ULS Verification of Core Walls In
Accordance with EN199B2004

F2A8 tSGFNE | YAGSNEAGHG t2¢Ad

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

2




Content

Conclusions

A Sumnary of previous
chapters

Numerical Example
A Verification of ULS limit

states for complexly shape
Core Wall




1. Introduction

A Focalpoint will be on core walls asthey are the most often usedelementfor lateral stability in
mid-rise and high-rise buildings

A Speciakmphasigs on the verificationsof ductility requirementsin wallsof complexgeometry

Figure 1: Common shapes of Core Walls

A Important clausesfrom Code[1]

[1] ¢ EN19981:2004 ﬁ 3



1.1 Basic code requirements [1]

5.2.1 (1) [1]

[1] ¢ EN19981:2004

Ductile wall;

Ductile wall is an elementfixed at its baseso that
the relativerotation of this basewith respectto the
rest of the structural systemis prevented,and that
Is designedand detailed to dissipateenergyin a
flexural plastic hinge zone free of openings or
large perforations, just aboveits base




1.1 Basic code requirements [1]

5.4.3.4.1 (4) [1]

[1] ¢ EN19981:2004

Walls of complex geometry:

Compositewall sectionsconsistingof connectedor
intersecting rectangularsegments(L-, T-, U-, | or
similar sections)should be taken as integral units,
consisting of a web or webs parallel or
approximatelyparallelto the direction of the acting
seismicshearforce and a flange or flangesnormal
or approximatelynormalto it

*Effectivewidth of flange shouldbe accountedor



1.1 Basic code requirements [1]

5.4.3.4.2 (5) [1]

[1] ¢ EN19981:2004

Length of confinement zone:

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:
- 0 ¢
N CERN

*Applicableonly for rectangularcompressiveone



1.1 Basic code requirements [1]

Summary

[1] ¢ EN19981:2004

How to assess core walls?

A Avoidthe problem by designingonly rectangular
shearwalls

A Keepincreasingthe width of the compressed
zonesoit remainsrectangular

A Perform more in-depth analysisto determine
the actual curvature ductility of the composite
corewall section




1.1 Basic code requirements [1]

Ductility requierments

Goal is to verify that section has sufficient curvature ductilit

8 8
cg pho Y Y
: 8 "Y s
P G¢N P ¢th Y
‘g — T R NS P R L

Figure 2: MomenCurvature Diagram

[1] EN19981:2004 ﬁ



1.2. Verification algorithm [2]

1.2.1 Calculate curvature on the onset of yieldifg

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

Expectedoehaviour in shear walls
Reinforcement reaches itgeldstrainr

Possible behaviour in members with high axial
compressiorng not expected in shear walls

Concrete reachesharacteristicstrainR’

[2] ¢ Seismic Design, Assessment and Retrofitting of Concrete BuiddhgBardis %
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1.2. Verification algorithm [2]

1.2.1 Calculate curvature on the onset of yieldihg

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

Possible behaviour in members with high axial
compressiong not expected in shear walls

Concrete reachesharacteristicstrainR®  p&) ¢—

[2] ¢ Seismic Design, Assessment and Retrofitting of Concrete Buitdihgsardis ﬁ 11



1.2. Verification algorithm [2]

1.2.2 Calculate ultimate curvaturég
Section can reach its ultimate curvauture in one of four modes:
Failure before spalling of concrete cover
/\ Reinforcement reaches its ultimate stran

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

Failure after spalling of concrete cover
Reinforcement reaches its ultimate stran
\-/ Q Failure after spalling of concrete cover

Confined concrete reaches its ultimate straing

[2] ¢ Seismic Design, Assessment and Retrofitting of Concrete BuiddhgBardis %
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1.2. Verification algorithm [2]

1.2.2 Calculate ultimate curvaturég

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

%
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[2] ¢ Seismic Design, Assessment and Retrofitting of Concrete BuiddhgBardis

Failure before spalling of concrete cover
Reinforcement reaches its ultimate stran
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1.2. Verification algorithm [2]

1.2.2 Calculate ultimate curvaturég

Failure before spalling of concrete cover
Reinforcement reaches its ultimate stran
Failure before spalling of concrete cover
Failure after spalling of concrete cover
Reinforcement reaches its ultimate stran
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1.2. Verification algorithm [2]
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1.2. Verification algorithm [2]

1.2.2 Calculate ultimate curvaturég

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

Failure before spalling of concrete cover

Reinforcement reaches its ultimate stran

[2] ¢ Seismic Design, Assessment and Retrofitting of Concrete BuiddhgBardis

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

Failure after spalling of concrete cover
Reinforcement reaches its ultimate stran

Failure after spalling of concrete cover
Confined concrete reaches its ultimate straing
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2. Numerical example
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Figure 3: Analyzed core wall in plan view
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Figure 4: Analyzed core wall in isometric view
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2. Numerical example

2.1. Core wall as an assemblage of independent shear walls?
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Figure 5: Confined zones and
dimensions of core wall
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2. Numerical example

2.1. Core wall as an assemblage of independent shear walls?
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Table 2: Verification of constituent walls as independent shear walls Figure 5: Confined zones and
dimensions of core wall
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2. Numerical example

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

lw bw | Neg Web Confined | Meg | Mgd | MedMgq | lc.geol lc.caic| lc.adp

Minimal length
of boundary
zone

Minimal
reinforcement
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Minimal length
of boundary
zone
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WRO03-06 W40

Minimal length
of boundary
zone

Minimal
reinforcement

Minimal length

Minimal
. of boundary
reinforcement
Zzone
Table 2: Verification of constituent walls as independent shear walls Figure 5: Confined zones and

dimensions of core wall
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2. Numerical example

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

lw bw | Neg Web Confined | Meg | Mgd | MedMgq | lc.geol lc.caic| lc.adp

Minimal
reinforcement

“Govemning | WR0S04 | MAX__ |30
O

WRO304

0/0,60

Seismic :EE
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-3200-0,06|

Combo
WR0304

Minimal
reinforcement

Minimal
reinforcement

Minimal length
of boundary
zone

Minimal length
of boundary
zone

Minimal length
of boundary
zone

Minimal length
of boundary
zone

Table 2: Verification of constituent walls as independent shear walls

2

9
=
=
w0
<
o]
=]
=
=

Figure 5: Confined zones and

dimensions of core wall
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2. Numerical example

2.2. Core wall as an integral element

Global analysis Tower

M3.min

16500 | -31000 | 138000 -99500
Axial force [kN]
Npae | -55000 -40000

Table 3: Results of global analysis

~.
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Local analysis SAP2000

| Mico | Moes | Maes | Maca

I A
~55000] 101000 ] 105000 142000 [RDZEN | |\ —
| e | s | s :

I N VN B

o> | 17058 197 | 347,34]

Table 4: Acting bending moments on
concrete core

Figure 6: Resultant biaxial bending moments



2. Numerical example

2.2. Core wall as an integral element

Design StressStrain Plot Concrete Design StressStrain plot: Reinforcement
35 600
30 M 400
— 25
©
S 20 T 200
A 15 = 0
Q ‘5 -60 -40 -20 0 20 40
g 10 A -200
n o
° &
o -400
-2 50 2 4 6 8 10 12 600
Strain- ¥ [mm/m] :
Strain- & [mm/m]
WR03-01 & WR03-04—— WR03-05——WR03-06 Unconfined C50/60 RFT - With Hardening [D]
Figure 7: Concrete properties used in analysis Figure 8: Reinforcement properties used in analysis



2. Numerical example

2.2.1. Core wall as an integral elemertCurvature at the onset of yielding

A CSi SAP2000v21.2.0is
used to monitor stresses
and strains in section

JUCE P i
240 300 360 420 480 540 600x10-3

RN
080 120 180

Select Type of Graph

Curvature ductility

& - Lowest Uttimate Strain

(® Concrete Failure - Highest Ultimate Strain

Figure 7: Momeng curvature diagram
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2. Numerical example

2.2.2 Core wall as an integral elememtUItimate curvature

Failure Mode I

No spallingof concretecover
Confinedconcreteis not activated
Crushingof unconfinedconcrete

Failure Mode IV

Spallingof concretecover
Confinedconcreteis fully utilized
Crushingof confinedconcrete

Failure Mode |

No spallingof concretecover
Confinedconcreteis not activated
Ruptureof reinforcement

Spallingof concretecover
Confinedconcreteis not fully utilized
Ruptureof reinforcement

M)V n dYn2 a

[2] ¢ Seismic Design, Assessment and Retrofitting of Concrete BuiddhgBardis % 25



2. Numerical example

2.2.2. Core wall as an integral elemeimtUItimate curvature

A Necessary to determine does the section
recover after spalling of concrete cover

A Verifications are performed on two separe
section models

Figure 8: Section for
failure modes | and II

Figure 9: Section for
failure modes lll and IV
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2. Numerical example

2.2.2. Core wall as an integral elememtUItimate curvature

| /‘f—’_-—.—\/

Strain Diagram
rain Strain Diagram

-||||||||||||||||||||||||||||||||||||||||||||||||| ~
0,60 1,20 1,80 240 300 360 420 480 540 600x10-3

Select Type of Graph Moment-Curvature Stee i Select Tvpe & Mement-Curvature

Specify Scales/Headings... ( 2,115E-03 , 269926,91 ) Meutral Axis 2,783 Specify Scales/Headings... (2,103E-03 , 269863,84 ) Neutral Axis

[ Piot 3x3 Fiber Model Curve B [] Plot 3x3 Fiber Model Curve B

Analysis Control

[] dealized Model Caltrans Mo. of Points [ idealized Model Caltrans Mo. of Points [] confined Concrete Only
P [Tension +ve] m Angle (Deg) 347,3 ( e Fai owest Utimate Strain P [Tension +ve] Angle (Deg) (®) Concrete Failure - Lowest Uttimate Strain

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

MMV nZ¥y2mimcd ycolbyY x n@n i HCcd dHc 1 b))
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2. Numerical example

Ivll.Ed

2.2.2 Core wall as an integral elememtUItimate curvature
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Utility ratios for Core Wall as an integral element

Ml.Ed
81.32
77.49
76.83 73.91
- 63.74
52.6
°0.8 48.76  48.94
44.45 4572 4za7 08 4420
I 3819I I l I I l
6.82 170.58 197.34 347.34

Attacking angle wx 8

Bending - Nc.max mBending - Nc.min  Ductility - Nc.max m Ductility - Nc.min

Figure 12: Summary of utilitatios for Core Wall as an integral element
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2. Numerical example

2.2.3 Core wall as an integral elememtSummary

A Do results differ from the analysis where constituent walls are treated analyzed
Indenpendently?

A How efficiently confinement effects are utilzed?

A s this design the optimal one?



2. Numerical example

2.2.3.1. Integral section vs design of constituent sections independently?

Utility ratios for separate constituent Utility ratios for Core Wall as an integral element
shear walls 100 (1
1.Ed 81.32
100 e — 80 76.83 77.49 73.91
S 80 S, 61.49 63.74
S S 60 508 48.76 48.94 526
g 60 54.9%.30 € 44.45 0 7972 4337  4080" " 44.20
st >
> 40 33.8% 203 29.23 = 40
5 20 —gera 7.57 2 20
e 0.00880.0®.00
0 0
Nmax S Nmin S Tension Force S 6.82 170.58 197.34 347.34
Combo Attacking angle @x 8
WR03-01 mWR03-04 WR03-05 mWR03-06 Bending - Nc.max m Bending - Nc.min  Ductility - Nc.max ® Ductility - Nc.min
Figure 13: Summary of utilitgtios for independent shear Figure 12: Summary of utilitgtios for Core Wall as an
walls integral element

Figure 5: Confined zones and
dimensions of core wall
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2. Numerical example

2.2.31. Integral section vs design of constituent sections independently?
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Figure 14: Utility ratio for independent shear wall WRQ3

Figure 15: Utility ratios for resultant moments, Mand M; g4

Distribution of internal forces is vastly different if core wall is

treated as an integral section!

2

Figure 5: Confined zones and
dimensions of core wall



2. Numerical example

2.2.32. How efficiently confinement effects are utilized?

Strain Dmﬁ Strain Centours

Curvature
2 365E-03
Moment

241749

o i o 007 5]
Concrete Strain -3,857E-03

TR
= 5 30 45 60 75 80 105 1
Celect Tvpe ! o Crai 0,015 [ i 1 '
select Type of Graph Moment-Curvature Steel Strain - . .- o0 D oK

% .



2. Numerical example

2.2.3.2. How efficiently confinement effects are utilized?

Strain Diagram

() Al Points

Point No.
62
Curvature
2,365E-03

Moment

241749

63 179 196 213 229 246 263 2,79 2,96 Concrete Strain -3,B87E-03
W«
- X e ’ 87120 144 168 1 6 240
Select Type of Graph Moment-Curvature Steel Strain 0,015 Wﬂ' 37 43 12!04 2_ oK
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2. Numerical example

2.2.3.2. How efficiently confinement effects are utilized?

Poor use of confinement effects!

Stress * [MPa]

Design StressStrain Plot: Concrete
35

30
25
20
15
10

0 2 4 6
Strain- ¥ [mm/m]

— WRO03-06 Unconfined C50/60 «:------ 3,897

9,362

10

Figure 19: Utilization of confinement effects
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2. Numerical example

2.2.3.3. Should constituent walls be treated as single shear walls?

YES

NO

Design cod¢l] requires5.4.3.4.1 (4) to be applied

Design might not be satisfactory in general case
Ineadequate use of beneficial confinement effects
Ineadequate layout of confinement zones

Vastly different distruibution of internal forces

[1] ¢ EN19981:2004 %
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3. Optimization

How to find optimized reinforcement layout?

Local analysis SAP2000

Maes
[KNm] [ [kNm] [KNm]

101000 [ 105000 142000

| 0 || r
347,34

k

6,82 +12,66

. . Ml.Ed
Table 4: Acting bending moments on

concrete core

Almost uniaxial bending of concrete core

2

Figure 6: Resultant biaxial bending moments

36



3. Optimization

Analogy with single shear wall:

Figure 20: Minimal confined areas for single shear wall

Figure 21: Proposed new layout of confined zones
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