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No. 67 

THE STREETS AND BUILDINGS REGULATION 
(CONSOLIDATION) ORDINANCE, 1984 

(Ordinances 7 of 1984, 2 of 1987, 13 of 1987, 18 of 1988 
and 10 of 1996). 

REGULATIONS MADE BY THE ADMINISTRATOR 
UNDER SUBSECTION (1) OF SECTION 22. 

In exercise of the powers vested in the Administrator under 
subsection (1) of Section 22 of the Streets and Buildings Regulation 
(Consolidation) Ordinance, 1984, the Administrator hereby makes 
the following Regulations:- 

1. These Regulations may be cited as the Streets and Buildings 
(Consolidation) (Amendment) Regulations, 1996 and shall be read as 
one with the Streets and Buildings (Consolidation) Regulations, 1984 
as amended by the Streets and Buildings (Consolidation) Regulations, 
1985 (hereinafter referred to as “the principal Regulations”). 

Regulation 2 of the principal Regulations is hereby amended 
by adding at the end thereof the following definition: 

“Seismic Code” means the Seismic Code appearing in 
Appendix I to these Regulations. 

The principal Regulations are hereby amended by adding 
the following new Part and new Regulation immediately after 
regulation 37: 

2. 

3. 

“PART XIIA - SAFETY OF BUILDINGS 

37A. In relation to any building requiring the use 
of reinforced concrete an anti-seismic study shall be 
submitted to the appropriate authority in accordance 
with the Seismic Code: 

Provided that no anti-seismic study shall be required 
under this regulation in relation to the following:- 

(a) Buildings with a cubic content of less than 200 cubic 

(b) Auxiliary buildings; 
(c) Farm and livestock installations; and 
(d) Additions and alterations, whether horizontal or 

vertical, to existing buildings, except public buildings”. 

The principal Regulations are hereby amended by inserting 
at the end thereof the following new Appendix to be numbered 
Appendix I and by re-numbering the existing Appendix as Appendix 11:- 

metres; 

4. 

APPENDIX I 
(Regulation 37A) 

Seismic Code for Reinforced Concrete Structures 
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1. SCOPE AND FIELD OF APPLICATION 

Th is  code se ts  down minimum design requirements t o  be met when 
dea l i ng  with seismic s i tua t ions ,  t h a t  i s ,  s i t u a t i o n s  i n  which the  
earthquake ac t ion  i s  considered as a c r i t i c a l  ac t i on  i n  conjunc- 
t i o n  with other permanent o r  va r iab le  act ions.  

The aim o f  seismic design i s :  

- To save human l i v e s  
- To ensure the  cont inuat lon  o f  v i t a l  services 
- To minimise proper ty  l oss  

The code app l i es  t o  r e i n f o r c e d  concrete b u i l d i n g s  f o r  o r d i n a r y  
uses, having s t r u c t u r a l  r e s i s t i n g  systems belonging t o  one o f  t he  
th ree  types as def ined below: 

Frame Svstem: A system i n  which bo th  v e r t i c a l  loads  and l a t e r a l  
fo rces  are res i s ted  by space frames. 

Wall  Svstem: A system i n  which bo th  v e r t i c a l  loads  and l a t e r a l  
fo rces  are res i s ted  by v e r t i c a l  s t r u c t u r a l  wa l ls ,  e i t h e r  simple o r  
coupled. A coupled wa l l  i s  composed by two o r  more simple wa l ls ,  
connected i n  a r e g u l a r  p a t t e r n  by adequately r e i n f o r c e d  d u c t i l e  
beams ("coupl ing beams") 

Dual System: A system i n  which support f o r  the  v e r t i c a l  loads i s  
e s s e n t i a l l y  provided by a space frame. Resistance t o  l a t e r a l  ac- 
t i o n  i s  c o n t r i b u t e d  i n  p a r t  by t h e  frame system and i n  p a r t  by 
s t r u c t u r a l  wa l l  s, i sol ated o r  coup1 ed. 

Other s t r u c t u r a l  systems, no t  included i n  the  above c l a s s i f i c a t i o n  
(eg. i nve r ted  pendulum structures,  f l a t  s lab  systems, e tc . )  can be 
designed subject  t o  a documented proo f  t h a t  they s a t i s f y  a l l  t he  
requirements o f  t h i s  code. 

B u i l d i n g s  having spec ia l  c h a r a c t e r i s t i c s  o r  b u i l d i n g s  i n v o l v i n g  
h igh  induced r i s k  (eg. chemical o r  nuclear f a c i l i t i e s )  a re  ou ts ide  
the  scope o f  t h i s  code. 

2 REQUIREMENTS 

2.1 S t r u c t u r a l  Safetv 

The e n t i r e  s t r u c t u r e  and a l l  i t s  elements, i n c l u d i n g  t h e  main 
s t r u c t u r a l  system designed t o  r e s i s t  t he  t o t a l  seismic ac t ion ,  as 
w e l l  as any secondary connected system n o t  possessing a se ismic  
res is tance o f  i t s  own, must r e t a i n  t h e i r  i n t e g r i t y  and a res idua l  
capac i ty  a f t e r  t he  seismic ac t i on  has ceased. 

2 .2  Servi  ceabi 1 i ty 

It i s  requ i red  tha t  the b u i l d i n g  as a whole, i nc lud ing  s t r u c t u r a l  
and non s t r u c t u r a l  e lements ,  be p r o t e c t e d  w i t h  adequate  
re1  i abi 1 i t y  against  the  occurrence o f  damages and 1 i m i t a t i o n s  o f  
use as a consequence o f  the seismic act ion.  
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DESIGN CRITERIA 

Definitions 

Design criteria compr se the set of operations to be performed in 
order to satisfy the general requirements set forth in ch. 2. 
These operations include: 

- Consideration o f  the relevant 1 imit-states of structural be- 
haviour, and checking o f  these limit-states by means of 
analytical procedures based on appropriate models and values of 
actions and resistances. 

3 

3.1 

3.1.1 

3.1.2 

3.1.3 

3.1.4 

3.1.5 

- Detailing o f  structural elements according to the provisions 

- Adopting quality assurance procedures both in the design and 

Stability 

Stability verifications include rigid body equilibrium (sliding 
and ovzrturning) and foundation stability. Foundation systems have 
to be dimensioned so that the soil strains will remain essentially 
elastic, that is without appreciable residual deformations. 

Col 1 apse Mechanism 

The provisions of this code have been developed on the assumption 
that structures should resist earthquake actions by means of a 
stable, non linear energy dissipating response mechanism. This aim 
will be achieved by following the dimensioning rules o f  the 
various elements in ch. 4. 

contained in this code. 

construction processes. 

Strenqth and Ductility 

Critical regions (i.e. where most of the energy dissipation is ex- 
pected) must be provided by an appropriate balance o f  these 
properties, both o f  them contributing to safety and service- 
ability. Specific analytical provisions, which take into account 
the influence o f  cumulative damage and degrading o f  mechanical 
properties are given in chs 4 & 5. 

Liniitinq o f  Deformations 

The amplitude o f  the structure’s deformation under the design 
forces shall be limited in accordance with c l .  4.5.4. 

Global Ductility 

Use of appropriate materials (cl. 4.1) as well as of experimen- 
tally validated detailing arrangements (ch. 5) contribute to duc- 
tile behaviour at least as significantly as the available analyti- 
cal procedures. 
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C1 ass I 
I - 
I1  1.5 
111 1 .o  
I V  0.5 
V - 

3.1.6 Oual i tv Assurance 

Comments 

not covered by the code 

no need for seismic analysis 

13.2 

Attention should be paid to the correspondence between the struc- 
tural model adopted for the analysis and the actual structure, 
considering all the elements, either structural or not, which 
could a1 ter the predicted behaviour 

Checks of good workmanship in the detailing should be carried out, 
especially in those areas indicated as critical by the designer 
(extremities of columns and beams, bases of walls, lintels, etc.) 

Re1 iabil itv Differentiation 

Target reliabilities shall be established on the basis of the con- 
sequences of failure, in which monetary and non monetary losses 
are included, depending principally on their use and the impor- 
tance o f  their functions. 

Structures are divided into five different reliability levels. Ac- 
cording to the required protection, the structures will be clas- 
sified as follows: 

Class I Buildings whose destruction could have disastrous conse- 
quences - like nuclear power stations, toxic flammable chemicals 
storage buildings, dams - or buildings over 15 floors or very im- 
portant buildings. 

Class I 1  Buildings or places o f  mass meetings - cinemas, theatres, 
big reception halls etc. - or buildings of great importance to the 
community - schools, hospitals, airports, fire stations etc. - or 
industri a1 bui 1 dings with exceptional 1 y expensive equi pment . 
Class 111 Houses, flats, restaurants, hotels, industrial estab- 
lishments and other permanent buildings that do not belong to 
classes I and 11. 

Class IV Auxiliary buildings and agricultural establishments. 

Class V Temporary constructions whose possible destruction does 
not endanger human lives. 

The different reliability levels apropriate for each class shall 
be obtained by multiplying the design action with a factor I, 
called "importance factor", given in Table 3.2. 

Table 3.2 
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In addition or as an alternative to the use of the factor I, 
checking of specific limit-states relevant to damage or loss of 
function can be required for certain types of buildings. 

Ductility Level DL I DL I 1  DL I 1 1  

Minimum Grades C16/20 C20/25 C25/30 

3 . 3  

4 

4 . 1  

4.1.1 

4 .1 .1 .1  

4.1.1.2 

Table 4.1.1 

Ducti1 i tv Level s 

Structural systems covered by this code can be designed for dif- 
ferent "ductility levels", according to the following classifica- 
tion. 

Ductilitv level I IDL 11 - This level includes structures designed 
to the ordinary concrete code with the few additional requirements 
on detailing contained in ch. 5. 

Ductilitv level I 1  (DL 11) - For this level specific seismic 
provisions are to be adopted, enabling the structure to enter the 
inel astic range of response under repeated reversed loading while 
avoiding premature brittle-type failures. 

Ductilitv level I11 (DL 111) - For this level special procedures 
for the evaluation o f  the design actions and for the proportioning 
and detailing of the elements are to be adopted to ensure the 
dcvel opment of selected stab1 e mechanisms associated with 1 arge 
energy - dissipation capacities. 

The greater the ductility level conferred to a structure, the 
lower is the seismic action to be considered for the design, as 
quantified by the value of the "behaviour factor" K .  (cl. 4.1.3) 

METHODS OF ASSESSMENT 

Basic Data 

Concrete 

Normal aggregate concrete shall satisfy the following minimum re- 
quirements: 

Steel 

OL I and DL '11 Structures 

Steel properties shall be in accordance with the requirements con- 
tained in the Code for Reinforced Concrete 
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PL I 1 1  Structures 

The fo l l ow ing  add i t iona l  requirements sha l l  be s a t i s f i e d :  

a ) I t  must be proven t h a t  t he  s t e e l  used possesses adequate duc- 
t i  1 i ty  under repeated reversed deformations. 

b) S tee l  grades h igher  than S400 s h a l l  n o t  be used un less  i t  i s  
demonstrated t h a t  the  use o f  h igher grades i n  spec ia l  sec t iona l  
arrangements does no t  a f f e c t  unfavourably the  duc t i 1  i ty.  

c )The ac tua l  y i e l d  s t ress  s h a l l  n o t  exceed i t s  nominal va lue  by 
more than 15%. 

d)The r a t i o  o f  the mean value o f  the  u l t ima te  s t rength  t o  the  ac- 
t u a l  y i e l d  stress sha l l  no t  be l e s s  than 1.25 f o r  S220 and 1.15 
f o r  S400. 

4.1.2 

4.1.3 

e)Only  h igh  bond s tee l  sha l l  be used f o r  f l e x u r a l  reinforcement, 
un less  adequate p rov i s ions  are taken t o  ensure bond and 
anchorage. 

Ma te r ia l  Safety Factors 

Design values o f  strength f o r  concrete and s tee l  s h a l l  be obtained 
from t h e i r  respect ive values by using the  fac to rs :  

Concrete: yc = 1.5 

S t ruc tu re  Behaviour Factors 

The values o f  t he  behaviour f a c t o r  K, d e f i n i n g  t h e  i n t e n s i t y  o f  
the  design ac t ion  ( c l .  6.4 .4)  as a func t i on  o f  the  s t r u c t u r a l  t ype  
and o f  the  selected d u c t i l i t y  l eve l ,  are given i n  Table 4.1 .3 .  

Stee l :  ys = 1.15 

DUCTILITY LEVEL 

Frame 
Wall & Dual 

Table 4.1.3 

St ruc tu re  
Behaviour Factors 

The values o f  K i n  Table 4.1.3 f o r  wa l l  & dual s t ruc tu res  apply i f  
a t  l e a s t  50% o f  the  l a t e r a l  f o rce  i n  both d i r e c t i o n s  i s  r e s i s t e d  
by coupled wa l ls .  I f  t h i s  cond i t ion  i s  no t  s a t i s f i e d ,  t he  K values 
s h a l l  be reduced by a f a c t o r  o f  0.7. 

D u c t i l i t y  l e v e l  I i s  pe rm i t ted  on ly  f o r  Class 111, I V ,  and V 
s t ruc tu res .  

Class I1 s t ruc tures  t o  be b u i l t  i n  high se i sm ic i t y  areas s h a l l  be 
p r e f e r a b l y  designed f o r  DL 111. I f  appropr ia te ,  f o r  g r e a t e r  
sa fe ty ,  K values f o r  DL I 1  could a lso  be used i n  t h i s  case. 
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Desiqn Load Combination 

The fundamental combination of load effects to be used for all the 
1 imi t -states verifications i s : 

, 
I 4.2 

4.2.1 
i 
~ 

sd  = S(GtE+gQ) ( 4 . 1 . 4 )  

where : 

G: includes all the permanent loads at their nominal value. 

E: is the design seismic action as defined in cl. 6.4.4. 

Q: are all the variable loads at their nominal values, whose dura- 
tion o f  application is long enough for the probability of their 
joint occurrence with earthquake action being not negligible. 

I: factor determining the percentage of variable loads to be con- 
sidered in seismic analysis. Values for 9 are given below. 

'ype of Construction 

Roofs and Ceil ings 
Houses, Apartments, 

Offices, Hotels etc. 
Public halls, Hospitals, 

Schools, Mass meeting areas etc. 
Storage rooms, Refrigerators, 

Factories 
Tanks, Water towers etc. 

I 

0 

0.25 

0.50 

0.75 
1 .oo 

Table 4.1.4 

Frac t i on 
of Variable Loads 
to be Considered 
in Seismic Analysis 

The estimate of the seismic action will be based on all loads of 
gravity appearing in equation 4.1.4. 

Structural Anal vsi s 

Bui 1 di nq Confiqurat i on 

Allowable methods of structural analysis shall be different for 
buildings which according to the definition given in this chapter 
are classified as 'lregul ar" or "irregular". 

Regular buildings can be designed according to the simplified 
methods of analysis (indicated as equivalent static analysis), 
described in cl. 4.2.4 provided that their height does not exceed 
50m and the fundamental period is shorter than 2 seconds. 

If these conditions are not satisfied or if the building is of the 
irregular type, the dynamic method in cl. 4.2.5 shall be applied. 

In irregular buildings the application of the equivalent static 
method in the following cases is allowed as an exception: 
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a) In buildings of Class I11 and IV up to three storeys. 

b) In Class 111 buildings, including those of more than three 
storeys, provided factor K from Table 4.1.3 is decreased by 25% 

In irregular buildings of Class I 1  analysis by the dynamic method 
should be appl i ed. 

A building shall be classified as regular when the following con- 
ditions, in both plan and vertical configuration are satisfied. 

Plan Confiuuration 

The building has an approximately symmetrical plan configuration 
with respect to at least two orthogonal directions along which the 
earthquake resisting elements are oriented. When re-entrant cor- 
ners are present, they do not exceed 25% o f  the building's exter- 
nal dimensions. 

Y 

1 4.2.1.1 

T 
i 

al t a2 < a/4 

and 

1 
At any storey the distance (measured in the direction orthogonal 
to that o f  the seismic action) between the centre of mass and that 
of stiffness does not exceed 15% o f  the "resilience radius", 
defined as the square root of the ratio of the storey torsional 

translational stiffness. 

+ -  I 

eox Kt 

KY 
- < 0.15 r -  r$ = - 
Y 

Kx=IKxi Ky=IKyi Kt=t(KXiyi 2 t KYix$ t Ti) 

where: 

K,xi i stiffness o f  element in direction x 
.. stiffness o f  element in direction y 

xf': distance o f  element in direction x from the elastic centre 
y i  : distance of element in direction y from the elastic centre 
Ti : torsional stiffness of element around its axis 
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4.2.1.2 V e r t i c a l  Conf i qu ra t i on  

The s t i f f n e s s  and mass d i s t r i b u t i o n s  are approx imate ly  u n i f o r m  
along the  b u i l d i n g  height.  Change o f  s t i f f n e s s  o f  50% i n  two con- 
secut ive  f l o o r s  i s  considered an i r r e g u l a r  arrangement. 

I n  frame structures,  the r a t i o  between actual  shear capac i t y  (sum 
o f  the shear forces cont r ibu ted  by a l l  v e r t i c a l  elements a t  t h e i r  
design strengths) and the design shear does no t  d i f f e r  more than 
20% f o r  any t w o  storeys o f  the bu i l d ing .  

I n  t h e  case o f  gradual setback along i t s  he igh t ,  t h e  setback a t  
any f l o o r  i s  no t  g rea te r  than 15% o f  t h e  p l a n  dimension i n  t h e  
d i r e c t i o n  o f  the  setback. This clause need no t  be complied w i t h  i f  
t h e  setback occurs w i t h i n  t h e  lower 20% o f  t he  t o t a l  h e i g h t  o r  
w i t h i n  the  f i r s t  6m from the ground o r  i n  the  l a s t  storey.  

4.2.1.3 Imuortance o f  Requ lar i t y  

Regu lar i t y  (genera l l y  meaning a strong, symmetrical p lan  shape and 
un i fo rm mass and s t i f f n e s s  d i s t r i b u t i o n )  i s  by i t s e l f  a very  
d e s i r a b l e  p roper ty ,  because i t  n a t u r a l l y  leads  t o  an e f f e c t i v e ,  
economical and more pred ic tab le  seismic behaviour. 

A1 so, because there  are many uncer ta in t ies ,  the  actual  behaviour 
o f  i r r e g u l a r  bu i l d ings  i s  d i f f i c u l t  t o  p r e d i c t  even w i t h  the use 
o f  complicated mathematical models. Thus, non-symmetrical arrange- 
ments lead t o  major to rs iona l  e f f e c t s  r e s u l t i n g  i n  concentrat ions 
o f  d u c t i l i t y  demand i n  some elements t h a t  can t h e r e f o r e  change 
i n t o  c r i t i c a l  po in ts  f o r  the  global  s t a b i l i t y  o f  the  b u i l d i n g .  

Equal ly dangerous duc t i 1  i t y  demand concentrat ions can occur due t o  
d i s c o n t i n u i t i e s  i n  s t i f f n e s s  and/or s t reng th  o f  t h e  s t r u c t u r a l  
system along the  he igh t ,  as produced by a s o f t e r  i n te rmed ia te  
s to rey  o r  by a sudden v a r i a t i o n  o f  the b u i l d i n g  p lan  dimensions. 

4.2.2 A ~ ~ l i c a t i o n  o f  Seismic Act ion 

Hor izon ta l  Ac t ion  

The seismic act ions sha l l  be appl ied t o  the b u i l d i n g  i n  the  d i r e c -  
t i o n s  producing i n  each element the  most  unfavourable e f f e c t .  

I n  b u i l d i n g s  having one a x i s  o f  s t r u c t u r a l  symmetry t h e  seismic 
ac t i on  can be assumed as ac t ing  separately along t h i s  ax i s  and i t s  
orthogonal d i r e c t i o n .  

V e r t i c a l  Ac t ion  

The v e r t i c a l  component o f  the seismic ac t i on  sha l l  be considered 
i n  the  design o f  non -ve r t i ca l  c a n t i l e v e r s  and i n  cases o f  l a r g e  
concentrated 1 oads. 
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Analytical Model 

The determination of the seismic effects on the structure shall be 
based on an idealised mathematical model which is adequate for 
representing the actual behaviour; the model shall also account 
for all the non-structural elements that can influence the 
response of the main resisting system. 

The interaction between structural and non-structural elements is 
generally considered undesirable and should, wherever possible, be 
reduced or avoided. 

For the purpose of the present code, the determination of the load 
effects due to design forces may be based on a linear elastic 
model of the structural system. 

Eoui valent Static Anal vsi s 

The equivalent static analysis can be adopted for buildings clas- 
sified as regular according to 4 . 2 . 1  provided their height does 
not exceed 50m and the fundamental period is not greater than 
2 seconds. These limits are given because in buildings with 
greater fundamental period (generally higher buildings) the effect 
of higher modes o f  vibration increases. 

Horizontal Desicln Forces 

The design lateral force to be applied at each floor level, in the 
direction being analysed, shall be given by: 

~ 

4.2.3 

4.2.4 

4 .2 .4 .1  

(4 .2 .4 .1  . l )  

Cd=Design seismic coefficient, equal in value to the design 

yi=Distribution factor depending on the height of floor i ,  

Wi=Total gravity load at floor i. 

The fundamental period o f  the building, which is required for the 
evaluation of cd, shall be calculated using the elastic properties 
of the structure by ordinary methods of mechanics, taking into ac- 
count all the elements which contribute to the building stiffness. 

For frame structures an approximate expression of the fundamental 
period, based on analytical and experimental results is: 

response spectrum as given in cl. 6.4 .4 .  

measured from the building base. 

T = N/12 

where N is the number of storeys. 

In various cases, a sufficiently accurate estimate of the period 
can be obtained with reference to an "equivalent" uniform can- 
tilever, whose period i s  given by the expression: 
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1 

mh2 2 
E l  

T = 1,8h(-) 

where: 

-m i s  the  b u i l d i n g  mass per  un i t  he igh t  
-h i s  the  
- E 1  i s  the  f l e x u r a l  s t i f f n e s s  o f  the  "equiva lent"  c a n t i l e v e r  

I n  case t h e  per iod  i s  no t  calculated, Cd s h a l l  be taken as: 

he igh t  o f  the  the  b u i l d i n g  from t h e  foundat ion l e v e l  

1 cd = I .  Amax.a.- K 
where : 

- I  = Importance f a c t o r  c l .  3.2. 
-Amax= Maximum ground accelerat ion c l .  6 .2 .  
-a = Spectrum f a c t o r  c l .  6.4 .1 .  
-K = Factor  o f  behaviour c l .  4.1 .3 .  

The d i s t r i b u t i o n  fac to r  yi i s  given by t h e  f o l l o w i n g  expression: 

I W i  

Wihi 
y i  h i  - 

where h i  i s  the  he igh t  of f l o o r  i from t h e  foundat ion l e v e l .  

4 . 2 . 4 . 2  Tors ional  E f f e c t s  

A t  each f l o o r  o f  t h e  b u i l d i n g  t h e  l a t e r a l  des ign  f o r c e  s h a l l  be 
assumed t o  be d isp laced from i t s  nominal l o c a t i o n  a t  t h e  d is tances 
el and e as i l l u s t r a t e d  i n  t h e  f i g u r e  below, whichever i s  most 
un favoura i le  fo r  every member t o  be checked. The expressions f o r  
el and e2 are: 

el=O. 5dt0.05a e2=0 .05a 

Cgi: Centre o f  Mass 
I-- I 

C K ~ :  E l a s t i c  Centre 

Seismic Ac t ion  
I cKi+ +cgi 1 1 

1-1 
rh h 

The t o t a l  shear f o r c e  and t o r s i o n a l  moment a t  t h e  g e n e r i c  f l o o r  
s h a l l  be d i s t r i b u t e d  t o  the  var ious r e s i s t i n g  elements below t h a t  
f l o o r  w i t h  due considerat ion o f  t h e i r  r e l a t i v e  s t i f f n e s s  as w e l l  
as o f  the  s t i f f n e s s  o f  the  diaphragm. 
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Svmme t r i c a1 Cases 

Where complete symmetry of stiffness and mass about one axis 
parallel to the direction of seismic action exists, torsional ef- 
fects can be accounted for by means of the following simplified 
procedure: 

- The lateral design force shall be applied at the floor centre 

- The actions in each of the elements shall be further multiplied 

of gravity to be distributed to various elements as above. 

by a factor E, defined as: 
X 5 = 1t0.6 - a 

where x is the distance of the element from the floor centre o f  
gravity, measured perpendicularly to the direction o f  the seis- 
mic action 

Second-Order Effects 

Second order effects on storey shears and moments need not to be 
considered when the following condition is satisfied at every 
floor. 

< 0.10 W.Ae1 .K e = -  
V.h - 

where : 

O=Deforrnability Index ie. the ratio of the second order moment to 

V=Seismic design shear force acting across the storey considered. 
Ael=Elastic interstorey drift due t o  the design actions. 
K=Behaviour factor. (c1.4.1.3) 
h= Floor height. 
W=Total gravity load above the considered storey. 

It is to be recalled that under the action of a crit:-al 
earthquake the structures are expected to undergo large inelastic. 
dynamic displacements and a state of collapse can be reached if 
the deformations are excessively increased due to the effects o f  
the 2nd order terms. 

Since the prevailing contribution t o  these terms is given by the 
inelastic part of the deformation, the best remedy against col- 
lapse due to instability i s  to strengthen the structure so as to 
reduce the amount of the inelastic demand for displacement. 

The deformability index 6 shall not in any case exceed 0.15. 

For O.IO( 85 0.15 second-order effects shall be accounted for by 
means of one of the statical methods indicated in ch. 14 of the 
code for concrete. In these limits it has been considered that an 
elastic static approach, although conceptually inappropriate, 
could all the same serve the purpose of providing extra strength. 

the moment due to the shear force on the storey. 
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4.2.5 Modal Anal vsi s Procedure 

4.2.5.1 Modellinq 

If the building can vibrate in two orthogonal directions without 
significant coupling, it can be analysed by means of two separate 
planar models, one for each orthogonal direction. This condition 
is assumed to occur when ch. 4.2.1.1, paragraph 2, is satisfied. 
When the above requirement is not complied with the model shall 
account for the non-planar motion of the structure. 

For the purpose of determining the global inertia forces acting at 
each floor the building can be modelled as a system of masses 
lumped at floor levels, each mass having two translational and one 
rotational degrees-of-freedom in the case of spatial model. 

The number of lumped masses should be consistent with the desired 
number of vibration modes to be used. In general, the number of 
degrees o f  freedom should be at least double the number o f  vibra- 
tion modes that can be determined with accuracy. 

Once the global forces are obtained, they shall be distributed to 
the various vertical resisting elements (frames, walls, etc.) with 
due consideration of the relative stiffness of the vertical com- 
ponents and the diaphragm. 

4.2.5.2 Modes 

In the case of planar models, the analysis shall include for each 
of the two orthogonal axes at least the lowest three modes of 
vibration or all modes of vibration with periods greater than 
0.4 seconds, whichever is greater 

For non-planar models the analysis shall include for each direc- 
tion of application of the seismic action at least four modes, two 
of them predominantly translational and two of them predominantly 
rotational, or all modes of vibration with periods greater than 
0.4 seconds whichever i s  greater. 

The modes considered shall be those with the greatest participa- 
tion coefficients for the direction under consideration. 

4.2.5.3 Combination of Modal Resoonses 

The response quqntities (force, displacements etc.) separately ob- 
tained for each mode shall be combined to obtain their correspond- 
ing design values by taking .the square root of the sum of the 
squares of modal values. 

4.2.5.4 Torsional Effects 

At each floor of the building the mass contributing to inertia 
forces shall be assumed to be displaced from its nominal location 
by the amount +0.05a, whichever is more unfavourable for the ele- 
ment to be checked, a being the dimension of. the building in the 
direction orthogonal to that of the considered seismic action. 
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When t h e  b u i l d i n g  i s  analysed by means o f  p l a n a r  models 
( c l .  4.2.5.1) t o rs iona l  e f f e c t s  can be accounted f o r  by inc reas ing  
the a c t i o n  e f f e c t s  due t o  t h e  t r a n s l a t i o n a l  o s c i l l a t i o n s  o f  t h e  
b u i l d i n g  by the  f a c t o r  def ined as: 

4.2.5.5 

4 .3  

4 .3 .1  

4 .3 .1 .1  

X E =  1 t O . 6 -  a 
where x i s  the  distance o f  the  planar element considered from the  
f l o o r  cent re  o f  g rav i t y ,  measured perpend icu la r ly  t o  the  d i r e c t i o n  
o f  the  seismic act ion.  

Second-Order E f fec ts  

Clause 4.2.4.3 applies. 

Desicln Act ions 

S t r u c t u r a l  elements s h a l l  be dimensioned and v e r i f i e d  (see 
c l .  4 .4 )  f o r  the  design act ions as def ined i n  the  present chapter.  

Design ac t i ons  d e r i v e  from the  ac t i ons  ob ta ined from t h e  s t r u c -  
t u r a l  ana lys i s  i n  c l .  4 .2  above, app rop r ia te l y  mod i f i ed  f o r  t h e  
selected design d u c t i l i t y  l e v e l .  

DL I st ruc tures  sha l l  be dimensioned d i r e c t l y  on the  bas is  o f  the  
r e s u l t s  o f  s t ruc tu ra l  analysis,  w i t h  a poss ib le  r e d i s t r i b u t i o n  o f  
ac t i on  e f f e c t s  as permit ted i n  the code f o r  concrete. 

The d i f f e rence  between DL I 1  and DL I11 design procedures l i e s  es- 
s e n t i a l l y  i n  the  use, f o r  the  l a t t e r ,  o f  p a r t i a l  f a c t o r s  y These 
f a c t o r s  a re  meant t o  ensure, as imp l i ed  i n  t h e  d e f i n i y i o n  o f  
DL 111 ( c l .  3 . 3 ) ,  the development o f  s tab le  mechanisms associated 
w i t h  l a r g e  energy-di ss ipa t ion  capaci t ies.  

Factors yn are used t o  ampl i fy ac t ion  e f f e c t s ,  namely bending mo- 
ments, when these l a t t e r  become, through the laws o f  s t a t i c  equ i -  
l i b r i um,  ac t ions  by which other act ions are t o  be ca lcu la ted .  

These der ived  ac t ion  e f f e c t s  include: 

- Shear forces i n  beams 
- Shear forces i n  columns 
- Shear fo rces  i n  wa l ls  
- Column bending moment a t  sect ions adjacent to  beam-column j o i n t s  
- Shear forces and bond stresses i n  j o i n t  cores. 

D u c t i l i t y  l e v e l s  I 1  and I11 

Elements Subject t o  Bending (Nd'O.lAg.fcd) 

Bendinq Moments 

The design bending moments sha l l  be those obtained from the  l i n e a r  
ana lys is  o f  the s t ruc tu re  f o r  the load combination given by equa- 
t i o n  4 . 1 . 4 .  R e d i s t r i b u t i o n  according t o  the  code f o r  concre te  
c l .  8.3 i s  permit ted.  
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Columns not carrying significant vertical loads behave similarly 
to beams. Thus, for axial loads below the commonly accepted limit 
of Nd = O.lAg.fcd, the provisions for beams apply to columns also. 

Nd is the element axial force in the most unfavourable load com- 
bination including the seismic action. 

Shear Forces 

The design shear forces shall be determined from the condition of 
static equilibrium of the element subjected to the relevant trans- 
verse load, if any, and to a rational combination o f  the end mo- 
ments. The latter shall correspond to the design flexural strength 
of the end sections based on the actual reinforcement provided. 
For DL 111 structures these values will be multiplied by a factor 
yn=l. 25. 

At each end section, two values of shear force shall be calcu- 
lated, ie. the maximum and minimum value, corresponding to posi- 
tive and negative moment yielding at hinges. 

The algebraic ratio between the maximum and minimum values of 
shear force at a section shall be denoted by 3 .  
For the purposes to follow, the value of 7, should not be taken 
smaller than minus one. 

With the notations and signs shown in the following figure, the 
maximum and minimum shear forces at A will be: 

MA ip/) t J I J. 11 r7y1Q MA t r f  c + I I I J. J"=FqQ Mt? 

"A,d 'A,d 

&I 1 
b I  I+ 1 I* 

MA t MC 
'A,d E 'A ' - 1 

with the end moments at their design ultimate values. 

For DL I 1 1  structures these values will be multiplied by a factor 
yn = 1.25. 

4.3.1.2 Elements sub.iect to Bendinq and Axial Force 

Axial forces and bendins moments 

The axial forces and bending moments to be used for column design 
shall be determined by considering all the possible unfavourable 
combinations as obtained from a linear analysis of the structure 
for the load combination given by equation 4.1.4 eventually 
redistributed according to the code for concrete, cl. 8.3. 
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The bending moments thus obtained s h a l l  be f u r t h e r  mod i f ied  as r e -  
qu i red  by the  fo l l ow ing  clause. 

For r e g u l a r  s t ruc tu res ,  t h r e e  s to reys  o r  h igher ,  t o  which t h e  
equ iva len t  s t a t i c  analysis has been applied, the  column moment due 
t o  t h e  l a t e r a l  fo rces  alone s h a l l  be m u l t i p l i e d  by t h e  dynamic 
magn i f i ca t ion  fac to rs  w as given by the  fo l l ow ing  expressions. 

Planar Frames: w = 0.61 t 0.85 
Spa t ia l  Frames: w = 0.5T t 1.10 

where T i s  the  fundamental per iod  o f  s t ruc tu re .  

The values o f  the  dynamic f a c t o r  w as given by formulae above are 
app l icab le  t o  storeys w i t h i n  the  upper two t h i r d s  o f  the  b u i l d i n g  
he igh t .  Below t h i s  l e v e l  a l i n e a r  v a r i a t i o n v o f  w shou ld  be as- 
sumed. The value a t  f i r s t  f l o o r  l e v e l  should be taken as 1.3 and 
1.5 as appropr iate t o  planar and spa t ia l  frames. 

(1.3 5 o 5 1.8) 
(1.5 5 o 5 1.9) 

T = l  

= 0 .6~1t0 .85  

= 1.45 

1.45 

1.45 

1.3 
1 .o 

I n  add i t i on  t o  the above, column moments s h a l l  s a t i s f y  the  condi-  
t i o n  on the  r e l a t i v e  s t reng th  between columns and beams f raming 
i n t o  a j o i n t ,  see c l .  4.4.1.3. 

Shear Forces 

I n  eva lua t ing  the design shear forces from the  cond i t i on  o f  s t a t i c  
equ i l ib r ium,  the design end moments s h a l l  be the  most adverse ones 
( i e .  those producing the  maximum shear fo rce )  ob ta ined f rom t h e  
a n a l y s i s  o f  t tre s t r u c t u r e  under code load  combinat ion (equat ion  
4.1.4) modif ied, i f  appropriate, by the  dynamic magn i f i ca t ion  fac-  
t o r s .  For DL 111 s t ruc tu res  they  w i l l  be m u l t i p l i e d  by a f a c t o r  
yn=l.10 as we l l .  

4.3.1.3 Beam-Column J o i n t s  

No e x p l i c i t  eva lua t ion  o f  the  i n t e r n a l  forces i n  the  j o i n t  i s  r e -  
qu i red  f o r  DL I 1  s t ruc tures .  

DL 111 Structures 

The des ign  bending moments s h a l l  be ob ta ined by m u l t i p l y i n g  t h e  
d e s i g n  f l e x u r a l  s t r e n g t h  o f  t h e  end s e c t i o n s  by a f a c t o r  
yn = 1.25, except where p l a s t i c  hinges i n  columns a re  al lowed 
( c l .  4.4.1.3). The a x i a l  force on t h e  beam s h a l l  be t h e  minimum 
corresponding t o  the seismic design forces. 
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Resu l ts  o f  ac t ions ,  - column moment and shear fo rce ,  h o r i z o n t a l  
and v e r t i c a l  shear forces i n  the core o f  t he  j o i n t  - s h a l l  be c a l -  
cu la ted  by a r a t i o n a l  analysis tak ing  i n t o  account the  e f f e c t  o f  
a l l  t he  forces ac t ing  on the j o i n t ' s  equ i l ib r ium.  

4.3.1.4 

4.3.1.4.1 

When two frames which are n o t  on 
j e i n t s ,  v e r i f i c a t i o n  o f  these j o i n t s  
separately.  

p o t e n t i  a1 t------- *v;ol 
f a i l u r e  

Use a t  l e a s t  

the  same p lane have common 
can be done i n  each d i r e c t i o n  

The s i m p l i f i e d  formula 
2hb 

v j h  ii yn (Aslt As2) fyd (l - -I) 
W C  

T' 

(4.2.1.3) 

where lC, 1; are the  heights above and below the  column, g ives  a 
conservat ive value o f  the  hor izon ta l  shear fo rce  on the j o i n t  when 

hc 

'1 - 
- > 0.08, 

12 

11 - 
- > 0.7 

where 11, 12 are the  spans o f  the beams. The v e r t i c a l  shear fo rce  
i s  g iven approximately by the formula 

bb 
' jv 'jh 

S t ruc tu ra l  Walls 

The design act ions sha l l  be obtained from a l i n e a r  ana lys is  o f  the  
b u i l d i n g  under the  code load combination (equation 4.1.4) mod i f ied  
as appropr iate i n  accordance w i t h  c l .  4.3.1.4 1/2/3/4/5 below. 

Red i s t r i bu t  i on 

The d i s t r i b u t i o n  o f  t he  t o t a l  f o rce  t o  t h e  va r ious  w a l l s  as ob- 
t a i n e d  from the  e l a s t i c  ana lys is ,  may be subsequent ly mod i f ied ,  
p rov ided t h e  g loba l  e q u i l i b r i u m  i s  maintained and t h e  maximum 
value o f  t he  ac t i on  i n  any wa l l  i s  no t  reduced by more than 30%. 
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I n  a coupled wall, the e l a s t i c  shear forces in the coupling beams 
can a l so  be modified, w i t h  a maximum reduction of 20% provided 
tha t  corresponding increases in the shear capacit ies of beams a t  
other floors are made. 

Bendinu Moment Desiun EnveloDe 

The design moments along the height of the  wall sha l l  be those 
given by a l inear  envelope o f  the calculated moment diagram, ver- 
t i c a l l y  displaced by a distance equal t o  the horizontal length of 
the wall. 

actual envel oDe 
1 i near envel oDe 
di sD1 aced envel oDe 

4.3.1.4.2 

4.3.1.4.3 

4.3.1.4.4 

4 .3 .1 .4 .5  

f i g .  4.3.1.2 Bending moment design envelope 

Earthauake Induced Axial Load in Couuled Walls 

The design axial load in the walls due t o  the l a t e ra l  action shall 
be computed using the shear strengths o f  the coupling beams above 
the section considered, calculated by using cha rac t e r i s t i c  values 
of concrete and steel  strength. 

The shear strength of the beams thus calculated shall  be fur ther  
amplified by a factor of 1 .25  t o  account fo r  possible unfavourable 
increase of the beam strength w i t h  respect t o  the design values. 

Dynamic Maunification Factors 

In case the  equivalent s t a t i c  ana lys i s  i s  adopted, the  shear 
forces i n  the walls shall  be magnified by the dynamic amplifica- 
t ion  fac tor  w as given by the expression below f o r  buildings up t o  
5 storeys high: 

w = 0.1Nt0.9 

where N i s  the number of storeys. 

For walls t a l l e r  than f ive  storeys, w shall  be l inear ly  increased 
up  t o  the value of w=l.8, for  N-15 

Shear Forces (DL 111 Structures Only) 

a)The design shear forces in walls shall  be compatible with the  
actual flexural strength tha t  can be possibly developed a t  the 
wall base. This shall  be obtained by multiplying the shear 
forces due t o  code loading by the following yn factor:  
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Where Md i s  t he  design moment obtained from t h e  ana lys i s ,  and 
Mf d i s  t h e  f l e x u r a l  s t reng th  o f  t h e  s e c t i o n  on t h e  b a s i s  o f  
actual  reinforcement provided, ca lcu la ted  by using the  charac- 
t e r i s t i c  values o f  concrete and s tee l  strengths.  

I n  eva lua t ing  the f l e x u r a l  s t rength  o f  the  base sec t i on  the  ap- 
p r o p r i a t e  ax ia l  load sha l l  a lso be considered. 

b)The f a c t o r  yn need no t  t o  be taken grea ter  than 4.  

I 4.4 

4 . 4 . 1  

4 .4 .1 .1  

4 .4 .1 .2  

4.4.1.3 

Dimensionincl and V e r i f i c a t i o n  

Linear Elements 

General 

The design strengths o f  the s t ruc tu ra l  elements i n  bending, bend- 
i n g  w i t h  a x i a l  force,  shear and t o r s i o n  s h a l l  be evaluated i n  ac- 
cordance w i t h  the  code f o r  concrete except as mod i f ied  by p r o v i -  
sions i n  the present c l .  4.4.1. 

L imi t inc l  Ax ia l  Load 

For d u c t i l i t y  reasons the design ax ia l  compression l oad  under the  
most severe l o a d  combination i n c l u d i n g  t h e  se ismic  a c t i o n  s h a l l  
no t  exceed the fa l l ow ing  l i m i t :  

Beam-Column Strenclth Rat io 

Except f o r  cases where hinge fo rmat ion  i n  columns i s  pe rm i t ted  
(see below) a t  any beam-column j o i n t  t h e  sum o f  t h e  abso lu te  
values o f  t he  design u l t i m a t e  moments o f  t h e  columns (under the  
most unfavourable value o f  t he  ax ia l  fo rce)  s h a l l  n o t  be l e s s  than 
the  sum o f  the  absolute values o f  the  design u l t ima te  moments o f  
t he  beams framing i n t o  t h a t  j o i n t .  

M i  C 0 M2c 

Development o f  p l a s t i c  hinges i n  columns should be avoided because 
sources o f  energy d i s s i p a t i o n  should be l oca ted  i n  beams r a t h e r  
than i n  columns. A t ten t i on  i s  c a l l e d  t o  the  p o t e n t i a l l y  dangerous, 
y e t  r a t h e r  commonly adopted, ' s o f t  f i r s t  s to rey '  concept. The be- 
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4.4.1.4 

4.4.1.4. 

4.4.1.4.2 

haviour o f  t h i s  type o f  b u i l d i n g  i s  d i f f i c u l t  t o  cont ro l ,  because 
o f  i t s  marked s e n s i t i v i t y  t o  both the s t r u c t u r a l  and ground mot ion 
cha rac te r i s t i cs .  

For the  above reasons t h i s  solut ion,  which i s  no t  included i n  the  
s t r u c t u r a l  types covered by t h i s  code, can be designed i f  design 
forces are increased by 50% and special  d e t a i l i n g  p rov i s ions  f o r  
s o f t  f i r s t  storey columns s a t i s f y i n g  DL 111 demands are adopted. 

DL I 1 1  Struc tures  

For columns o f  DL I11 structures,  t he  design bending moments s h a l l  
account f o r  t he  poss ib le  inc rease i n  s t reng th  o f  t h e  beams con- 
n e c t i n g  a t  t he  j o i n t .  Unless o therw ise  j u s t i f i e d ,  t h e  g loba l  
s t rength  increase can be assumed as yn = 1.5 and i s  app l i cab le  t o  
a l l  storeys, inc lud ing  the column bases i n  the  ground f l o o r .  

Development o f  p l a s t i c  hinges i n  columns and o f  columns h inge  
mechanisms ( i e .  except ion from t h e  p r e s c r i p t i o n  on beam-column 
s t reng th  r a t i o )  i s  permit ted i n  the  fo l l ow ing  cases: 

- For frames having four  o f  more columns, h ing ing  i s  permi t ted  t o  
occur i n  one column f o r  every th ree  others remaining e l a s t i c .  

- Column hinge mechanisms are permit ted i n  s ing le  and two-storey 
bu i l d ings  and i n  the top  storey o f  a m u l t i - s t o r e y  bu i l d ing .  

Resistance t o  shear 

Con t r i bu t i on  o f  Concrete 

The magnitude o f  t h e  term: V expressing the  des ign  r e s i s t a n c e  
c o n t r i b u t e d  by  c o n c r e t e  @ode f o r  Conc re te  c l .  11.2.2, 
equat ion 11.8) sha l l  be taken as fo l lows:  

a)When N&O.lA ,f,d s h a l l  be assumed t o  be zero  where s t i r r u p s  
are r e q u i r e d y n  accordance w i t h  c l .  4.5.1.3 (except case c ) .  

b) When Nd>O.lAg.fcd sha l l  be computed by the  expression: 

(4.4.1.4.1.1) 

where the  values o f  iRd and f$ are given i n  the  code f o r  concrete 
as func t ions  o f  the concrete grades (Table 1 l . l ' e q u a t i o n  11.3). 

Transverse Reinforcement 

I .  $ t O . l A  &d-. - Two cases sha l l  be considered, depending on the  
v a l m i e - t a t i o  5 .  

a) <>O : The resistance t o  shear provided by the  reinforcement V d  
s h a l l  be assessed on t h e  bas is  o f  t h e  t r u s s  model, i n  accor-  
dance w i t h  t h e  procedure g i ven  i n  t h e  code f o r  concre te  c l .  
11.2. 

b) St0 : Here reversal  o f  shear takes place. 
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4.4.2 

4.4.2.1 

4.4.2.1.1 

- The same requirements as in a) exist when vsd does not exceed 
the 1 imi t value VRdl where: 

- For Vsd exceeding the limit value VRd2 where: 

the entire shear shall be resisted by diagonal reinforcement 
across the web. Steel bars inclined in two directions shall 
balance with their compression and tension components the shear 
forces o f  opposite sign vsd and <.vsd occurring at the section. 

one half of the maximum shear force shall be carried by doubly 
diagonal bars, the other half by transverse reinforcement. 

11. N >O.l.A,&+ - The resistance to shear shall be checked as 
f o r d e  case I -7). 

Beam-Column Joints (DL 1 1 1  Structures Only) 

Horizontal Joint Shear 

Nominal Horizontal Shear Stress 

The nominal horizontal shear stress in the joint as given by the 
following expression 

"jh 
Tjh = - bjhj (4.4.2.1.1.1) 

shall not exceed the value 20iRd. 

The effective joint width bj shall be taken as: 

a) When bc>bw either bj = bc 
or bj = bw + 0.5h whichever is smaller. 

b) When bctbw either bj = bw 
or b -  = bc + 0.5hc whichever is smaller. J 

- e 

fig .4.4.2.1.1 Effect ve Joint Width 
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Mechanisms of Joint  Core Shear Resistance 

Two mechanisms for  transmission of the horizontal shear force v j h  
through the jo in t  core are in general possible: 

a )  A diagonal concrete strut across the compressed j o i n t  corners 

b)A t r u s s  mechanism cons i s t ing  of hor izonta l  s t i r r u p s  and 

carrying a shear force vch. 

diagonal concrete s t r u t s  carrying a shear force vsh where: 

vsh ' vch = v j h  (4.4.2.1.2.1) 

a )  concrete strut 

VS" 

e 

-'sh 
b) steel  -concrete t r u s s  

f i g .  4.4.2.1.2 

Shear Force Carried by Concrete 

The value of shear force ca r r i ed  by the concrete strut, vch, 
shall  be assumed zero except for  the following: 

a)When the  minimum average compression s t r e s s  on t h e  gross con- 

Mechanisms of shear resistance 

c re t e  area o f  the column above the j o i n t ,  exceeds O.lf,k: 

Vch = 2 T ~ d  &cm-O.lf,k . b * . h  (4.4.2.1.3.1) J C  
b )  When the design precludes the  formation o f  any beam p l a s t i c  

hinge a t  the j o i n t ,  or when a l l  beams of the j o i n t  are  detai led 
s o  t h a t  the c r i t i c a l  section of the p l a s t i c  hinge i s  located a t  
a distance from the column face n o t  l e s s  t ha t  h b  or f o r  exter-  
nal j o i n t s  where the flexural s t ee l  i s  anchored outs ide the  
column core in a beam stub 

(4.4.2.1.3.3) 

where the  r a t i o  A '  /As of the compression t o  the  tension l o n -  
gitudinal beam reintorcement shall  be taken larger  than 1 . O .  

When the axial column load r e su l t s  in t ens i l e  s t r e s ses  over the 
gross concrete area exceeding 0.2fck the  e n t i r e  j o i n t  shear 
shal l  be resis ted by reinforcement. 
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For axial tension smaller than this limit the value of vch may 
be linearly interpolated between zero and the values given by 
equation 4.4.2.1.3.3 with Nd taken as zero. 

c)When parts Aal and Aa2 of the tensile reinforcement Asl and A 2 
of the adjacent beams are bent vertically and anchored in tie 
tensile face of the column: 

4.4.2.1.4 

(4.4.2.1.3.4) 

where A, is the smaller o f  A 
from equations 4.4.2.1.1/4 may%e added where applicable. 

and Aa2. The values obtained 

rt- 

Horizontal 

I 

Tensile force ”” 

Shear Reinforcement 
+- 

force 

> 

The horizontal shear reinforcement shall be capable of carrying 
the design joint shear force: 

vsh = ‘jh - vch 
across a corner-to-corner potential failure plane. The effective 
total area of horizontal reinforcement that crosses the critical 
diagonal plane and is situated within the effective joint width 
bj, shall not be less than 

(4.4.2.1.4.1) 

Horizontal sets o f  stirrups shall be placed as uniformly as prac- 
ticable between the top and bottom beam reinforcement. 

4.4.2.2 Vertical Joint Shear 

4.4.2.2.1 Vertical Joint Reinforcement 

The vertical joint shear reinforcement shall be able to resist a 
vertical shear force 

Vjv - Vcv 
where the value Vcv shall be determined from: 
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4.4.2.3 

4.4.3 

1 Nd 
Ag * c k 

Vjv (0.6 t - A;C 
"cv = - As, 

(4.4.2.2.1 .l) 

where A I S c  and As, are the areas of longitudinal compression a d  
tension reinforcement in columns, with the following exceptions: 

a)Where axial load results in tensile stresses over the column 
section, the value given by eq. 4.4.2.2.1.1 with Nd taken as 
zero; and zero when the axial tension over the gross concrete 
area is 0.2fck. 

b)Where plastic hinges are expected to form in the column above 
or below a joint, as part o f  the primary seismic energy dis- 
sipating mechanism, V shall be assumed to be zero for any 
value o f  the axial loat or the column. 

The required area of vertical joint shear reinforcement within the 
effective joint width j shall be determined from: 

"sv 
Ajv = - 

fyk/vs 

The vertical joint shear reinforcement shall consist o f  inter- 
mediate column bars, placed in the plane of bending between corner 
bars, or of vertical stirrup ties or special bars, placed in the 
column and adequately anchored to transmit the required tensile 
forces within the joint. 

The spacing of vertical joint reinforcement i n  each plane of any 
beam framing into a joint shall not exceed ZOOmm, and in no case 
shall there be less than one intermediate bar in each side of the 
column in that plane. 

All design provisions o f  this section apply, except that in case 
of an eccentricity o f  a beam relative to the column into which it 
frames, as measured by the distance between the geometric 
centrelines of the two members, the effective joint width shall 
not be taken larger than 

0.5(bw + bc t 0.5hc) - e 
Structural Walls 

The purpose of the provisions in this chapter, as well as those in 
cl. 5.5 relative to detailing, is to provide walls with adequate 
ductility and energy-dissipation capacity through flexural yield- 
ing in clearly defined hinge zones. 

In addition, the likelihood of failure due to shear or inadequate 
anchorage, or even the occurrence o f  significant shear inelastic 
deformations (which progressively impair the energy-dissipation 
capacity of the structure ), is reduced to a minimum. 
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4.4.3.2 

4.4.3.2.1 

4.4.3.2.2 

4.4.3.2.3 
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General 

The design strengths of walls 
evaluated as for linear elements 
by the provision in the present cl 

Resistance to Shear 

Maximum Allowable Shear Stress 

and coupling beams shall be 
cl. 4.4.1), except as modified 
4.4.3. 

The maximum nominal shear design shear stress in a wall section, 
evaluated by means of the expression: 

where V is the design shear force computed in accordance with 
cl. 4.3.4.4 shall not exceed the following limit: 

Contribution of Concrete to Shear Strensth 

In the potential plastic hinge zone, as defined in cl. 5.5.3.1 the 
contribution of concrete to shear resistance is assumed to be 
zero, unless the minimum design axial load produces an average 
compression stress over the gross concrete area of the wall equal 
at least to O.l.fcd. In this case the shear stress contributed by 
concrete shall be computed by: 

TCd = 2TRd.bl 

with the values of TRd and given in the code for concrete 
cl. 11.1.2 Table 11.1 and cl. 11.1.2.2 equation 11.3. 

Outside the potential hinge zone, and when the average compressive 
stress is less than O.lf,d the shear stress contributed by con- 
crete shall be taken as: 

TCd = 2.0TRd 

while in cases where the average stress is grater than O.lfcd: 

TCd = 2.5Rd.81 

Web Reinforcement 

Horizontal bars, fully anchored at the extremities of the wall 
section, shall be provided in the amount: 

while the vertical reinforcement ratio shall be: 
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A V  Td-Tcd-Nd/Ag 

h= iq fYd 

The vertical shear reinforcement can be assumed to fully con- 
tribute to the required flexural strength. 

CouDl i nq Beams 

Coupling beams are ductile, energy-dissipating elements connecting 
in a regular pattern two or more walls. Symnetrical flexural rein- 
forcement (p=p') shall be adopted in case o f  the usual arrange- 
ment. Design for flexure and shear shall be carried out as for or- 
dinary beams unless the following limits are exceeded: 

4.4 .3 .3  

4.4.4 

1 1  6 
P = - -  - 

fyk (fck7 fyk n MPa) 

(p  = longitudinal reinforcement ratio, top or bottom) 

in which case all flexural and shear actions shall be resisted by 
diagonal reinforcement in both directions. 

DiaDhraqms and Stair Slabs 

Floor systems connecting vertical seismic elements (frames, walls, 
cores) shall be checked for the forces to be transmitted to the 
seismic elements to enable them to develop their maximum capacity. 

When it is shown that the forces to be transmitted do not produce 
yielding in a diaphragm, provisions indicated in the code for con- 
crete apply. If yielding in a diaphragm cannot be avoided provi- 
sions for ductile structural walls and in particular, cl. 5.5.3.1 
for confining reinforcement in boundary zones, shall be applied. 

Openings in diaphragms shall be so arranged that unintentional 
failures across weak lines do not reduce the strength of the 
diaphragm. Boundary elements around openings shall be provided 
whenever needed, with a rational assessment o f  their required 
strength. 

Adequate connection must be provided between the diaphragm and the 
vertical seismic resistant elements. This aspect is particularly 
important when staircases and elevator shafts act as seismic ele- 
ments since this usually involves interruption of the diaphragm. 

Stair slabs (inclined) shall be appropriately designed so that 
relative interstorey displacements are compatible with axial and 
flexural rigidity of stair slabs. Axial forces, bending moments 
and shear forces may be developed due to relative displacements 
along the x-axis. Bending and shear may also be developed due to 
relative displacements along the y-axis. 
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I 

4.5 Veri f icat ions 

4.5.1 Col I a w e  Veri f i cat i on 

For the purpose of the present code a structure shall be deemed to 
satisfy the safety requirements against collapse if the following 
conditions are met: 

- The strength and stability verifications are satisfied. 
- The elements are dimensioned and detailed in accordance with 

the rules given in chs. 4 and 5 relative to the appropriate 
structural type and intended ducti 1 i ty 1 eve1 . 

4.5.2 Strenqth Verification 

The following condition must be satisfied for every element: 

sd 5 Rd (4.5.2.1) 

is the design load effect on the element evaluated ac- 
cording to c l .  4.3. 

is the design strength of the element evaluated ac- 
cording to cl. 4.4. 

where: sd 

Rd 

4.5.3 Stabilitv Verification 

The stability verification shall be considered satisfied if: 

- The deformability index 8 is less than 0.1. 

- For 0.1 8 5 0.15 the 2nd order effects are calculated by 
means of one of the statical methods in ch. 14 of the Code for 
Concrete and added to the design forces. 

- The stability verification cannot be satisfied if 0 > 0.15. 
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Servi ceabi 1 i tv Verification 
The elastic interstorey drift, Ael, resulting from the application 
o f  the horizontal forces specified in c1.4.2.4 or from the dynamic 
procedure as in c1.4.2.5, shall at any storey satisfy the condi- 
tion: 

4.5.4 

4.5.5 

5 .  

5.1 

5.1.1 

where h i s  the clear height of the floor. 

For class 1 1 1  or IV buildings, the indicated limits may be in- 
creased of 50% if it can be demonstrated that the finishes adopted 
are not brittle-type and can accommodate without significant 
damage those 1 imits. 

When the limits above are exceeded separation of the non- 
structural elements is required, of an amount adequate for permit- 
ting an interstorey drift equal at least to 

= 0.358,i.K 

to take place without restraint. 

In no case shall the interstorey drift, Ael exceed the limit: 

0.025 .h 
h a x  = 7 

Maximum ExDected Di sD1 acements 

The maximum expected displacements of the building shall be ob- 
tained by multiplying the displacements produced by the system of 
horizontal forces specified in c l .  4.2.4 or those obtained from 
the dynamic analysis as in cl. 4.2.5 by the appropriate values o f  
the behaviour factor K. 

DETAILING, CONSTRUCTION AND USE OF STRUCTURE 

When there is no distinction, the requirements of this chapter 
apply in common for structures of DL I 1  and DL 111. Requirements 
for structures of DL I are always referred to explicitly. 

Elements Subject to Bending (Nd'O.1 Ag.fcd) 

Geome t r i cal cons t ra i n t s 

DL I1 and DL 111 Structures 

The following restrictions must be satisfied, unless it is 
specifically proved that they are not required. 



127 
a) I n  o rder  t o  ensure t h a t  t he re  i s  e f f e c t i v e  t r a n s f e r  o f  moment 

from the beam t o  the  column, the w id th  o f  the beam s h a l l  no t  be 
l e s s  than 200mm o r  g rea te r  than t h e  w id th  o f  t h e  column p l u s  
1/4 o f  the  depth o f  the  column on each s ide .  I n  no case s h a l l  
t he  w id th  o f  the beam exceed two times the  w id th  o f  the  column. 

b 
121 

I bW I- 

bC I- 

* I  bW t i  

b ) I n  o rder  t h a t  t he re  i s  no r i s k  of l a t e r a l  b u c k l i n g  under non- 
l i n e a r  response, the  r a t i o  o f  the  w id th  t o  t h e  depth o f  t h e  
beam sha l l  no t  be l ess  than 0.25. 

c )The behaviour o f  members i n  p o r t a l  frames whose l / h  r a t i o  i s  
le.cs than 4, i s  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h a t  o f  s lender  
members. For t h i s  reason, the r a t i o  l / h  s h a l l  no t  be l e s s  than 
4. (This requirement i s  not  v a l i d  f o r  coupl ing beams i n  s t ruc -  
t u res  w i t h  wa l ls ,  c l .  4.4.3.3). 

d)The e c c e n t r i c i t y  o f  a beam w i t h  respect t o  the  column on which 
i t  i s  connected, as measured by the  d i s tance  between the  
geometrical axes o f  the two elements, sha l l  no t  be g rea te r  than 
1/4 o f  the width o f  the column. 

5.1.2 Lonsi t ud ina l  Reinforcement 

DL I 1  and DL 111 Structures 

a ) I n  every sec t ion ,  i n  o rder  t o  ensure t h a t  t h e  u l t i m a t e  moment 
i s  g rea ter  than the moment o f  the cracked sect ion,  t h e  compres- 
s ion  reinforcement, top o r  bottom sha l l  no t  be l ess  than 

pmin = 1.4/fyk ( f y k  i n  MPa) (5.1.2.1) 

and t o  ensure adequate d u c t i l i t y  i t  s h a l l  no t  be more than 

pmax = 7.0/fyk ( f yk  i n  MPa) (5.1.2.2) 

where pmin and pmax r e f e r  t o  the  t o t a l  concrete area Ag. 

b ) A t  l e a s t  t w o  bars o f  12mm diameter sha l l  be placed both a t  the  
top  and bottom, along the whole length  o f  the  element. 

c) I n  o rder  t o  ensure t h a t  t he re  i s  adequate d u c t i l i t y  and 
s t r e n g t h  f o r  s t ress  reversa l ,  t he  compression re in fo rcement  
s h a l l  no t  be l ess  than h a l f  the tension reinforcement, i n  areas 
where p l a s t i c  j o i n t s  might develop. ( p ' >  0 . 5 ~ )  
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d) A t  least one quarter of the top reinforcement at the 

element shall extend to the whole of its length. 
end of the 

e) In flanged beams with a T or L shape which are mono ithic with 
the slab, the reinforcement that is taken into consideration 
near the columns, in addition to the reinforcement within the 
links, shall be as follows: 

I. For interior columns, if there is a transverse beam which is 
monolithic with the column, all the reinforcement in the slab 
within a distance of 4 times the slab thickness on each side of 
the column. 

11. For interior columns, in the absence of a transverse beam, 
all the reinforcement within a distance of 2.5 times the slab 
thickness on each side of the column. 

111. For exterior columns, if there is a transverse beam of 
similar dimensions and which is monolithic with the column on 
which the beam reinforcement i s  anchored, all the reinforcement 
of the slab within a distance of 2 times the slab thickness on 
each side of the column. 

IV. For exterior columns, in the absence of a transverse beam, 
all the of reinforcement within the width of the column. 

In any event, at least 75% of the required reinforcement on 
each side shall pass through the column or be anchored in the 
core of the column. 

DL I Structures 

Only cl. 5.1.2 a. is required. 

Minimum Transverse Reinforcement. 

Transverse reinforcement shall be placed in accordance with the 
requirements of this part, unless more reinforcement is required 
in order to resist the shear force (cl. 4.4.1.4). The aim of the 
transverse reinforcement is: 

- to confine the concrete in order to increase the U 
mation and the bonding strength of the reinforcement 

- to tie the reinforcement and prevent its buckling. 

- to provide shear resistance. 

timate defor- 

Regions of beams which are considered as "Critical" regions are: 

a)Twice the depth of the beam, starting from the column face, 
towards the middle of the span, on both sides of the beam. 
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b)Twice the depth of the beam on both sides o f  a possible plastic 

c) Where compression reinforcement is required. 

DL I 1  Structures 

In critical regions, as defined above, the links shall be at least 
8mm diameter with spacing not exceeding the minimum o f  the follow- 
ing: 

a) h/4 
b)8$1 (01 is the diameter o f  the longitudinal reinforcement) 
c)24@h (eh is the diameter o f  the link) 
d) 200mm 

The first link shall be placed not more than 50mm from the side of 
the column. At least one in every two separate longitudinal bars 
in the beam shall be restrained by a 90° bend o f  a link. 

DL 111 Structures 

In the critical regions, as defined above, the links shall be at 
least 8mm diameter with spacing not exceeding the minimum of the 
following : 

a) h/4 
b) 6@1 
c) 150mm 

The minimum area of one leg of the link shall be: 

hinge. 

5.1.3.1 

so as to prevent the deflection o f  the longitudinal bars in the 
event o f  large reverse plastic deformations. 

The sum o f  the area o f  the longitudinal bars restrained by 
he = leg o f  the link. 

f+,k = The ultimate strength of the longitudinal bars 

s = The link spacing 

The first link shall be placed not more than 50mm from the side o f  
the column. 

At least one in every two separate longitudinal bars in the beam 
must be restrained by a 90° bend of a link. 

Elements Subject to Bendina and Axial Force (Nd>O. lAg.fcd) 

The aim o f  this clause is to provide the columns with adequate 
ductility which might prove necessary if there is a deviation from 
the expected static behaviour of the structure. 

ykt' The ultimate strength o f  the links 
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5.2.1 

5.2.2 

5.2.3 

Observations on damage caused by earthquakes frequently indicate 
that corner columns are more vulnerable than interior ones, due to 
unforeseen torsional phenomena. It is therefore suggested that 
particular care in detailing shall be given to corner columns or 
even to make them stronser than what is required from the - 
analysis. 

Geometrical Constraints 

Structures of DL I1 

The minimum section dimension shal 

The l/b ratio shall not be greater 

Structures o f  DL 111 

not be less than 250mm. 

than 25. 

The minimum section dimension shall not be less than 300mm. 

The l/b ratio shall not be less than: 

- 16 for columns with moments o f  opposite sign at the two ends. 
- 10 for cantilever columns. 
Lonq i tudi nal Reinforcement 

The reinforcement ratio shall not be less than 1% or greater than 
6% even at sections where there are reinforcement connections 
(1 .O%<p<6.0%). 

For steel S400 the reinforcement outside the connections shall not 
be greater than 4%. 

When the dimensions are determined by architectural requirements, 
the minimum reinforcement can be reduced. When the calculated re- 
quired reinforcement is less than 0.5% then the reinforcement that 
may be used i s  twice the required reinforcement. In no event shall 
the reinforcement be less than 0.5%. 

The spacing between bars shall not be more than 250mm for. struc- 
tures of DL I 1  or 200mm for structures o f  DL 111. 

DL I Structures 

The above requirements shall also be satisfied for DL I struc- 
tures. 

Transverse Reinforcement 

Nominal reinforcement shall be placed throughout the height of the 
column, whilst special reinforcement shall be placed in critical 
regions, as defined in paragraph 5.2.3.1. 
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The reinforcement ratio which shall be used shall be as defined in 
this article, unless more reinforcement i s  required for shear 
resistance in accordance with cl. 4.4.1.4. 

5.2.3.1 Critical Resions in columns 

a) For ordinary cases, critical regions are considered to be the 
two ends of the column, above and below the joints and over a 
length from the face o f  the joint which shall not be less than 
the maximum of the following: 

- the longest dimension of the section 
- 1/6 of the clear height of the column 
- 4 5 0 ~  

b) Where there is an infill wall in contact with one or both sides 
o f  a column, in part of the height of the column, then the 
whole length of the column shall be considered as critical. 

e )  In the case where part o f  the column is tied t o  a concrete 
wall, the untied part of the column shall be considered as 
critical region. 

Critical regions of columns require links more closely spaced 
and well anchored than the rest of the column to ensure better 
confinement of the concrete (and hence adequate ductility), 
lateral support of the longitudinal bars and shear strength. 

5.2.3.2 DL I! Structures 

Critical Reuions 

Special transverse reinforcement shall be placed having 8mm mini- 
mum diameter in link or spiral form. 

Additional links which tie the bars which are not directly tied to 
the links, shall be placed in accordance with the concrete code. 

The spacing between the spirals or links shall not exceed the min- 
imum o f  the following: 

a)8 times the diameter o f  the smaller bar of the main reinforce- 
ment. 

b) 1/2 the minimum section dimension 
c) 200mm. 

The above transverse reinforcement shall extend throughout the 
height of the beam joint. 

Non-Critical Resions 

The minimum transverse reinforcement in the non critical regions 
shall be in accordance with the concrete code. 
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Nd/Ag.fck 

A 1  
A 2  

’ 5.2.3.3 

0.10 0.20 0.30 0.40 0.50 

0.05 0.06 0.07 0.08 0.09 
0.18 0.22 0.26 0.30 0.34 

DUCTILITY LEVEL I 1  

CRITICAL REGION lc= max(h, 1/6, 450mn) 

CRITICAL REGION: s=min(8@1 b/2, 200mm) 

ELSEWHERE: s=min(l2@l, b, 300mm) 
SPACING 

Special transverse reinforcement: 
c r i t i c a l  regions and spacing 

Ic-,Ih,b 

DL 111 Structures 

C r i t i c a l  reqions 

The vo lumet r i c  r a t i o  o f  t he  t ransverse  re inmarcement  ( s p i r a ,  o r  
l i n k s )  s h a l l  no t  be l ess  than the  maximum o f  the fo l l ow ing :  

or .. 

*g fck 
ps = A2 (- - 1) - 

AC fYk 

(5.2.3.3.1) 

(5.2.3.3.2) 

where Ag = t o t a l  cross sect ional  area 

and t h e  values o f  A 1  and A 2  a re  g iven by the  f o l l o w i n g  t a b l e  as 
func t ions  o f  t he  a x i a l  loading. 

A, = area o f  confined concrete 

(5.2.3.3.3) 
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where Ash is the total area of the links in each of the main 
directions of the section, s is the spacing between the links and 
h’ is the distance between t k e centres of the exterior bars. 
The minimum diameter of the links or spiral shall be 8mm. The max- 
imum distance between the spirals or the links shall not exceed 
the minimum of the following: 

a) 6 times the minimum diameter of the longitudinal reinforcement. 
b) 1/4 of the minimum section dimension 
c) 150mm. 

- I 

[1 1 
- 
- DUCTILITY LEVEL I 1 1  

CRITICAL REGION lc= max(h, 1/6, 450mm) 

CRITICAL REGION: s=min(6@1, b/4, 150mm) 

s=mi n (8@1, b/2, 200mm) 
S PAC I NG 

Ah 
ELSEWHERE: 

21 
Special transverse reinforcement: 

- critical regions and spacing 

3. Every longitudinal bar or bundle of bars shall be restrained by 
a bend of a link of at least 135O or by additional links, except: 

a) bars or bundles of bars between two bars which are restrained 
by the same link and their spacing is not greater than 2OOmm. 

b) interior layers o f  bars in the core o f  the concrete whose ten- 
ter is 75mm or more from the interior side of the links. 

(200 t200 t200 1-1-1-1 
t. 
4 
<200mn 

a) Compl ementary ties 
around main reinforcement 

(200 (200 1-1-1 

b) Compl ementary ties 
around the 1 ink 
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5 .3  

5 .3 .1  

c) Two l i n k s  
-p re fe r red  d e t a i l  

t 
L 
(200 

r 
L 

,200mm 

I 

d) Two 1 inks  
- d e t a i l  c p re fe r red  

e) Three l i n k s  f) Four l i n k s  

4.The t e n s i l e  s t reng th  o f  t h e  l e g  o f  a l i n k  o r  a d d i t i o n a l  l i n k  
s h a l l  be a t  l e a s t  1/6 the  t e n s i l e  s t r e n g t h  o f  t h e  bar o r  bars  
which i t  res t ra ins ,  inc lud ing  bars t h a t  are exempted by c l .  3.a. 

5.The end o f  every a d d i t i o n a l  l i n k  s h a l l  be t i e d  t o  a l o n -  
g i t u d i n a l  bar, o r  t he  pe r iphe ra l  l i n k  a t  a p o i n t  nex t  t o  a bar,  
w i t h  a bend o f  a t  l e a s t  135O and the  s t r a i g h t  p a r t  s h a l l  extend 
beyond the  bend a t  l e a s t  10 t imes the  diameter o f  the  add i t i ona l  
l i n k .  Add i t iona l  l i n k s  and legs  o f  l i n k s  s h a l l  n o t  have i n  between 
spacing o f  more than 200mm o r  1/4 o f  the  dimension o f  t he  column 
perpendicular t o  the d i r e c t i o n  o f  the  t ransverse reinforcement.  

N o n - c r i t i c a l  reqions 

The requirements f o r  c r i t i c a l  regions o f  DL 11 columns s h a l l  apply 

Beam-Col umn J o i n t s  

Confinement 

DL I and DL I 1  Structures 

The ho r i zon ta l  transverse reinforcement i n  the  j o i n t s  s h a l l  no t  be 
l e s s  than what i s  requ i red  i n  the  columns. 

DL 111 Structures 

The ho r i zon ta l  t ransverse reinforcement i n  the beam-column j o i n t s  
s h a l l  no t  be l e s s  than what i s  requ i red  i n  the  columns apar t  from 
t h e  case where the re  are beams on the  f o u r  s ides  o f  t h e  column 
designed i n  accordance w i t h  c l .  4.4.2.1.3/b o r  c, i n  which case 
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the transverse reinforcement of the joint can be reduced to one 
half of what is required in the columns, but the spacing between 
the links shall in no case be greater than 10 times the diameter 
o f  the bars of the column or 200mm, whichever is less. 

When the width of the column is greater than the width of the 
joint, as defined in cl. 4.4.2.1.1, all the bending reinforcement 
in the column which is required to be tied to the narrow beam 
shall pass within the width of the joint b-h,. Additional column 
longitudinal reinforcement shall be placed outside the width o f  
the joint. 

Structural Walls 

Geome t r i c a 1 Cons t ra i n t s 

The thickness of structural walls shall not be less than 150mm. 

Openings in the walls which are not in a regular arrangement so as 
to form coupled walls shall be avoided, except if the influence on 
the seismic performance o f  the wall i s  negligible or specific 
analysis o f  the performance of the wall locally is made. 

Openings that can be considered as negligible are those whose 
largest dimension does not exceed 1/10 the width of the wall and 
their distance from the edge of the wall or from another opening 
is not less than twice their height. Special reinforcement shall 
be placed around every opening in order to compensate for the 
strength of the part which is removed. 

ho<lw,lOf a- d>2h, 

Dimensions of wall openings 
that can be considered 
negl i gi bl e. 

1-1 
b<l w/l 0 

'I ' W I i  
DL I11 Structures: In addition to the above requirements, the fol- 
lowing shall be implemented for structures of DL 111: 

a)The ratio of the total height (h,) to the length (7,) o f  the 
wall shall not be less than 2. 

b)The local thickness of a wall shall not be less than h,/10, 
(where h, the height o f  the floor) in cases where the largest 
compressive deformation exceeds the value ~ ~ 4 3 .  The value of 
cCU i s  given in the Concrete Code, cl. 7.1.2. 
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>2b or >O.2lw1-I 

b 1 ////// ]hn/lO 
1. .. 

Minimum width requirements. 

Exemptions from the requirements of clause 5.4.1 b. 

The following cases are exempted: 

1)When the distance from the critical fibre, i.e. when E ~ = E ~ ~ / ~ ,  
from the edge of the wall is less than 2b or 0.2lw, and 

2) when the distance between the critical fibre and the vertical 
wall at which the wall ends, or from an end wall with width not 
less than hn/5, is less than 3b. 

o f  

b' 

A t  least two layers of reinforcement shall be placed, one on each 
side o f  the wall, The reinforcement bar diameter in any part of 
the wall shall not exceed b/lO. 

The spacing between the reinforcement bars shall not exceed 300mm. 
When the section is required to be confined, the bar spacing shall 
not be greater than 200mm. 
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Curtailement of Bars 

The vertical reinforcement shall be curtailed according to the 
bending moment diagram, adding the anchorage lengths of the cur- 
tailed bars. 

SDlicinq of Bars 

Vertical bar connection shall be avoided in regions where the for- 
mation of plastic hinges is expected. In no case shall connections 
be made in more than 1/3 of the reinforcement in these regions. 
Particular attention shall be placed in the connection of the main 
(bending) vertical reinforcement. The connections shall be stag- 
gered and the in-between spacing in the vertical direction, shall 
be at least twice the overlap length. 

Construct ion Joints 

The ratio of the vertical reinforcement passing through a con- 
struction joint, shall be such that it can withstand all the shear 
resistance of the concrete and given by the expression: 

NA 
(5.4.2.1) 

where 

pv=ASt/blw with Ast the total vertical reinforcement including 

Agis the total wall cross sectional area, including the end ele- 

the reinforcement of the end elements which resist bending. 

ments. 

Ndis the minimum bending force in the wall. If the wall i s  to be 
subjected t o  tension, then Nd shall be taken as negative. 

5.4.3 Horizontal Reinforcement 

The requirements for minimum reinforcement, largest bar diameter 
and maximum bar spacing, shall be the same as those for the verti- 
cal reinforcement cl. 5.4.2. 

5.4.3.1 Reqions with SDecial Horizontal Reinforcement 

a) Regions of walls in which special horizontal reinforcement is 
required, as defined in paragraph b, are defined as follows: 

In the vertical direction they shall extend from the base above 
the point of the likely plastic hinge, which in this case shall 
be considered the largest of the length 1, or 1/6 of the height 
hw o f  the wall. 

In plan, in cases where the calculated concrete deformation ex-  
ceeds the value of ~,.~/3. 



The amount of special transverse reinforcement required is a 
function o f  the calculated depth of the neutral axis, at the base 
of the wall and the ductility level, as follows: 

DL I 1  Structures: The depth of the neutral axis is calculated for 
the worst moment Md and is given from the formula: 

A1 
A2 

Mu d 

Md 
x = 0.20 ( A ) l w  

when : 

0.07 0.08 0.09 0.105 0.115 0.125 0.135 
0.18 0.205 0.23 0.26 0.285 0.31 0.34 

5.4.3.1.1 

x&: The horizontal reinforcement shall satisfy the requirements 
of cl. 5.4.3. Links that tie the vertical reinforcement shall 
be used in accordance with the concrete code. 

x>x: The horizontal reinforcement shall satisfy the requirements 
of cl. 5.2.3.2 (columns of DLII in critical regions). 

DL 111 Structures: The depth o f  the neutral axis is calculated 
for the worst moment Md and is given by the equation: 

Mu d 

Md 
x = 0.10 (A) Lw 

when : 

(5.4.3.1.2) 

xi;: The horizontal reinforcement must satisfy the requirements o f  
cl. 5.2.3.3 (columns of DL 111 in non critical regions). 

x>x: The horizontal reinforcement must satisfy the requirements of 
cl. 5.2.3.3 (columns o f  DL I I I  in critical regions) with the 
values of A 1  and A2 as given in the following table as a func- 
tion of the depth of the neutral axis. 

I x/lw I 0.10 1 0.20 1 0.30 1 0.40 I 0.50 I 0.60 I 0.70 I 

Table 5.4.3.1. - Values of A 1  and A2 which shall be used in equa- 
tions 5.2.3.3.1 and 5.2.3.3.2 
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5.4.4 C o w l  ins Beams 

The diagonal reinforcement in each direction shall be t 
closed links in accordance with the requirements of cl. 
and the spacing between the links shall not exceed 100mm. 

ed with 
5.2.3.3 

The minimum width of the diagonally reinforced beams shall not be 
less than 200m. The anchorage length of the diagonal reinforce- 
ment in the adjacent walls shall be increased by 50% above the 
normal length. 

5.5 Anchorase and Connection of Reinforcins Bars 

5.5.1 General 

In addition to the rules o f  the concrete code, chapter 17, the 
following requirements must be satisfied so that reliable perfor- 
mance is ensured under cyclic loading conditions caused by the 
seismic actions. 

All the reinforcing bars shall be in a position to develop their 
maximum strength Yn.fck when a plastic hinge is formed. 

All the bars shall be considered to be in a non-effective 
anchorage bond condition, except when the anchorage is done in 
areas confined with transverse reinforcement where effective 
anchorage bond can be achieved. 

When the equation (concrete code, cl. 17.4.1.2, equation 17.5) is 
applied in a region where plastic hinges are likely to be formed, 
the ratio As,cal/~s,eff shall be taken equal to 1. 

5.5.2 Beams: Anchorase of Lonqi tudinal Reinforcement 

Beams connected to opposite sides of a column shall have both top 
and bottom reinforcement continuous through the column, where this 
is possible. When the reinforcement cannot be continuous through 
the column, due to a change in the beam cross section or in ex- 
terior columns, the reinforcement shall be anchored in the joint 
in accordance with the following: 

a)The reinforcement shall extend to the opposite face of the con- 
fined area and shall be anchored satisfactorily so that it can 
develop its ultimate strength. 

b)Every bar shall end in a 90° angle or equivalent anchorage 
method as close to the opposite face o f  the column as possible. 

c)The anchorage length shall be calculated starting from a dis- 
tance of lo@ from the face of the column. 

DL 111 Structures: When the beams are connected on opposite sides 
of the column, the maximum diameter of the longitudinal bars which 
continue through the column, shall not exceed 1/30 the depth of 
the column (parallel to the bar). 
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Columns: Anchoraqe of Lonaitudinal Reinforcement 

The maximum diameter of the longitudinal bars of columns passing 
through a joint shall not exceed 1/25 of the depth of the beam. 
When plastic hinges are allowed in columns that value can be 1/30. 

The anchorage of the bars of the column in the beam shall be made 
with a 90° hook or in a similar way, as close to the top face of 
the beam as possible. The direction of the horizontal part of the 
hook shall be towards the core of the joint. 

When columns end at the top of the frame or at a joint with a 
foundation, the anchorage of the column bars shall be considered 
that it starts at a distance of 1/2 the depth of the beam or 106, 
whichever is less, from the entrance of the bar into the joint. 

SD1 icinq of Lonqitudinal Reinforcement 

Splices are not allowed within beam-column joints or in regions 
where plastic hinges are likely to form. 

If it can be shown that a plastic hinge cannot be formed, then 
splices at the edge of the columns are allowed, if links are 
placed with spacing not greater than 6 diameters. 

Links shall be placed along the length of the splice in beams and 
columns. The link spacing shall not exceed 10 diameters of the 
bar which is spliced. 

DLIII Structures: In addition, the spacing shall not exceed 150mm. 

Welding or mechanical connections in accordance with the concrete 
code, cl. 17.4, can be used, if alternating bars are spliced in 
each layer of longitudinal reinforcement and the spacing between 
splices of adjacent bars is 600mm or more, along the length o f  the 
frame member. 

5.5.3 

5.5.4 

5.5.5 Anchoraqe and Connection of Transverse Reinforcement 

The transverse reinforcement (links) shall be anchored at an angle 
of at least 135O around a longitudinal bar with minimum extension 
of the free end o f  10 diameters. Alternatively, the ends o f  the 
links can be welded in such a way that they can develop the com- 
plete strength of the bar. 

Transverse reinforcement shall not be connected by over1 aps in 
concrete cover, in joints or in regions in which plastic region 
might develop. Connection by overlapping is allowed only for 
deformed (high bond) bars. 

When the anchorage of spiral reinforcement ends at an ang 
135O around a longitudinal bar, the extension beyond the 
shall be at least 10 diameters of the spiral bar. 

e of 
bend 
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Foundat ions 

Foundation Level 

The foundations of a structure must be at the same horizontal 
level. When this is not practical, for example in particularly ad- 
verse topographical or geotechnical conditions or building ar- 
rangements, special measures shall be taken to ensure uniform per- 
formance of the structure during an earthquake. 

Connection of Footinqs 

In cases o f  foundations with isolated footings or strip footings 
in one direction the foundations shall be connected between them 
with tie-bars in two directions in order to avoid horizontal dis- 
placements. 

The tie-bars shall connect the footings and not the columns, that 
is, they shall be at the level of the footings or they shall touch 
the top surface of the footings. 

The tie-bars shall be at least 250mm wide and 500mm high. In 
single and two-story structures the height is allowed to be 400m. 

Every tie bar shall be in a position to withstand a tensile or 
compressive axial force at least equal to 1/10 o f  the largest ver- 
tical load of the footings it connects. 

The minimum longitudinal reinforcement shall be 0.4% top and 0.4% 
bottom. The transverse reinforcement shall be links of 8 mm mini- 
mum diameter placed every 200mm. The anchorage requirements for 
beam reinforcement shall also apply for tie-bars. 

Increase in Allowable Stress 

During the checks of the foundations, an increase of the allowable 
soil stress of 30% is allowed, when the seismic actions are taken 
in combination with the vertical loads. Reduction in the founda- 
tion dimensions derived from calculations for vertical loads only 
is not allowed under any circumstances. 
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SEISMIC ACTION 

Reaional Seismicity 

The seismic activity in Cyprus i s  described in the following Seis- 
mic Risk MaD (MaD 6.1). A 

f l  
. . .  

For the purpose of structural design the most suitable parameter 
i s  the maximum value of ground acceleration Amax. 

Seismic Zones 

For code application, Cyprus i s  divided into 5 zones based on the 
expected seismic stresses. For every zone, calculation values for 
the maximum ground acceleration Amax, are given in table 6.2 as a 
fraction of g. 

0.100 I 5 I 0.150 I Table 6.2: Seismic Zones 

Characteristics of Seismic Actions 

Seismic actions result from the vibrations of the soil transmitted 
to the structures during the earthquakes. 

For the purpose of this code the ground motion shall be adequately 
described by means of: 

- the peak ground acceleration Amax, treated as a random variable 
of known distribution. 

- the response spectrum for horizontal motion for firm soil con- 
ditions, normalised to Amax=l. 

- the response spectrum for vertical motion, scaled to 2/3 of the 
corresponding horizontal motion response spectrum. 
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In sites where geological evidence indicates the possibility of 
"near field" type of shocks (for which the response spectrum con- 
cept is inadequate), or where there is extensive and deep soil 
layering (for which selective amplification can occur) the ex- 
pected characteristics of ground motion shall be determined by 
special studies. 

More simple geotechnical and morphological site conditions shall 
be accounted for by suitable modification of the basic spectrum 
relative to the area. 

6.4 Desiqn Seismic Action 

The design seismic action is, by definition, the action that, when 
used in conjunction with other permanent and variable loads to 
design structures in accordance with the present provisions and 
with those of the Concrete Structures Code, satisfies the general 
requirements set forth in ch. 2 with the established level o f  
re1 i abil i ty . 

6.4.1 Normalised Elastic ResDonse SDectrum 

For the purpose of these recommendations, the shape of the 
"standard" (rocky or firm soil conditions) elastic response 
spectrum normalised to a unit peak ground acceleration shall be 
idealised as shown in fig. 6.4.1. 

The spectrum is intended for a damping ratio of 5%. Spectral 
amplification shapes different from the proposed one can be 
adopted, conditioned to site-specific historical and/or geophysi- 
cal evidence. 
- 
Ra / \  

for T 5 TI 

for 115 T 1. 12 

for T > T2 

1 
I I 
T1 T2 1 .os 2.0s T 

fig. 6.4.1 Normalised elastic response spectrum. 

For a probability o f  non-exceedance 70-80%: a = 2.5, f4 = 1.0 
When no more specific information is given: T1 = O.ls, T2 = 0.4s 
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6.4.2 Site Effects 

When more detailed knowledge on the effects of local soil condi- 
tions on the characteristics of ground motion arriving at the site 
from possibly different sources is not available, the procedure in 
cl. 6.4.2.1/2/3 shall be applied. 

6.4.2.1 Soil Profile TvDes 

The effects of site conditions on building response shall be es- 
tablished based on the soil profile types defined as follows: 

SOIL PROFILE S1: Rock of any characteristic, either shale-like or 
crystalline (such material may be characterised by a shear wave 
velocity greater than 800 m/sec.); or stiff soil conditions where 
the soil depth i s  less than 60m and the soil types overlying rock 
are stable deposits of sands, gravels or stiffer clays. 

SOIL PROFILE S?: Deep cohesionless or stiff clay, including sites 
where the soil depth exceeds 60m and the soil types overlying rock 
are stable deposits of sands, gravels or stiff clays. 

SOIL PROFILE S3: Soft-to-medium stiff clays and sands, charac- 
terised by 10m or more of soft-to-medium stiff clay with or 
without intervening layers of sand and other cohesionless soils. 

In locations where soil properties are not known in sufficient 
detail to determine the soil profile, or where the profile does 
not fit any of the three types, soil profile S2 shall be used. 

Special in-situ and laboratory studies shall be carried out to in- 
vestigate the possibilities and the conditions for the erection of 
buildings in cases where there is evidence of: 

a) Dynamic instability by liquefaction of sand or other soils 
b) Excessive settlement 
c) Landslides or falling rocks and 
d) Faulting 

If not absolutely necessary, buildings on these kinds o f  soils 
should not be built. 

6.4.2.2 Site Coefficient 

The site coefficient S is used to modify the standard elastic 
response spectrum to account for the site conditions. Its values 
are given in Table 6 .4 .2 .2 .  

Site Coefficient S 1.00 1.25 1.50 Table 6.4.2.2 
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6.4.3 Si te-deoendent Normalised El astic Resoonse Saectra 

The site-dependent normalised elastic spectra for the 3 soil 
profiles are shown in fig. 6.4.3, their ordinates being defined as 
the smallest from the following expressions: 

- 
Ras(T) = a 

Ras(T) = S.a.(-) T2 B - 
T 

'I 
"1 

I 
T2 1.0s 2.0s T 

Fig. 6.4.3 Site-dependent Normalised Elastic Response Spectrum 

In lack of specific site-related information T2, a and $ can be 
assigned values as proposed in cl. 6.4.1. 

Spectra for vertical motions may be determined with sufficient ac- 
curacy by multiplying the ordinates o f  the spectra f o r  horizontal 
motions by a factor of 2/3. 

6.4.4 Desisn Resnonse SDectrum 

The ordinates of design response spectrum are given by mu1 tiplying 
the ordinates of the si te-dependent normalised response spectrum 
with the factors: 

where: 

I 
K 
Amax= the peak ground acceleration as given in Table 6.2. 

= the importance factor defined in cl. 3.2. 
= the behaviour factor as given in Table 4.1.3. 



146 
SYMBOLS 

CAPITAL LATIN 

Nd 

Q 
Rd S 
sd 
Si 
T 
vcd 

vd 
vjh 
Vjv 
VRd 
VSd 
"i 

Amax Peak ground acceleration (6.2) 
A, Confines area measured to outside peripheral transverse reinforcement 

Gross sectional area of concrete 
Tension bar reinforcement tzs Compression bar reinforcement 
Cross-sectional area of top joint reinforcement (4.3.1.3) 2; Cross-sectional area of bottom joint reinforcement (4.3.1.3) 

cd Design seismic coefficient (4.2.4.1) 
Centre of mass (4.2.1.1) 

cg Centre of stiffness (4.2.1.1) Fk Seismic Action (4.1.4.1) 
F i d  Design lateral force on floor i (4.2.4.1) 
G Permanent loads (4.1.4) 
I Structure importance factor (3.2) 
K Structure behaviour factor (4.1.3) 
Md Design moment (4.3.1.4.5) 
Mu,d Ultimate moment of a concrete section evaluated with factored values of 

concrete and steel strengths (4.3.1.4.5) 
M+,,d U1 timate moment of a concrete section evaluated with characteristic 

values of concrete and steel strengths 
Design axial force under the most unfavourable load combination includ- 
ing the seismic action 
Variable loads (4.1.4) 
Design strength (4.5.2) 
Site coefficient (6.4.2.2) 
Fundamental combination of load effects (4.1.4) 
Site type index (6.4.2.1) 
Fundamental period of building (4.2.4.1) 
Shear force carried by concrete in beam or column or sections (4.4.1.4, 
4.3.1.3) 
Design shear force 
Horizontal shear joint (4.3.1.3) 
Vertical shear joint (4.3.1.4) 
Design shear force (4.4.1.4) 
Design shear of action (4.4.1.4) 
Total gravity load on floor i (4.2.4.1) 
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SMALL LATIN 

a plan dimension of the building in a direction orthogonal to that of the 
seismic action 

bw web width of concrete section 
h,b height and width of beams, major and minor sides in columns 
h',b' distance between bars located at the ends of sides h and b respectively 
d effective depth of cross-section 
e eccentricity 
Sh spacing of transverse reinforcement in beams, columns and walls 
fck characteristic concrete cy1 inder strength ptm mean tensile concrete strength 

design steel strength $2 characteristic steel strength 
h height of floor 
1, horizontal wall height 
hw total height of wall 
hn vertical distance between floors in walls 

GREEK 

a 
B 
B 
YC 
Y S  
Yi 

fie1 
Amax 
5 
e 
5 
P 
P '  
PS 
'cm 
cd 

Td 
Tjh 
Rd 

;In 

w 

spectral amplification factor 
parameter o f  the elastic response spectrum 
shear multiplication factor 
partial safety factor for concrete 
partial safety factor for steel 
load distribution factor 
additional partial safety factor for DL I 1 1  structures 
inter-storey drift under service load 
elastic inter-storey drift under design seismic actions 
maximum inter-storey drift under seismic actions 
ratio between maximum and minimum shear force at the end of a beam 
deformabi 1 i ty index 
amp1 ification factor for torsional effects 
tensile reinforcement ratio 
compressive reinforcement ratio 
volumetric ratio of transverse reinforcement 
minimum mean compression stress on the column above the joint 
shear stress contributed by the concrete 
maximum nominal design shear stress 
nominal horizontal shear stress in joint 
design shear stress 
dynamic magnification factor 

Other symbols are defined in the appropriate chapters. 

Dated this 14th day of November, 1996. 

By the Administrator's Command, 
P.A. ROTHERAM, 

Chief Officer, 
Sovereign Base Areas. 
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