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SUMMARY:
A “ DCL design” in Eurocode 8 is made with the minim value q=1,5 of the behavior factor: the seismic

action is established following Eurocode 8 but gesihecks are made to the code for non-seismicracfihe
structure is thus designed for strength, not fatitity. It is recommended that DCL design be agqblonly in
low seismicity areas, but it is not an obligati@he evaluation of reference buildings presentatiégnpaper
shows that DCL design of RC moment resisting fraoasbe unsafe if the ground accelerations at the
foundationy,agsS is around or above 0,15g, because a design dfitie& shear resistance of nodes is not
explicitly prescribed in non-seismic codes. Trandard “strut and ties” method could apply, buirdications
are given on how to apply it in this case.

Keywords: Reinforced Concrete. Node failure. Seismic Design.

1LINTRODUCTION

A “ DCL design” in Eurocode 8 corresponds to a gesnade with the minimum value (g=1,5) of the
behaviour factor g: the seismic action is esthblisfollowing Eurocode 8, but no other design
criterions or checks of that code apply, all chebkihg made to the regular code for non-seismic
action like. For reinforced concrete in Europesthieans Eurocode 2. The structure is in then
designed for strength, not for ductility. Eurocd&leecommends that DCL design be applied only in
low seismicity areas, which means a ground acdeerat the foundatioma,eS not greater than 0,59
but it is not an obligation. National annexes tadéode 8 may take a more constraining position, but
it is not the case in most countries. So in thasetries the designers can logically wonder: whiy no
do DCL design in moderate or high seismicity zorBis& approach looks more attractive for “good”
reasons: less design work and a feeling that DQigde which means bigger concrete sections and
elastic behaviour only, would finally be more rémnd than “dissipative” DCM or DCH design and
suffer no damage during an earthquake. Howeveretfaluation of reference buildings presented
hereafter shows that DCL design of reinforced cetgcrmoment resisting frames can be unsafe,
because one critical design check is by-passesistibar resistance of beam to column nodes.

2. REFERENCE STRUCTURESAND DESIGN CHECKS.

In the course of a research work at University iefje, reference moment resisting frames in
reinforced concrete have been designed. The obgeatithe work was essentially to assess the
potential of expanded metal panels in retrofitshgictures which would be under-designed for the
present earthquake zonation or code and to degetigsign method for those retrofitting elements;
this subject is not presented here; one complétearace is available (Phung Ngoc Dung, 2011).
The design parameters are:

- Different zone seismicity and soil conditions, whicefine ground accelerations at the

foundation of the structurga,sS respectively 0,05g, 0,15g and 0,30g;
- Different Ductility class of the design, which cddle low (DCL) or medium (DCM);



- Different numbers of storeys, as shown on Figuaad Table 1.
Spans are all 5m, first storey height is 3,5m dhdther storey height is 3,0m.
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Figure 1. Configurations of the designed buildings.

All sections were designed to Eurocode 2 (DCL desiyy to Eurocode 2 and Eurocode 8 (DCM
design). Dimensions of beams and columns in th®imrone of the buildings are given in Table 1.
All beams have T sections with a 0,15 m thick sRéquired and placed reinforcement are presented
in Table 2. All studied frames elements have bessigthed with large shear resistance so that under
earthquake there is no failure in beams or coluaused by shear. The critical regions, though not
explicit in DCL design, are governed by flexurafaenations.



Table 1. Section of main reinforced concrete elements éndifferent building configurations.

Name Numbe Bottom Internal Column Bottom Beam
of Section Section
storeys (m) (m)
0,05¢g 0,15¢g

Configuration 1 3 0,30 x 0,30 0,35x 0,35 0,352480,
Configuration 2 6 0,35 x0,3b 0,35x 0,35 0,35240,
Configuration 3 8 0,60 x 0,60 0,60 x 0,60 0,40260,
Configuration 4 10 0,60 x 0,60 0,60 x 0,60 0,40280

Table 2. Reinforcements of main reinforced concrete elemanthe different building configurations.
Config. | Story Reinforcement in beams (Mm In interior
Design From analysis Chosen columns

PGA Top Bot. Top Bottom (mn)

1-0.05¢g 1 1002 460| 12d8+2d16(1005) $14(462) 820(2513)

2 826 445 | 1208+2d16(1005) $14(462) 820(2513)
1-0.15¢g 1 1332 750| 1210+3p16(1546) $18(763) 8p25(3927)

2 1332 750 | 12010+3b16(1546) $18(763) 8p25(3927)
2-0.05¢g 1-5 1060 448| 12010+2p10(1100) 14(462) 8p18(2034)
2-0.15¢g 1-5 1474 887| 12d10+3b20(1885) &20(942) 8p25(3927)
30.05¢g 1-4 881 322| 12$10+2p10(1100) $14(462) 12p20(3770)
3-0.15¢g 1-4 1600 945| 12d10+3b20(1884) 420(1257) 1220(3770)
4-0.05g 1-5 1065 351| 12010+2b12(1169) $14(462) 12p20(3770)
4-0.15¢g 1-5 1065 953| 12d10+3b20(1884) 420(1257) 1220(3770)

There is no check in shear prescribed in Eurocofte Beam-column intersection zones or “nodes”.
The same is very likely to take place in EC8 DChssl design of moment resisting frames. The
problem is there is a potential Ultimate Limit ®tdh beam-column node which is in that way
disregarded, the failure of nodes in shear. Nodessabmitted to high shear in seismic situations
because the bending moments in beam ends genegate af local shear in the node which is not set
forward by the global analysis of a structure.

Figure 2 presents the situation. The resultantrstiea the node created by the design moméfis;

_ Mg+ M/
h,

andM’ gy at beam ends is equal ¥,
whereh,, is the height of the beam.

Design rules for that shear situation exist in Eode 8 at clause 5.4.3.3 for DCM design: horizontal
confinement reinforcement should be not less thah specified for critical regions of columns; if
beams frame into all four sides of the joint andirthwidth is at least three-quarters of the pakalle
cross-sectional dimension of the column, the sppointhe horizontal confinement reinforcement in
the joint may be increased to twice that of critieagions of columns, but may not exceed 150 mm.
Those are rules detailing rules without calculatjobut design expressions are provided for DCH
design. Two different expressions exists to esentla¢ confinement which is needed to provide shear
resistance to the node; those two expressions gealifferent results, probably because the subject
has not yet been thoroughly studied. In the stud{pGL design submitted to earthquake, it was
decided to approach the resistance to failure oboined nodes by means of the general “struts and
ties” approach, because the latter exists in Ewt®@@and could be refered to in DCL design.

The resistance of the joint is dependent on th&ieftt compression part, which is a concrete
compression strut. Figure. The effective widthref tcompression struteshis estimated as:

b, =0.2,, = 0.2/h?+h?

| 4ia is the diagonal length of the node dgds the height of the column.
The compression strut resistaritg, is computed as:
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Figure 2. Compression strut force induced by seismic bendingients at interior nodes.
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3. EVALUATION OF THE SEISMIC BEHAVIOUR OF THE DESIGNED FRAMES.

Pushover analysis defined in Eurocode 8 Part 13dmalve been adopted to make the evaluation of the
set of designed structures. It follows the stedmde in the N2 method proposed by Faijar (2000).

Complete explanations of the method are given ufi§ Ngoc Dung, 2011). The method defines for

each structure and each level of seismic actioarfopnance point which correspond to the minimum

displacement which the structure should be ableedach in order to avoid failure. The model takes

into account the specific characteristics of eathcture, such as steel content and ductility in

bending; the action effect at nodes is also coptband compared to the failure criterion mentioned

above. The pushover curves and performance paintsesponding to DCL design and to peak ground

acceleration at the foundation equal to 0,05g ah8d¢lare presented at Figure3.
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Figure 3. Pushover curve and performance point for configomat DCL design for 0,05g.
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Figure 3 (continued). Pushover curve and performance point for configomat DCL design for 0,15g.
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Figure 3 (continued). Pushover curve and performance point for configoms2 DCL design for 0,05g.
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Figure 3 (continued). Pushover curve and performance point for configoms2 DCL design for 0,15g.
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Figure 3 (continued). Pushover curve and performance point for configoma® DCL design for 0,05g.
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Figure 3 (continued). Pushover curve and performance point for configoma® DCL design for 0,15g.
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Figure 3 (continued). Pushover curve and performance point for configomad DCL design for 0,05g.



800 Cenfig. 4
700 e mm—m————
600 | i
= ’ ’ EC8-0.15g-L (if node retrofitted)
o4 500 ’ .
o A< EC3-0.15g-L-Failure at node
o 400 ¢
@ 300 -
o
200 L Performance
pointat 0.15g
100 -
O 1 1 1 1 I 1
0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50
Teop displacements/ total height (%)

Figure 3 (continued). Pushover curve and performance point for configomad DCL design for 0,15g.

4. OBSERVATIONS AND CONCLUSIONS

Looking at all the graphs presented at Figure 8pjiears that DCL design is satisfactory for design
peak ground accelerations equal to 0,05g, asikitéa take place for displacements which are more
than 1,5 times the displacement at performancet.poin

But DCL design is questionable for design peak gdoaccelerations equal to 0,15g.
Indeed:

- Failure at nodes take place for displacements wdwietsmaller than the displacement at
performance point for structures Configurationsd 2; and failure at nodes will generally
induce a global failure of a building.

- Falilure at nodes take place for displacements wdiehust above the displacement at
performance point for structures Configuration8 4;

Given the uncertainties in the evaluation of thesshesistance of nodes, the results should not be
taken as mathematical certainties, but it can Ineloded that DCL design is unsafe for peak ground
acceleration at the foundation around and aboveg0,1

This conclusion should be taken into account. Rialty, this could be done in two ways.

One way would consist in changing the recommendatiothe limitation of DCL design into a
prescriptive rule, like for instance an absoluteitation to a maximum design PGA equal to, for
instance, 0,1g.

Another way would consist in creating a DCL+ claggh a certain number of requirements.

The requirement on design of nodes could be tleabtiles of DCL design of MRF’s should be
checked using a strut and ties approach like teepooposed in paragraph 2. But it must be mentioned
that such an expression still requires calibrationk based on experiments.

An alternative would be the application of the D@ktailing rules on confinements of nodes. Other
requirements, related to other brittle types diifai mechanisms, would also be necessary in that
DCL+ class. They would bear on length of overlapximum longitudinal steel content, etc.

The graphs also indicate that retrofitting beanuow nodes for shear resistance can modify a lot the
behaviour; but it is known that such retrofittirsgriot easy work.
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