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ABSTRACT:

Control of realization process - design and execution phases - of earthquake-

resistant buildings is committed to specific codes; their efficacy, in turn, is tested on

the basis

of building performance (vulnerability degree) exhibited in occasion of seismic

events. Evaluation of effectiveness and modalities characterizing the performance of cur-
rent seismic codes, with particular reference to R.C. buildings, form the object of this
study which has been conducted according to a historical-evolutionary perspective

1 INTRODUCTION

Codes aim is to ensure obtainment of construc-
tive products with adequate standard reliabi-
lity.

That is achieved by elaboration of unifying
suitable metodologies relating to the whole
design-construction process, from qualifica-
tion of technical operators to acquisition of
data on surroundings actions and structural
elements and materials, to modelling for veri-
fications and, finally,

Resort to appropriate safety margins, depen-
ding on degree of reliability attributed to
the whole design-construction process, permits
to pursue atteinment of required construction
reliability level, quantified by the construc-
tion success probability against aggressive
agents.

The codes set is, therefore, a starting-
point as regards the design and execution pha-
ses of the realization process, conditioning
final constructive product which has to be in
conformity to it. On the contrary, it is an
end-point as regards the processes connected
with forming of knowledge (theoretic-experi-
mental} and technology inheritances, being a
consequence of them.

Building code instructions, of a substan-
tially compulsive nature (prescriptions), are
obviously supplemented in their role by design
and execution customary practice rules (sugge-
stions, recommendations); these rules, not
compulsive, in remote times exercised entirely
the role that in recent times is largely pro-
vided by code prescriptions.

In the case of buildings in seismic zones,
an important contribution to knowledge inhe-
ritance is provided, in addition to theoreti-
cal modellings for prediction of seismic re-
sponse of architectonic-structural systems, by
analysis of damages and by investigations on
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to checking operations.

the relative causes.

The evaluation of efficacy and consequently
the judgement on validity of code tools can be
carried out by checking the actual achievement
of their intrinsic target, namely the actual
attainment of an adequate reliability standard
level. Naturally it is very important to achi-
eve this goal yielding the greatest possible
freedom in the designing choices.

The best way to evaluate such an effective-
ness is checking the actual capacity of code
tools to predict and prevent potential sources
of vulnerability as suggested by theoretical
analysis and, most of all, by that fundamental
experimental survey represented by seismic
failures analysis.

A research on evolution of seismic codes,
intended as "trait-d'union" between technolo-
gical-cognitive inheritance and buildings rea-

.lization process, can prove to be helpful both

for a critical examination of current codes
(national and over-national) and their trends,

.and for identification of potential sources of

vulnerability connected with the set of con-
structive rules applied to old works and then
as guide for interventions on them.

2 CODES FOR R.C. BUILDINGS IN SEISMIC ZONES:
CODES PATTERN AND COMPARATIVE SINOPTIC TABLE

Survey is conducted with reference to seismic
codes, italian national and european over-na-
tional, relating to R.C. buildings in seismic
zones.

A comparative analysis of various normative
documents points out the background presence
of a common structure or pattern of such do-
cuments, according to what, on the inside of
various partition topics, different instruc-
tions can be disposed (ref. first column of
table 1).
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Recognition and pointing out of such pattern
permits an effective setting of single pre-
scriptions and a better reading of codes in
order to examine modalities and effectiveness
by which the same exercise their role of re-
liability warranters of constructive process
and his product, the construction.

Also, reference to a common codes pattern
makes easier comparison among contents of dif-
ferent codes for a critical evaluation of them
and determination of evolutionary trends.

As regards partition topics of the recogni-
zed common paradigm, they appear closely con-
nected with traditional design phases:

a) identification of design object (system
and relating environment) by definition of
placing site characteristics (point 1.1)
and building general characteristics (point
1.2);

b) identification of design problem: new buil-
dings design (point 2) and design of inter-
ventions on existent buildings (point 3);

¢) indication of binding requirements on con-
struction relating to placing (point 2.1),
to building type (point 2.2.1), to struc-
tural characteristics (point 2.2.2);

d) indication of procedures to perform relia-
bility verification: analytical modelling
of affecting actions and structural system
for prediction of seismic response (point
2.3.1), procedures for evaluation of pre-
dictable demand and capacity, definition
of conventional conditions of reliability
(point 2.3.2).

As regards targets, connected with end pur-
pose to ensure suitable standard reliability
to buildings, instructions relating to buil-
ding design can be summarily classified as
follows:

a) prescriptions directed to check demand
(internal forces and deformations) (point
2.2.1) and related prediction (points 2.3.1
and 2.3.2.1);

.b) prescriptions directed to check structural
capacity (strength and ductility) (point
2.2.2) and related prediction (point
2.3.2.2);

.c) prescriptions directed to check building
reliability through demand-capacity balance
(point 2.3.2.3).

It is worthwhile to observe that binding
.prescriptions of direct type, aimed to check
demand (point 2.2.1) and capacity (point
2.2.2), have a substantial function to provi-
de for lacks of prediction analysis.

Investigation developed in this paper has
been conducted referring mainly to following
normative documents owing to their greatest
meaning: 1924 National Technical Code (first
italian code of a national extent while the
previous ones - beginning from the 1884 one -
were of a local extent as rebuilding codes as
a result of seismic events), 1962, 1986 (cur-
rent italian code, referring to 1974 general
law), 1988 draft of Eurocode 8. Obviously, for
a correct interpretation of above mentioned
codes, the same must be considered according

to their connection with remaining codes set
and, particularly, to codes relating to ac-
tions and safety standards, to design rules
for constructions realized by various techni-
ques, to works regulation in seismic zones or
not. .

The codes instructions (only the ones spe-
cifically reported by seismic codes), divided
on the basis of previously mentioned topics,
are juxtaposed in table 1.

As regards modality of presentation, in-
structions are reported in a concise manner
referring exclusively to qualitative aspect;
therefore modifications of a quantitative na-
ture, from a code to the other, are not poin-
ted out. Moreover, are bracketed periods du-
ring which specific prescriptions remained
in force, through a succession of normative
texts.

3 REMARKS ABOUT CODES EVOLUTION

A comparative analysis of instructions rela-
ting to considered normative documents leads
to some interesting remarks about codes evolu-
tionary process. Such observations are repor-
ted in an orderly way in this section with re-
ference to topics previously mentioned.

(a) Identification of design object.

(al) Definition of placing site characteri-
stics. The seismic characteristics of
site are defined with a growing accuracy
starting from definition of a generic
seismic liability, passing to a more de-
tailed and rigorous seismic zonation, co-
ming finally to quantification of seismic
input in terms of ground acceleration and
to evaluation of influence of different
soil types:

Definition of building general characte-
ristics. Recent european draft code (1988
Eurocode) attaches particular importance
to definition of building general charac-
teristics (regularity of architectonic-
structural whole, type and ductility cha-
racteristics of structural system). That
because of recognition of outstanding in-
fluence exercised by them on building
overall behaviour - particularly with
reference to dynamic and elasto-plastic
aspects - hard to subdue to analytical
control. Analogous aims concerning more
elementary problems - analytical diffi-
culties were related even to the elastic
analysis of framed structures - are noti-
ceable in corresponding instructions of
1924 italian code.

Constructive requirements (new buildings
design).

Placing requirements. Foundations: pre-
scriptive rules are gradually replaced by
check requirements mainly (process allo-
wed fundamentally by technological pro-
gress). Distance among buildings: increa-
sing attention to problem of joints ham-
mering (denoting increasing attention to

(a2)

(b1)
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(b2)

(b3)

{cl)

(c2)

(c3)

(d)

problems of damageability owing to defor-
mation excess).

Building type requirements. Gradual de-
crease of prescriptive limitations on
aspects related to constructive compo-
nents with structural function; instruc-
tions tend to concentrate on foundations
and filling walls topics (such evolution
appears to be encouraged by technological
progress, evolution of calculation tools,
introduction of specific prescriptions
about requirements on structural ele-
ments, increase of checks).

Structure requirements. Materials: for
the first time, in Eurocode 8, materials
of higher and more reliable performance
are required for constructions in seismic
zones. Structural elements: in the Euro-
code 8 appears a sequence of prescrip-
tions aimed to ensure - in the case of
regular buildings and relating to pre-
established ductility levels - reliabili-
ty of predictions derived by conventional
approximate analysis procedure (approxi-
mations relating primarily to elasto-pla-
stic response, dynamic behaviour, influ-
ence of non-structural walls). This goal
is pursued by adopting provisions, based
on design criterion of strength hierar-
chy, aimed to attainment of structures
characterized by suitable and predictable
failure mechanisms. Prescriptions of the
same nature, related to reliability pur-
suit, are present in 1924 italian code.
Reliability verifications (new buildings
design).

Modelling of seismic actions. From model-
ling of seismic actions on the basis of
static analysis, code procedures evolve
to modellings based on more or less so-
phisticated dynamic analyses, attentive
to plastic dissipation.

Modelling of structural system and eva-
luation of response to seismic actions.
From early simplified elastic analyses,
code procedures evolve, taking advantage
of automatic calculation tools, to more
and more advanced and complete elastic
analyses (by considering effects due to
spatiality, filling walls, 2nd order phe-
nomena) .

Verifications. A more refined and rea-
listic procedure to define concomitance
of seismic and non-seismic actions, by
referring to suitable factors determined
on the basis of probabilistic considera-
tions, emerges from Eurocode 8. Moreover
reference of Eurocode to ultimate limit
state for strength verifications - loo-
king at actual plastic resources of
structural elements - must be pointed
out; a particular care is also devoted to
check absolute or relative displacements
in order to reduce damages (working limit
state).

Design of strengthening operations on
existent buildings. An increase of inte-
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rest in this problem, after recent earth-
quakes occurred in the national territo-
ry, can be observed in italian codes.

4 CONCLUSIONS

The developed analysis points out two princi-
pal factors as characterizing the normative
documents evolution in the last decades: on
the one hand, evolution of analytical tools

- more and more realistic and effective also
because of contribution of automatic calcula-
tion techniques - for check of structural
response; on the other hand, technological
progress with development of more effective
constructive and checking procedures. It is
worthwhile to remark that technolological
progress owing to diffusion of constructive
techniques, like use of damping devices and
base-isolation systems, in a short time will
request drawing of new normative chapters.

In order to evaluate critically effective-
ness of codes evolutionary trends, as regards
safeguard against seismic vulnerability sour-
ces, can be useful to consider response of
nominally earthquake~resistant R.C. buildings
to recent seismic events.

With a particular reference to damage inve-
stigations conducted on the occasion of Irpi-
nia italian earthquake of 1980 (Richter magni-
tude about 6.5) main observed sources of wvul-
nerability are here reported according to the
selected topics (Sara', 1985).

(a) Definition of placing site characteri-
stics. Sources of vulnerability: under-
estimation of actual site seismicity as
related to regional seismicity and to me-
chanical and morphologic characteristics
of placing site.

Structure. Sources of vulnerability: lack
of suitable ductility in critical regions
of the structure (ends of columns, joints
of frames, bases of structural walls, wal-
1ls coupling beams).

Modelling of structural system. Sources of
vulnerability: inadequate consideration of
spatial characteristics of earthquake-re-
sistant structure and consequently missed
or insufficient evaluation of torsional
effects due to asymmetry and disproportion
in plan; missed or insufficient evaluation
of complementary elements influence,
structural or not (staircase structure,
filling walls).

Reliability verifications. Sources of vul-
nerability: lack of checks about ductile
capacities of critical regions of structu-
re; lack of checks as regards deformabili-
ty (rampant stairs, bow-windows, adjacent
buildings).

Executive modalities. Sources of vulnera-
bility: deficiencies relating to quality
of concrete casting (mixture, components
segregations, recasting), to steel rein-
forcements disposition {stirrups, bars an-
chorage and spacing, concrete cover), to

A

(c)

(d)

(e)



weakening due to conduits passage. Napoli: 631-667.
While the last mentioned source of vulnera- R.D.L. 23 ottobre 1924, No. 2089. Norme

bility can be attributed to lacks in control tecniche ed igieniche di edilizia per le
modality of the work - during and after reali- localita' colpite dal terremoto. Gazzetta
zation - the other sources appear, in part at Ufficiale No. 303 of 30/12/1924.
least, to be referable to lacks in regulations Legge 25 novembre 1962, No. 1684. Provvedi-
that governed design of constructions in que- menti per 1'edilizia con particolari pre-
stion. scrizioni per le zone sismiche. Gazzetta
Current italian code, in spite of some im- Ufficiale No. 326 of 22/12/1962.
provement with respect to codes ruling buil- D.M.LL.PP. 24 gennaio 1986. Norme tecniche
dings damaged by Irpinia earthquake, is not relative alle costruzioni in zone sismiche.
sufficiently watchful on most of potential Gazzetta Ufficiale No. 108 of 12/05/1986.
sources of vulnerability now pointed out. Eurocode 8 (draft, may 1988). Strutture in
On the contrary, the same sources of vulne- zone sismiche. Progetto Commissione delle
rability, on the whole, are opposed rather ef- Comunita' europee. Rapporto EUR 12266 IT.
fectively by Eurocode 8 provisions. Luxembourg, 1989.

However it is useful to point out that it
should be preferable to devolve check of duc-
tility more upon analytical verifications, in
a way to reduce the numerous prescriptive re-
straints of Eurocode 8 - from reqgularity cha-
racteristics to limitations of geometric type
on structural elements - at present justified
by necessity to take precautions against un-
certainties and difficulties about modelling
of dynamic behaviour of the elasto-plastic
system.

On the other hand, codes development ought
to go in this direction, that is toward shar-
pening of reliable analytical procedures, just
as consented by automatic calculation resour-
ces. By this way, the track followed starting
from far-off 1924 italian code should be re-
peated, on a different level. Also at that
time, indeed, difficulties connected with mo-
delling of building seismic behaviour induced
to issue restrictive prescriptions - as re-
gards constructive regularity and related geo-
metric characteristics of structural elements
- subsequently ousted by powerful evolution of
analytic tools.

ACKNOWLEDGMENTS

The research has been supported by italian
Research Council CNR-GNDT. Authors thank Dr.
U. Bonoli for contribution given during deve-
lopment of his degree thesis.

REFERENCES

Sara', G. 1985. Ingegneria antisismica.
Chapter XIII. Napoli: Liguori.

Sara', G. 1987. Genesi ed evoluzione delle
norme italiane per le costruzioni in mu-
ratura in zona sismica. Atti Seminario
Tecnologia, Scienza e Storia per la con-
servazione del costruito. Annali Fonda-
zione Pontello 1987. Firenze: 41-58.

Sara', G. 1988. Evoluzione delle norme ita-
liane per le costruzioni in muratura in
zona sismica. Atti Celebrazioni Cingquan-
tenario Facolta' di Architettura di Napoli
e Prof. Franco Jossa. Istituto di Costru-
zioni della Facolta' di Architettura.

5666



