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1. Introduction

3

Å Focalpoint will be on core wallsas they are the most often usedelement for lateral stability in
mid-riseandhigh-risebuildings

Å Importantclausesfrom Code[1]

Figure 1: Common shapes of Core Walls

3[1] ςEN1998-1:2004

Å Specialemphasisison the verificationsof ductility requirementsin wallsof complexgeometry



1.1 Basic code requirements [1]

Summary

5.4.3.4.2 (5) [1]

5.4.3.4.1 (4) [1]

5.2.1 (1) [1]

Ductile wall is an element fixed at its baseso that
the relativerotation of this basewith respectto the
rest of the structuralsystemis prevented,and that
is designedand detailed to dissipateenergy in a
flexural plastic hinge zone free of openings or
large perforations,just aboveits base.

Ductile wall:

4[1] ςEN1998-1:2004



5.2.1 (1) [1]

1.1 Basic code requirements [1]

Summary

5.4.3.4.2 (5) [1]
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5.4.3.4.1 (4) [1]
Compositewall sectionsconsistingof connectedor
intersecting rectangularsegments(L-, T-, U-, I or
similarsections)shouldbe taken as integral units,
consisting of a web or webs parallel or
approximatelyparallelto the directionof the acting
seismicshearforce and a flangeor flangesnormal
or approximatelynormalto it

*Effectivewidth of flangeshouldbeaccountedfor

Walls of complex geometry:

[1] ςEN1998-1:2004



5.2.1 (1) [1]

1.1 Basic code requirements [1]

Summary

5.4.3.4.1 (4) [1]
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5.4.3.4.2 (5) [1]

Forwallswith barbellsor flanges,or with a section
consistingof severalrectangularparts (L-, T-, U-, I-
shaped sections,etc.) the mechanicalvolumetric
ratio of the confining reinforcement in the
boundaryelementsmaybe determinedasfollows:

ὼ ὺ ‫ ɇ
ὰɇὦ

ὦ
*Applicableonlyfor rectangularcompressivezone

Length of confinement zone:

[1] ςEN1998-1:2004



5.2.1 (1) [1]

1.1 Basic code requirements [1]

5.4.3.4.2 (5) [1]

5.4.3.4.1 (4) [1]

7

Summary

Å Avoidthe problemby designingonly rectangular
shearwalls

Å Keep increasingthe width of the compressed
zonesoit remainsrectangular

Å Perform more in-depth analysis to determine
the actual curvature ductility of the composite
corewall section

How to assess core walls?

[1] ςEN1998-1:2004



1.1 Basic code requirements [1]

8[1] EN1998-1:2004

Ductility requierments 

Goal is to verify that section has sufficient curvature ductility:
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Figure 2: Moment-Curvature Diagram



1.2. Verification algorithm [2]

9[2] ςSeismic Design, Assessment and Retrofitting of Concrete Buildings ςM. Fardis

Section is considered to start yielding when either of criteria is met:

III
Expectedbehaviour in shear walls
Reinforcement reaches itsyield strain ʀ

Possible behaviour in members with high axial 
compression ςnot expected in shear walls
Concrete reaches characteristic strain ʀᶻ

1.2.1 Calculate curvature on the onset of yielding ʈ
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1.2. Verification algorithm [2]

11[2] ςSeismic Design, Assessment and Retrofitting of Concrete Buildings ςM. Fardis

1.2.1 Calculate curvature on the onset of yielding ʈ

Section is considered to start yielding when either of criteria is met:

III
Expectedbehaviour in shear walls
Reinforcement reaches itsyield strain ʀ

Possible behaviour in members with high axial 
compression ςnot expected in shear walls

Concrete reaches characteristic strain ʀᶻ ρȢψɇ



12[2] ςSeismic Design, Assessment and Retrofitting of Concrete Buildings ςM. Fardis

1.2.2 Calculate ultimate curvature 

Section can reach its ultimate curvauture in one of four modes:

ʈ

Failure before spalling of concrete cover
Reinforcement reaches its ultimate strain ʀ

Failure before spalling of concrete cover
Unconfined concrete reaches its ultimate strain ʀ

Failure after spalling of concrete cover
Reinforcement reaches its ultimate strainʀ

Failure after spalling of concrete cover
Confined concrete reaches its ultimate strainʀ Ȣ

I

II

III

IV

1.2. Verification algorithm [2]
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2. Numerical example
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Height 84m

Stories 23

q0 2

Concrete C50/60

Reinforcement B500B

Tf 3s

Tc 0,5s
Figure 4: Analyzed core wall in isometric view

Figure 3: Analyzed core wall in plan view

Table 1: Basic structure properties

Ductility class DCM

ag/g 0,10



2. Numerical example
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2.1. Core wall as an assemblage of independent shear walls? 

Figure 5: Confined zones and 
dimensions of core wall



2. Numerical example
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2.1. Core wall as an assemblage of independent shear walls? 

Figure 5: Confined zones and 
dimensions of core wall

Table 2: Verification of constituent walls as independent shear walls

Comment Wall Combo
lw

[m]
bw

[m]
Ned

[kN]
˄

Web 
RFT

Confined
RFT

Med

[kNm]
MRd

[kNm]
MEd/M Rd

[%]
lc.geo

[m]
lc.calc 

[m]
lc.adp

[m]
Comment

Governing WR03-01 MAX 3,10 0,60 12 150 16 200 29,23

Seismic 
Combo

WR03-01 Nmax S 3,10 0,6018000 0,34 12 150 16 200 1500 22687 6,61 0,90 0,90 0,90
Minimal geometrical 

length
WR03-01 Nmin S 3,10 0,60 100 0,00 12 150 16 200 1500 5132 29,23 0,90 0,90 0,90

WR03-01 Tension Force S3,10 0,60 0 0,00 12 150 16 200 0 0 0,00 - - -

Governing WR03-04 MAX 3,10 0,60 12 150 16 150 83,59

Seismic 
Combo

WR03-04 Nmax S 3,10 0,6015500 0,29 12 150 16 150 1600 22193 7,21 0,90 0,90 0,90
Minimal geometrical 

length
WR03-04 Nmin S 3,10 0,6014000 0,27 12 150 16 150 1600 21139 7,57 0,90 0,90 0,90

WR03-04 Tension Force S3,10 0,60 -3200 -0,06 12 150 16 150 1600 1914 83,59 - - -

Governing WR03-05 MAX 8,16 0,50 12 200 16 200 54,43

Seismic 
Combo

WR03-05 Nmax S 8,16 0,5024200 0,21 12 200 16 200 3300097361 33,89 1,22 1,22 1,22
Minimal geometrical 

length
WR03-05 Nmin S 8,16 0,5011000 0,10 12 200 16 200 3300060631 54,43 1,22 1,22 1,22

WR03-05 Tension Force S8,16 0,50 0 0,00 12 200 16 200 0 0 0,00 - - -

Governing WR03-06 MAX 8,16 0,40 12 200 16 200 49,30

Seismic 
Combo

WR03-06 Nmax S 8,16 0,4017000 0,18 12 200 16 200 2200075270 29,23 1,22 1,22 1,22
Minimal geometrical 

length
WR03-06 Nmin S 8,16 0,40 6400 0,07 12 200 16 200 2200044626 49,30 1,22 1,22 1,22

WR03-06 Tension Force S8,16 0,40 0 0,00 12 200 16 200 0 0 0,00 - - -



2. Numerical example
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2.1. Core wall as an assemblage of independent shear walls? 

Figure 5: Confined zones and 
dimensions of core wall

Table 2: Verification of constituent walls as independent shear walls

Comment Wall Combo
lw

[m]
bw

[m]
Ned

[kN]
˄

Web 
RFT

Confined
RFT

Med

[kNm]
MRd

[kNm]
MEd/M Rd

[%]
lc.geo

[m]
lc.calc 

[m]
lc.adp

[m]
Comment
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Governing WR03-04 MAX 3,10 0,60 12 150 16 150 83,59

Seismic 
Combo

WR03-04 Nmax S 3,10 0,6015500 0,29 12 150 16 150 1600 22193 7,21 0,90 0,90 0,90
Minimal geometrical 

length
WR03-04 Nmin S 3,10 0,6014000 0,27 12 150 16 150 1600 21139 7,57 0,90 0,90 0,90

WR03-04 Tension Force S3,10 0,60 -3200 -0,06 12 150 16 150 1600 1914 83,59 - - -

Governing WR03-05 MAX 8,16 0,50 12 200 16 200 54,43

Seismic 
Combo

WR03-05 Nmax S 8,16 0,5024200 0,21 12 200 16 200 3300097361 33,89 1,22 1,22 1,22
Minimal geometrical 

length
WR03-05 Nmin S 8,16 0,5011000 0,10 12 200 16 200 3300060631 54,43 1,22 1,22 1,22

WR03-05 Tension Force S8,16 0,50 0 0,00 12 200 16 200 0 0 0,00 - - -

Governing WR03-06 MAX 8,16 0,40 12 200 16 200 49,30

Seismic 
Combo

WR03-06 Nmax S 8,16 0,4017000 0,18 12 200 16 200 2200075270 29,23 1,22 1,22 1,22
Minimal geometrical 

length
WR03-06 Nmin S 8,16 0,40 6400 0,07 12 200 16 200 2200044626 49,30 1,22 1,22 1,22

WR03-06 Tension Force S8,16 0,40 0 0,00 12 200 16 200 0 0 0,00 - - -

Minimal 
reinforcement

Minimal 
reinforcement

Minimal 
reinforcement

Almost 
minimal 

reinforcement

Minimal length 
of boundary 

zone

Minimal length 
of boundary 

zone

Minimal length 
of boundary 

zone

Minimal length 
of boundary 

zone
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2. Numerical example
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2.2. Core wall as an integral element

Global analysis Tower

M2.max M2.min M3.max M3.min

[kNm] [kNm] [kNm] [kNm]

16500 -31000 138000 -99500

Axial force [kN]

Nmax.c -55000 Nmin.c -40000

Local analysis SAP2000 

M1.Ed M2.Ed M3.Ed M4.Ed

[kNm] [kNm] [kNm] [kNm]

139000 101000 105000 142000

1 2 3 4

[°] [°] [°] [°]

6,82 170,58 197,30 347,34

Figure 6: Resultant biaxial bending moments

M1.Ed

M2.Ed

M3.EdM4.Ed

Table 3: Results of global analysis

Table 4: Acting bending moments on 
concrete core



2. Numerical example
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2.2. Core wall as an integral element

Figure 7: Concrete properties used in analysis Figure 8: Reinforcement properties used in analysis
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2.2.1. Core wall as an integral element ςCurvature at the onset of yielding

Figure 7: Moment ςcurvature diagram 

ÅCSi SAP2000 v21.2.0 is 
used to monitor stresses 
and strains in section

Curvature ductility
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2.2.2. Core wall as an integral element ςUltimate curvature

Failure Mode IV
Spallingof concretecover
Confinedconcreteis fully utilized
Crushingof confinedconcrete

Failure Mode III
Spallingof concretecover
Confinedconcreteisnot fully utilized
Ruptureof reinforcement

Failure Mode II
Nospallingof concretecover
Confinedconcreteisnot activated
Crushingof unconfinedconcrete

Failure Mode I
Nospallingof concretecover
Confinedconcreteisnot activated
Ruptureof reinforcement

Mu
IV җ лΦулϊ au

II ? [2]

[2] ςSeismic Design, Assessment and Retrofitting of Concrete Buildings ςM. Fardis
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2.2.2. Core wall as an integral element ςUltimate curvature

Figure 8: Section for
failure modes I and II

Figure 9: Section for 
failure modes III and IV

ÅNecessary to determine does the section 
recover after spalling of concrete cover

ÅVerifications are performed on two separate 
section models
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2.2.2. Core wall as an integral element ςUltimate curvature

Figure 10: Failure mode II (failure of unconfined concrete) Figure 11: Failure mode IV (failure of confined concrete)

Mu
IV җ лΣулϊau

II ? ҭ нсф усоƪbƳ җ лΣул ϊнсф фнс ƪbƳ   
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2.2.2. Core wall as an integral element ςUltimate curvature
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Figure 12: Summary of utilityratios for Core Wall as an integral element
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2.2.3. Core wall as an integral element ςSummary

ÅDo results differ from the analysis where constituent walls are treated analyzed 
indenpendently?

ÅHow efficiently confinement effects are utilzed?

Å Is this design the optimal one?
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2.2.3.1. Integral section vs design of constituent sections independently?
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integral element

Figure 5: Confined zones and 
dimensions of core wall
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2.2.3.1. Integral section vs design of constituent sections independently?

Figure 15: Utility ratios for resultant moments M2.Ed and M3.Ed

Figure 5: Confined zones and 
dimensions of core wall
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Figure 14: Utility ratio for independent shear wall WR03-01
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Distribution of internal forces is vastly different if core wall is 
treated as an integral section! 
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2.2.3.2. How efficiently confinement effects are utilized?

Figure 17: Strain distribution for M4.Ed

M4.Ed

Figure 16: Moment-curvature plot for M4.Ed
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2.2.3.2. How efficiently confinement effects are utilized?

Figure 16: Moment-curvature plot for M4.Ed
Figure 18: Stress distribution for M4.Ed

M4.Ed
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2.2.3.2. How efficiently confinement effects are utilized?
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Poor use of confinement effects!

Figure 19: Utilization of confinement effects
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2.2.3.3. Should constituent walls be treated as single shear walls?

Design might not be satisfactory in general case

It is convenient and easy

Ineadequate use of beneficial confinement effects 

Ineadequate layout of confinement zones

Vastly different distruibution of internal forces

Design (IN THIS CASE) is still satisfactory

[1] ςEN1998-1:2004

YES NO

Design code [1] requires 5.4.3.4.1 (4) to be applied
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How to find optimized reinforcement layout? 

Local analysis SAP2000 

M1.Ed M2.Ed M3.Ed M4.Ed

[kNm] [kNm] [kNm] [kNm]

139000 101000 105000 142000

1 2 3 4

[°] [°] [°] [°]

6,82 170,58 197,30 347,34

ҟ

±6,82 ±9,42 ±17,3 ±12,66

Figure 6: Resultant biaxial bending moments

M1.Ed

M2.Ed

M3.Ed

M4.Ed

Table 4: Acting bending moments on 
concrete core

Almost uniaxial bending of concrete core
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Analogy with single shear wall:

Figure 20: Minimal confined areas for single shear wall

Figure 21: Proposed new layout of confined zones


