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1. Introduction

* Focal point will be on core walls as they are the most often used element for lateral stability in
mid-rise and high-rise buildings

* Special emphasis is on the verifications of ductility requirements in walls of complex geometry

Figure 1: Common shapes of Core Walls

* |mportant clauses from Code [1]

[1] — EN1998-1:2004 ﬁ 3



1.1 Basic code requirements [1]

5.2.1 (1) [1]

[1] — EN1998-1:2004

Ductile wall:

Ductile wall is an element fixed at its base so that
the relative rotation of this base with respect to the
rest of the structural system is prevented, and that
is designed and detailed to dissipate energy in a
flexural plastic hinge zone free of openings or
large perforations, just above its base.




1.1 Basic code requirements [1]

5.4.3.4.1 (4) [1]

[1] — EN1998-1:2004

Walls of complex geometry:

Composite wall sections consisting of connected or
intersecting rectangular segments (L-, T-, U-, | or
similar sections) should be taken as integral units,
consisting of a web or webs parallel or
approximately parallel to the direction of the acting
seismic shear force and a flange or flanges normal
or approximately normal to it

*Effective width of flange should be accounted for



1.1 Basic code requirements [1]

5.4.3.4.2 (5) [1]

[1] — EN1998-1:2004

Length of confinement zone:

For walls with barbells or flanges, or with a section
consisting of several rectangular parts (L-, T-, U-, I-
shaped sections, etc.) the mechanical volumetric
ratio of the confining reinforcement in the
boundary elements may be determined as follows:

L, - b,
bo

*Applicable only for rectangular compressive zone

Xu = (vd + wv) :



1.1 Basic code requirements [1]

A

Summary

[1] — EN1998-1:2004

How to assess core walls?

Avoid the problem by designing only rectangular
shear walls

Keep increasing the width of the compressed
zone so it remains rectangular

Perform more in-depth analysis to determine
the actual curvature ductility of the composite
core wall section




1.1 Basic code requirements [1]

Ductility requierments

Goal is to verify that section has sufficient curvature ductility:

Hep.cap = Hep.req

( 2:qo—1, Iy =2 T¢
_ T
Horea V142 (gy—1)-=5,T, < T,
\ I
—M_u : ||||||‘||‘I||||I||F'IF'I||I||l|l||l|1-l|lllll|
Hp.cap = 0 60 90 120 150 180 210 240 27,0 30,0x10 -3
Hy

Figure 2: Moment-Curvature Diagram

[1] EN1998-1:2004 ﬁ



1.2. Verification algorithm [2]

1.2.1 Calculate curvature on the onset of yielding [,

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

Expected behaviour in shear walls
Reinforcement reaches its yield strain &,

compression — not expected in shear walls
Concrete reaches characteristic strain €.

9 Possible behaviour in members with high axial

[2] — Seismic Design, Assessment and Retrofitting of Concrete Buildings — M. Fardis %



1.2. Verification algorithm [2]

1.2.1 Calculate curvature on the onset of yielding [,

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

Expected behaviour in shear walls

: o . fyd
Reinforcement reaches its yield strain &gy, = EL
N

[2] — Seismic Design, Assessment and Retrofitting of Concrete Buildings — M. Fardis ﬁ



1.2. Verification algorithm [2]

1.2.1 Calculate curvature on the onset of yielding [,

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

Possible behaviour in members with high axial

compression — not expected in shear walls

Concrete reaches characteristic strain €, = 1.8 g
Cc

[2] — Seismic Design, Assessment and Retrofitting of Concrete Buildings — M. Fardis ﬁ
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1.2. Verification algorithm [2]

1.2.2 Calculate ultimate curvature |,

Section can reach its ultimate curvauture in one of four modes:
Failure before spalling of concrete cover
Reinforcement reaches its ultimate strain g,

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

Failure after spalling of concrete cover
Reinforcement reaches its ultimate strain g,

Q Failure after spalling of concrete cover

Confined concrete reaches its ultimate strain €., .

-~

[2] — Seismic Design, Assessment and Retrofitting of Concrete Buildings — M. Fardis
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1.2. Verification algorithm [2]

1.2.2 Calculate ultimate curvature |,

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

o‘

-~

[2] — Seismic Design, Assessment and Retrofitting of Concrete Buildings — M. Fardis

Failure before spalling of concrete cover
Reinforcement reaches its ultimate strain g,

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

Failure after spalling of concrete cover
Reinforcement reaches its ultimate strain g,

Failure after spalling of concrete cover
Confined concrete reaches its ultimate strain €., .

13



1.2. Verification algorithm [2]

1.2.2 Calculate ultimate curvature |,

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

4

[2] — Seismic Design, Assessment and Retrofitting of Concrete Buildings — M. Fardis

Failure before spalling of concrete cover
Reinforcement reaches its ultimate strain g,

Failure before spalling of concrete cover
Unconfined concrete reaches its ultimate strain €.,

Failure after spalling of concrete cover
Reinforcement reaches its ultimate strain g,

Failure after spalling of concrete cover
Confined concrete reaches its ultimate strain €., .
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1.2. Verification algorithm [2]

1.2.2 Calculate ultimate curvature |,

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

£

[2] — Seismic Design, Assessment and Retrofitting of Concrete Buildings — M. Fardis

Failure before spalling of concrete cover
Reinforcement reaches its ultimate strain g,

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

Failure after spalling of concrete cover
Reinforcement reaches its ultimate strain g,

Failure after spalling of concrete cover
Confined concrete reaches its ultimate strain €., .
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1.2. Verification algorithm [2]

1.2.2 Calculate ultimate curvature |,

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

E

[2] — Seismic Design, Assessment and Retrofitting of Concrete Buildings — M. Fardis

Failure before spalling of concrete cover
Reinforcement reaches its ultimate strain g,

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

Failure after spalling of concrete cover
Reinforcement reaches its ultimate strain g,

Failure after spalling of concrete cover
Confined concrete reaches its ultimate strain €., .
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2. Numerical example
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Figure 3: Analyzed core wall in plan view
Height 84m Ductility class DCM
Stories 23 a/g 0,10
% 2 Table 1: Basic structure properties
Concrete C50/60
Reinforcement B500B
T; 3s
T, 0,5s
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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?

o |
i
= |
=
o
"

Q|
: ]
=1

Figure 5: Confined zones and
dimensions of core wall

2
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2. Numerical example

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

Neg Web Confined Meg | Mgg MEd/MRd le. geo le.calc

[ A I O O
covring | wisor |k [saafase] | s el | | [wm | | ||
w301 | Wmaxs |3,10]060[18000 0,34 12 [150] 16 | 200 |1500 22687 661 |00[030[050)
i‘::;g'; WRo301 | Nmins [320]060] 100 000 12 [150] 36 | 200 |1500[5132] 29,23 [00[00]050
mn--nn---
—ma-
“Wros04 | maxs | 310[0s0[1550 25 | 12 [10] 36 | 150 | 3600[ais5] 71 Tosol0s00m0
i‘:;:;'; WR0304 | Nmins |3,20]060[18000 0,27 12 [150] 36 | 150 | 1600 [21138] 7,57 |o0[090]050
m-----
—----
e St e [s2009 o1 | o 1 330 fsowlorai“smas {oalsaalios
z‘:,':;g'g T NS B D BV BN SR v sl
ﬂ--ﬂﬂ
—m----
--m
eismic
Comb

WR03-05 W50

weos05 | nmins [816]040[6400 0,07 12 [200| 16 | 200 [sz000fesezs] 45,30 [1.z21.221.22
B T B o -

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?

I bw | Neg Web Confined Med | Mgg | Meg/Mgd |c.geo le.calc Ic‘adp

Minimal length
of boundary
zone

Minimal
reinforcement

Minimal length
of boundary
zone

Minimal length
of boundary
zone

Minimal
reinforcement

Minimal length
of boundary
zone

Minimal
reinforcement

Table 2: Verification of constituent walls as independent shear walls

2

129

816
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|
= |
=
3|
{54
=]
Iu
=1

WRO03-06 W40

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?

I Neg Web Confined Med | Mgy | Mea/Mgq |c.geo lc.cale Ic‘adp

Minimal length
of boundary
zone

wio2.02 3,5 Minimal length
| whoaos iy
Combo zone
WR03-04 83,59

Minimal oG
reinforcement 2

816

9
=
=
w0
<
o]
=]
=
=

- Minimal length ]
Minimal 89 | WR03-02 W20
: of boundary _ :
reinforcement 4,4
500 zone
/] () . .
o Minimal length
Minimal 9 &
) - of boundary
reinforcement 49,30
500 zone
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

2.2. Core wall as an integral element

Global analysis Tower

Mo Ms e
[kNm] | [kNm] [kNm]

16500 | -31000 | 138000 | -99500
Axial force [kN]

Table 3: Results of global analysis

--»

_____

———————
~d.
S

Local analysis SAP2000

| Moo | M | Mas | Mac |

(0] | m]_| vl | G |

[ 55000 | 101000 | 105000 | 142000 [NV
| o | e [ o | e | .

I I G

o2 [ 17055 | 397,30 | 34732

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 Stress - Strain Plot Concrete
35
30 N
—_ 25
&
s 20
e 15
g 10
“ 5
0
-2 5 0 2 4 6 8 10 12
Strain - € [mm/m]
WRO03-01 & WR03-04 WR03-05 ——WR03-06 Unconfined C50/60

Figure 7: Concrete properties used in analysis

Stress - 0 [MPa]

Design Stress - Strain plot: Reinforcement

600
400
200

0

-40 -20 (0] 20 40 60

-200
-400

-600
Strain - € [mm/m]

RFT - With Hardening [D]

Figure 8: Reinforcement properties used in analysis
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2. Numerical example

2.2.1. Core wall as an integral element — Curvature at the onset of yielding

* CSiSAP2000v21.2.0is
used to monitor stresses

and strains in section

=
o
2
&
=
=

| [N o
6,00x10 -F Concrete Strain

1
5,40

IIII|IIII|IIII|IIII|IIII|IIII|IIII IIII|
080 120 180 240 300 360 420 480
Select Type of Graph Moment- Steel Strain
(4,038E-04, 233894,68 ] Neutral Axis

Specify Scales/Headings. ..

Analysis Control

[] confined Concrete Onty

[] dealized Model -altrans
(") Concrete Failure - Lowest Uttimate Strain

(® Concrete Failure - Highest Uttimate Strai

Curvature ductility

Figure 7: Moment — curvature diagram
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2. Numerical example

2.2.2. Core wall as an integral element — Ultimate curvature

Failure Mode Il

No spalling of concrete cover
Confined concrete is not activated
Crushing of unconfined concrete

Failure Mode IV

Spalling of concrete cover
Confined concrete is fully utilized
Crushing of confined concrete

Failure Mode |

No spalling of concrete cover
Confined concrete is not activated
Rupture of reinforcement

Failure Mode lli

Spalling of concrete cover
Confined concrete is not fully utilized
Rupture of reinforcement

M,V>0.80- M, ? [2]

[2] — Seismic Design, Assessment and Retrofitting of Concrete Buildings — M. Fardis % 25



2. Numerical example

2.2.2. Core wall as an integral element — Ultimate curvature

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

e Verifications are performed on two separate
section models

Figure 8: Section for
failure modes | and Il

Figure 9: Section for
failure modes Il and IV

26



2. Numerical example

2.2.2. Core wall as an integral element — Ultimate curvature

Strain Diagram
rain Strain Diagram

-||||||||||||||||||||||||||||||||||||||||||||||||| -
0,60 1,20 1,80 240 300 360 420 480 540 600x10-3 Concrete Strain
Select Type of Graph Moment-Curvature Steel Strain Select Type of Graph Moment-Curvature Stee i 0,0141
Specify Scales/Headings... (2,115E-03 , 269926,81 ) Neutral Axis Specify Scales/Headings... (2,103E-03 , 269863,84 )

[ Piot 3x3 Fiber Model Curve B

Meutral Axis 25939

[] Piot 3x3 Fiber Model Curve B

[] dealized Model | Caltrans

Analysie Control
No. of Points [] idealized Model | Caltrans No. of Points

[] confined Concrete Only

P [Tension +ve] m Angle (Deg) 3 @ Conct i Lowest 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)

M,V> 0,80-M,'? <> 269 863kNm > 0,80 -269 926 kNm (&)

27



2. Numerical example

Ml.Ed

2.2.2. Core wall as an integral element — Ultimate curvature

Utility ratios for Core Wall as an integral element
/,tu_4IV 2,189 - 10 3rad

= = = 5,50 100 Mg
Hep.cap.a.s ly s 3956 - 10-4rad )
81.32
Upreq = 2:2—-1):-1,5=45 50 78 = VEX!
= 61.49 63.74

”(b.req 4, 50
U = = =81,32%
r.d.4.s ”¢.Cap.4lv 5’ 50

60

=0 2081 — A — 48.76  48.94 °2.00 s

: 20 38.19 40.80
My .s"Y = 269863 kNm 2
U . _ Mpas _142000kNm _ -
rbas =y VT 269863kNm o |
’ (0]
6.82

170.58 197.34 347.34
Attacking angle - @ [°]

Utility ratio [%]

Bending - Nc.max M Bending - Nc.min Ductility - Nc.max  ® Ductility - Nc.min

Figure 12: Summary of utility ratios for Core Wall as an integral element

% ;



2. Numerical example

2.2.3. Core wall as an integral element — Summary

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

* How efficiently confinement effects are utilzed?

e |s this design the optimal one?

% .



2. Numerical example

2.2.3.1. Integral section vs design of constituent sections independently?

Utility ratio [%][

100
80
60
40

20

Utility ratios for separate constituent
shear walls

83.59

54.4}9.30

33.8% 53 2923

6.617.21 7.57

0.00@0.000.00

Nmax S Nmin S Tension Force S

Combo

WR03-01 = WR03-04 WR03-05 = WR03-06

Utility ratio [%]

100

80

60

40

20

Bending - Nc.max M Bending - Nc.min Ductility - Nc.max  ® Ductility - Nc.min

Utility ratios for Core Wall as an integral element

M
1.Ed
. 27.49 ot 81.32
61.49 63.74
Zieds 4876 48.94 %
4445 o 72 4337 4o 44.20

6.82 170.58 197.34 347.34
Attacking angle - ¢ [°]

Figure 13: Summary of utility ratios for independent shear
walls

Figure 12: Summary of utility ratios for Core Wall as an
integral element

Figure 5: Confined zones and
dimensions of core wall

% .



2. Numerical example

2.2.3.1. Integral section vs design of constituent sections independently?

WRO03-01 as single shear wall WRO03-01 in compression
100 100
80 80 VU 73.91
S 60 9 60 .
E E . 1945_72 43.37 40,8(;‘8'76 48.94 Bending - Nc.max
2 40 2923 = 40 : H Bending - Nc.min
g g Ductility - Nc.max
20 6.61 20 » :
: 0.00 B Ductility - Nc.min
0 0
Nmax S Nmin S Tension Force S 170.58 197.34
Combo Attacking angle - @ [°]
. » . ) . » . R03-01 W60
Figure 14: Utility ratio for independent shear wall WR03-01 Figure 15: Utility ratios for resultant moments M, .;and M ¢, SR

o0l |
e 310—)

Distribution of internal forces is vastly different if core wall is
treatEd as dan Integral Sect|0n| Figure 5: Confined zones and

dimensions of core wall

% .



2. Numerical example

2.2.3.2. How efficiently confinement effects are utilized?

Strain Dmﬁ Strain Centours

i
; ™
Lo basaalg

;8]
=1}
wn
1

[ ]
(=11

Paint No
62

Curvature

8]
&
(%]
I

2 365E-03
Moment

241749

5 ]
-
w
I

5 30 45 60 7 0 105 1 ]
Moment-Curvature ; 0,015 0 45 6 }
— - 5 30 45 &0 7 0 105 1 oK

Figure 16: Moment-curvature plot for M ., Figure 17: Strain distribution for M, g
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2. Numerical example

2.2.3.2. How efficiently confinement effects are utilized?

Strain Diagram

3
[T T

;8]
=1}
n
1

All Points

[ ]
(=11

Point No.

62

I:'._I
S

Curvature

2,365E-03
Moment

241749

-3,857E-03

W«
: 120 144 168 1 & 240
elect Type of Graph Moment-Curvature 0,015 B E B a7 43 12!04 2_ oK

Figure 16: Moment-curvature plot for M ., Figure 18: Stress distribution for M, g
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2. Numerical example

2.2.3.2. How efficiently confinement effects are utilized?

Ecucut = 3,897 -107°
Eeuc = 9,362-1073

U. — Ecucut 3,897 -107°
TeT e . 93621073

=41,36%

Poor use of confinement effects!

Design Stress - Strain Plot: Concrete
35
30
25
20

15
10

Stress - o [MPa]

-2 5 (0] 2 4 6 8 10
Strain - € [mm/m]

WRO03-06 Unconfined C50/60  ««--=--:- 3,897 9,362

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 code [1] requires 5.4.3.4.1 (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] — EN1998-1:2004 %

35



3. Optimization

How to find optimized reinforcement layout?

Local analysis SAP2000

Mo
142000

o
R T
347,34

6,82 £12,66

Table 4: Acting bending moments on
concrete core

Ml.Ed

Almost uniaxial bending of concrete core

2

Figure 6: Resultant biaxial bending moments



3. Optimization

Analogy with single shear wall:

%‘max(OJSIw; 1,5bw)’% T"‘ax(w il P

Figure 20: Minimal confined areas for single shear wall

=

Figure 21: Proposed new layout of confined zones
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3. Optimization

Design Stress - Strain Plot Concrete

Stress - 0 [MPa]
(1KY
(6]

-2 (0] 2 4 6 8 10
Strain - € [mm/m]

Unconfined C50/60 WRO03-01 CW WR03-05CW ——WR03-06 CW

12

Figure 22: Updated confined concrete properties

Figure 23: New layout of confined zones
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3. Optimization

Strain Diagram

-IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII - P ——
0,60 1,200 1,80 2,40 3,00 360 420 480 540 600x10-3 Concrete Strain -3,537E-03

Select Type of Graph Moment-Curvature w Steel Strain 0,0146

Specify Scales/Headings... (2,115E-03 , 267751,08 ) Meutral Axis

Figure 24: Failure mode Il (failure of unconfined concrete)

Strain Diagram

_||||||||||||||||||||||||||||||||||||||||||||||||| .
i0 20 30 40 50 &0 70 80 90 100x10-2 Concrete Strain

Select Type of Graph Moment-Curvature ~ Steel Strain

Specify Scales/Headings... (4,840E-03 , 264730,51 ) Neutral Axiz

Figure 25: Failure mode IV (failure of confined concrete)

M,V> 0,80-M,"? <> 267 430kNm 2 0,80 -267 751 kNm (&)
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3. Optimization

1w,V 484010 3rad
= = 12,58
Uys  3,846-10-%rad

Hep.cap.ar =

Upreq=(2:2—-1)1,5=45

KRepreq 4,50
U = = = 35,779
rd4.r ﬂ¢.cap.41v 12 58 Yo

My .Y =264 728 kNm

U _ Meaa _142000kNm _ .
rhAT T MV 264728KkNm T

I\/ll.Ed

Utility ratio [%]

Utility ratios for Core Wall as an integral element
100
90
80

Ml.Ed

70 61.63 64-30

60 536
51.8
47.61 >0.86

50
30.8 473
40 2.85 333 216

0.1%
30 26.42 6.47 26.12 26.42

2

o

1

o

170.58 197.34 347.34
Attacking angle - @ [°]

Bending - Nc.max M Bending - Nc.min Ductility - Nc.max  ® Ductility - Nc.min

0 I I I l
6.82

Figure 26: Summary of utility ratios for Core Wall as an integral element

(revised layout)
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3. Optimization

(=T =

NN R R RN R RN RN RN N )
1.0 20 30 40 50 60 70 80 90 100x10-3 Concrete Strain

Select Tvpe of Graph Moment-Curvature Steel Strain

Specify Scales/Headings... [ 4,840E-03 , 26473051 ) MNeutral Axiz

Figure 27: Moment-curvature plot for M, .4

Strain Diagram

o ATNEN
-8 820E-03

rain Contours (Exact Integration)

Point No.
103
Curvature
4 BTSE-03
Moment

254871

4 P M
6 120 144 168 1920216 240 K
13 3 51 132 214 oK

Figure 28: Stress distribution for M, ¢,
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3. Optimization

(=T =

1,0 200 30 40 S50 &0 70 &0 90 100xip-3 Concrete Strain

Select Tvpe of Graph Moment-Curvature Steel Strain

Specify Scales/Headings... [ 4,840E-03 , 26473051 ) MNeutral Axiz

Figure 29: Moment-curvature plot for M, .4

Strain Diagram

o ATNEN
-8 820E-03

Strain Contours

Figure 30: Strain distribution for M, ¢,

0 30
0 90

Single Point
O All Points
Point No.
103
Curvature
4,875E-03
Moment

264671

4>

120 150 1 0 240 2
12.0 150 1 0 240 2 OK
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3. Optimization

Ml.Ed
Starting reinforcement layout Revised reinforcement layout
100 M; 100 Mg
20 . 81.32 90
80 76.83 : 73.91 80
— 70 63.74 — 70 64.30
S 61.49 S 61.63
60 60 53.6
o 5
2 50.8 1876 4894 2P 2 518 e 50.86
© 50 44.45 4572 4337 44.20 ® 50 473
> 38.1 40.8 > 39.8 :
£ 40 £ 40 2.85 013 3.33 .76
= ) .
5 3 S5 35 26.42 6.47 26.12 26.42
20 20
10
6.82 170.58 197.34 347.34 ' 6.82 170.58 197.34 347.34
Attacking angle - @ [°] Attacking angle - @ [°]
Bending - Nc.max M Bending - Nc.min Ductility - Nc.max M Ductility - Nc.min Bending - Nc.max M Bending - Nc.min Ductility - Nc.max M Ductility - Nc.min
Figure 12: Summary of utility ratios for Core Wall as an integral element Figure 26: Summary of utility ratios for Core Wall as an integral element
(starting layout) (revised layout)
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3. Optimization

Utility ratio [%]

100
90
80
70
60
50
40
30
20
10

Starting reinforcement layout

81.32

100
90

Revised reinforcement layout

6374

5260

347.34
Attacking angle - ¢ [°]

Bending - Nc.max M Bending - Nc.min Ductility - Nc.max

44.20

80
70
60
50
40

64.30

53.64

35.76

M Ductility - Nc.min

Figure 31: Utility ratios for Core Wall as an integral element

(starting layout) — M,

Utility ratio [%]

30

20

26.42

347.34
Attacking angle - ¢ [°]

Bending - Nc.max  ® Bending - Nc.min Ductility - Nc.max  ® Ductility - Nc.min

Figure 32: Utility ratios for Core Wall as an integral element
(revised layout) - M, ¢,
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3. Optimization

At what expense this improvement in behaviour is achieved?
T16/150

T16/200 T16/200

T12/150

T16/200

Figure 33: Starting layout of reinforcement Figure 34: Revised layout of reinforcement

As; = 65T12 + 20T12 = 153,31cm? As, = 64T16 = 128,68cm?

As, 128,68cm?

A, = —
47 As; ~ 153,31cm?

A = Hep.cap.ar . 12.58
2 Hep.cap.a.s 5,50

= 83,93%

= 228,73%

8,=0,—1=-16,07% 8, =14, —1=128,73%
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3. Optimization

Special considerations - Openings?

 From the strain distruibution it is easy to conclude which areas are most highly
utilized

Openings should be avoided

Zones suitable for openings

Zones suitable for openings

Openings should be avoided

46




3. Optimization

Special considerations - Openings?

5.2.1 (1) [1]

Ductile wall:

Ductile wall is an element fixed at its base
so that the relative rotation of this base
with respect to the rest of the structural

system is prevented, and that is designed
and detailed to dissipate energy in_a

flexural plastic hinge zone free of openings
or large perforations, just above its base.

[1] — EN1998-1:2004 %



3. Optimization

Special considerations - Openings?

“...knowledge of their (composite walls) behavior under cyclic biaxial bending and shear is very limited, and that the rules used
for their dimensioning and detailing still lack a sound basis... Designers should opt for fairly simple geometries...” [2]

“..openings should be arranged at every floor at a very regular pattern, turning the wall into a coupled one, with the lintels
between the openings serving and designed as coupling beams...” [2]

[2] — Seismic Design, Assessment and Retrofitting of Concrete Buildings — M. Fardis ﬁ 48



3. Optimization

Special considerations - Openings?

Opening

Opening

U shaped wall: WU-1

Opening

H shaped wall: WH-1

Opening

U shaped wall: WU-2
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4. Conclusions

1. Distribution of internal forces is vastly different if constitutent walls are treated
separately

“..The nonlinearities in a section analysis at the ULS may lead to a distribution of strains and stresses in the actual
composite section which is vastly different from that in the artificially articulated section under the M -M-N triplets
of its individual parts. So, these triplets should be composed into a single one for the entire wall section..” [2]

[2] — Seismic Design, Assessment and Retrofitting of Concrete Buildings — M. Fardis ﬁ 50



4. Conclusions

2. No correlation between behaviour of single sheer walls and concrete core as an
integral section
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Figure 14: Utility ratio for independent shear wall WR03-01

Figure 15: Utility ratios for resultant moments M, (,and M ¢,
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4. Conclusions

g

/

N

Ivll.Ed

3. There is no evidence to prove that design of constituent walls as single sheer
walls is on safe side! On the contrary it is probably not!!!
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Figure 12: Summary of utility ratios for Core Wall as an integral element
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