DETAILING RULES & SPECIAL
DIMENSIONING RULES IN
EUROCODE 8



DETAILING OF FLEXURAL PLASTIC HINGES, FOR CURVATURE
DUCTILITY FACTOR p, CONSISTENT w/ q-FACTOR
Mp=20,-1 if T,>T,
Mo =1+2(q,-1)T /T, if T,<T,
— T,: fundamental period of building,
— T.: T at upper limit of constant spectral acceleration region,

— q, : g-factor unreduced for irregularity in elevation
(multiplied w/ M- /My, at wall base).

Derivation:

— Relation between p, & L /L (L plastlc hinge length, L : shear span) & p;
(: top displacement ductlrty factor In buildings staying stralght due to walls

or strong columns: U5 —1+3(|J(p 1)L,/Ls(1-0.9L,/Ly);
— Relation g-pi5-T:
Us=q if T,.>T, Us= 1+(q-1)T /T, if T,<T

— Relation of L, & L, for typical RC beams, columns & walls
(for EC2 confinement model: £*,,=0.0035+0.1aw,,):
Ho = 2H5-1
For steel B (g,: 5-7.5%, f/f,: 1.08-1.15) increase p,-demand by 50%




EC8-Part 1: MEANS TO ACHIEVE p,, IN PLASTIC HINGES

Members w/ axial load & symmetric reinforcement, w;=w,
(columns, ductile walls):

— Confining reinforcement (for walls: in boundary elements) w/
(effective) mechanical volumetric ratio:
* Vqg=Ng/bchfey; €,4=f,/Es;
® b,: width of compression zone; b,: width of confined core;

* w,: mechanical ratio of longitudinal web reinforcement = p f, , /.,

— Columns meeting strong-column/weak-beam rule (Mg .>1.3ZMg,),
should have full confining reinforcement only at (building) base;

—DC H strong columns (zMg.>1.3XM,) also provided w/ confining
reinforcement for 2/3 of y,, in all end regions above the base.

Members w/o axial load & w/ asymmetric reinforcement (beams):
— Max. mechanical ratio of tension steel:
Wy < w,*+0.0018/pg, €4




Derivation:

Ho=®/ @,

(pu =£CU/§UhO

£.,,~0.0035+0.1aw,,
S~ (Vg + W + wy-w,)/(1- €, /3¢ ) /..(h:be)/ (hby) (equilibrium)

¢,~1 .75£y/h in columns, ¢, =1 .44sy/h in walls, ¢ =1 .54£y/d In beams
(fitted to >2000 tests)

Correction for material safety factors (y.=1.5, y.=1.15)




DESIGN & DETAILING OF DUCTILE WALLS

Inelastic action limited to plastic hinge at base,

so that cantilever relation between q & y, can apply:

* Wall provided with flexural overstrength above plastic hinge
region (linear moment envelope with shift rule);

® Design in shear for V from analysis, times:

1.5 for DC M

[(1.2 Mry/Mgy)*+0.1(qSo(T)/Se(T1))°]? < q for DCHE
« M. design moment at base (from analysis), E
« Mg,: design flexural resistance at base,
- S (T): ordinate of elastic response spectrum,

* T.: upper limit T of const. spectral acc. region
- T, fundamental period.

In plastic hinge zone: boundary elements w/ confining
reinforcement of effective mechanical volumetric ratio:

aw,,4=30H(Vgtw, 4)€ 4b/b,-0.035
over part of compression zone depth: x,=(v4+w )l b./b,
where strain is between: €%, =0.0035+0.1aw,, & £.,=0.0035




OVERVIEW OF DETAILING & DIMENSIONING
OF PRIMARY BEAMS, COLUMNS & DUCTILE WALLZS
IN RC BUILDINGS OF DC H, M or L



dimensioning of primary seismic beams (secondary

ones: as in DCL)

DCH DCM DCL

“critical region” length 1.5hy, hy
Longitudinal bars (L):

. . 0.26f /T,
Pmin, tENsion side 0.5 ctm/fyk 0_130/:)(0) yk
Pmax, Critical regions!!) p’+0.0018f o/ (LoEsy.dfya)'” 0.04
As min. top & bottom 2014 (308mm?) -
As,min, tOp-Span As,top-supports/4 -
As min, Critical regions bottom 0.5As top~ -
A min, SUPpOrts bottom As bottom-span/ 4

L 6251+ 0.8vy) fem L 7.5040.8vg) fem
du./he - bar crossing interior joint® | (14075 Ly Jvd (1405 Py Sy -
Pmax P max

_db_L/hg' bar anchored at exterior <6.25(1+0.8v,) Setm <7.51+0.8v,) Sem i
joint® Syd fyd

(0) NDP (Nationally Determined Parameter) per EC2. Table gives the EC2 recommended value.
(1) p,: value of the curvature ductility factor corresponding to the basic value, g, of behavior factor used in the design

(2) The minimum area of bottom steel, A .., 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, M.

(3) h,: column depth in the direction of the bar, v, = N;/A4 f.,; 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)

] ocH | ocm | DCL

Transverse bars (w):
1) outside critical regions
' < 0.75d
0.08V(fo(MPa)/f, (MPa)?

ii) in critical regions:
bw= 6mm

6dbL’ hv 24de1 8dbL, ﬂ, 24dbw,
< 4 4
175mm 225mm




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

DC H

Shear design:

Vg, seismic?

2 My, (4)
L2=—2V, e
cl

DCM DCL
M ) @) from analysis for
;T ogng design seismic
cl

action plus gravity

VRd max S€ismic

As in EC2: Vrg max=0.3(1-f5(MPa)/250)b,,zf.sin28 ), 1<cotd<2.5

Vras, OUtside critical regions®

As in EC2: Vggs=buzpufyuacotd ©, 1<cotd<2.5

Vras, critical regions®

VRd,S=bWZprde (6=450)

As in EC2:
1<cotd<2.5

VRd, S oW pwfywdCOtS,

If £=Vemin/Vemas ) <-0.5: inclined
bars at angle o to beam axis,
with cross-section A¢/direction

If Vemad (2+C)fagbyd>1:

A3=O.5VEmaX/fdeinOL
& stirrups for 0.5Vemax

(4) At a member end where the moment capacities around the joint satisfy: 2Mg,>2 Mg, Mg,
is replaced in the calculation of the design shear force, Vg, by Mg, (Mg /2 Mg,)

(5) z: internal lever arm, taken equal to 0.9d or to the distance between the tension and the
compression reinforcement, d-d,.

(6) Vemaxy Ve minare the algebraically maximum and minimum values of V, resulting from the
+ sign; V..., is the absolutely largest of the two values, and is taken positive in the
calculation of ; the sign of V., is determined according to whether it is the same as that




Detailing/dimensioning of primary seismic columns

(secondary ones: as in DCL)

DCH DCM DCL

Cross-section sides, h, b, > h10 if 8.=2P56r7\,/h>0.1(”
“critical region” length ‘> 1.5h;, 1.5b, 0.6m, I,/5] hg, b, 0.45m, I,/6 he, b,
Longitudinal bars (L):

Omin 1% 0.1Ng/Adf,q, 0.2%"

Pmax 4% 4%")

dbLZ 8mm

bars per side > 3 2
Spacing between restrained bars <150mm <200mm -
distance of unrestrained bar from <150mm

W) h,is the distance of the inflection point to the column end further away, for
bending within a plane parallel to the side of interest; /. is the column clear length.




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

DCH DCM DCL
Transverse bars (w):
QOutside critical regions:
deZ 6mm, db|_/4

spacing s,, < 20dy,, he, be, 400mm 12db|_,2(31.gr|’r1]cr,nO.6bc,

at lap splices, if dy,>14mm: 12d,., 0.6h,, 0.6b., 240mm

Sw<

Within critical regions:*®
deZ ®) 6mm, O.4(fyd/fywd)1/2db|_ 6mm, db|_/4
s, < O 6dp., bo/3, 125mm | 8dy, bo/2, 175mm -
Owa> 0.08 -
Ay P CHOHT) 301, Vg€sy abe/bo-0.035 -

In critical region at column base:
Owd= 0.12 0.08 -
Ay P HOHE)O) 30u4VEsy dbo/Do-0.035 -

(2) For DCM: If g < 2 used in the design, the transverse reinforcement in critical regions of column:
with axial load ratio v, 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 d,,, s,, 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); b, is the
smallest side of this core.
(9) w,,4: volume ratio of confining ties to confined core (to centreline of perimeter hoop) times /1




Detailing & dimensioning of primary seismic columns (cont’d

DCH DCM DCL
Transverse bars (w):
Outside critical regions:
deZ 6mm, db|_/4
spacing sy < 20d,,, he, be, 400mm 12dbL’23'(§3r2¢r’no'6bc’
. at lap splices, if dy.>14mm: 12d,,. 0.6h.. 0.6b., 240mm
Within critical regions:®
dpw> @ emm, 0.4(f,q/f,wa) oL 6mm, d, /4
Su< B 6duL, bo/3, 125mm | 8dy, bo/2, 175mm -
Owa> © 0.08 .
A@yg> P CHOMD) 301, Va€sy dbe/bo-0.035 -
In critical region at column base:
Dwg> 0.12 0.08 -
A@yg> ) 0)E).9) 304VaEsy dbo/Do-0.035 -

(6) «: confinement effectiveness factor, a=c.«,; where a,=(1-s/2b_)(1-s/2h,) for hoops, a.=(1-s/2b,) for
spirals; «,=1 for circular hoops, «,=1-{b/((n,-1)h,)+h/((n,-1)b,)}/3 for rect. hoops with n, legs parallel to
side of the core with length b, and n, legs parallel to the one with length h,,.

(7) For DCH: at column ends protected from plastic hinging by capacity design of the column, ,u¢* is the
curvature ductility factor corresponding to 2/3 of the basic value q, 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,
w1, is the full value corresponding to q,; &,4= f,/Es.

(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.




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

1.32-Mrp<2_-MRgc
No moment in transverse direction of

Capacity design check at beam-

column joints: (1%

Verification for M,-M,-N:
Axial load ratio ve=Neg/Adfcs —

Shear design:

Mends i, from analysis for
Veq seismict™ 132 Mee_an ' design seismic
action plus gravit

| Vgkamax s€ismic™@ ™) |Agin ECZ. Vrd max=0.3(1-fu(MPa)/250)b,,,zf.4Sin25, 1<cotd<2.5
| Vrgsseismic @009 [As in EC2: Vrgs=buzpufiwacotd+Nea(h-x)/14"?, 1<cots<2 .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 v4<0.3 in all columns, (c) if
shear walls resist 2 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: 2 Mg, <2 My, Mg is
replaced by Mp (A Mg,/IMg.).

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

(13) The axial load, Ng,, and its normalized value, v,, 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

2] 2 bcH 0| bem | 0 DCL |

Web thickness, b,,> max(150mm, hgtere,/20)

tial region lenath. b |7 M@X(w H/6)
critical region length, h, <Min(2l, sgorey) if Wall <6 storeys
if wall > 6 storeys

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

height of the wall; h IS the storey height.

storey



Dete J & dIMme 0 g OT C 8 W3 ONnt o
DCH DCM DCL
Boundary elements:
a) in critical region: |
- length I, from edge > |O.151W, 1.5by, length over which €.> 0.0035 -
- thickness by over 1. > |0.2m; hs/15 1if lc<max(2by, 1w/5), he/10 1f l.>max(2by, 1w/5) -
- vertical reinforcem ent:
Pmin OVer A =l.by 0.5% 0.2% ©
Pmax OVEr A, 4% ©
- confining hoops (w) %’
dow> 6mm, 0.4(f/ fywa) *dir 6mm, in the part of the
spacing sy < 6dy;,b,/3, 125mm 8dy,b,/2,175mm [section where p.>2%:
Owq>? 0.12 0.08 as over the rest of the
AL Dyg>C) @ 30 o Vat®y)Esydbw/bo-0.035 wall (case b, below)

In parts of the section where €>0.2% : pymin = 0.5% ;

[n parts of the section where prL>2% :

- distance of unrestrained bar in compression zone from nearest restrained bar
<150mm;

- hoops with dpw> max(6bmm, dw/4) & spacing sw< min(12ds, 0.6byo,
240mm)(°)up to a distance of4b, above or below floor beams or slabs, or s,<
min(20du, bwe, 400mm)® beyond that distance

b) over the rest of the wall
height:

(2) For DC M: If in the seismic design situation v,=N/A.;<0.15, the DCL rules may be applied
to boundary elements; these rules apply also if v,<0.2 but the g-value used in the design is <
of 85% of the value allowed if the DC M confining reinforcement is used in boundary elements.

(3) Notes (4), (5), (6) of the columns Table apply for the confined core of boundary elements.
(4) u, is the curvature ductility factor corresponding to the product of q, andthe ratio Mc,,/Mg,, at
the base of the wall; ¢, = 1 /E;, »,4is the mechanical ratio of the vertical web reinforcement.




Dete J & dIMme 0 g OT C 8 W3 ONnt o
DCH DCM DCL
Web:
- vertical bars (v):
Ov.min wherever £.>0.2%: 0.5%; elsewhere 0.2% 0.2%
pv,max 40/0
dp> 8mm -
dbvS bWO/8 -
spacing s,< min(25dy,, 250mm) min(3b,,,, 400mm)
- horizontal bars:
Ohmin 0.2% max(0.1%, 0.25p,)"
dth 8mm -
dpn< Dwo/8 -
spacing sp< min(25dpn, 250mm) 400mm
axial load ratio v4=
Neo/Adf o <0.35 <0.4 -
If HVY/IW22, design moments from linear gnvelope of from analysis for
Design moments Mg, |haximum moments Mfd from _analysis Ior . design seismic
seismic design situation”, shifted up by the “tension|_ _,. :
shift’ a action & gravity




Detfalling & dime 0 g OT C 2 W3 oNnt a
DCH DCM DCL
Shear design:
1 < (5).
Design shear force Viq = 1f:P11W2/11\‘Z_2 /M <
shear force V’gq from the ff H. 1 i(;)(S)’ (E)df’_q
analysis for the design W 2 . e=1.5 e=1.0
seismic action, times factor
o g\/[l.zMRdO} +0.1[q Se(TC)j <q
' Mgq, Se(Tl)
Design shear force in walls from analysis for
of dual systems with 0.7 1 1.5z H,, . SO
V, = —— eV (0)+| 1.5——— eV | —
H./1,>2, for z between H,,/3 £d(?) [ H, 4 ¢ea0) H, *rEd 3 g;:ggn seismic action
and H,: 7 gravity
;Q;gf outside critical As in EC2: Viramax=0.3(1-fu(MP2)/250)byo(0.81,)fusin28, with 1<cotd<2.5
VRkdamax 10 critical region 40% of EC2 value As in EC2

(6) Mg,,: moment at the wall base from the analysis for the seismic design situation;
Mg, : design moment resistance at wall base for the axial force N, from the same analysis
(6) S,(T,): 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 &;

S.(T,): spectral acceleration at the corner period T of the elastic spectrum.
(7) Adual 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.




Detailing & dimensioning of ductile walls (cont’d)
DCH DCM DCL

Shear design:

VRa;s 1n critical region; web
jreinforcement ratios: pp, Py
(1) if as=MEg4/VEalw>2 : _ As in EC2: VRd.s=bwo(0.81y) prfywacotd,
|0v=Pv min, Pn from Vg VRasOuol0-8lu)Pntywa 1<cot8<2.5

((81)1 ) if OLS<2I Ph from VRd’S: VRd,SZVRd,C‘FbWOOLS(O.751W)phfyhd As 1n EC2: VRd,s:bWO(O.Slw)phfywdCOtS,

< <
| p, from: ® Pviva = Prfyna-Ned/(0.81ybwo) I=cot6<2.5
Resmtancg to sliding shear: Vg =Auf gcos0+
via bars with total area Ag; 0 55f AN £
at angle *a to the horizontal Asymin yd> (fyatea))
(10) 0.3(1-f.(MPa)/250)byoxf.q

N
1.3f,, —— 2

C -

. . .11 §10.0025
at construction joints )
J fyd—l_l's\[fcdfyd

pv,min

(8) Ifb, & dinm,f,,in MPa, p,: tensile reinforcement ratio and N, in kN, V., (in kN) is given by:

/ / N
Vid e = {mw{l80(100p1)1/3 35\/1+ fcl/él[ ]fcld/3 015 AEd }bwd

N,,>0 for compression; min. value from analysis for seismic design situation; V;=0 for tension
(9) N0 for compression; use its minimum value from the analysis for the seismic design situation

(10) A, total area of web vert. bars & of addltlonal vert. bars in boundary elements for shear sliding
—_ o " (e .l ] = () .- - ‘l‘ =1aleliale® ela =Al=



