender wall or column in plain concrete may be calculated as
follows:

Neg=bhy fg'd

where

Nggq is the axial resistance

b is the overall width of the cross-section
h,, is the overall depth of the cross-section

¢ s a factor taking account eccentricity, including second
order effects

¢ = 1,14-(1-2e/h,) - 0,02 ly/h,, < (1 - 2e,5/h,)

i3
TUDelft
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EN 1992-2

EUROCODE 2 - Design of concrete structures
Concrete bridges: design and detailing rules

Approved by CEN on 25 April 2005
Published on ‘October 2005

Supersedes ENV 1992-2:1996

Prof. Ing. Giuseppe Mancini
Politecnico di Torino

EUROCODES - Background and Applications - Brussels 18-20 February 2008 1
Prof. Ing. Giuseppe Mancini - DISTR - Politecnico di Torino

-EN 1992-2 contains principles and
application rules for the design of bridges
in addition to those stated in EN 1992-1-1

-Scope: basis for design of bridges in
plain/reinforced/prestressed concrete
made with normal/light weight aggregates
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Section 3 = MATERIALS

- Recommended values for C_;,and C,.,

\ N\

C30/37 C70/85
(Durability) (Ductility)

- o, coefficient for long term effects and unfavourable
\ effects resulting from the way the load is applied
Recommended value: 0.85 — high stress values during construction
- Recommended classes for reinforcement:
“B” and “C"
(Ductility reduction with corrosion / Ductility for bending and shear mechanisms)
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Section 4 = Durability and cover to
reinforcement

- XC3 class recommended for surface protected by
waterproofing

Exposed concrete surfaces within (6 m) of the
carriage way-and supports under expansion
joints: directly affected by de-icing salt

- When de-icing
saltis used Recommended classes for surfaces directly
affectd by de-icing salt: XD3 - XF2 — XF4, with
covers given in tables 4.4N and 4.5N for XD
classes
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- Bare concrete decks without waterproofing or
surfacing should be classified as abrasion class XM2

- When concrete surface is subject to abrasion by ice
or solid transportation in running water — increase
the cover by 10 mm, min
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Section 5 = Structural analysis

- Geometrical imperfections

/ \

Piers Arches  Shape of imperfections based on
9 =9 a the shape of first horizontal and
(e vertical buckling mode, idealised by
a sinusoidal profile having amplitude

1/200 2T <1 i
(recom.) a= ‘91 -
2
(I'=half wavelength)
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- Linear elastic analysis with limited redistributions
S .

Limitation of & due to uncertaintes on size effect
and bending-shear interaction

= .

5> 0.85 (recommended value)
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- Plastic analysis

A=

Restrictions due to uncertaintes on size effect and bending-shear

interaction:
) 0.15 for concrete strength classes < C50/60
Bul
d 0.10 for concrete strength classes > C55/67
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- Rotation capacity

- .

Restrictions due to uncertaintes on size effect and bending-shear

interaction:
in plastic
hinges
0.30 for concrete strength classes < C50/60
Fu
d 0.23 for concrete strength classes > C55/67
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70

Sev [mrad]

EUROCODES - Background and Applications - Brussels 18-20 February 2008 10
Prof. Ing. Giuseppe Mancini - DISTR - Politecnico di Torino

- Nonlinear analysis = Safety format

/ N

Reinforcing steel Prestressing steel
e . e
Mean values Mean values Sargin modified
/ \ mean values
116, 11k, 11 f [
Vet foc
Yo =11 v/ ¥,
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@ Design format

+ Incremental analysis from SLS, so to reach
Y6 Gy + Yo Q in the same step

# Continuation of incremental procedure up to the
peak strength of the structure, in corrispondance
of ultimate load q,4

+ Evaluation of structural strength by use of a
global safety factor y,

e =

Rqﬂ
Yo
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« Verification of one of the following inequalities

}/RdE(;/GG+}/QQ)SR S
o

E(yGGJr;/QQ)S R 7:,%}/0

) R[ﬂj
Yo

9.
}/Rd}/SdE(}/gG-"}/qQ) <R Td
o
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Yre = 1.06 partial factor for model uncertainties (resistence side)
With 7Ysq = 1.15 partial factor for model uncertainties (actions side)

Yo = 1.20 structural safety factor

If ygq=1.00 then y, =1.27 is the structural safety factor
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Application for scalar combination of internal actions
and underproportional structural behaviour

E.R
e
%)
R(qw/m/

Vra |F’ G

n G”

R(qud/}’o)/ F
VRdY sd

+ Safety format

m
o
>

H” H C B
+ q
(7 14 ) q  Jud
¢ +r ) 7o
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Application for scalar combination of internal actions

+ Safety format .
Y and overproportional structural behaviour

ER

R[qud Voj E

R(q(.d/r% F G

F
R(Gua/70)
A:dm

b +r ) o a
Yo
v o+r )
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o+ Safety format Apphcatlon for vectorial cpmblnatlon of |nternal_
actions and underproportional structural behaviour

Msd,Mrd
Mlg,)
M[MJ
Yo A
B
M( e ]
\ 7o
Vra § a
b
o N[ My Ng.) NodNra
Yo
Vra
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Application for vectorial combination of internal

+ Safety format : .
Y actions and overproportional structural behaviour

Mss M

M[M

) Nsa,N
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For vectorial combination and ygy = ys54 = 1.00 the safety
check is satisfied if:

Yua
My, <M,
Yo
and
Yua
NED = NRd
Yo
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Example 1:

» Two spans R. C. bridge (I =20 + 20 m)
» Advance shoring (20+5 m / 15 m)
» Dead load at t, = 28 days and t, = 90 days
> £(28,90, %) =0.51
t, (no redistribution due to creep)

N. L. analyses at
t,_ (full redistribution due to creep)
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300 kN  300kN
q=32.75 kN/m

g=101.4 kN/m
T T T T T T T

| [T [T

oo0d

Load distribution for the design of the region close to the central support

300 kN 300kN
q=32.75 kN/m

[EEEmEEEEEEEEERENEEiisEaREnRRERER R nEE]
g=101.4 kN/m
O T T T T T T T T T T T T T T T TTTTTTTT

| T T ]

[T
e Gbos oo
8,00
[N Load distribution’for the design of the midspan
9,20
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Incremental loading process

> Application of self weight in different statical schemes with yg = 1

» Modification of internal actions by creep by means of & function
(yg=1)onlyfort=t,

» Application of other permanent actions (y5 = 1) on the final statical
scheme

> Application of live loads with y5 =1

> Starting of incremental process so that y;=1.4 and y5=1.5
is reached in the same step

» Continuation of incremental process up to attainment of peak load

(Critical region: central support section)
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Safety format :

Time ‘ N Yol¥a | Youl¥a Gaun
M | t | 203 21735 160 1m 14%%
negative 00| | |
Mazarmurm ) | 2.03 2173 160 1m -122 149
nagative (1)
| p 155 166 04
| Lo7 151 52 101 T8
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Safety format : y;

Laoad case Time v fw, Miv, i | M7 Pl ) Faln

ending Fou Ve MErg ?‘ fﬁ( Yy
[kMm*10%] [kHem*1

B 168 | 120 3 1a%

L] L4 2 15 718

. I X a0 1%

= L) 0é 100 7.8
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Yo =14 _ You—13

» Gain = 12 s

» Critical section : number 22

» Reduction of gain by application of model uncertaintes only in
case Y due to the increase of negative bending moment by

creep and consequent translation of N.L. behaviour
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26

Bending moment for load case X (max. negative t=t )

Bending moment for load case W (max. positive t =

0

Bending moment for load case Y (max. negative t = o)

Bending moment for load case Z (max. positive t = )
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Example 2: Set of slender piers with variable section ﬁs
[N
[
&
> Depth: 82/87/92/97m y b
P 5
i i
» Unforeseen eccentricity: 5/1000 x depth L
> Y6 = Yq = 1.5 (for semplification) “‘
» Critical section at 53.30 m from plinth in  Pier geometry and
which both thickness and reinforcement . e, (reAiDicement amangement
undergo a change P
i
— :
Safety format applied to
that section
=
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Safety format : y,

Safety format 2
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Pier Critical section Top section Pier Critical section
depth | T2 | N VL M) | N Safery | M Safety Gain depth | oo | NOrgd® | MOy )™ | Nlrpdfye | Miyy Nyl NSafery | MSafery
[m] Yo | [KNx107] | [kNme107] | [kNme 0] | [kNms lﬂ’] Fﬂ(r[fgf} ?m} T [m] | Fe | [kNa10¥] | [kNemee107] | [kNme10°] | kN 107] | [kNmec10°] | (kN 104)
Eird 245 | 151 242 134 | 749 242 62% 82 159 159 260 150 245 152 243
87 215 137 243 119 66.5 215 43% 87 2.28 146 262 138 247 139 246
92 185 | 122 233 103 | 516 1.86 24% 92 1.96 129 251 122 237 123 236
97 | 158 | 103 218 86 | 48l 1.56 a% 97 | 1.67 110 34 104 221 104 220
Where: Where:
'ny,==.\' Gty O e (r,+(z}J NN (Yo G+rp Q| {m G4
Ya \ Ya \
el Nis on - J
" tra) M Yo T+ ¥ G ] M(,“& {\I+,.>}J e .'.'[ . By "a- & ] ol o (,3 Q]
| =) L Y J \ J \ J
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Safety format : z
4.0E+05
Collapse surface
for secton 1
—— g2 m Pior
_ - 87 mPier
Pier Top section £ —— 2 mPpier
depth | N Safety | A Safety ) Gairl T eses L B TP L N(- -
[m] | [kNm*10°] | [kNm*10°] 70'(2(?'3' W¥ea) r £
E
82 135 754 2.44 63% ES
87 121 67.6 2.19 46% g R J
92 104 58.1 1.88 25% © ™
97 87 48.6 1.57 5% :
Y _ ___ — R
|
0.0E+00 -5.0E+04 -1.0E+05 -1.5E+05 -2.0E+05 -2.5E+05 -3.0E+05 -3.5E+05 -4.0E+05
Axial force N [kN]
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Safety format : 7, - enlargement of the most interesting
region of the omothetic curves Example 3: Continous deep beam experimentally tested
(Rogowsky, Mac Gregor, Ong)
4.0E+05
1 ases0s » Adina N.L. code
E
H
= — » Concrete strength criterion by
£ e Carbone, Giordano, Mancini
g forseiont 1
2 see \
H . _ > Peak load reached at the crushing of second
3 ——92m Pier element (model unable to reach the equilibrium
— - 97mPier for further load increments)
T
|
|
K .
-9.0E+04 -1.1E+05 -1.3E+05 -1.5E+05 -1.7E405 -1.9E+06 -2.1E+05 -2.3E+05
Axial force N [kN]
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R/C deep beam: FE half mesh (right) load-displacement curve of point A (left)

Remnforcement

05 10 14 10 15 30 35 4b &4 S0 55 60 45 FO

Application of safety format in the
vectorial space of internal actions

Resisting interaction surface

Gy Oy Ty

W]
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Section 6 = Ultimate limit state (ULS)
Set of external and internal actions
+ 0, =4040KN, g, =-84TMPa, o, =-5.7TMPa, r = 6.99MPa - Robustness criteria for prestressed structures
. Qe = 3195KN, 6, =-6.82MPa, o, =-L75MPa, 7= 5.69MPa
Behaviour with limited non linearity
_ 3 different approaches
Very limited effect of
model uncertaintes
40
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Verification of load capacity with a reduced area of
prestressing

a

~

+ Evaluation of bending moment in frequent combination of
actions: My,

+ Reduction of prestressing up the reaching of f, atthe extreme
tensed fibre, in presence of Mg,

¢ Evaluation of resisting bending moment Mg, with reduced
prestressing and check that:

MRd 2 Mfreq

Material partial safety
factors as foraccidental
combinations
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b) Verification with nil residual prestressing

< Provide a minimum reinforcement so that

M B 4,-Ac,

rep

As,min =
z, f, 5

40,< 041, and 500 MPa

where My, is the cracking bending moment evaluated with fy,
(e recommended)

c) Estabilish an appropriate inspection regime
(External tendons!)
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Simple supported span

@
/
—pad.

|

|

|

|

\

\

i
(] -

Materials:

foe= 30.0 Mpa
fom = 2.0 Mpa
f.s= 20 Mpa (y,=1.5)

Concrete

Qrdinary reinforcement fope= 430 Mpa

fopa= 374 Mpa (1»=1.15)

Prestressing steel fose= 1800 Mpa

b
_3 ]
t
n&. 15 24 I T
15 1 s 1 1 Geometrical parameters:
y . A=6.055 m? J=3.59 m" ye=1.21m
Transverse sechon
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Brittle failure
Tendon layout
1. Reduction of prestressing up to reaching of f., at the
20 extreme tensed fibre in presence of M,
154
15 ]
Active
144 tendons o 1 2 3 4 5 [ 7 s
12
- Mwge [KN] | 000 | 285278 11409 12 |- 14261 40|-17112 68
DB- Mo (KN mi| 000 | -316603 3| -12684 12 [-15830 15]-
08 1 Myae [KN m] | 563388 | 10457 53 | 1506117 2416845 (2875211 323
04 | o [MP2] | 200 200 200 200 200 200 200 200
02 ] Myreq [WN m] 4ETET 47| 45601 438 42435 41 36103 35( 32037 32 128 26605 25
0
] 5 10 15 20 25 30 35 40 In such condition add ordinary reinforcement so that
Mgy 2> Mo, with 7o =1.3 and yg=1.0
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Take care of preelongation for the contribution of tendons to
the evaluation of Mg, 2. Provide a minimum reinforcement evaluated as
T
A s =M
I s,min
| Zs fyk
1
————————————— > My = cracking moment evaluated with f,.,, and nil prestressing
."'lll z, =leverarmatUSL=1.62m
/
> & The required ordinary reinforcement results
1¢12 / 150 mm.in the bottom slab
Such condition is reached for an addition of 1¢14 /150 mm in the
bottom slab and 1412 / 150 mm in the webs and top slab
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- Shear design of precast prestressed beams

¢ High level of prestress — o/ f4> 0.5

¢ Thin webs
# End blocks

« Redundancy in compressed and tensed chords

— [l

Web verification only for compression field due to shear (o, = 1)

Py
b
Py Py = Pyc+Pyy
Pas
-
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- Superimposition of different truss models
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- Bending—shear behaviour of segmental precast
bridges with external prestressing (only)

Tension chord of truss
external tendon)

Axes of theoretical Axes of theoretical

tension tie
compression struts v
/ N By =—2—(cot 0+ tan )
o = bV fu
Pre 4, _ Via
e s h cotd
ed J ywd
Bnin Omax e
Field A Predmin = 0.5 h
Field B (recommended value)

Field A : arrangement of Stirrups with O (ot 0 = 1.0)
Field B : arrangement of stirrups with 6, (ot = 2.5)
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- Shear and transverse bending interaction

-
Web of box girder

T

Semplified procedure

v,

. <0.20
R The interaction can

When or be disregarded

M,

—H_<0.10
Rd max
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- Combination of shear and torsion for box sections

Torsion Shear Combination

Each wall should be designed separately
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- Bending—shear-torsion behaviour of segmental
precast bridges with external prestressing (only)

Self balanced
i,

ot

5

Design the shear keys so that circulatory torsion can be maintained !
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- Fatigue

+ Verification of concrete under compression or shear

Traffic data S-N curves Load models

National authorities

4+ A values semplified approach (Annex NN, from ENV 1992-2)
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+ Application of Miner rule

3

pSl
1N

i

Given by national authorities (S-N curves)
N, =

i 1-E,
N, =10 exp| 14 ——Lmxi.
1-R
E, : o, o,
. dmini . _ Y mini | _ Ocdmaxi
where: R = e Erd,mm,i =, 5 Eegmani =
E(‘d.mnx,i S, Jat f(d, fat
fu
i =k (1) 1525
K, =0.85 (Recommended value)
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Crax ¢r Edxy
- Membrane elements OFax
T Ed
—
¢ T Baxy
OFkdy

# Compressive stress field strength defined as a function
of principal stresses

« |f both principal stresses are comprensive

1+ 3,80

2
(1+a)
\ is the ratio between the two
principal stresses (o < 1)

Cimax =085/

EUROCODES - Background and Applications - Brussels 18-20 February 2008 57
Prof. Ing. Giuseppe Mancini - DISTR - Politecnico di Torino

+ Where a plastic analysis has been carried out with 6 =0,
and at least one principal stress is in tension and no
reinforcement yields

Ctmax = Jua| 0,85

is the maximum tensile stress
value in the reinforcement

+ Where a plastic analysis is carried out with yielding of any
reinforcement

ot =V £ (1-0,032/0-0,,|)

is the angle to'the X axis of plastic
compression field at ULS

is the inclination to the X axis of
(principal compressive stress)

principal compressive stress in

‘(/7() ‘ <15 degrees the elastic analysis
] < 13
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Model by Carbone, Giordano, Mancini

Assumption: strength of concrete subjected to biaxial
stresses is correlated to the angular deviation
between angle 3, which identifies the
principal compressive stresses in incipient
cracking and angle 9, which identifies the
inclination of compression stress field in
concrete at ULS

—_ 1

With increasing -AS conerete damage increases
progressively and strength is reduced accordingly
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Plastic equilibrium condition

Py Ty Py g

HEFtt Iy

= —
—
s O Pe O
—
- ——
o
o, +icotdy —a,p, =0
t+ocotd, —o,p oot =0
tandy -o, +o,p, -0, =0
i-o tand, + o, p tand, —o tand, =0
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Graphical solution of inequalities system

©,=0.16
, = 0.06
n,=n, =-0.17
9, =45°

o
n, ’ n,
o, +n_jtan B, (69)
b
(e, =n a8, (70) @ ®}
T A {
H [tan g, + cors,, )- [0..«5 - 0.12Inj8, -8, |]= 0 vzl +neotd, (71) Resisting domain for V..., (a)-and-v,,, (b)
‘ {ca, ~m Jeot8,  (72) with 9,=45°%, 0,=w,=0.3
vsin 8, cos8, (73)
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Skew reinforcement
' o
Txyr 4—
Mps)
A
_ e > Plates
- Oxr Oxr conventions
o ?
0 . . woon o 1 . . ] w oo Y
© e M| * o IM02]
3 I
(a) (B ——P Gy
X =
Experimental versus calculated panel strenght by Marti.and Kaufmann (a) Thickness =t
and by Carbone, Giordano-and Mancinii(b)
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Ppr Ospr br
X Bl Sy th o Equilibrium of the
; N
! Oy SIRG, q quilibrium o the O COSH, y L . section orthogonal to
o | 2SR ing, section parallel to «— S o) Par Ouar A ’
Par Gsar ar o h f cos8, \ the compression
— ; the compression 5o co58, N field
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Use of genetic algorithms (Genecop:Ill) for the optimization of
reinforcement and concrete verification

e

Objective: minimization of global reinforcement

Stability:  find correct results also if the starting point is very
far from the actual solution
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Section 7 = Serviceability limit state (SLS)

- Compressive stresses limited to k,f,, with exposure
classes XD, XF, XS (Microcracking)

k,=0.6  (recommended value)
k, =0.66 . in confined concrete (recommemded value)
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- Crack control

Exposure Reinforced members and Prestressed members with
g prestressed members with Borded tondons
unbonded tendons
Quasipermanent load Frequent load combination
X0, XC1 0.3 o7
XC2,XC3, XC4 02
03
XD1, XD2, XD3 )
Xs1, xS2, XS3 Decompression

Note 1: For X0, XC1 exposure classes, crack width has no influence on durability and
this limit is set to guarantee acceptable appearance. In the absence of
appearance conditions this limit may be relaxed.

Note 2: For these exposure classes, in addition, decompression should be checked
under the quasi-permanent combination of loads.

Decompression requires that concrete is in compression within a distance
of 100 mm. (recommended value) from bondend tendons
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- Minimum reinforcement areas
/0
Clarification about T and Box beams

Component section Component section  “Web™Flange”
“flange” “flange™

Feten Foren

G flang:
Geved
Componen
ss&:tlo Componen
section
“wel
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- Control of shear cracks within the webs

Concrete tensile strength f, is:

. [
S = [1 -0.8 ]fak.am
So
o3 is the larger compressive principal stress
(03>0 and 5;< 0.6 )

- The larger tensile principal stress o, is compared
with f,

<1 = minimum longitudinal reinforcement
9,
T >1 = crack width controlled or calculated
) considering the skewness of
reinforcement
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Section 8 = Detailing of reinforcement
and prestressing tendons

- Couplers for prestressing tendons
- In the same section maximum 67% of coupled tendons

- For more than 50% of coupled tendons:

Continous-minimum reinforcement
or

Residual stress > 3 MPa in characteristic
combination
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- Minimum distance of sections in which couplers
are used

Construction depth h Distance a
<15m 1,5m
1,5m<h<30m a=h
>30m 3,0m

- For tendons anchored at a construction joint a
minimum residual compressive stress of 3 MPa is
required under the frequent combination of actions,
otherwise reinforcement should be provided to
carter for the local tension behind the anchor
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Baricentric prestressing, two coupled tendons over two

t=14gg

b=t

O

deformation G o
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Baricentric
prestressing

t=41gg

two coupled tendons
over two

deformation

|
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Baricentric

prestressing t=42gg

two coupled tendons
over two

T
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deformation

76

Baricentric T S
prestressing t=70gg i 1 !:I.I I ! ;é
two coupled tendons £ HiHH 5
over two LTI TN “g

Oy
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Baricentric
prestressing
t=o0
two coupled tendons
over two
UX
)|
0|
)
‘
= s
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Baricentric prestressing, one coupled.tendon over two

t=14gg

deformation o

EUROCODES - Background and Applications - Brussels 18-20 February 2008 79
Prof. Ing. Giuseppe Mancini - DISTR - Politecnico di Torino

Baricentric

prestressing t=41gg

one coupled tendons
over two

deformation

Oy

0 W @ m & W
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Baricentric
prestressing

t=429g

one coupled tendons
over two

deformation

Oy
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Baricentric mhrr T
prestressing

t=70gg i
one coupled tendons .
over two

deformation
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Baricentric

T c

prestressing HHH 2
t=o . HE ®

one coupled tendons S g
over two [T S

kel

Oy

EUROCODES - Background and Applications - Brussels 18-20 February 2008 83
Prof. Ing. Giuseppe Mancini - DISTR - Politecnico di Torino

Baricentric prestressing, two anchored tendons over two

t=14 99

deformation
Oy oy
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Baricentric c
restressin 2
P 9 t=41gg ©
two anchored E
tendons over two “%
o

o, : oy

Baricentric
prestressing

t=70gg
two anchored
tendons over two

deformation

G

X

EESEE

.a
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Baricentric 5 Baricentric
restressin, ] restressin,
p ] t= oo g p ] t= oo Zoomed areas
two anchored 5 two anchored near anchorages
£
tendons over two 3 tendons over two
oy, Ox
d it
0 s .
e
i | :
s s ® B
| 1
I b x I
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Section 113 = Design for the execution stages

Construction stages

Take account of
construction
procedure

Redistribution by creep in the section

Redistribution by creep for variation of
statical scheme

EUROCODES - Background and Applications - Brussels 18-20 February 2008
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89

Cross reference to

- Actions during execution EN1991-1-6

+ Statical equilibrium of cantilever bridge — unbalanced
wind pressure of 200 N/m? (recommended value)

< For cantilever construction

4 For incremental launching — Imposed deformations!

+ In case in SLS decompression is required, tensile stresses
less then f,, (recommended value) are permitted during the
construction in quasi-permanent combination of actions
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Annex B = Creep and shrinkage strain
.

+ HPC, class R cement, strength > 50/60 MPa with or
without silica fume

4+ Thick members — kinetic of basic creep and drying
creep is different

Autogenous shrinkage:

= Distiction between related to process of hydratation
Drying shrinkage:
related to humidity exchanges

+ Specific formulae for SFC (content > 5% of cement by

- Autogenous shrinkage

+ For t<28days fy.(t)/fy isthe main variable

Jalt) oy ea(sa)=0
.f;l.

o1 e, (t.1) = (S —20)[242%‘ 0-2]'076

ok Jek

# For t>28 days

£, (tf) = (f; =20) [2.8=1.Texp(-1/96)] 107

T~

ah 97% of total autogenous shrinkage occurs
weight) within 3 mounths
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- Drying shrinkage (RH < 80%) - Creep
o (1)
_ K(f) [72exp(=0.046 £,,) + 75— RH | (t—1,)10° e (tty) = z [, (1.10)+ @, (1.1
(bt Sy RE) = X o2
(t=t)+ By by
with:  K(f,)=18 if f, <55 MPa
K(f,;)=30-021f, if f, >55MPa Ve ] . ~
Basic creep Drying creep
= 0.007 for silica — fume concrete
°*10.021 for nonsilica - fume concrete
EUROCODES - Background and Applications - Brussels 18-20 February 2008 93 EUROCODES - Background and Applications - Brussels 18-20 February 2008 94
Prof. Ing. Giuseppe Mancini - DISTR - Politecnico di Torino Prof. Ing. Giuseppe Mancini - DISTR - Politecnico di Torino
- Basic creep
- Drying creep
A1
. 0
o, (tatoafu( sSom (tn )) =y T——7
[Jt—tﬂ +ﬁhc] i
D, (1,1, [ RH By) = 64 [gcd(t5t:)_ g('d(t()’lx)]
Lﬂg, for silica—fume concrete
IS DS
with: 0 1000  for silica - fume concrete
1.4 for non silica~fume concrete with: Bgo =
3200 for nonsilica - fume concrete
0.37exp[2.8f°'“f(7t“)] for silica—fume concrete
o
P =
o (to) o
0.4exp| 3.1 ""f for non silica—fume concrete
e
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—

At least 6 months

- Long term delayed strain estimation

== ==

= ™
Experimental

Formulae T
determination
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- Safety factor for long term extrapolation ¥y,

1 (age of concrete for estimating the ,
delayed strains) i
r=1year 1
+=5 years 1,07
=10 years 1.1
1 =50 years 117
=100 years 1,20
1= 300 years 1,25
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Annex J = Detailing rules for particular
situations

Bearing zones of bridges
.

+ Consideration of brittleness of HSC with a factor to be
applied to f 4

2/3
0,46.1; S (1)
140,11, i
1"13.
<+ Edge sliding —
_—
: 9=30°
Ag . fpy > Fry, /2 :
—
—
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- Anchorage zones of postensioned members

Bursting and spalling in anchorage zones controlled by
reinforcement evaluated in relation to the primary
regularisation prism

Bon <06. 1,00)
c-c

where c,c' are the dimensions of the associate rectangle

|

similar to anchorage plate

cla
} <1,25,/<¢

cla a-a'

being a,a the dimensions of smallest rectangle including
anchorage plate
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Primary regularisation prism represents the volume in which
the stresses reduce from very high values to acceptable
values under uniaxial compression

The depth of the prismis 1.2 max(c,c’)

Reinforcement for bursting and spalling
(distributed in each direction within the prism)

P
Y Panf (with 7 = 1.20)
Jia

A, =0,15

Surface reinforcement at the loaded face

P,
Am;f >0,03—>= Vbt (in each direction)
vd
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Annex KK = Structural effects of time
dependent behaviour of
concrete

Creep-and shrinkage indipendent of each other

Assumptions Average values for creep and shrinkage within
the section

Validity of principle of superposition (Mc-Henry)
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Type of analysis Comment and typical
application

General and incremental step-by-step | These are general methods and are

method applicable to all structures. Particularly
useful for verification at intermediate
stages of construction in structures in
which properties vary along the length
(e.g.) cantilever construction.

Methods based on the theorems of linear- | Applicable to homogeneous structures with
viscoelasticity rigid restraints.

This mehod will be useful when only the
long -term distribution of forces and
stresses are required. Applicable to
bridges with composite sections (precast
beams and in-situ concrete slabs).

The ageing coefficient method

Simplified ageing coefficient method Applicable tostructures that undergo
changes in support conditions (e.g.) span-

to- span or free cantilever construction.
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- General method

_ 0 [ O 1 o(t,1)
&)= XA +(o(t,t0)7E((28) +§[E (t‘)+7E( (28)}60’ Y+e, (6.t,)

A step by step analysis is required

+ Atthetime t of application of o the creep strain g.(t),
the potential creep strain g,.(t) and the creep rate are
derived from the whole load history
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4+ The potential creep strain at time t is:

de,,(t) _do p(e,1)
dt dt E
- t=t

N

under constant stress from te the same &(t) and
€,..(t) are obtained

Zue (1) A (11) =2 (1)

+ Creep rate at time t may be evaluated using the creep

curve for t,
=
de®) _, ()P (.1,)
a Y
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+ For unloading procedures
[Ecc(t)] > [E.ccclt)]

and t, accounts for the sign change

Eoonr () =60 (1) = (Euariun D = .. (0) B, (1.1,

CICEOLER0)] A

= t)— t
- (Eear (0= 0)

where €,.(t) is the last extreme creep strain reached before t
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- Application of theorems of linear viscoelasticity

= J(tt) an R(tty) fully characterize the dependent properties
of concrete

<« Structures homogeneous, elastic, with rigid restraints

< Direct actions effect

S(6)=15,(¢)

D(t)=E.[J (1.7)dD, (7
0
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4 Indirect action effect

D(6)=D, (1)
S(0) =ELjR(t”) 45, (7)

co

+ Structure subjected to imposed constant loads whose initial
statical scheme (1) is modified into the final scheme (2) by
introduction of additional restraints at time t, > t,

S, (1) =S, +&(t,10,1,)AS,,,

r,“(t,to,tl):;[R(t,r)d](r,to)

R(t.1,
e;(t,to,tg) :17%
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+ When additional restraints are introduced at different times
t; > t,, the stress variation by effect of restrain j introduced at
t; is indipendent of the history of restraints added at t; < t;

J
Sia =S+ ;g(Z’ZO’Zi)ASeI,i

- Ageing coefficient method

Integration in a single step and correction by means of 7
(x=0.8)

¢ [ E,(28) E.(28)
_[ — +¢28(t,r) dO‘(‘[): — +;((t,t0)(p28(t,t0) Ao

o E(7) E (%) o
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- Simplified formulae

o(0,8,) = (4, 1) E.(4)
1+ yo(»,4)  E. (1)

S :S0+(S] —SO)

Ed

where: S, and S, refer respectively to construction and
final statical scheme

t, is the age at the restraints variation
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Annex LL = Concrete shell elements

A powerfull tool to design 2D elements

- -
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M

Membrane shear actions and
twisting moments in the outer layer
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Axial actions and bending
moments in the outer layer

112

RANTIVA BRIDGE

Sandwich model:
Numerical example
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Mesh

2215 shell elements
2285 nodes

6 D.o.F. per node
13710 D.o.F. in total
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Symbols, conventions
and general data

Element chosen:
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115

direction 22

direction 33

a =0 = transverse reinforcement, A,
syr

B= 0 = longitudinal reinforcement, A

f.4=20.75 MPa

fm = 3.16 MPa
f.q=1.38 MPa
f,4=373.9 MPa

Concrete properties

Steel properties

116
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Layers
thicknesses
Hsez.|tsup | tinf
(m) | (m) | (m)
1.0000{ 0.23 | 0.18

Increment of internal actions

Prof. Ing. Giuseppe Mancini - DISTR - Politecnico di Torino
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Distance of reinforcement from the outer surface = 6 cm
[Combination]Nsd22] Nsd33 | Nsd23] Msd22 | Msd33 | Msd23 | Vsd12 | Vsdi3 (for‘:}:’:;fnsr:f’; -
type (KN/m)| (KN/m) [ (KN/m) |(KNm/m)|(KNm/m)|(KNm/m)| (KN/m) | (KN/m) hsd22 nsid33 hsd23
Max M33 | 277 | 5134 | 230 | 616 | 1121 | 476 | o5 | 212 )l () L (LD
ﬁ 0 0 0
Load combination that maximizes this reinforcement
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Upper layer verification
— - Dimensioning of
Internal actions on the  |Cracked Concrete _Actlons n Reinforcement ainfor / RN
layer ” parameters | [eigiorégment calculated at f reinforcement (longitudinal)
atly,/2 CHh2 in the inferiorayér
nsd22 | nsd33 | nsd23 | case 0 v, ‘ o (f) | ng, e A (x)nec A (y)nec
(KN/m) | (KN/m) | (KN/m) () ) (N/mm?) | (kN/m) | (kN/m)| (cm2/m) (cm?/m)
-633 -4070 481 no. |65.0[17.6 [17.6] 0.0 | 0.0 15.7 15.7
ﬁ ﬁ Distance of reinforcement from the outer surface = 6 cm
Minimum reinforcement ¢20/20 = 15.7 cm%m
Lower layer verification [Combination[Nsd22] Nsd33 [Nsd23 | Msd22 | Msd33 | Msd23 | Vsd12 | Vsdi3
type (KN/m)| (KN/m) [ (KN/m) |(KNm/m)|(KNm/m)|(KNm/m)| (KN/m) | (KN/m)
N Actions in Reinforcement
Internal actions on the - [Cracked Concrete 1
2 reinforcement calculated at Max M22 | 261 | -5134 | -219 657 1014 -464 79 -197
layer 2 parameters
att, /2 c+/2
nsd22 nsd33 | nsd23 | case 0 vy ‘ o) | ng,, Ng. A (x)nec A (y)nec ﬁ
(KN/m) | (KN/m) | (KN/m) () ) (N/mm?) [ (kN/m) | (kN/m)| (cm?/m) (cm?/m)
Load combination that maximizes this reinforcement
909 | -1064 | -711 [ yes [23.4[11.1[11.1[1212.00607.2] 31.3 15.7
Minimum reinforcement ¢ 20/20 = 16.7 cm?m ﬁ
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1.0000{0.23 | 0.19

Increment of internal actions
due to shear

(for the single la:
nsd22 nsd33 nsd23
(KN/m) (KN/m) (KN/m)

0 0

3

0

12
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Upper layer verification
Layers Internal actions on the ' |Cracked Concrete .Eﬁfs.(is..l.:. . Rg{:;ﬁ;z?zrt‘t
thicknesses layer ? parameters att, /2 c+ol2
Hsez.tsup | tinf nsd22 nsd33 | nsd23 | case 0 | vf ‘ o (f) | ng, Ngyy | A(X)NEC A, (y)nec
(m) | (m) | (m) (KN/m) | (KN/m) [ (KN/m) | () | () | (N/mm?) [ (kN/m)[(kN/m)| (cm?/m) (cm2/m)
-695 | -3904 | 474 no [45.0] 17.6 [17.6] 0.0 [ 0.0 15.7 15.7
.7 cm?/m ﬁ ﬁ

1

Minimum reinforcement ¢ 20/20.= 15.

Lower layer verification

. Actions in Reinforcement
Intemal actons on the |Cragkee|  Concrele | iorcemen  calculted at
Y ’ P att,, /2 cl2
nsd22 | nsd33 | nsd23 | case 6 | v, \ o.(f) | ng, ng, A (x)nec | A (y)nec
(KN/m) | (KN/m) | (KN/m) () () (N/mm?) | (kN/m) [ (kN/m)| (cm2/m) (cm?/m)
956 | -1229 | -693 | yes [20.6[11.1[11.1[1216.7]611.5] 31.3 15.7
Minimum reinforcement ¢ 20/20 = 15.7 cm?/m {}
122
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Distance of reinforcement from the outer surface = 6 cm

Dimensioning of
a reinforcement (transverse) Layers
P . thicknesses
in the superior layer Hsez [tsup [ _tinf
(m) | (m) | (m)
1.0000/0.23 | 0.19

Increment of internal actions
due to shear

ICombination|Nsd22 | Nsd33 | Nsd23 | Msd22 | Msd33 | Msd23 | Vsd12 | Vsd13 (for the sinigle layer)
type (KN/m)| (KN/m) [ (KN/m) |(KNm/m)|(KNm/m)|(KNm/m)| (KN/m) | (KN/m) hsd22 nsid33 hsd23
Max M22 | 261 | 5134 | 210 | 657 | 1014 | 464 | 79 | -1o7 (N/m) g (KN (KBim)
ﬁ 0 0 0
Load combination that maximizes this reinforcement
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Dimensioning of

B reinforcement (longitudinal)

Upper layer verification
. Actions in Reinforcement
Internal e:;:tlg:\s onthe C'agkw ;2?:3:5 reinforcement calculated at
v ’ P att, /2 c+il2 in th ol
nsd22 | nsd33 | nsd23 | case | 0 | vi, | o(f) | ng, ng, A (x)nec_| A (y)nec In the superior layer
(KN/m) | (KN/m) | (KN/m) (=) () (N/mm?) | (kN/m)[(kN/m)| (cm2/m) (cm?/m)
-695 -3904 474 no [45.0|17.6 ‘ 176] 00 | 0.0 15.7 15.7
Minimum reinforcement ¢ 20/20 = 15.7 cm%m ﬁ ﬁ Distance of reinforcement from the outer surface = 6 cm
Lower layer verification
4 ICombination|Nsd22 | Nsd33 | Nsd23 | Msd22 | Msd33 | Msd23 | Vsd12 | Vsd13
- Actions in Reinforcement type (KN/m)| (KN/m) [ (KN/m) |(KNm/m)|(KNm/m)|(KNm/m)| (KN/m) | (KN/m)
Internal actions on the |Cracked Concrete reinforcement calculated at
? - - -
layer parameters att, /2 col2 Max M22 | 261 5134 | -219 657 1014 -464 197
nsd22 | nsd33 [nsd23 | case | 0 [vfcd [ o.(f) | Ny | Nasw | AcONec | A (y)nec ﬁ
(KN/m) | (KN/m) [(KN/m)| () | (°) | (N/mm?) |(kN/m)|(kN/m)| (cm?m) | (cm2/m)
956 1229 | 693 | yes |20.6/11.1 [11.1 [1216.7,611.5 313 15.7 Load combination that maximizes this reinforcement
Minimum reinforcement ¢ 20/20 = 15.7.cm?m ﬁ
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Layers
thicknesses
Hsez.|tsup | tinf

[(m) | (m) | (m)
1.0000[0.23 | 0.19

Increment of internal actions
due to shear

(for the single la:

nsd22 nsd33 nsd23
(KN/m) (KN/m) (KN/m)

)
=

0 0 0
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Upper layer verification

Internal actions on the  |Cracked Concrete Actlons n Reinforcement
layer 2 parameters | einiorcement calculated at
att /2 c+¢/2

nsd22 | nsd33 [nsd23 | case | 0 |vfcd[ o (f) [ Ngyy | Moy | Ad(xInec [ A (y)nec

(KN/m) [ (KN/m) [(KNIm)| () | () | (N/mm?) [(kN/m)(kN/m)|_(cm?/m) | (cm2/m)

-695 | -3904 | 474 no [45.0[17.6[17.6] 0.0 | 0.0 156.7 156.7

Minimum reinforcement ¢ 20/20 = 15.7. cm%m. ﬁ ﬁ

Lower layer verification

Internal actions on the |Cracked|  Concrete fcions in Rellnfolrctement
layer » parameters reinforcement| calculated at
att,,/2 ct+d/2

nsd22 [ nsd33 [nsd23| case | 0 |vfcd[ o (f) | Ny | Neoyy | AXInec | Al(y)nec

(KN/m) | (KN/m) [(KN/m)[— () | () | (N/mm?) |(kN/m)(kN/m)| (cm?/m) | (cm2/m)

956 1229 | 693 | yes [20.6]11.1[11.1[1216.7]611.5] 31.3 15.7
Minimum reinforcement ¢ 20/20 = 15.7 cm?%m {}
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Annex MM = Shear and transverse bending

Webs of box girder bridges
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b
_—
L2y
Modified sandwich model
Teaz
Tedxd
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Annex NN = Damage equivalent stresses
for fatigue verification

- @4

Unchanged with respect to ENV 1992-2

= 2z

To be used only for simple cases
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Annex OO = Typical bridge discontinuity
regions

Strutand tie model forasolid
type diaphragm without manhole
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Strut and tie model for a solid
type diaphragm with manhole

77l

e 1
\ 4 %%
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Diaphragms with indirect
support. Strut and tie model

reinforcement

h Diaphragms with ind

EUROCODES - Background and Applications - Brussels 18-20 February 2008

irect

support. Anchorage of the
J suspension reinforcement
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o
- 3
— —
e=—— — — T — — a
Diaphragms with indirect l I
support. Links as -
pport. 1 Torsion in the deck slab and
suspension reinforcement . .
reactions in the supports | !
; [4]
| |
-— —
Diaphragm in monolithic /
joint with double diaphragm: Pl 11
Equivalent system of struts [ Model of struts and ties for a
and ties: i 1 typical diaphragm of a slab
J' pier = |
longitudinal section
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EN 1992-2 = A new design code to help in
conceiving more and more
enhanced concrete bridges
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Thank you for the
kind attention
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EN 1992-3:2006 ) EUROCODES EN 1992-3:2006

Eurocode 2 — Design of Concrete Structures — Introduction
Part 3 : Liquid retaining and containment
structures Scope of Part 3
y y Changes to Part 1
Annexes

Dr Tony Jones
Arup National Choices

I\

I I

EN 1992-3:2006 il EUROCODES EN 1992-3:2006
Introduction Why do we have part 3?
Project Team * Very few specific items
— Convenor Prof. Andrew Beeby, UK.
— Andrea Benedetti,Italy . . .
— Prof K van Breugel, Netherlands * Some manipulation of part 1 equations

Dr Dieter Pichler, Austria
Dr Karl-Heinz Reineck, Germany
M Grenier, France.

* Some other rules that more correctly belong in
part 1.

/ Task to Convert part 4 of the ENV to / + Aim for next version to be included in part 1

-1 part 3 of EN1992. -l

EN 1992-3:2006 il cURoconES EN 1992-3:2006
Scope of EN1992-3 Excludes
* Additional rules for ...... the containment of * Storage of materials at very high or low
b liquids or granular solids b temperatures.
J * Only for those parts that directly support the J * Storage of materials leakage of which would
stored materials constitute a major health risk.
* Stored materials at -40°C to +200°C * Pressurised vessels
* “clauses covering liquid tightness may also be * Floating structures
relevant to other types of structure” * Large dams
‘/ / * Gas tightness




EN 1992-3:2006

Il EUROCODES

EN 1992-3:2006

Changes to Part 1

* Background to why changes to part 1 are
required

* Some background to their basis.

Basic Design Variables

Special design situations

* Operating conditions

* Explosions

* Temperature of Stored materials
* Testing

* Reference to EN1991-4 for Actions

!

e

I

EN 1992-3:2006

Materials
Concrete

» Effect of temperature on Material Properties
(including creep) — Annex K

* Thermal Coefficient of Expansion — warning
on variability.

Reinforcement

* Reference to EN1992-1-2 for temperatures
>100°C

il EUROCODES

EN 1992-3:2006

!

Durability

Abrasion due to:
= Mechanical Attack
= Physical Attack
= Chemical Attack

EN 1992-3:2006

Il EUROCODES

EN 1992-3:2006

Analysis

* Consideration of temperature effects
(gradients)

* Consideration of internal pressures
— Solids at the surface
— Liquids at the centre line

T2 '
T=P(D;*t)

!

e

I

Ultimate Limit State

Shear under tension — Cot 0 conservatively

limited to 1.0

Note EN1992-1 limit of Cot 0 for tension
flanges = 1.25 — could have been a general
rule

— =

Ter
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EN 1992-3:2006

Design for dust explosion

Basic guidance given in EN 1991-4 and EN
1991-1-7

J_ But TG thought that more helpful information
should be provided:

* Venting and protection of surroundings
* Actions considered acidental
% * Combination with other actions (part filled
bins)
* Need for specialist assistance

B <

Serviceability

Table 7.105 — Classiication of tightness

Tightness Class for leakage
[ Some dogreo of leakage accoptable, of leakage of liquids iralovan,
1 Leakage 10 be limited to a small amount. Some surrace slaining of damp panes

2 Leakaga 1o be minimal. Appearance not 1o be impaired by staining.
a Mo leakage permitted
Tightness Class 0, — the perovisions in 7.3, of £8 109211 may bo adophed.

Tightness Class 1. — any cracks which can b oxpecied
should Do bmited 1o =, ,. The provis
Hrickinass of T BoCIGN I8 o crac
bedow are huifilad.

oG the Rl ihickness of the section
TR ol EM 100211 apgly wheeo o
vl where Sa conditions. in (1123 and {113)

Tighiness Class 2 — cracks which may bo expected 10 pass Bough i ful Bicknoss of B0 soction shoukd
genonnlly bo avokded URGss SpEMOprite MOAENDS. (0.0, WHeTE o walor barEl have
baen mcomorated.

Tighiness Class 3 — genernlly, spocial moasures (6. Rners of preswoss) wil bo roquired b ersure
Wi

EN 1992-3:2006

EUROCODES

EN 1992-3:2006

Tightness Class 1 — Through Cracking

d
[
Lohmeyer
& 03% m Saltnealing not
— oo 1o be epocid
crit
i o 045 Moichsnes EN 1992-3
010
oos} Seifhealing
table to occur
5 W W om W M
hd [}

h Original Diagram from Walraven

— Cracks may be expected to heal when range of strain under
service conditions is less than 150 x 106

!

B«

Tightness Class 2

Minimum depth of compression zone (or
section that remains in compression lesser of
50mm or 0.2h under quasi permanent loads

EN 1992-3:2006

EUROCODES

EN 1992-3:2006

Control of cracking without direct calculation

Revised figures for maximum bar spacing/bar
stress given — These are as Part 1 except for
J Tension rather than Flexure

Comparison of Tabke 7.2 wsd Figere 7.160 for 0.2 mm ersk wdth

aniesisn b Saemati (mes)
-3

% [Note: This also means 3 o

the bar diameter
modification (exp 7.7N)
is modified slightly] @ o o 0 a0 0

B«

Calculation of crack width — refer to Annexes L
and M

Minimising cracking due to restraint

* Limit temperature rise

* Reduce restraints

* Use concrete with low thermal expansion

* Use concrete with high tensile strain capacity
* Apply prestress.
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Detailing

Guidance on:

& * Postensioning of circular tanks

J * Minimum wall thicknesses in prestressed
tanks

* Temperature effects on unbonded tendons

* Opening moments in the corners of tanks

* Provision of movement joints.

g curocones EN 1992-3:2006

Annexes (all informative)

Annex K - Effect of temperature on the
properties of concrete

Annex L — Calculation of strians and stresses in
concrete sections subjected to restrained
imposed deformations

Annex M - Calculation of crack widths due to
restraint of imposed deformations

y Annex N — Provision of movement joints

I

EN 1992-3:2006

Annex K — Effect of temperature in the
properties of concrete.

& * Material enhancements given for sub zero
temperatures — not always conservative to
ignore.

* For elevated temperatures reference to fire
part, to avoid duplication.
* Methods presented to calculate increased

'ﬁ creep (and transitional thermal strain) and

1 reduced elastic modulus.

i cURoCcODES EN 1992-3:2006

Annex L — Calculation of the strains and
stresses in concrete sections subjected to
restrained imposed deformations

J Actual strain g,,= (1-R,,)s;,

Stress in concrete o, = E_ o (g;, - £2,)

?

EN 1992-3:2006

Restraint Factor

et

2

’ (a) Wall on base

gl =uroconEs EN 1992-3:2006

Annex M - Calculation of crack widths due to
restraint of imposed deformations

y Two case considered:

Iy

() restaint of & momber 81 s ends (b} rostraint akong one edge

”’ Figuro M.1 — Typos of restralnt o walls
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End Restraint

P

Tensile strength of concrete
\

Tension in concrete = C

Force

Tension in steel = S

At any point along the element force = P = C+S

EUROCODES

EN 1992-3:2006

End Restraint

P

A Tensile strength of concrete
\

ITension in concrete = C

Force

Bond zone

Tension in steel = S

At any point along the element force = P = C+S

EN 1992-3:2006

End Restraint
P Y ! |
A A A

Tension in concrete = C Tensile strength of concrete
\

OO

Tension in steel =S

Force

At any point along the element force = P = C+S

EUROCODES

EN 1992-3:2006

EamBem=0,50KcKfy o 1+1/(cp))/E,

EN 1992-3:2006

Edge Restraint

Zone 1

Zone 2
\ -

Zone 1 end restraint
Zone 2 edge restraint

EN 1992-3:2006

ojts
oas ap

o

t 2 3 4 8 4 7T B % 0 1112 12 ta 8 W 7 W W

Figure 2 Crack paftovr absened in & 19.5m long will

From Bamforth
€sm = €cm = Rax Efree
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Annex N — Provision of Movement Joints

Table N.1 — Design of joints for the control of cracking

e of Control

MovEmenl Bint Spacing

RerGfcemant

continucus — tul restraint

Ganaeally no jomls, thaugh soma.
widaly Spaced oints may be

Reinlcecomant in accordance
with Chaplers 6 and 7.3

EN 1992-3:2006

National Choices

* Definition of wy, (crack width limit for
tightness class 1 structures)
* X..in depth of section to remain in

dasirable whars a substantial
Impesed dolcrmation
{teenperature of sheinkage) is
expectad.

compression for tightness class 2 structures
* k¥ maximum duct size related to wall thikness
* t, and t, minimum wall thicknesses for class 0
and class 1 or 2 structures respectively.

(B |Closs mevement jorts - | Complete joints s greater of S m | Reinfercement in aceordance
mieamUm resiraint of 1.5 times wall haight with Chapler & but not kess than
rarEUM given in 9.6.2 ko 864

B <

EN 1992-3:2006

Summary

* Relatively short document

i * Most of what is in the main code could be

J handled in Part 1

* There is useful information in the Annexes
which are all informative to allow local
interpretation as appropriate.
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