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The draft European Standard ENV 1992-1-1 has beenublished as

Belgian Standard NBN B15-002 already in 1999 togeth with the Na-

tional Application Document (NAD). Hence Belgian dsigners have
acquainted an almost 10 year experience with the bc concepts and
design guidelines which also appear in EN 1992-1(Part 1 of Eurocode

2). In the national annex of NBN EN 1992-1-1 mostfahe recom-

mended values of the NDP's have been adopted. InetHollowing, a

survey is given of the main clauses where specifahoices have been
made which deviate from the recommended values. Alssome personal
reflections on particular design approaches in EC2are presented.
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1 Material characteristics
1.1 Concrete
The design value of the compressive concrete stigagjiven by

fck
fcd =0

Ve )

whereas before (ENV 1992-1-1) fvas defined asfy.. The coefficienti.,
takes into account long term effects on the congivesstrength and unfa-
vourable effects resulting from the way the loadpplied. The value af
should be between 0.8 and 1.0 with 1.0 as recometkewdlue. In the well-
know parabola-rectangular diagram, which is usedHe design of cross-
sections in the ULS, the maximum design stresggisvfiereas in ENV
1992-1-1 it is equal to 0.8%4f When the recommended valog. = 1.0 is
used, the maximum design stress is increased fr88 {QY/y. to 1.00 §/y.
or an increase by 17.6 %. In Belgium, it was deethatithere was no fun-
damental reason to increase the design comprestsargyth in the ULS and
hence in the National Annex (NAl.. = 0.85, which yields the same results
as a design according ENV 1992-1-1. The coefficie856 is based on tests
by H. Risch [1]. In fig. 1 it can be seen that, floese particular tests, the
so-called "failure limit" and "creep limit" tend ® value which is about 80
% of the short term strength. Hence setting the coefficient,. equal to
0.85, is not really conservative. One could ardus part of the ultimate
load is live load and that considering. = 0.85 is too conservative. How-
ever, in many cases where structural failures wedudue to crushing of
concrete, the nature of the direct and indiredbastwas mainly sustained.

The design value of the tensile strength is given b

Fo
fad =0q ——o= (2)

c

with o accounting for the same effectsag The recommended value is
1. As there is no fundamental reason to changel¢isgn values with re-
spect to ENV 1992-1-Iy.. = 1 in the Belgian NA.
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Fig. 1. Influence of sustained loading on the compressivength of concrete
according to Risch [1] (age at loading : 28 days)

1.2 Reinforcing steel

The application rules for design and detailing irdcode 2 are valid for a
specified yield strength,f ranging between 400 and 600 MPa. In the Bel-
gian NA, the upper value is reduced to 500 MPamexperience is avail-
able for steels with higher yield strengths.

In the design stress-strain diagram (fig. 3.8 in 492-1-1), the steel strain
is limited tog,y = 0.9¢, as recommended value. In the Belgian NA, this
limit is considered both for the diagram with aglined second branch as
for the diagram with a horizontal second branchEh 1992-1-1, no ulti-
mate tensile strain is considered in the latteecsighen the steel class is
not known, the valuey = 2.5 % is used which corresponds to class A ac-
cording to annex C of EN 1992-1-1. In order to yriesign charts and
software applications a value ©f; = 10 %0 is suggested.

Also for prestressing steel (fig. 3.10 in EN 1992)1 the steel strain is
limited to 0.9¢y for both types of second branches. In case marerae
values are not known, the recommended values inBiilgian NA are
foo.dfok = 0.9 andey = 3.5 % for bonded prestressing tendons. For un-
bonded tendons and at deviators, couplers and eag® the reduced
valuegy = 2.0 % is recommended. It is suggested to lin@tultimate strain

in ULS design t@, (X) + 0.01 whereby, (x) corresponds to£}(x).



4 Luc Taerwe

2 Linear elastic analysis with limited redistribution

In the Belgian NA, attention is drawn to the fduattlinear elastic analysis
(LEA) is a special case of LEA with limited redibution as it corresponds
to & = 1. The coefficiend is the ratio of the redistributed moment to the
elastic bending moment. In this case, equatiori0€j.and (5.10b) of EN
1992-1-1 become

§s0.45 for fy <50N /mm?2 3)

X< 037 for fq >50N /mm? (4)
d - 06+00014/¢,,

The £, < 50 N/mnf the ultimate strair,,, in the parabola-rectangular dia-
gram is equal to 3.5 %0 whereas for £ 50 N/mnf it decreases with in-
creasing .

3 Ultimate limit states

For slabs on a beam grid (continuous edge suppbg)yalue of Vg is
multiplied by 1.25 according to the Belgian NA. $hincrease in shear
strength was already considered in the Belgianiversf ENV 1992-1-1. A
similar increase for beam supported slab edgeslsanbe found in former
versions of the Belgian Standard for the desigoooicrete structures.

It was considered that the formulas in wighappears should give the same
results as the corresponding formulas in ENV 1992-Taking into ac-

count the difference in definition ofsfas explained above, the valuevak
defined as

_06[,_fac
Ve {1 250} ®)

in which o has been introduced. Also the expressions fare multiplied
by 1l
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In the Belgian NA, the upper limit of dbtfor compression struts in shear
and torsion design is taken equal to 2.0 insted&i%fwhich is in agreement
with the Belgian NAD of ENV 1992-1-1. It is deem#état compression
struts with a slope corresponding to&et 2.5 are very rarely observed in
tests. Moreover, when the design of vertical sbisris based on ddt= 2.5,
the value of shear reinforcement per unit lengthulddbe reduced by a
factor of 2.5 corresponding to the classical apgnogith co® = 1. In many
cases, minimum values for shear reinforcementgeiern the design.

In tests on beams without stirrups, crack inclimasi at mid-depth of about
45° are frequently observed as shown in figs. 2&nkliso in the classical
shear tests performed by Leonhardt [2,3], inclovai of the main shear
cracks at mid-depth of beams are not significiarsityaller than 45° as
shown in fig. 4.

Fig. 2.  Shear failure of a concrete beam, without stirnwfik rectangular cross-
section



6 Luc Taerwe

Fig. 3. Shear failure of a concrete beam, without stirrgith T-shaped cross-
section

Fig. 4. Shear failure of concrete beam as reported by hawi [2,3]

In EN 1991-1-1 the so-called "standard method"leams with stirrups is
not included anymore. This means that/which is the equivalent of jj;

in ENV 1992-1-1, is not considered for the caldolatof shear reinforce-
ment. This should be compensated by chosifgvalue smaller than 45°.
However, looking again to the shear tests performedeonhardt (fig. 5),

it can be seen that the curves with the experirhesdaes of the stirrup
stressos,, are approximately parallel to the dashed line thasethe Ritter-
Morsch truss model with = 45°. The observed shift which depends on the
geometry of the cross-section, correspondsgg.Mn the EC2 shear model,
the neglect of this contribution is compensatedhgychoice of a strut incli-
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nation® < 45°. This means that in fig. 5, the dashed tioeesponding t®
= 45°, is rotated clockwise with the origin of tdeagram as fixed point.
Although all the experimental points can be "reachi this way, this
procedure does not correspond to the mechanicavimir of the beams
considered.
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Fig. 5. Measured stress in stirrups according Leonhaidt [2

In a recent paper by A. Cladera and A.R. Mari fig new Eurocode 2
shear procedure is discussed. On the one handdti®dis very simple to
apply for practising engineers but on the otherdhimeglects variables
which may be of primary importance for some beahie following Table

1 is taken from [4]. The authors compare the exjpreentally observed
ultimate shear forces:){ in a total of 122 beams with the shear resistances
Vrea predicted by different design models. The modefssidered are:

- the actual EC2 (EC-2, 2003)

- ENV 1992-1- (EC-2, 1991)

- ACI 318-02 Code

- the Canadian draft CSA A23.3-94

- the semi-analytical method proposed by Cladera\aud [5]
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The last procedure is based on a truss model withriable angle of incli-
nation of the struts plus a concrete contributibime value o® depends on
the longitudinal strain in the web and the non-disienal shear.

The results given in Table 1 indicate that for f@ioed concrete members

with web reinforcement, the mean value of the r&tia/Vpeq is equal to
1.64 for the "new" EC2-model and 1.19 for the "ditC2-model. The coef-
ficients of variation are 32.34 % and 17.95 % retipely. For the tests
considered, the model proposed in [5] performed. bes

Table 1. Verification of different shear procedures for feiited concrete beams
with stirrups

Beam Num- Average VailVpred CoV ViilVipred
specimens ber EC-2 EC-2 ACI CSA Cla- EC-2 EC-2 ACI CSA Cla-
2003 | 1991 11-3 2003 dera | 2003 | 1991 | 2003 | 2003 dera
2004 2004
All 122 1.64 1.19 1.38 1.13 1.06 32,24 17.95 22Pp517.27 | 15.44
d>750 mm 9 1.20 1.04 0.97 0.93 1.0y 10.04 17/41 18.834.15 | 12.08

pwfy<1 MPa 92 1.80 1.20 141 1.15 1.09 27.9

=

18.48 23]04 17.945.37

pufy>1 MPa, 22 1.23 1.18 1.34 1.12 1.02 17.7

©

14.82 15)78 11.5%0.82

pufy<2 MPa

puwfy>2 MPa 8 0.86 1.06 113 0.95 0.88 12.54 18.92 1728 131413.11
f<70 MPa 73 1.64 114 1.35 1.04 1.04  30.]4 14j47 614.119.61 | 12.11
F>70 MPa 49 1.63 1.26 1.42 1.19 1.0p 35.47 20{31 2&2§. 19.93 18.93
<2 % 25 1.50 1.03 112 1.01 1.09 30.7  13.80 20{23 12741.94

4  Serviceability limit states

In those cases (e.g. crack width and stress limitatwhere reference is
made to the exposure classes as defined in EN 2@6&4 the "environ-
mental classes" as defined in the Belgian NA to Z)8-1 are mentioned.
These environmental classes are linked to enviratsnghich are relevant

and clearly identifiable for practical applicatiorihe correspondance be-

tween both types of classes is shown in Table 2.

In the Belgian NAD of ENV 1992-1-1, it was requirdtht under the char-
acteristic combination of loads, compressive st®g$s concrete should not
exceed 0.5.f for all exposure classes. In the Belgian NA to B8&-1-1

this requirement is somewhat relaxed. The stress is increased up to 0.6
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fex except for exposure classes XD, XF and XS whezdinhit is kept at 0.5
fek-

It is instructive to compare the design stressissitarves for verification of
ULS and SLS. In fig. 6 a comparison is made of glestress-strain dia-
grams for the ultimate limit states (ULS) and tleevikeability limit states
(SLS) for a concrete

Table 2. Correspondance between exposure classes and eneintal classes
according to Belgian national annex to EN 206-1

Environmental classes Exposure classes
Designation | Description of environmept Plain cotere RC and PC
EO non aggressive X0 n.a.

El interior environment X0 XC1
EE exterior environment
EE1 no frost X0 XC2
EE2 frost, no contact with rain XF1 XC3, XF1
EE3 frost, contact with rain XF1 XC4, XF1
frost and deicing salts
EE4 (presence of water XF4 XC4, XD3,
- L XF4
containing deicing salts)
ES Marine environment
no frost and no direct XC2, XS2,
ES1 contact with sea water XAL XAl
frost and no direct contact XC4, XS1,
ES2 with sea water XFL XF1
ES3 submerged in sea water XAl égi XS2,
, XC4, XS3,
ES4 tidal and splash zone XF4, XAl SF4, XAL
EA aggressive environment
EAL wea}k aggressive AL XAL
environment
EA2 moderate aggressive A2 XA2
environment
EA3 severe aggressive XA3 XA3
environment
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with fo = 40 N/mnd. Fig. 6a is based am, = 1 for the ULS and & 35000
N/mn? ando, < 0.6 f, for the SLS. Fig. 6b is based ag. = 0.85 ands, <
0.45 §, for the SLS whereby in the latter case the strairere multiplied
by (1+) with the creep coefficienp = 2.5. One can see that in the first
case, there is only a small difference of 2.67 Nfrbetween the maximum
stress levels, although the load levels are qufferdnt. Combininga,. =
0.85 in the ULS with the limitation 0.§,fin the SLS, it is found that the
maximum allowed stress level in the SLS (24.0 Nfjnis1higher than the
maximum stress in the ULS (22.67 N/@mvhich is quite a strange situa-
tion.
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Fig. 6. Comparison of design stress-strain diagrams for @h8 ULS under
short-term loading (a) and long-term loading (b)
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5 Conclusions

In Belgium, ENV 1992-1-1 was already adopted asdsed since 1999,
together with a National Application Document (NAD)

The main deviations with respect to the recommengdaes in EN 1992-1-
1 which appear in the Belgian National Annex (N£¢ eelated to

- the design values of compressive and tensile dfnevfgconcrete where
Oc. = 0.85 andx, = 1.00

- the limitation of the ultime strain in the stressam design diagram for
reinforcing and prestressing steel

- the values of fy and cot® in ULS design for shear and the value @fV
for slabs on a beam grid

- the limitation of the compressive concrete strasteun the characteristic
combination of actions.
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