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General requirements for a design code

Scientifically founded

Consistent and coherent
Transparent

Able to recognize new developments

Open minded: models with different refinement
degree allowed

In harmony with existing codes
As simple as possible, but not simpler
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EN 1992 — Concrete Structures

EN 1992-1-1: general rules and rules for buildings

Materials Execution Precast elements Background Worked
documents examples

Common rules

Concrete

Product standards

Reinforcing steel

Prestressing steel
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EN 1992 — Concrete Structures

EN 1992-1-2 General rules — Structural fire design
EN 1992-2 Concrete bridges — Design and detailing rules
EN 1992-3 Liquid retaining and containment structures

o =~
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EN 1992-1-1 General Rules and Rules for Buildings

Content:

General

Basics

Materials

Durability and cover

Structural analysis

Ultimate limit states

Serviceability limit states

Detailing of reinforcement

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

©CONOUAWNE
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EN 1992-1-1 General Rules and Rules for Buildings

Annexes:

Modifications of safety factor ()
Formulas for creep and shrinkage (1)
Properties of reinforcement (N)
Prestressing steel relaxation losses ()
Indicative strength classes for durability (1)
In-plane stress conditions (1)
Soil structure interaction (I)
Global second order effects in structures (1)
Analysis of flat slabs and shear walls ()
Detailing rules for particular situations (1)

| = Informative
N = Normative

ST IEOMMOOmP
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EN 1992-1-1 General Rules and Rules for Buildings

109 National Determined Parameters

(Suggested Values)

- =

National Choice
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Chapter 3: Materials

Concrete strength classes

Concrete strength class C12/15 to C90/105.
(Characteristic cylinder strength / char. adib)stre

Is concrete
becoming
too strong
to test?
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Chapter 3: Materials

Concrete strength classes and properties

Strength classes for concrete

foe (MPa) | 12 16 20 25 30 35 40 45 20 55 60 70 80 90

fex cube 15 20 25 30 37 45 50 35 60 67 75 85 95 105
(MPa)

fem 20 24 28 33 38 43 48 53 58 63 68 78 88 98
(MPa)

fetm 1,6 1,9 2,2 2.6 2.9 3,2 3,5 3.8 4.1 472 4.4 46 48 5,0
(MPa)

fetk 0,05 11 1,3 1,5 1,8 2,0 2,2 2.5 2.7 2.9 3,0 3.1 3,2 3.4 3.5
(MPa)

fetk.0.95 2,0 25 [ 29| 3.3 3.8 42 46 | 49 5,3 55 57 6,0 6,3 6,6
(MPa)

Eem 27 29 30 31 32 34 35 36 37 38 39 41 42 44
(Gpa)
&c1 (%o) 1.8 1.9 | 20| 2.1 22 | 225 | 23| 24 | 245 2.5 2.6 2.7 2.8 2.8

Ecut (%o) 3,5 3,2 3,0 2,8 2,8 2,8
€ca (%0) 2,0 2,2 12,3 2,4 2,9 2,6
€cuz (%o0) 3,5 3,1 2,9 2,7 2,6 2,6

n 2,0 1,75 1,6 1,45 1.4 1.4
€c3 (%0) 1,75 1,8 1,9 2,0 2,2 2,3
€cus (%0) 3,5 3,1 2,9 2,7 2,6 2,6

* K %
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Chapter 3: Materials

Design strength values (3.1.6)

« Design compressive strength, 7
fcd = Uec ’Ek/ql’c

« Design tensile strength, £,
fiad = Ot fctk,o.OS /e

a..(= 1,0 anda, (= 1,0 are coefficients to take account of longetetsn eff
on the compressive and tensile strengths aavbafalrié effects resulting
from the way the load is applied (national choice)

o =~
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Chapter 3: Materials

Concrete stress-strain deformation (3.1.5 and 3.1.7)

For structural analysis For section analysis
o “Bi-li r’
o “Schematic” .y “Parabola-rectangle” A I-hnea
A Fok e = o o — — — — — -,
fom ‘
s
,A’
fea f. .
ra
0.4 femq--- 7
£
tan & = Ecm ’z
o

EEEEEE

& (%) = 0,705 18

€., (%) = 2,8 + 27[(99#L00Af,)/100]
for f, 50 MPa other%v@ise 3.5")

s.=f fore,, e, e,

n=1,4+ 23,4 [(90,)/1001
for f, 50 MPa otherwise 2,0

€., (%o) = 2,0 + 0,08560)-°3
forf, 50 MPa otherwise 2,0

€..2(%0) = 2,6 + 35 [[@P-100]
féﬁck 50 MPa otheﬁvgiyse 3,5

—

—
] e Feus &

€.5(%0) = 1,75 + 0,55460)/40]
for f, 50 MPa otherwise 1,75

2 e,.(%) =2,6+35[(90HLO0]

for f, 50 MPa otherwise 3,5

Harmonized European standards for construction in E

gypt
DR
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Chapter 3: Materials

Design stress-strain curves for a parabola-rectangle form ation

0 ¢ [MPa]
60 -+C90
/f!
A~ _—ticeo
S0 l !ixc70
/ ./'/J_ \
40 / & A, \\- !"60
7 - 55
- é =! C50
|
| C35
20 / il - i
/ 20
10 l
[
0 |

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
€ [Yoo]
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Chapter 3: Materials

Design stress-strain curves with bilinear formation

c [MPa
70 [ ]

60 rCao0

//——h C80

50 /] /;‘ -
c70
40 ; > 1C60

[’
r"Q
) o

- %, i ; C50
- A, : | C35
- ol //-"i ] C20
0 : |

0O 05 10 15 20 25 30 35 40
€ [%]
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Chapter 4: Durability and cover

Penetration of corrosion stimulating components in co ncrete

COz; CIT O H-O

o =~
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Chapter 4. Durability and cover

Deterioration of concrete

Corrosion of reinforcement by
chloride penetration

Do
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Chapter 4: Durability and cover

Avoiding corrosion of steel in concrete

Design criteria

- Aggressivity of environment |

- Specified service life (- I
|“

Design measures L
- 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, cathextiomprobatings, etc.

_ o L o W o ¥ )
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Chapter 4: Durabllity and cover
Aggressivity of the environment

Main exposure classes:

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

» XO — no risk of corrosion or attack

o XC —risk of carbonation induced corrosion

e XD —risk of chloride-induced corrosion (other tvatesea

o XS —risk of chloride-induced corrosion (sea water) 1

» XF —risk of freeze/thaw attack '= 5 3
« XA — chemical attack } =

o =~
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Chapter 4: Durabllity and cover

Procedure to determine ¢

min,dur

EN 1992-1-1 leaves the choice of c
following recommendation:

mindur 10 the countries, but gives the

The value c,, 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 instead 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 final applying service class can be calculated with a table

o =~
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Chapter 5:  Structural Analysis

Linear elastic analysis

1. Suitable for ULS and SLS

2. Assumptions:
- uncracked cross-sections
- linear - relations
- mean E-modulus

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

o =~
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Chapter 5:  Structural Analysis

Linear elastic analysis with limited redistribution

1. Validfor0,5 1,/1, 2,0

=

2. Ratio of redistribution , with
k,+ kx/dforf 50 MPa

k, + k x/d for £ > 50 Mpa rcl\l// ‘L \F/I

ks for reinforcement class B @
ks for reinforcement class A

o =~
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Chapter 5:  Structural Analysis

Plastic methods of analysis

¥
Strut and tie analysis (lower bound - _,‘|
- Suitable for ULS f A
>
- Suitable for SLS if compatibility is s o
ensured (direction of struts — =
substantially oriented to -
compression in elastic analysis) A
o W o Y )
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Chapter 5:  Structural Analysis

Nonlinear analysis

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

Harmonized European standards for construction in E gypt — 44—




Chapter 5:  Structural Analysis

Second order effects with axial loads

- Slenderness criteria for isolated members

and buildings (when is 2nd order analysis
required?)

- Methods of second order analysis
» General method based on nonlinear
behaviour, including geometric and
mechanical nonlinearity
» Analysis based on nominal stiffness
« Analysis based on moment
magnification factor

« Analysis based on nominal curvature

23
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Chapter 5:  Structural Analysis

0,2

T Mg Mu

1,15

Interaction curves for
columns of different
slenderness, calculated with
the general method.

0,14

1,051

_ o L o W o ¥ )
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Chapter 5:  Structural Analysis

Lateral buckling of beams

No lateral buckling if:

25

where:
lot

h
b

- persistent situations: lo < ?0)1;-3 and h/b<2)5
(h/b
. oy 70 )
- transient situations: < ; )1 7 and h/b <35
(h/b

Is the distance between torsional restraints
s the total depth of beam in central part of /;
Is the width of compression flange

o =~
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Chapter 6: Ultimate Limit States

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 2,5)

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

_ o L o W o ¥ )
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Chapter 6: Ultimate Limit States

Advantage of variable angle truss analogy

- Freedom of design:
» Low angleleads to low shear reinforcement
* High angleleads to thin webs, saving concrete and dead weight

Optimum choice depends on type of structure

- Transparent equilibrium model, easy in use

_ o L o W o ¥ )
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Chapter 6: Ultimate Limit States i

ol et o
0.7 )
0.6
0.5\ k a = : .
* B, PO Non prestressed beams with vertical
al stirrups — relationship between shear
N strength and stirrup reinforcement
02 ‘:_.:m- B Walraven [HS3C)
0.1—'”
0 | | | I |

Pw fy { fer

o =~
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Chapter 6: Ultimate Limit States

D_ESVuf‘b\,\,sz Ot‘c |
v=06(1- ) ‘:
07 w1 o omama
Ce=25(1- Gepffe) for  0.5<Gepffe=1.00 {
prestressed I and T beams -
0.6 Py + =
- - hd .
o Experimental results of shear tests on
> M - prestressed beams with shear
/ . . . .
" reinforcement, in comparison with the
04 S calculated results according to the
o et variable strut inclination method,
0.3 KN,
** /A
L * Bomot Baaseara
S/ 2 ot S
o2t &/ o
M / e
3 4 Leonhardt, Koch, Rostasy
0.1H;
I
/
I
00 0.1 0.2 0.3 04 0.5 0.6
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Serviceability Limit States

EN 1992-1-1 formulae for crack width control

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

£t
distance, which is s, .., = 2l,. So \ / concrtestress

(ESF‘I‘I - IEEI‘I'I ) Z E w
where ; 1

S max IS the maximum crack distance

(m- om IS the difference in deformation between steatestd over the
maximum crack distance.

stesl siress

WkZS

I, Max

Accurate formulations for s, ., and ( ., - .n) are given

r,max

o =~
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Serviceability Limit States

EN 1992-1-1 requirements for crack width control
(recommended values)

Exposure Reinforced members and prestressed Prestressed members with
Class members with unbonded tendons bonded tendons
Quasi-permanent load combination Frequent load combination
X0, XC1 0.4 0,2
XC2, XC3, XC4 0,2°
XD1, XD2, X51 0.3
}(52: XS3 ‘ Decompression
Note 1: For X0, XC1 exposure classes, crack width has no influence on durability and this limit
Is set to gquarantee 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.

o =~
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Serviceability Limit States
D& ”
.I'IE.‘,H
0.5 /,’ 5
o o o o f/// o
_,-/D
0.4 — O ~ = - * EC2
o ,,’ O  Prem
- A 7 4 Mcan
£ - ) o L & calc = test
* s n oL ;m:‘z‘_lj 4 e i == Lineal (EC2)
: - Rl E‘EF,f o e _'_'I:FFEN}
= . % E‘D—E DE_ }/ A s PO N B L (MCED)
a4 : oD L
@ R
oy 4| ‘I;_. ‘. Al A
] "‘E‘E&' N
._ g@ 4L 4 &
0.1 2 A >
. h-ﬂ_‘.ﬁa A
A A A
4
oo
0.0 0.1 0.2 0.3 0.4 0.5 0.8 .7 0.z
Wm.n:-:p[mm]
Comparison test-calc., acc. to EC2, MC90 and PrEN
[ =
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Serviceability Limit States
Calculating the deflection of a concrete member

The deflection follows from: d=zd,+(1-2)d

d deflection

d, deflection fully cracked

d, deflection uncracked

z coefficient for tension stiffening (transition coefficient)

z=1-b (s /s.)?

s, steel stress at first cracking

S, steel stress at quasi permanent service load

b 1,0 for single short-term loading
0,5 for sustained loads or repeated loading

/
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Chapter 8: Detailing of reinforcement

Design anchorage lengt |

hy=a,a,a a,asly,qq |

b,min
a, effect of bends For straight bars , = 1.0, otherwise 0.7
a, effect of concrete cover a,=1-0.15(cover- )/ O0.7and 1.0
a, effect of confinement by transverse reinforcement (not welded)
a;=1-K 0.7and 1.0where =( Ay;- Agmin)/As
A &, An Al b, At ,-l'lf By . Ags
K=0.1 k=005 k=0 '

a, effect of confinement by welded transverse reinforcement a, = 0.7
a. effect of confinement by transverse pressure

a:=1-0.04p 0O.7and 1.0

where p is the transverse pressure (MPa) at ULS along |, 4
(a,,a5 a;) 0.7 l, min > Max(0.3l,; 15 , 100mm)

b,min

o =~
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EN 1992-2 Concrete Bridges
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- Linear elastic analysis with limited redistributions

1

Limitation of d due to uncertainties on size effect
and bending-shear interaction

-

d3 0.85 (recommended value)

36
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- Plastic analysis

1

Restrictions due to uncertainties on size effect and bending-shear
Interaction:

.
0.15 for concrete strength cla9e50/60

d 0.10 for concrete strength clais9e55/67

\.

o =~
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- Rotation capacity

1

Restrictions due to uncertainties on size effect and bending-shear
interaction:

In plastic
hinges

.

0.30 for concrete strength clage50/60

Ag

d 0.23 for concrete strength clas9es55/67
\.

o =~
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70
60 .-~
" ~
e S
r— 50 ) \$‘
3
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1=} . h=02m
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20 1 Ts--*""~L_"06 o4 A
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x/d
e
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- Nonlinear analysis Safety format

/ N\

Reinforcing steel Prestressing steel
G- - - G-
Mean values Mean values Sargin modified
/ \ ‘ mean values
115, L1k 11§, |
gcffck
d:=1.14a/4¢

o =~
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# Design format

# Incremental analysis from SLS, so to reach
& Gy + &, Q in the same step

4 Continuation of incremental procedure up to the
peak strength of the structure, in correspondence
of ultimate load g

# Evaluation of structural strength by use of a
global safety factor g,

. .

qud
9

R

_ o L o W o ¥ )
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# Verification of one of the following inequalities

ngE(gGG+ %Q)f: R Yud
9
qud
E(g.G+ ¢ Q)£ R

( Ny % ) Ira- %
(i.e) g Hud
9o
ngngE( gG+ QSQ) £R C;d
o

o =~
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- Okq = 1.06 partial factor for model uncertainties esisle)

With Oy = 1.15 partial factor for model uncertainties gat#jon
0, = 1.20 structural safety factor

\

If g,y =1.00 then @, =1.27 is the structural safety factor

Do

Harmonized European standards for construction in E gypt



44

Example: Set of slender piers with variable section

Depth: 82/87/92/97 m
Unforeseen eccentricity: 5/1000 x depth
Os = % = 1.5 (for simplification)

Critical section at 53.30 m from plinth in
which both thickness and reinforcement
undergo a change

- = -

Safety format applied to
that section

_ o L o W o ¥ )
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498.69 498.69 45

/47
s S & I
i\
¥
8
53
2
VJ[
s S
=1
T~
%
8
2
s
2

375
T
T ]
2
S— TS
1000 375
STRAIGHT ZONE
INCLINATION
=571
PARABOLIC ZONE
2.5 x1073; b= 5.0 x10

25058
T
T
VARIABLE
VERTICALLY CONSTANT
CROSS SECTION ZONE

Section A-A

B
2
o
| 00000003 1 064 001 000
I[\II]Q

Pier geometry and

| reinforcement arrangement
: [TTTRIST ] ]
:

— 7 —wm 7]

o =~
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Safety formag;

46

1 Collapse surface
1 for section11
T3BE+05- S —=—82 m Pier -
i ------ 87 m Pier
— T 30E+05------ S 2 _ -
£ w —a— 92 m Pier
Z 1
= - —97mPi
= 256405 /A oo Irmeer —
) l ‘
£ |
o /. |
£ | 2.0E+05 &K :
> / 7 |
E Joeis i
8 @ |
Ko i 1
1OE+05- gy AN NN
| 5.0E+047" | |
0.0E+00 ; f T T © A T .% T ; ]
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]
_ o L o W o ¥ )
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Example:

Continuous deep beam experimentally tested
(Rogowsky, Mac Gregor, Ong)

Adina N.L. code

Concrete strength criterion by
Carbone, Giordano, Mancini

Peak load reached at the crushing of second

element (model unable to reach the equilibrium
for further load increments)

47
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R/C deep beam: FE half mesh (right) load-disp@oesmef point A (left)
| — Murnerical L
400|— — Expetrirnental -
ul i Critical :
L 11l Element 1 :
/ i
P [kN]
- Critical
Eeinforcement Elerrert 2
|
|
0o 05 10 15 20 25 30 35 40 45 A0 55 G0 B5 7.0 !
® [m]
[ =
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tau [MPa]
o B e 5 — N w - o (o2} -~ [o=]

S
Q’fﬁa X [A/;Ps]'

Resisting interaction surface
Sy Sy Lyy

49

Application of safety format in the
vectorial space of internal actions

Harmonized European standards for construction in E gypt
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Section 6 Ultimate limit state (ULS)

- Robustness criteria for prestressed structures

.

3 different approaches

50
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a) Verification of load capacity with a reduced area of
prestressing

4 Evaluation of bending moment in frequent combination of
actions: Mg,

+ Reduction of prestressing up the reaching of f_ . atthe extreme
tensed fibre, in presence of M.,

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

M Rd > Mfreq

Material partial safety
factors as for accidental
combinations

_ o L o W o ¥ )
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b) Verification with nil residual prestressing

# Provide a minimum reinforcement so that

A - M  AXD

Z, T i N Ds,< 0.4 f,and 500 MPa

where IS the cracking bending moment evaluatgd with f
(f.,nrecommended)

c) Establish an appropriate inspection regime
(External tendons!)

o =~
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- Bending-shear behaviour of segmental precast bridges with
external prestressing (only)
Tension chord of truss
(external tendon)
'taé):]es?o?]f ttire\eoretlcal Axes of th_eoretical
compression struts V
I —— N : I hred '%’7 (Cth + tanq)
i : ,-’."‘ ) : : hred i 'Agw = VEd
: ; s : S Nea fywa COLG
' /‘ qnin / qmax '
Field A Nreg min = 0.5 h
Field B (recommended value)
Field A : arrangement of stirrups with gmax (cot g = 1.0)
Field B : arrangement of stirrups with gmi, (cot g = 2.5)
o ¥V 2 Y

Harmonized European standards for construction in E gypt
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- Bending—shear-torsion behaviour of segmental
precast bridges with external prestressing (only)

Bredi Selt balanced
P — . — =
Anli Al

De Saint Venant Warping

U el 2

@
e
i

Design the shear keys so that circulatory aoarbe@maintained !

s
L
0
&

o =~
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- Fatigue

# Verification of concrete under compression or shear

Traffic data S-N curves Load models
— _

National authorities

# | values simplified approach (Annex NN, from ENV 1992-2)

o =~
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+ Application of Miner rule

BLIY-Y]
i=1 N,

Given by national authorities (S-N curves)

| 1- Ecd max|
N, =10 exp 14« . "
\ - R
. S L S :
where: R _ Ecd,mm,l : Ecd,min,i — 1:Cd,mln,| = — de’maX’l
Ecd,max,i cd, fat cd, fat

f
froa = Ki oo (to)fog 17 =%

\ 250

K; =0.85 (Recommended value)

o =~
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S Eo%
t Edxy

—
Sde t Edxy
- Membrane elements ¢—>5de
t Edxy
> 1
¢ Edxy
SEdy

4+ Compressive stress field strength defined as a function
of principal stresses

+ |f both principal stresses are compressive

1+3,8@

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

=0.85f

scd max

o =~
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# Where a plastic analysis has been carried out with g = g,
and at least one principal stress is in tension and no
reinforcement yields

s..=f, 085 f 0,85 1)

yd

cd max

IS the m_aximum_ tensile stress
value in the reinforcement

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

S cdmax 7 1:cd (1_ 0’033[7_ qel|)

is the angle to the X axis of plasfic
compression field at ULS

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

principal compressive stress in

the elastic analysis
g- q,|£ 15 degrees

o =~
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++

++5

Experimental versus calculated panel strengttang Maufmann (a)

and by Carbone, Giordano and Mancini (b)

Harmonized European standards for construction in E

gypt
DR



60

Section 8 Detalling 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:

or

o =~
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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
33,0m 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

_ o L o W o ¥ )
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Annex KK Structural effects of time

Assumptions

dependent behaviour of
concrete

[ Creep and shrinkage indipendent of each other

Average values for creep and shrinkage within
the section

Validity of principle of superposition (Mc-Henry)

_ o L o W o ¥ )
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Type of analysis Comment and typical application

General and incremental step-by-stdpese 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 limaplicable to homogeneous structures with
viscoelasticity rigid restraints.

The ageing coefficient method 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).

Simplified ageing coefficient method Applicable to structures that undergo
changes in support conditions (e.g.) span-
to- span or free cantilever construction.

_ o L o W o ¥ )
Harmonized European standards for construction in E gypt DN




64

Annex LL Concrete shell elements

A powerful tool to design 2D elements
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Axial actions and bending
moments in the outer layer

1 ' 1
Yol O 1Y
ZV:( y et — y"wlzx
. TEdys L / - Edx
Membrane shear actions and = e~ xlkov . e T ey
twisting moments in the outer laygr— X Mgy
o ¥V 2 Y
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Annex MM Shear and transverse bending

y
by

Webs of box girder bridges

Ay

A |
Pz
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b
w -

= GErd'_fIE |

Tegz B

IR

- g Modified sandwich model
TEd2
OFEqy2
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EN 1992-3 Liquid retaining and
containment structures

68
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Scope of EN1992-3

» Additional rules for the containment of liquids or granular
solids

* Only for those parts that directly support the stored
materials

e Stored materials at -40C to +200<C

» “clauses covering liquid tightness may also be relevant to
other types of structure”

o =~
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Excludes
« Storage of materials at very high or low temperatures.

« Storage of materials leakage of which would constitute
a major health risk.

* Pressurised vessels
* Floating structures
e Large dams

e Gas tightness

o =~
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Analysis
» Consideration of temperature effects (gradients)

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

T=P(D,+t)

_ o L o W o ¥ )
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Ultimate Limit State

Shear under tension — cot conservatively limited to 1.0

1 L T

T45°

o =~
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Detailing

Guidance on;

* Postensioning of circular tanks

* Minimum wall thicknesses in prestressed tanks
 Temperature effects on unbonded tendons
 Opening moments in the corners of tanks

* Provision of movement joints.

_ o L o W o ¥ )
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Serviceability

Table 7.105 — Classification of tightness

Tightness Class Requirements for leakage
0 Some degree of leakage acceptable, or leakage of liquids irrelevant.
1 Leakage to be limited to a small amount. Some surface staining or damp patches
acceptable.
2 Leakage to be minimal. Appearance not to be impaired by staining.
3 No leakage permitted

Tightness Class 0. — the provisions in 7.3.1 of EN 1992-1-1 may be adopted.

Tightness Class 1. — any cracks which can be expected to pass through the full thickness of the section
should be limited to wy. The provisions in 7.3.1 of EN 1992-1-1 apply where the full

thickness of the section is not cracked and where the conditions in {112) and (113)
below are fulfilled.

Tightness Class 2. — cracks which may be expected to pass through the full thickness of the section should

generally be avoided unless appropriate measures (e.g. liners or water bars) have
been incorporated.

Tightness Class 3. — generally, special measures (e.g. liners or prestress) will be required to ensure
watertightness.

o =~
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EN 1992 — |

A complete set of codes for sustainable
design of concrete structures

75
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Bridges designed by use of
Eurocodes
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Pinerolo Bridge (Turin)

Moving scaffolding continuous beam

7
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Fixed
abutment

Free
abutment

Pier 2

Pier 1

(SP2)

Pier 5

Pier 4

Pier 3

SP1)

(

27.7 m

33.0 m

33.0 m

33.0 m

277 m

EDPR

gypt
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Completed bridge

DR
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Completed bridge
|
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Completed bridge i

Do
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Reinforcement cage of
the pier

o =~
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Detail of reinforcement cage at the foot of the pier :
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Scaffolding realization
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Moving scaffolding

Harmonized European standards for construction in E gypt



-]
Scaffolding near bearing N
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Reinforcement just before concreting
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Construction joint between casting i and i+1 before concreting :
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Construction joint between casting | and i+1 after concreting ;
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Tensioning tendons at the beginning of the deck :
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Cutting tendons strands after tensioning in the coupler B
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Bars connecting the deck to the earth-containment wall "
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27.7m 8.5m
- > —>
| f " #"$0%6"$
f&# $%"$ ! f " # 9%
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8.5m

( ’

24.5m

— —

8.5m
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8.5m
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24.5m

— <

8.5m
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SEISMIC DESIGN OF BRIDGES
Hysteretic damping bearings application:

Highway In Algeria

96
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General dimensions

Carriageway in direction of Oran

Segments for each half hammer

4000

l l
I )

50,200y 220 260 | 260 | 260 | 260 | 260 | 260 | 305 305 260 | 260 | 260 | 260 | 260 (60

26 ® 6006 0 0 0 e 6 0 6.
L | | ! S —

K
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Construction by launching girder
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Tallest pier ~24 m Shortest pier ~6.5m

COUPE A-A
L TR "

COUPE AA EN 48
EEEEE ly & gE

COUPE B-B
Ech; /50

COUPE B-B
Ech: 150

=ALGER ORANm
o
Ie el Te =l
I e
= — = —
] ]
O - & & < &
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Hysteretic damping bearings scheme

AXE
CULEE C1
AXE
PILE PT
AXE
PILE P2
AXE
PILE P3
AXE
PILE P4
AXE
CULEE C2

VERS
ALGER —

Longitudinal damper A B

Transverse damper

Long. sledge Trans. sledge inclination
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Longitudinal damper .

Front
view

Top
view

Harmonized European standards for construction in E gypt



102

Front view _E Transverse damper

7 -

Assonometric view

@

Top view

" AXE DE LA PLAQUE DE
GLISSEMENT_INFEREEURE

— - AXE DE LA PLAQUE POT
8
® . Y ®
10 1

Longitudinal axis <
of the bridge

BARRETTES EN PE
PERIMETRALES 7

A

Z
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Finite element model — non linear analysis
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Finite element model — non linear analysis

X axis = East — West direction
Y axis = North — South direction
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1st Accelerograms

X direction (horizontal)

0.4000

0.3000 |

0.2000 — |

0.1000 - l it

ag/g
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25.00

-0.1000 | ,

-0.3000 If

-0.4000

Time [s]
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1st Accelerograms

Y direction (horizontal)

0.3000

0.2000

0.1000

0.0000 -

-0.1000 +

.00
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15.00
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|

Time [s]

106

Harmonized European standards for construction in E

gypt



107

1st Accelerograms

Z direction (vertical)

0.4000

0.3000 i I

2000 | |I|“|||I}||‘ |‘ |‘ | |I| |“ Il l“.l \ |

0.1000 -

agl/g
0.0000 A
0.00 5.00 10.00| 15.00 20.00, 25.00

T rn

-0.2000 A | M

-0.3000 | ] !

-0.4000

Time [s]
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1st Accelerograms spectrum

X direction (horizontal)
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1st Accelerograms spectrum

Y direction (horizontal)
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1st Accelerograms spectrum

Z direction (vertical)

Harmonized European standards for construction in E gypt



111

1st Accelerograms

Longitudinal (abutment C1) damper displacements

Displacement [m]

Time [s]
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1st Accelerograms

Longitudinal (abutment C1) damper reaction

Force [kN]

Time [s]
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1st Accelerograms

Longitudinal (abutment C1) damper reaction vs. displacement

Force [kN]

Displacement [m]
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1st Accelerograms

Transverse Pier P1 damper displacements

Displacement [m]

Time [s]
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1st Accelerograms

Transverse Pier P1 damper reaction

Force [kN]

Time [s]
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1st Accelerograms

Transverse Pier P1 damper reaction vs. displacement

Force [kN]
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Piers dimensions and orientation of the internal actions

X (long)
O
w
Y (trangv) 1 M3
—>> S
M2
(@)
w
! 152.5 | /5 | 147.5 147.5 | /5 1 152.5 |
T T T T T T
I 750 |
T i
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Pier P1 (25m tall) reinforcement (base section)
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SEISMIC DESIGN OF BRIDGES
Lead-rubber bearings application:

Highway In Sicily
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General dimensions

2 decks made of three 90m spans each with 53m tall piers
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Two solutions:
Hysteretic Damping Bearings (HDB)

Type 1 Type 2 Type 2 Type 1

Type 1 Type 2 Type 2 Type 1

Transverse HDB

Longitudinal HDB

Two direction free bearing

Lead rubber bearings (LRB)

Lead rubber bearing LRB

Two direction free bearing
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Hysteretic damping Bearings

Typel Type2 Type3

Front f,[kN]| 1750 1950 7250
view f [kN] 2012.5 2242.5 8337.5
d, [mm] 10 10 10
d, [mm] 150 150 150
K, [kN/m]| 175000 195000 725000
K,[kN/m]] 1875  2089.286 7767.857

Top
view
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Lead rubber bearings
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Finite element model — non linear analysis
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1st Accelerograms

X direction (horizontal)

ag/g

Time [s]
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1st Accelerograms

Y direction (horizontal)

ag/g

Time [s]
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1st Accelerograms

Z direction (vertical)

ag/g

Time [s]
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1st Accelerograms spectrum

X direction (horizontal)
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1st Accelerograms spectrum

Y direction (horizontal)
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1st Accelerograms spectrum

Z direction (vertical)
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1st Accelerograms — Lead Rubber Bearings

Pier P2 longitudinal damper displacements

Displacement [m]

Time [s]
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1st Accelerograms — Lead Rubber Bearings

Pier P2 longitudinal damper reaction

Force [kN]

Time [S]
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1st Accelerograms — Lead Rubber Bearings

Pier P2 longitudinal damper reaction vs. displacement

Force [kN]

Displacement [m]
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1st Accelerograms — Lead Rubber Bearings

Pier P2 transverse damper displacements

Displacement [m]
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1st Accelerograms — Lead Rubber Bearings

Pier P2 transverse damper reaction

Force [kN]

Time [s]
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1st Accelerograms — Lead Rubber Bearings

Pier P2 transverse damper reaction vs. displacement

Force [kN]

Displacement [m]
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1st Accelerograms — Hysteretic Damper Bearings

Pier P2 transverse damper displacements

Displacement [m]

Time [s]
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1st Accelerograms — Hysteretic Damper Bearings

Pier P2 transverse damper reaction

Force [kN]

Time [s]
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1st Accelerograms — Hysteretic Damper Bearings

Pier P2 transverse damper reaction vs. displacement

Force [kN]

Displacement [m]
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Pier P1 (53m tall)
reinforcement
Upper half
(front view and
vertical section)
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Pier P1 (53m tall)
reinforcement
(section B-B)
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Pier P1 (53m tall)
reinforcement
Lower half
(front view and
vertical section)
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Pier P1 (53m tall) reinforcement 149

Base (front view and vertical section)
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Pier P1 (53m tall) i
reinforcement
(section A-A)
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Use of linear finite elements in design

2D 3D
(plate, slab, shell)

| |

Rules in No rules
EN 1992-1-1 available in EN
and 1992’s

EN 1992-2

|

Design rules in Model
Code 2010
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Messina bridge foundations

Harmonized European standards for construction in E gypt



153

Harmonized European standards for construction in E gypt



154

Harmonized European standards for construction in E gypt



155

Massive construction

Strict interaction between design and execution

Design should consider

— —

Thermal Construction Mix design
effects sequence choice
during

hardening
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Coupled non linear thermo-mechanical analysis

Careful qualification of mix

-— —

Mechanical Adiabatic
tests tests

~—_ /
Early age
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Minimum reinforcement for early age cracking

Cracking for hydration heat within 3 days
from casting

Tensile strength 30% - 40% of that one
to 28 days
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Contact Us

Name of Speaker: Prof. Giuseppe MANCINI
Titte: Chairman of TC250/SC?2
Organisation; Politecnico di Torino

Email: giuseppe.mancini@polito.it
Links: WWW.bsigroup.com

Project Team Leader: Keith Moyes
Email: Keith.moyes@bsigroup.com
Links: WWW.Dsigroup.com
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