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DETAILING OF FLEXURAL PLASTIC HINGES, FOR CURVATURE DETAILING OF FLEXURAL PLASTIC HINGES, FOR CURVATURE 
DUCTILITY FACTOR DUCTILITY FACTOR μμφφ CONSISTENT w/ qCONSISTENT w/ q--FACTORFACTOR

• μφ=2qo-1 if T1Tc

• μφ =1+2(qo-1)Tc/T1 if T1<Tcφ o c 1 1 c
– T1: fundamental period of building, 
– TC: T at upper limit of constant spectral acceleration region,

f t d d f i l it i l ti– qo : q-factor unreduced for irregularity in elevation 
(multiplied w/ MEd/MRd at wall base). 

• Derivation:• Derivation: 
– Relation between μφ & Lpl/Ls (Lpl: plastic hinge length, Ls: shear span) & μδ

(: top displacement ductility factor) in buildings staying straight due to walls 
t l 1 3( 1)L /L (1 0 5L /L )or strong columns: μδ =1+3(μφ-1)Lpl/Ls(1-0.5Lpl/Ls);

– Relation q-δ-T :
μδ =q if T1T μδ= 1+(q-1)T /T1 if T1<T ;μδ q if T1Tc, μδ 1 (q 1)Tc/T1 if T1 Tc;

– Relation of Lpl & Ls for typical RC beams, columns & walls 
(for EC2 confinement model: ε*cu=0.0035+0.1αωw):
μφ  2μδ-1

• For steel B (εu: 5-7.5%, ft/fy: 1.08-1.15) increase μφ-demand by 50%



EC8EC8--Part 1: MEANS TO ACHIEVE Part 1: MEANS TO ACHIEVE μμφφ IN PLASTIC HINGESIN PLASTIC HINGES
• M b / i l l d & t i i f t• Members w/ axial load & symmetric reinforcement, ω1=ω2

(columns, ductile walls):
Confining reinforcement (for walls: in boundary elements) w/–Confining reinforcement (for walls: in boundary elements) w/
(effective) mechanical volumetric ratio:

αω =30μ (ν +ω )ε b /b 0 035αωwd =30μφ(νd+ωd)εydbc/bo-0.035
• νd=Nd/bchfcd; εyd=fyd/Es;
• bc: width of compression zone; bo: width of confined core; c p ; o ;
• ω: mechanical ratio of longitudinal web reinforcement = ρfyd,v/fcd

–Columns meeting strong-column/weak-beam rule (ΣMRc>1.3ΣMRb), 
should have full confining reinforcement only at (building) base; 

–DC H strong columns (ΣMRc>1.3ΣMRb) also provided w/ confining 
reinforcement for 2/3 of μφ in all end regions above the base.

• Members w/o axial load & w/ asymmetric reinforcement (beams):
–Max. mechanical ratio of tension steel:

ω1  ω2+0.0018/μφ εyd



Derivation:Derivation:
• μφ=φu/ φy

• φu =εcu/ξuho

0 003 0 1• εcu=0.0035+0.1αωw

• ξu~(νd + ω + ω1-ω2)/(1- εco/3εcu)fc/fcc(hcbc)/(hobo) (equilibrium)

• φy=1.75εy/h in columns, φy=1.44εy/h in walls, φy=1.54εy/d in beams 
(fitted to >2000 tests)

• Correction for material safety factors (γc=1.5, γs=1.15)



DESIGN & DETAILING OF DUCTILE WALLSDESIGN & DETAILING OF DUCTILE WALLS
• I l ti ti li it d t l ti hi t b• Inelastic action limited to plastic hinge at base, 

so that cantilever relation between q & μφ can apply:
• Wall provided with flexural overstrength above plastic hinge• Wall provided with flexural overstrength above plastic hinge

region (linear moment envelope with shift rule);
• Design in shear for V from analysis, times:g y
1.5 for DC M
[(1.2 MRd/MEd)2+0.1(qSe(Tc)/Se(T1))2]1/2 < q for DC H

• M : design moment at base (from analysis)MEd: design moment at base (from analysis),
• MRd: design flexural resistance at base,
• Se(T): ordinate of elastic response spectrum,

T li it T f t t l i• TC: upper limit T of const. spectral acc. region
• T1 fundamental period.

• In plastic hinge zone: boundary elements w/ confining p as c ge o e bou da y e e e s / co g
reinforcement of effective mechanical volumetric ratio:

αωwd=30μφ(νd+ωd)εydbc/bo-0.035
over part of compression zone depth: xu=(νd+ω)lwbc/bo

where strain is between: ε*cu=0.0035+0.1αωw & εcu=0.0035



OVERVIEW OF DETAILING & DIMENSIONINGOVERVIEW OF DETAILING & DIMENSIONING 
OF PRIMARY BEAMS, COLUMNS & DUCTILE WALLS

IN RC BUILDINGS OF DC H, M or L 



Detailing/dimensioning of primary seismic beams (secondary 
ones: as in DCL)

DC H DCM DCLDC H DCM DCL 
“critical region” length 1.5hw hw 
Longitudinal bars (L): 

t i id 0 5f /f 0.26fctm/fyk,min, tension side 0.5fctm/fyk
0.26fctm/fyk, 
0.13%(0) 

max, critical regions(1) ’+0.0018fcd/(sy,dfyd)(1) 0.04 
As,min, top & bottom 214 (308mm2) - 
A t A /4As,min, top-span As,top-supports/4 -
As,min, critical regions bottom 0.5As,top

(2) - 
As,min, supports bottom As,bottom-span/4(0) 

ctmd f)8.01(25.6  ctmd fν )8.01(5.7 
dbL/hc - bar crossing interior joint(3) yd

ctmd
f
f
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
  yd
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ρ
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- 

dbL/hc - bar anchored at exterior ctmf)801(256  ctmf
ν )801(57 

(0) NDP (Nationally Determined Parameter) per EC2. Table gives the EC2 recommended value.

dbL/ c ba a c o ed at e te o
joint(3) yd

ctm
d f

)8.01(25.6   
yd

d f
ν )8.01(5.7  - 

 

(1) : value of the curvature ductility factor corresponding to the basic value, qo, of behavior factor used in the design
(2) The minimum area of bottom steel, As,min, is in addition to any compression steel that may be needed for the 

verification of the end section for the ULS in bending under the (absolutely) maximum negative moment from the 
analysis for the seismic design situation, MEd.

(3) hc: column depth in the direction of the bar, d = NEd/Acfcd: column axial load ratio for the algebraically minimum 
axial load in the seismic design situation (compression: positive).



Detailing & dimensioning of primary seismic beams (cont’d)

 DC H DCM DCL 
Transverse bars (w): 
(i) outside critical regions(i) outside critical regions 
spacing sw 0.75d 
w 0.08√(fck(MPa)/fyk(MPa)(0) 
(ii) in critical regions:(ii) in critical regions:
dbw 6mm 

spacing sw 
6dbL, 

4
wh , 24dbw, 8dbL, 

4
wh , 24dbw, 

-p g w
175mm 225mm

 



Detailing & dimensioning of primary seismic beams (cont’d)
 DC H DCM DCL 

Shear design:Shear design: 

VEd, seismic(4) 
qgo

cl

Rb V
l
M

2,2.1  (4) qgo
cl

Rb V
l
M

2,  (4) 
from analysis for 
design seismic 
action plus gravityaction plus gravity 

VRd,max seismic (5) As in EC2: VRd,max=0.3(1-fck(MPa)/250)bwozfcdsin2 (5), 1cot2.5 

VRd,s, outside critical regions(5) As in EC2:  VRd,s=bwzwfywdcot (5), 1cot2.5 

VRd,s, critical regions(5) VRd,s=bwzwfywd
 (=45o)  As in EC2: VRd,s=bwzwfywdcot, 

1cot2.5 
(6) If VEmax/(2+)fctdbwd>1:If VEmin/VEmax
(6) <-0.5: inclined 

bars at angle  to beam axis, 
with cross-section As/direction 

If VEmax/(2+)fctdbwd>1: 
         
As=0.5VEmax/fydsin 

& stirrups for 0.5VEmax 

- 

(4) At a member end where the moment capacities around the joint satisfy: MRb>MRc, MRb
is replaced in the calculation of the design shear force, VEd, by MRb(MRc/MRb)

p Emax

 

p g , Ed, y Rb( Rc Rb)
(5) z: internal lever arm, taken equal to 0.9d or to the distance between the tension and the 

compression reinforcement, d-d1.
(6) VE VE i are the algebraically maximum and minimum values of VEd resulting from the(6) VEmax, VE,min are the algebraically maximum and minimum values of VEd resulting from the 

 sign; Vemax is the absolutely largest of the two values, and is taken positive in the 
calculation of ζ; the sign of VEmin is determined according to whether it is the same as that 
of VEmax or not.



Detailing/dimensioning of primary seismic columns 
(secondary ones: as in DCL)( y )

 DCH DCM DCL 

Cross-section sides, hc, bc 
0.25m; 

h /10 if  P/Vh 0 1(1) -Cross section sides, hc, bc  hv/10 if =P/Vh>0.1(1)

“critical region” length (1) 1.5hc, 1.5bc, 0.6m, lc/5 hc, bc, 0.45m, lc/6 hc, bc 
Longitudinal bars (L): 
 min 1% 0.1Nd/Acfyd, 0.2%(0) 

 max 4% 4%(0) 

dbL 8mm dbL 8
 bars per side  3 2 
Spacing between restrained bars 150mm 200mm - 
distance of unrestrained bar from 150mm

(0) Note (0) of Table of beams applies.
(1) hv is the distance of the inflection point to the column end further away, for 

distance of unrestrained bar from 150mm
 

bending within a plane parallel to the side of interest; lc is the column clear length.



Detailing & dimensioning of primary seismic columns (cont’d)
 DCH DCM DCL 
Transverse bars (w):Transverse bars (w): 
Outside critical regions:  
 dbw 6mm, dbL/4 

i 20d h b 400 12dbL, 0.6hc, 0.6bc, spacing sw  20dbL, hc, bc, 400mm 12dbL, 0.6hc, 0.6bc, 
240mm 

 at lap splices, if dbL>14mm: 
sw 12dbL, 0.6hc, 0.6bc, 240mm 

(2)Within critical regions:(2) 

 dbw (3) 6mm, 0.4(fyd/fywd)1/2dbL 6mm, dbL/4 
 sw (3),(4) 6dbL, bo/3, 125mm 8dbL, bo/2, 175mm  - 

  (5) 0 08 wd (5)
 0.08 -

 wd (4),(5),(6),(7) 30
*dsy,dbc/bo-0.035 - 

In critical region at column base:  
wd 0.12 0.08 - wd 0.12 0.08  

 wd (4),(5),(6),(8),(9) 30dsy,dbc/bo-0.035 - 
 

(2) For DCM: Ιf q ≤ 2 used in the design, the transverse reinforcement in critical regions of columns( ) q g g
with axial load ratio d not greater than 0.2 may follow the rules applying to DCL columns.

(3) For DCH: In the two lower storeys of the building, the requirements on dbw, sw apply over a 
distance from the end section not less than 1.5 times the critical region height.

(4) c denotes full concrete section; o the confined core (to centreline of perimeter hoop); bo is the 
smallest side of this core.

(5) wd: volume ratio of confining ties to confined core (to centreline of perimeter hoop) times fyd/fcd



Detailing & dimensioning of primary seismic columns (cont’d)
 DCH DCM DCL 
Transverse bars (w): 
O id i i l iOutside critical regions: 
 dbw 6mm, dbL/4 

 spacing sw  20dbL, hc, bc, 400mm 12dbL, 0.6hc, 0.6bc, 
240mm 

 at lap splices, if dbL>14mm: 
sw 12dbL, 0.6hc, 0.6bc, 240mm 

Within critical regions:(2)  
d  (3) 6mm 0 4(f /f )1/2d 6mm d /4 dbw ( ) 6mm, 0.4(fyd/fywd) dbL 6mm, dbL/4

 sw (3),(4) 6dbL, bo/3, 125mm 8dbL, bo/2, 175mm  - 
 wd (5) 0.08 - 
 wd (4),(5),(6),(7) 30

*dsy,dbc/bo-0.035 -  y,
In critical region at column base:  
 wd 0.12 0.08 - 
 wd (4),(5),(6),(8),(9) 30dsy,dbc/bo-0.035 - 

 
(6)  : confinement effectiveness factor, =sn; where s=(1-s/2bo)(1-s/2ho) for hoops, s=(1-s/2bo) for 

spirals; n=1 for circular hoops, n=1-{bo/((nh-1)ho)+ho/((nb-1)bo)}/3 for rect. hoops with nb legs parallel to 
side of the core with length bo and nh legs parallel to the one with length ho.o h o

(7) For DCH: at column ends protected from plastic hinging by capacity design of the column, * is the 
curvature ductility factor corresponding to 2/3 of the basic value qo of the behaviour factor used in the 
design; at column ends where plastic hinging is not prevented due to the exemptions in Note (10) below, 
 * is the full value corresponding to q ;  = f /Ε   is the full value corresponding to qo; sy,d= fyd/Εs.

(8) Note (1) of the Beams Table applies.
(9) For DCH: Requirement applies also in the critical regions at the ends of columns where plastic hinging is 

not prevented, because of the exemptions in Note (10) below.



 DCH DCM DCL 
Detailing & dimensioning of primary seismic columns (cont’d)

Capacity design check at beam-
column joints: (10) 

1.3MRbMRc
No moment in transverse direction of 
column 

- 

Verification for Mx-My-N: Truly biaxial, or uniaxial with (Mz/0.7, N), (My/0.7, N)Verification for Mx My N: Truly biaxial, or uniaxial with (Mz/0.7, N), (My/0.7, N)
Axial load ratio d=NEd/Acfcd  0.55  0.65 - 
Shear design: 

V i i (11)
ends
RcM31 (11)

ends
RcM11 (11)

from analysis for 
d i i i VEd seismic(11) 

cl

Rc

l
3.1 (11)

cl

Rc

l
1.1 (11) design seismic 

action plus gravity 
 VRd,max seismic (12), (13) As in EC2: VRd,max=0.3(1-fck(MPa)/250)bwozfcdsin2, 1cot2.5 
 VRd s seismic (12), (13), (14) As in EC2: VRd s=bwzwfywdcot+NEd(h-x)/lcl

(13), 1cot2 .5 Rd,s s C Rd,s bw w ywdcot Ed( )/ cl , cot 5
 

(10) The capacity design rule does not need to be met at beam-column joints: (a) of the top floor, (b) 
of the ground storey in two-storey buildings with axial load ratio d≤0.3 in all columns, (c) if g y y g d ( )
shear walls resist ≥ 50% of base shear parallel to the plane of the frame (wall buildings or wall-
equivalent dual), or (d) in one-out-of-four columns of plane frames with columns of similar size.

(11) At a member end where the moment capacities around the joint satisfy: MRb<MRc, MRc is 
replaced by MRc(MRb/MRc).

(12) z is the internal lever arm, equal to 0.9d or to the distance between the tension and the 
compression reinforcement, d-d1. 

(13) The axial load, NEd, and its normalized value, d, are taken with their most unfavorable values 
for the shear verification in the seismic design situation (considering both demand and capacity)

(14) x is the neutral axis depth at the end section in the ULS of bending with axial load.



Detailing & dimensioning of ductile walls

 DCH DCM DCL 
Web thickness, bwo max(150mm, hstorey/20) - , wo ( , storey )

critical region length, hcr
 

 

 max(lw, Hw/6) (1)

 min(2lw, hstorey) if wall 6 storeys 
 min(2lw, 2hstorey) if wall > 6 storeys

- 
( w, storey) y

(0) Notes (0) of the Beam & Column Tables apply.
(1) lw is the long side of the rectangular wall section or rectangular part thereof; Hw is the total 

height of the wall; hstorey is the storey height.



Detailing & dimensioning of ductile walls (cont’d)
 DC H  D C M  D C L 
B ou n da ry  elem en ts:  
a )  in cri tical  regio n:   
-  l en gt h lc f ro m ed ge    0 .15 lw, 1.5b w, len gth  ov er w h ich  c> 0.0 03 5 -  
-  t hick ness  b w ov er lc    0 .2m ; hs t/1 5 if  lc max (2 bw, lw/5 ), hs t/1 0 if  lc >max (2 b w, lw/5 ) -  
-  ver tica l re in fo rcem ent:   
 min  o ver  A c=lcb w 0.5 %  0 .2%  (0 ) 

   max  over  A c 4 %  (0)  
-  co nf in in g ho op s (w ) (2 ):  

db  6 mm 0 4(f d/ f d) 1 /2 d bL 6 m m in the p ar t of the db w  6 mm , 0 .4( f yd/ fy w d) d bL 6 m m,
 sp acin g sw  (3)  6 db L, b o/ 3, 12 5m m  8d bL , b o/2 , 1 75 mm  
 w d (2 )

 0 .1 2 0 .08   
 w d (3 ),(4 ) 3 0( d + )s y ,d bw/ bo -0 .03 5 

in  the  p ar t of  the  
s ec tion  wh ere L> 2% : 
as  o ver  the  rest of  the  
w all (case  b, be lo w ) 

f h i h

b ) o ver  the  res t of  t he  w all 
h e igh t:

In p art s of  the  sectio n w here  c >0.2% :  v,min =  0 .5% ;
In p art s of  the  sec tio n w here  L>2% :  
- d istan ce  o f un restrai ned b ar  in com press ion  zo ne  from  n eares t restra in ed  b ar

 15 0m m;  h eigh t: 
- h oo p s wi th db w  max (6 mm , d bL/ 4)  & sp acin g sw  m in(1 2d bL, 0.6 bw o , 

2 40 m m) (0 ) up  to a  d istan ce  o f 4 b w ab o ve or  belo w  fl oo r b eams o r  slabs , o r s w
m in(2 0d bL, b w o, 40 0m m) (0 ) b eyo nd  t hat dis tance   

 
(2) For DC M: If in the seismic design situation d=NEd/Acfcd 0.15, the DCL rules may be applied 

to boundary elements; these rules apply also if d0.2 but the q-value used in the design is ≤
of 85% of the value allowed if the DC M confining reinforcement is used in boundary elements.g y

(3) Notes (4), (5), (6) of the columns Table apply for the confined core of boundary elements. 
(4)  is the curvature ductility factor corresponding to the product of qo andthe ratio MEdo/MRdo at 

the base of the wall; sy,d= fyd/Εs, d is the mechanical ratio of the vertical web reinforcement.



 DCH DCM DCL 
Web:

Detailing & dimensioning of ductile walls (cont’d)

Web: 
- vertical bars (v):  
 v,min  wherever c>0.2%: 0.5%; elsewhere 0.2% 0.2%(0) 

 4% v,max  4%
 db 8mm - 
 dbv bwo/8 - 

spacing s  min(25d 250mm) min(3b 400mm) spacing sv min(25dbv, 250mm) min(3bwo, 400mm) 
- horizontal bars:  
 hmin 0.2% max(0.1%, 0.25v)(0) 

d  8mm dbh 8mm -
 dbh bwo/8 - 
 spacing sh min(25dbh, 250mm) 400mm 
axial load ratio =axial load ratio d= 
NEd/Acfcd 

0.35 0.4 - 

If Hw/lw2, design moments from linear envelope of 
maximum moments M from analysis for the from analysis for 

Design moments MEd: 
maximum moments MEd from analysis for the 
“seismic design situation”, shifted up by the “tension 
shift” al 

design seismic 
action & gravity 

(0) Notes (0) of the Beam & Column Tables apply.

 



 DCH DCM DCL 
Shear design:

Detailing & dimensioning of ductile walls (cont’d)
Shear design: 

Design shear force VEd = 
shear force V’Ed from the 
analysis for the design

if Hw/lw2(5):             
=1.2MRdo/MEdoq 
if Hw/lw>2(5), (6): 1 5 1 0analysis for the design 

seismic action, times factor 
: 

w w

 
  q
TS
TSq

M
Mε

e

Ce

Edo

Rdo 

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
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










2

1

2
 1.02.1  

=1.5 =1.0 

Design shear force in walls 
of dual systems with 
Hw/lw>2, for z between Hw/3 
and H : (7)




























3
5.15.1)0(

4
175.0)( w

Ed
w

Ed
w

Ed
HVε

H
zVε

H
zzV  

from analysis for 
design seismic action 
& gravity and Hw:  

VRd,max outside critical 
region As in EC2: VRd,max=0.3(1-fck(MPa)/250)bwo(0.8lw)fcdsin2,  with 1cot2.5 

VRd,max in critical region 40% of EC2 value As in EC2d, g
 

(5) MEdo : moment at the wall base from the analysis for the seismic design situation; 
MRd : design moment resistance at wall base for the axial force NEd from the same analysisMRdo : design moment resistance at wall base for the axial force NEd from the same analysis

(6) Se(T1): value of the elastic spectral acceleration at the period of the fundamental mode in the 
horizontal direction (closest to that) of the wall shear force being multiplied by ; 
Se(Tc): spectral acceleration at the corner period TC of the elastic spectrum.Se(Tc): spectral acceleration at the corner period TC of the elastic spectrum.

(7) A dual structural system is one where walls resist between 35 and 65% of the seismic base 
shear in the direction of the wall shear force considered; z is distance from the base of the 
wall.



 DCH DCM DCL 
Shear design:

Detailing & dimensioning of ductile walls (cont’d)
Shear design: 
VRd,s in critical region; web 
reinforcement ratios: h,   

 

(i) if s=MEd/VEdlw2 :  V =b (0 8l ) f As in EC2:    VRd,s=bwo(0.8lw)hfywdcot, ( )
=v,min, h from VRd,s: 

VRd,s=bwo(0.8lw)hfywd
, ( ) y

1cot2.5 
(ii) if s<2:      h from VRd,s: 

(8) VRd,s=VRd,c+bwos(0.75lw)hfyhd  

f (9) f f N /(0 8l b )

As in EC2: VRd,s=bwo(0.8lw)hfywdcot, 
1cot2.5             v from: (9) fyvd  hfyhd-NEd/(0.8lwbwo)
1cot2.5

Resistance to sliding shear: 
via bars with total area Asi 
at angle  to the horizontal

VRd,s =Asifydcos+ 
Asvmin(0.25fyd, 1.3√(fydfcd))+ 

( f ( )/ )b f
 at angle  to the horizontal 

(10) 0.3(1-fck(MPa)/250)bwoxfcd

v,min  
t t ti j i t (9) (11) c

Ed
ctd A

N
f3.1

00250


-at construction joints (9),(11) 
ydcdyd fff 5.1

,0025.0


 
(8) If b & d in m f d in MPa ρL: tensile reinforcement ratio and NΕd in kN VRd (in kN) is given by:(8) If bw & d in m, fcd in MPa, ρL: tensile reinforcement ratio and NΕd in kN, VRd,c (in kN) is given by:
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1

Ned>0 for compression; min. value from analysis for seismic design situation; VRd,=0 for tension 
(9) NEd>0 for compression; use its minimum value from the analysis for the seismic design situation
(10) Asv: total area of web vert. bars & of additional vert. bars in boundary elements for shear sliding
(11) fctd=fctκ 0 05/c : design value of (5%-fractile) tensile strength of concrete.


