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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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procedures used to develop this document and those intended for its further maintehance 4
ISO/IEC Directives, Part 1. In particular the different approval criteria needed for\the diffe
Hocuments should be noted. This document was drafted in accordance withCthie editorial

tion is drawn to the possibility that some of the elements of this document may be the sub
. ISO shall not be held responsible for identifying any or all such¢patent rights. Details g

t declarations received. www.iso.org/patents

rade name used in this document is information given_for the convenience of users 3
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committee responsible for this document is ISO/TC.71, Concrete, reinforced concrete and
rete, Subcommittee SC 5, Simplified design standard for concrete structures.
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Introduction

The aim of this International Standard is to provide rules for the earthquake resistant assessment and
rehabilitation design and execution for existing structural concrete buildings for which simplified procedures
may be applied instead of more sophisticated and thorough analyses, in light of the simplicity, symmetry, and
other characteristics of the structure under study. This International Standard is developed for countries that

do not hav
an alternat
environme
This Intern
design speq

e for the study of relatively small and simple buildings that abound in both rural and
ts. The analysis and design rules are based in simplified worldwide-accepted strength
tional Standard is self-contained; therefore actions (loads), simplified analysis procedu
ifications are included, as well as minimum acceptable construction practice guidelines.

The minimym dimensional guidelines contained in this International Standard are intended to acco

undesirable
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steel of the

The earthq
regions of t
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the structur

This Interng
local design
using ["box
and may s\
Internationd
supporting

A great effg
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conservatis
should be a

side effects that will otherwise require more sophisticated analysis and” design procs
minimum available strength grades.

ake resistance guidelines are included for rehabilitation of ecencrete buildings in the nur
ne world which lie in earthquake prone areas. The earthquake ‘resistance of rehabilitated bu
on the employment of structural concrete walls (shear walls) that limit the lateral deformat
e and provide for its lateral strength.

tional Standard contains guidelines that can be modified by the national standards body
and construction requirements and practices. These guidelines that can be modified are in
ed values"]. The authorities in each member\Country are expected to review the "boxed \
bstitute alternative definitive values for these elements for use in the national application
| Standard. Changes to boxed values shall not be made without thorough analyses and
studies.

rt was made to include self-explanatory tables, graphics, and design aids to simplify the use
| Standard and provide foolpraof procedures. Notwithstanding, the economic implications
M inherent in approximate. procedures as a substitute for sound and experienced engir
matter of concern to the designer that employs the document, and to the owner that hires hi
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Guidelines for simplified seismic assessment and rehabilitation
of concrete buildings

1

This
docu
build

apprq
the s

The
rehalf
both
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loadi
requi

Altho
empl
asse
conc
expe

International Standard must be used as a whole, and alternative procedures should be employ

expli

Standlard replace, in most cases, more elaborate procedures such as those prescribed in the nati

if no
comg

The professional applying-the' procedures set forth by these guidelines should meet the legal req

struc
struc

Whil

performancelevels for the applicable design earthquakes, compliance with these guidelines is n
may [not"guarantee the sought for performance, as current knowledge of structural behavior u
loadd, and of the loads themselves, is still incomplete.

Bcope

nternational Standard can be used as an alternative to the development of a building |code,
ment in countries where no national design codes are available by themselves, or as an alte
ng code in countries where specifically considered and accepted by the national-standards
priate regulatory organization, and applies to the assessment of earthquake,reésistance cap
Bismic rehabilitation design and construction for existing structural concrete,buildings.

purpose of these guidelines is to provide sufficient information to perform the seismic ass
ilitation of the structural concrete building that complies with the limitations established in
undamaged structures that are deemed not to comply with the.required characteristics for
nse at a specified performance level, and for structures thatvhave undergone damage u
ngs. The rules of design as set forth in this International Standard are simplifications of m
fements.

ugh the guidelines contained in this International Standard were drawn to produce, w,
pyed, a reasonable assessment of the seismic-vulnerability of an undamaged structure,

ssment of a structure damaged by a seismi¢’event and a structural rehabilitation of t
ete structure with an appropriate margin of-safety, these guidelines are not a replacement fi
fienced engineering. In order to attain the‘intended results on assessment and rehabilitatio

itly permitted by the guidelines. The 'minimum dimensioning guides as prescribed in this
hational code exists, in internationally recognized full fledged codes, and the possible econo

ensated for by the simplicity of the procedures prescribed here.

ural designers inthe/country of adoption and have training and a minimum appropriate |

buildings.rehabilitated in accordance with these guidelines are expected to perform within

or equivalent
rnative to the
body or other
ability and to

pssment and
Clause 5, for
an adequate
nder seismic
bre elaborate

hen properly
B reasonable
he assessed
pr sound and
design, this
d only when
International
pnal code or,
mic impact is

Llirements for
nowledge of

ural mechanicsystatics, strength of materials, structural analysis, and reinforced concrete¢ design and
consfruction.

the selected
ecessary but
nder seismic

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO 15673:2005, Guidelines for the simplified design of structural reinforced concrete for buildings
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

acceleration of gravity, g
acceleration produced by gravity at the surface of the earth

NOTE

3.2

For the application of these guidelines its value can be approximated to 10 m/s2.

adherence
force acting

3.3
admixture
material oth
modify its p

3.4
aggregate

on the interface of two solid materials

er than water, aggregate, or hydraulic cement, added to concrete before or.during its mi
roperties

granular material, such as sand, gravel, crushed stone, and iron blast-furnaceslag, used in conjunctig

cementitiou

3.5
anchorage
devices uss

3.6
bar diamet
approximat

NOTE i

3.7
beam
structural m

3.8
bearing ca
maximum p
solil

NOTE I

3.9

5 materials to form a hydraulic cement concrete or mortar

d to anchor a non-structural element to the structuralframing

pr, nominal

b diameter of a steel reinforcing bar, often<used as a class designation

or deformed bars, it is common practice:to-use the diameter of a plain bar having the same area.

ember for which ratio of axial'load to axial gross capacity is equal to or less than 0,1.

pacity of the soil
ermissible stress Jon the foundation soil that provides adequate safety against bearing failure

s valuess-déefined at the working stress level.

King to

n with

of the

bending m

oment

product of a force and the distance to a particular axis, producing bending effects in a structural element

3.10

boundary elements
structural elements embedded at the ends of structural walls strengthened by transverse reinforcement to

confine the

NOTE

longitudinal reinforcement

Boundary elements may require an increase in thickness of the wall.

© ISO 2013 — All rights reserved
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3.1

caisson

foundation pile of large diameter, built partly or totally above ground and sunk below ground usually by digging
out the soil inside

3.12

carbonation

process of conversion of calcium hydroxide in hardened cementitious material into calcium carbonate due to
reaction with carbon dioxide diffused into the cement paste from the atmosphere

3.13

cement
matefial as specified in the corresponding referenced ISO standards, which, when mixed With water, has
hardening properties

3.14
center of mass
geometric plan location of the resultant force due to the action of gravity on the"mass of the flopr is located,
supppsing the floor diaphragm as an infinite rigid body in its own plane

3.15
center of rigidity
geonjetric plan location of the resultant of the resistance forces due,to structural vertical elemgnts stiffness,
calculated, supposing that the floor diaphragm is an infinite rigid body in its own plane in such a way that when
applying a horizontal force in any direction, rotation of the diaphragm takes place with no disfortion of the
origirjal shape of the floor

3.16
corrgsion
process of disintegration of the reinforcing steel bars due to chemical or electromechanical chanjge caused in
presence of moisture

3.17
column
strucfural member in which the ratio,of axial compressive loads to axial gross capacity is more thgn 0,1

3.18
collector elements
strucfural elements that carry’the forces within a horizontal diaphragm to the lateral-force resisting system

3.19
combined footing
footing that transmits to the supporting soil the load carried by several columns or structural concriete walls

3.20
compression reinforcement

reinforcement prr\\/ir'lnri toresist r‘nmprneeinn stresses in the member section

3.21

concrete

mixture of cementitious materials with fine aggregate, coarse aggregate, and water, with or without admixtures,
to form a hardened material with specific strength properties

3.22

concrete mix design
choice and proportioning of the ingredients of concrete

© 1SO 2013 — All rights reserved 3
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concrete specified compressive strength, f;
compressive strength of cylindrical concrete specimens used in design and evaluated in accordance with the

appropriate

NOTE

ISO standard, expressed in megapascals (MPa)

intended, and the corresponding result has units of megapascals (MPa).

3.24

confinement hook

Whenever the quantity fc is under a radical sign ( ﬁ ), the positive square root of numerical value only is

hook at the
less than 7
stirrup, hoo

3.25
confineme
closed stirr

NOTE A
both ends. A

3.26
cover, con
thickness o

3.27
crack
break, with

3.28
creep
unrecovera

3.29
crosstie
continuous

extension af the other end

NOTE T
the same lon|

3.30
curing
process in
order to pr

Ends of a stirrup, Toop, or crosstie raving a bend of notfess tham 135 witha six-diameter<
b mm) extension that engages the longitudinal reinforcement and projects into the interior|
D or crosstie

nt stirrup or tie
p, tie or continuously wound spiral

closed stirrup or tie can be made up of several reinforcement elements each’having confinement h
continuously wound spiral should have a confinement hook at both ends.

Crete

concrete between the surface of any reinforcing bar and the nearest face of the concrete m

pr without quite separating in two parts, of concrete, usually near or at the surface

ple strain caused to a material subjected to constant stress for a long duration

reinforcing bar having a 135*’hook at one end and a hook not less than 90° at least a six-di

he hooks should engage peripheral longitudinal bars. The 90° hooks of two successive crossties er

gitudinal bars should-be alternated end for end.

whichieoncrete is kept damp for a period of several days, starting from the moment it is g
bvent. evaporation of water within the cementitious paste to ensure that the hardening p

ut not
of the

boks at

ember

hmeter

gaging

ast, in
rocess

attains the i

tended erpngth

NOTE

Appropriate curing will greatly reduce shrinkage, increase strength of concrete, and should reduce surface

cracking. Curing time will depend on temperature and relative humidity of surrounding air, the amount of wind, the direct
sunlight exposure, the type of concrete mix employed, and other factors.

3.31
dead load
permanent

load

load in which variations over time are rare or of small magnitude

NOTE

All other loads are variable loads (see also nominal loads).

© ISO 2013 — All rights reserved
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3.32
deformed reinforcement
steel reinforcement that has deformations in its surface to increase its bond to the concrete

NOTE The following steel reinforcement should be considered deformed reinforcement under these guidelines:
deformed reinforcing bars, deformed wire, welded plain wire fabric, and welded deformed wire fabric conforming to the
appropriate 1SO standards.

3.33

depth of member, 7

vertical dimension of a cross section of a horizontal structural element or cross section dimension parallel to
the djrection of transversally applied loads to vertical structural elements

3.34
design load combinations
combinations of factored loads and forces as specified in these guidelines

3.35
design strength
prodyict of the nominal strength and a strength reduction factor ¢

3.36
development length
length of embedded reinforcement required to develop the deSign strength of reinforcement] at a critical
sectipn

3.37
development length for a bar with a standard hook
minimum length to be provided between the critical section (where the strength of the bar is to be developed)
and 3 tangent to the outer edge of the 90° or 180° hook

3.38
differential settlement
non-diniform vertical displacement of the foundation

3.39
drift
difference between the horizontal displacements of two floor levels

3.40
durability
characteristics of @/stfucture to resist gradual degradation of its serviceability in a given environment for the
design service life

3.41
effective 'depth of section, d
distance‘measured from extreme compression fiber to centroid of tension reinforcement

3.42
embedment length
length of embedded reinforcement provided beyond a critical section

3.43
fatigue
weakening of a material by load cycles, with or without load reversals

3.44

factored loads and forces
specified nominal loads and forces multiplied by the load factors prescribed in these guidelines

© 1SO 2013 — All rights reserved 5
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fire protection of reinforcement
amount of concrete cover necessary for protection of the reinforcement against the effects of the high
temperatures produced by fire

NOTE

3.46
flange
top or botto

3.47
flexural
pertaining t

3.48
flexural rei
reinforcems
section

3.49
footing
that portion
NOTE N
3.50
formwork
temporary ¢
final shape

3.51
foundation
part of the s

NOTE A
vertical exca

3.52
foundation
beam that
differential

3.53
foundation
continuous

The concrete cover is a function of specified fire resistance, measured in hours.

m part of an “I” or “T” shaped section

b the effect of flexure

hforcement
nt provided to resist the tensile stresses induced by flexural moments acting on the m

of the foundation which transmits loads directly to the soil

flay be the widening part of a column, a structural concrete wall or'several columns, in a combined foof

onstruction to contain concrete in a plastic state;while it is cast and setting, and which provig
pf the element as the concrete hardens

tructure that transmits loads to the€ underlying soil

retaining wall is a special kind-of foundation that resists the pressure exerted by the soil on sloj
ations

beam
ests on the foundation soil and spans between footings, used either to support walls or
settlement of thefoundation

mat
slab\laid over the ground as part of the foundation and that transmits to the underlying S

loads from {

ember

ing.

es the

ping or

o limit

oil the

hé-structure

3.54

frame system
system in which seismic shear forces are resisted by shear and flexure in members and joints of a frame

3.55
girder
main horizo

3.56

ntal support beam, usually supporting other beams

gravity loads
loads that act downward and are caused by the acceleration of gravity, g, acting on the mass of the elements

© ISO 2013 — All rights reserved


https://standardsiso.com/api/?name=3180e76a9f5346c02170c3c2156df1a8

3.57

ISO 28841:2013(E)

hook

bend

NOTE

3.58
joist

at the end of a reinforcing bar

They are defined by the angle that the bend forms with the bar as either 90°, 180° or 135° hooks.

beam used in parallel series directly supporting floor and ceiling loads, and supported in turn by larger girders,
beams, or bearing structural concrete walls

3.59

lap sblice

splice

3.60

b between two reinforcing bars obtained by overlapping them through a specified length

lateral-force resisting system
n of the structure composed of members proportioned to resist forces related to earthqiiake or wind

portid
effec

3.61

S

lightweight aggregate concrete

concl

ete made with coarse granular material that weighs less than. the granular material us

weight concrete

NOTH

3.62

This type of concrete is not covered by these guidelines:

limit |state

cond
usefl

3.63
live |
all fo
loads

3.64

tion beyond which a structure or member becemes unfit for service and is judged either to
| for its intended function (serviceability limit,state) or to be unsafe (strength limit state)

pads
rces that are variable within the structure’s normal operation, not including construction or ¢

load |effects

force

3.65
load
facto
calcuy
occu

5 and deformations produced in structural members by the applied loads

factor
- that aceounts for deviations of the actual load from the nominal load due to uncertainties

bd in normal

be no longer

nvironmental

both in load

lationtand load effect analysis, and to account for the probability that more than one extr¢me load will

simultaneously

3.66

loads
forces or other actions that result from the weight of all building materials, pedestrians, environmental effects,
differential movement, and restrained dimensional changes

3.67

longitudinal reinforcement
reinforcement that is laid parallel to the longitudinal axis of the element, generally to account for flexural
effects

3.68

mass
quantity of matter in a body

©1SO
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modulus of elasticity
ratio of normal stress to corresponding strain for tensile or compressive stresses below proportional limit of

material

3.70
negative m

oment

flexural moment that produces tension stresses at the upper part of the section of a horizontal or nearly
horizontal element, and that requires placing negative flexural reinforcement in the upper part of the element

section

3.7
negative r¢

inforcement

in horizontal or nearly horizontal elements, the flexural reinforcement required for negative momentand

placed in th

3.72

nominal lo
magnitudes
before appl

3.73

nominal st
capacity of
material str

g

4

NOTE
laboratory te

3.74

overturnin
action resu
than the req

3.75
pedestal

e upper part of the section of the element

hds
of the loads specified in these guidelines (dead, live, soil, wind, snow, rainy flood, and earth
ying magnifying or reducing factors

rength
B structure or member to resist the effects of loads, as determinéd by computations using spj
bngths and dimensions and the formulas set forth by these\guidelines

pecified material strengths are derived from accepted principles of structural mechanics or by field
bts of scaled models, allowing for modelling effects and differences between laboratory and field condit

)
ting when the moment produced at the base of vertical lateral force resisting elements is

istance provided by the building weight,and foundation resistance to uplift

upright compression member with a-ratio of unsupported height to average least lateral dimension

than 3
3.76
performan
limiting dan

3.77

ce level
age state fori@a-building, considering structural and nonstructural components

pile

that is

uake),

ecified
ests or

ons

larger

Df less

slender timtrer, concrete or structural steel element embedded in the ground to support loads

3.78

plain reinforcement
smooth surfaced steel reinforcement, or reinforcement that does not conform to the definition of deformed
reinforcement

3.79

positive moment
flexural moment that produces tension stresses at the lower part of the section of a horizontal, or nearly
horizontal element, and that requires placing positive flexural reinforcement in the lower part of the element

section
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3.80

positive reinforcement

in horizontal or nearly horizontal elements, the flexural reinforcement required for positive moment and that is
placed in the lower part of the section of the element

3.81

reaction

resistance to a force or load, or upward resistance of a support such as a structural concrete wall or column
against the downward pressure of a loaded member such as a beam

3.82
rehabilitatien

process of repairing or reinforcing a structure to achieve a desired useful condition

NOTH Also known as retrofit.

3.83
reinforcement
steel|bars, wire, or wire mesh, used for reinforcing the concrete to improvenits performance when tensile
stresges are expected, due either to the applied loads, or to environmeéntal effects such aqg variation of
tempgrature

3.84
requjred factored strength
strenpgth of a member or cross section required to resist factored\oads or related internal moments and forces
in su¢ch combinations as are stipulated by these guidelines

3.85
retaining wall
wall built to support lateral earth or liquid pressure

3.86
seismic hazard
level [of seismic actions at the building(site quantified in terms of the horizontal effective accelgration of the
ground, which has a given probability of being exceeded in a predetermined lapse of time

3.87
selfweight
weight of the structural element, caused by the mass of the materials in elements and structure

3.88
service load
unfagtored loads ‘'specified by these guidelines

3.89

settlgment
downward movement of the ellppnrﬁng soil

3.90
shear force
internal force, resulting from shear stresses acting parallel to the plane of a cross section of an element

3.91

shear reinforcement
reinforcement proportioned to resist shear forces
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3.92
shores

:2013(E)

temporary structural members designed to support the weight of the formwork, concrete, and construction

loads

3.93

shrinkage and temperature reinforcement
reinforcement provided for shrinkage and temperature stresses in structural solid slabs and footings

3.94
skew

part of a str,

3.95
slab
solid flat pa

3.96

solid slab
deck or flog
size less th

3.97
spalling
loss of mat

't of a reinforced concrete deck carried by supporting joists or beams or girders

hn 0,6 times the slab thickness

brial at the surface of a concrete element due to breakage-or splitting off in chips or bits,

due to expgnsive force within the mass of concrete

3.98
span lengt
distance be

3.99

specificatig
written doc
quality of w

3.100

h
fween supports of a horizontal structural element

bNs
iment describing in detail the scope of work, materials to be used, method of installatio
brkmanship

specified lateral earthquake forces

lateral forcg
guidelines,

3.101

s corresponding to the-appropriate distribution of the design base shear force prescribed by
for earthquake-resistant design

specified

ind forces

nominal prgssure af:-wind to be used in design performed in accordance with these guidelines

3.102
spiral rein

continuously wound

3.103

r system comprised of a slab of uniform thickness that does not have ‘voids or that has voids with

isually

n, and

these

r\l'

reinforcement in the form of a cylindrical helix

spread footing
isolated footing that transmits to the supporting soil the load carried by a single column

3.104
stirrup

reinforcement used to resist shear and torsion stresses in a structural member

NOTE

Typically bars, wires, or welded wire fabric (plain or deformed) either single leg or bent into L, U, or

rectangular shapes and located perpendicular to or at an angle to longitudinal reinforcement. (The term "stirrups" is

10
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usually applied to lateral reinforcement in girders, beams, and joists; the term "ties" to those in columns and walls, perhaps
because they are intended also as confinement for the longitudinal reinforcement.).

3.105

stiffness

measure of difficulty to bend or flex a structural element or a structure expressed as the necessary force to
cause a unitary deformation

NOTE When applied to qualify a building story, it is expressed as the ratio between the story total shear force and the
story drift, under lateral loading.

3.10
strength
maximum axial force, shear force or moment that can be resisted by a component

3.107
strengthening
measgures taken for a deteriorated structure or any of its structural members to restore its design |oad carrying
capagity

3.108
strength reduction factor, ¢
coefficient that accounts for deviations of the actual strength from the nominal strength, according to the
manner and consequences of failure

NOTH Includes the probability of reduced strength due te‘variations in material strengths ang dimensions,
approximations in the design equations, to reflect the degree of ductility and required reliability on the menmber under the
load gffects being considered, and to reflect the importance ofi\the*element in the structure.

3.10¢
stregs
intensity of force per unit area

3.11(
strugtural concrete
all cancrete used for structural purpgoses including reinforced and prestressed concrete

3.111
strugtural concrete walls
walls| proportioned to resist combinations of shear, moments, and axial forces including but not limited to
selfweight and forces-applied directly to it

NOTH A "shearwall" is a "structural wall".

3.112
strugtural diaphragms
structural systems, such as floor and roof decks, which transmit forces induced by lateral motions

3.113

support

structural element that provides bearing and movement restriction to other structural or non-structural
elements

3.114
tie
loop of reinforcing bar or wire enclosing longitudinal reinforcement

NOTE A continuously wound bar or wire in the form of a circle, rectangle, or other polygon shape without re-entrant
corners is acceptable.
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3.115
tie elements

elements which serve to transmit inertia forces and prevent separation of components such as footings and

walls

3.116

transverse reinforcement

reinforcement located perpendicular to the longitudinal axis of the element, such as stirrups, ties, spiral

reinforcement, among others

3.117

vulnerability-leve

quantificatign of the potential of a building for inadequate performance under any set of loads ‘ingluding

environmental actions

3.118
wall

member, ugually vertical and whose length and height are much larger than its thickness

3.119
web

thin verticalfportion of an “I” or “T” shaped section that connects the flanges

3.120
weight

vertical downward force exerted by a mass when subjected to the acceleration of gravity

NOTE The weight is equal to the value of the mass multiplied by the acceleration of gravity, g.

3.121
wire

slender stringlike steel filament, usually of circular section, of small diameter

3.122
wire mesh

welded-wirg fabric reinforcement

3.123

working stfess
allowable sfress to be used with.unfactored loads

3.124

yield strength, f,
specified mjnimum.stress at which steel initiates yielding

NOTE 1 The yield strength is expressed in units of megapascals (MPa).

NOTE 2  Applicable international standards specify that the yield strength be determined for steel subjected to tensile

forces.

12
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4 Symbols and abbreviated terms

For the purposes of this document, the following symbols and definitions apply?.

Symbol Explanation Unit
A Depth of equivalent uniform compressive stress block mm
Ap Area of an individual reinforcement bar or wire mm?
Ac Loaded area of bearing on concrete or the area of the confined column core mm?
Ag Gross area of section of element mm?
4 Effective cross-sectional area within a joint for shear evaluation or area of additional~| mm?

hanger reinforcement
As Area of longitudinal tension reinforcement mm?
A4's Area of longitudinal compression reinforcement mm?
s, min Minimum area of longitudinal tension reinforcement mm?
4o Total extreme steel area in a column or structural concrete wall for~computation of the mm?
balanced moment strength
. Total side steel area in a column or structural concrete-wall for computation of the mm?
balanced moment strength
A st Total area of longitudinal reinforcement mm?
sy Wind exposed surface area m?
A4y Area of shear reinforcement within a distances mm?
4 Depth of equivalent uniform compressivé:stress block mm
a Fraction of the load that travels in the,short direction in two-way slabs-on-girders -
o Fraction of the load that travels in-the long direction in two-way slabs-on-girders -
s Constant used to compute.nominal punching shear strength in slabs -
B Width of compression face of member, or width of the section of the member mm
Width of compression face of member, or width of the section of the member mm
b Width.of the column sgction, or largest plan dimension of capital or drop panel, for mm
punching shear evaluation
Dol Dimension of column section in the direction perpendicular to the girder span m
bs Effective width of the compression flange in a T-shaped section mm
b, Web width jn a T-shaped section, or web width of girders, beams or joists, or thickness mm
of the web in a structural concrete wall
ho Perimeter of critical section for punching shear in slabs mm
13 Ratio of clear spans in long to short direction of two-way slabs -
D Dead loads, or related internal moments and forces -
d Effectiye depth,. shoqld be taken as the distance from extreme compression fiber to mm
centroid of tension reinforcement
d' Distance from extreme compression fiber to centroid of compression reinforcement mm
dp Nominal diameter of reinforcing bar or wire mm
d, Distancg from extreme tensior_m fiber_ to ceptroid of tension reinforcement or diameter of mm
the confined core of column with spiral reinforcement
dp Diameter of pile, at footing base mm
E Load effects of earthquake, or related internal moments and forces -

© 1SO 2013 — All rights reserved
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Symbol Explanation Unit
E¢ Modulus of elasticity of concrete MPa
F LoaQs due to. weight and pressures of fluids with well-defined densities and controllable )

maximum heights, or related internal moments and forces
Fi, Fx Design wind or seismic force applied at level i or x, respectively kN
F, Soil coefficient -
Fiu, Fxu Factored design lateral force applied to the wall at level i or x, respectively N
S Specified compressive strength of concrete MPa
\/f_cf Positive square root of specified compressive strength of concrete MPal
Jed Compressive strength of concrete reduced by the material factor MPa
Jeu Extreme fibre factored compressive stress at edges of structural walls MP3
fy Specified yield strength of reinforcement. MP3
Jyd Yield strength of reinforcement reduced by the material factor. MPa
Sypr Probable specified maximum strength of reinforcement, (fyor = 1,25 -fy). MPa
Jys Specified yield strength of transverse or spiral reinforcement. MPa
s Yield 'strength of transverse or spiral reinforcement reinfercement reduced by the MPal
material factor.
Jme Material factor for concrete. -
Yuo Material factor for steel. -
@ Strength reduction factor. -
H !_oads due to the weight and pressure of soily water in soil, or other materials, or related )
internal moments and forces.
h Depth or thickness of structural element or overall thickness of member. mm
o Vertical distance measured from-the bottom of the supporting girder to the bottom of the mm
supported beam.
Aol Dimension of column section in the direction parallel to the girder span. m
he Height of the column, séction. mm
hs Slab thickness: mm
hi, hy Height abave, the base to level i or x, respectively. m
hn Clear vertical distance between lateral supports of columns and walls. mm
I _Story height of deck |, measured from deck finish of the story to deck finish of the story mm
immediately below.
hs Total height of the supporting girder. mm
hw Height of entire structural concrete wall from base to top. mm
/ Span of structural element or length of span measured center-to-center of beams or )
other supports
I Moment of inertia of the column section. m*
L Length of clear span in the short direction of two-way slabs, measured face-to-face of m
beams or other supports.
I Length of clear span in the long direction of two-way slabs, measured face-to-face of m
beams or other supports.
lg Development length for reinforcing bar. mm
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Symbol Explanation Unit
I Length of clear span in the direction that moments, shears and reinforcement are being m
m determined, measured face-to-face of supports.
Ij Clear spacing between joists. m
Length of clear span in the long direction of two-way construction, measured face-to-
I face of supports in slabs without beams, and face-to-face of beams or other supports in
n . . mm
other cases or length of clear span, measured face-to-face of supports in slabs without
beams, and face-to-face of beams or other supports in other cases.
lo Column confinement length -
o Horfzontat fength of Structurat concrete wait: mm
[, Live loads, or related internal moments and forces -
n Sloping roof live load, or related internal moments and forces -
Vbn Nominal flexural moment strength at section at balanced conditions. N.mm
Mor Flexural moment strength at section at balanced conditions. mm
Vs Flexure strength of beam sections N.mm
Vi, Mxu Factored story moment caused by lateral loads at story i or x, respectively. N
VI Nominal flexural moment strength at section. mm
V1 Flexural moment strength at section. mm
Probable flexural moment strength of the elementat the joint face computed using fypr
Vo _ N.m
and ¢ = 1.
1y Factored flexural moment at section. N.m
V1 Factored negative flexural moment at section. N.m
V1, Factored positive flexural moment-at section. N.m
>’ M Sum of lowest flexural strengths-(¢ Mn) of columns framing into a joint. N.m
D' My Sum of flexural strengths (¢ Mn) of girders framing into a joint. N.m
Factored unbalanced.moment at a column-girder joint or factored unbalanced moment
1 M, . - N.m
at a wall-girder joint:
nax. Maximum -
nin Minimum -
Pon Nominal compression axial load strength at section at balanced conditions N
Por Neminal compression axial load strength at section at balanced conditions. N
Pes Design axial strength for axial compression without flexure N
Peu Factored compression load on wall boundary element, including earthquake effects -
5 Non factored dead load axial force at section or non factored concentrated dead load N
. apptied directiy to the efement:
P Non factored live load axial force at section or non factored concentrated live load N
! applied directly to the element.
Py Nominal axial load strength at section. N
Pr(max) Maximum compression nominal axial load strength at section. N
P, Axial tension strength at section N
Pres Design strength for axial tension without flexure N
Py Factored tension force on wall boundary element, including earthquake effects -
P Factored axial load at section or Factored concentrated design load applied directly to N
! the element or factored axial load on column or wall.

© 1SO 2013 — All rights reserved
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Symbol Explanation Unit
Pon Axial compressive strength at section. N
2Py Sum of all factored concentrated design loads within the span. N
qd Non-factored dead load per unit area. N/m?
q Non-factored live load per unit area. N/m?
qu Factored load per unit area. N/m?
R Energy dissipation Level -
Ra Rain load, or related internal moments and forces -
Ro Basic coefficient of energy dissipation capacity -
" Factored uniformly distributed reaction from the slab on the supporting girder, beam or N/m

structural concrete wall.

Ry Total factored concentrated reaction from a supported structural element.

2Ry Sum of all factored reactions from supported structural elements at the same story.

P =ﬁ- Ratio of longitudinal tension reinforcement. -

p' Ratio of longitudinal compression reinforcement -

Oh Ratio of horizontal reinforcement in structural concrete walls -

P max Maximum permissible ratio of longitudinal flexural tensionreinforcement -

2 min Minimum permissible ratio of longitudinal flexural tension reinforcement -

ps Ratio of spiral reinforcement. -

p= %; Ratio of total longitudinal reinforcement area to gross concrete section area, -

Py Ratio of vertical reinforcement in-structural concrete walls -

S Snow load, or related intefhal’'moments and forces -
Center-to-center spacing of transverse reinforcement measured along the axis of the
element or spacifg -between stirrups or vertical spacing between bars of skin

s reinforcement of-spacing of longitudinal or transverse reinforcement or clear distance mm
between webs.

T pumulative effect of temperature, creep, shrinkage, or differential settlement, or related )
internalimoments and forces

Tu Factored torsional moment at section. N.mm

U Required factored strength to resist factored loads or related internal moments and )
forces

Ve Contribution of the concrete to the nominal shear strength at section. N

Viw Vxu Factored story shear caused by lateral loads at story i or x, respectively. N

Va Nominal shear strength at section. N

Vs Contribution of the horizontal reinforcement to the nominal shear strength at section. N

Vu Factored shear force at section. N

AVe Factored design shear force frc_)rp the development of the probable flexural capacity of N
the element at the faces of the joints.

w Wind loads, or related internal moments and forces -

Wy Total factored uniformly distributed design load per unit element length. kN/m
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Symbol Explanation Unit

w Non-factored uniformly distributed dead load per unit element length applied directly to N/m
d the element.

" Non-factored uniformly distributed live load per unit element length applied directly to N/m
! the element.

w Factored uniformly distributed design load per unit element length applied directly to the N/m
! element.

5 Limitations

Thesk guidelines should be employed only when the building being studied complies with-all the I|mitations set
forth jn 5.1 to 5.10.

5.1 | Occupancy

5.1.1] Permitted occupancy

The study of the building and the design of its rehabilitation should be{permitted depending on the occupancy
subgfoup as presented in Table 1.

Table 1 — Permitted occupancies

Occupancy Group Occupaney Subgroup Permitted
A-1 Churches, theatfes, stadiums, coliseums, gymnasiums NO
A Assembly A-2 Building having an assembly room with capacity less of 100 YES
persons and not having a stage
Building for use as offices, professional services, containing YES
B Business B eating and drinking establishments with less than 50
occupants
E-1 Classrooms for schools up to high-school YES
E Educational
E-2 Classrooms for universities YES
F-1 Light industries not employing heavy machinery YES
F Industrial
F-2 Heavy industries employing heavy machinery NO
G-1 Garages for vehicles with carrying capacity up to 20 kN YES
G Garages
G-2 Garages for vehicles of more than 20 kN carrying capacity NO
H-1 Nurseries for day care of infants YES
H Health H-2 Health care centers for ambulatory patients YES
H-3 Hospitals NO
M Mercantile M Display and sale of merchandise YES
R-1 Hotels NO
R Residential
R-2 Houses and apartment buildings YES
S-1 Storage of light materials YES
S Storage
S-2 Storage of heavy or hazardous materials NO
] Utility U Utilities, water supply systems, power generating plants NO
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5.1.2 Mixed occupancy

Study and rehabilitation design of buildings of mixed occupancy should be permitted using these guidelines
when all the types of occupancy in the building are permitted by Table 1.

5.2 Maximum number of stories

The maximum number of stories for a building studied using these guidelines should be ten [10]. This number
of stories should include the floor at the level of the ground, and should not include either the basement or the
roof. The number of basements should not exceed two.

5.3 Maximum aspect ratios

The maximum plan aspect ratio should not exceed [1/5]. The maximum height to length ratio.shodild not
exceed [3/1]].

5.4 Maximum story height

The maximpm story height, measured from the floor finish to the floor finish of thé)story immediately [pelow,
should not ¢xceed [4 m].

5.5 Maximum difference in story height

Height of cansecutive stories should be approximately equal; maximun difference shall not exceed [50%6].

5.6 Maximum difference in floor area

Area of consecutive floors should be approximately equal;"maximum difference shall not exceed [30%].

5.7 Maximum difference in story mass

Mass of consecutive stories should be approximately equal; maximum difference shall not exceed [30%).

5.8 Maximum column offset

Columns should be continuous ,and’as vertically aligned as possible; column offset shall not exceed [25%)] of
column dimgnsion in the directign/of offset.

5.9 Maximum spaniength

The maximum spansléngth for girders, and beams, measured center to center of the supports, shodlld not
exceed [10] m.

5.10 Maximum difference in span length

Span should be approximately equal, with the larger of two adjacent spans not greater than the shorter by
more than [20] percent of the larger span. All the spans must be approximately equal.

5.11 Maximum cantilever span
The maximum clear span length for girders, beams and slabs in cantilever should not exceed [1/3] of the span

length of the first interior span of the element, in order to avoid cantilevers too long for the purposes of these
guidelines.
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Maximum slope for slabs, girders, beams and joists

The building may have sloping slabs, girders, beams and joists, but the slope of the structural element should

not e

5.13

xceed [15°], except in members that are part of stairways.

Maximum slope of the terrain

The slope of the terrain where the building is located should not exceed, in any direction, a value that will
produce a rise of the terrain, in the length of the building in that direction, of more than the story height of the
first floor of the building, without exceeding a slope of [30°].

5.14

When designing the rehabilitation of a structure that had been assessed using these guidelines

betw|
dime
struc

6 Assessment and rehabilitation procedure

Distance between center of mass and center of rigidity

cen center of mass and center of rigidity shall not be greater than fifteen, percent [
nsion of the plant of the structure in each direction in order to reduce the riskyof global t
ure.

the distance
15 %] of the
prsion of the

6.1 [Procedure outline
The suggested procedure for assessment and for rehabilitation)of reinforced concrete buildings ynder seismic
loadings is outlined in Figure 1, for both undamaged and>damaged structures, i.e., for both structures for

which characteristics for an adequate response at a specified performance level are to be e

struc

The fules of design as set forth here are simplifications of the more elaborate requirements in th

no de

ures that have undergone damages under seismi¢ loadings.

tailed structural analysis is required, neither for assessment nor for rehabilitation.

aluated and

e sense that
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Key

1. data collection (Clause 6.2) 8., “structure is vulnerable?

2. lateral Ipad resisting (Clause 6.3) 9! structure is repairable?

3. material assesment (Clause 6.4) 10. Demolition (Clause 12.1)

4. structure condition assessment (Clause-6.5) 11. no further action required

5.  structure is damaged? 12. rehabilitation analysis and design (Chapter 11)
6. assesmgnt (Chapter .8) 13. rehabilitation construction (Chapter 12)

7. assesment (Chapter .9) 14. documentation (Clause 6.9)

Figure 1 — Assessment and rehabilitation procedure.

6.2 Datalcollection

Compiling all the documents of the original building is the first and one of the most important tasks in the
procedure. The following list shows the minimum documentation required for the structural assessment:

a) geotechnical report,

b) architectural drawings,
c) structural drawings,

d) site seismicity,

e) structural calculations,
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f) construction specifications,

g) foundation reports,

h) structural design codes utilized in the original design and
i) Past remodelling, repair and rehabilitation reports

j) construction year.

6.3 Lateral load resisting system classification

The structure system should be classified into one of the prevalent types of lateral-load-resisting systems for
reinfgrced concrete buildings, as specified in 8.

6.4 | Material assessment

Matetial resistance and soundness should be determined for the existing structure’as specified in{9.1.

6.5 | Condition assessment

The actual condition of the structure must be evaluated taken into account the soundness of all and every
strucfural and non structural elements and their constituent materials, as per 9.2.

6.6 | Structural assessment

An evaluation of the structural capacity of the building should be conducted and as per chapter 9, for
struciures damaged by a seismic event, except that€lause 9.3 is to be used for undamaged strucfures.

6.7 | Rehabilitation design
If the|damaged structure is repairable or.if the undamaged structure is deemed not to comply with the required
characteristics for an adequate response at a specified performance level, the structure has to undergo
rehabilitation in order to perform safely during its extended life cycle. It is the responsibility of the|owner of the

strucfure to decide whether to-tepair and rehabilitate the structure or to demolish it. Once the¢ decision to
rehabilitate has been madethe structural designer should follow the guidelines contained in chagter 11.

6.8 | Rehabilitation‘construction

Matefialization of-the rehabilitation process should be developed as per chapter 12.

6.9 | Design documentation

The & ude, at least,
an assessment record a geotechnlcal record, a calculatlon memoir, architectural and structural drawings, and
materials and construction specifications.

6.9.1 Assessment record

The structural designer should document all steps followed for the assessment of the building, as per chapter
9, in an assessment record. This record should contain, as a minimum, the following:

- general data on the building,

- aclear justification of the assessment parameters based on the actual state of the building,
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- asummary of the procedure followed and the results obtained for the condition assessment,

- atable containing the damage level classification for the building and actions to be taken, if any, such as
shoring, partial demolition, etc.

Drawings showing the distribution and extent of the evidences of damage and deterioration found in the

structu

re.

- asummary of the procedure followed and the results obtained for the structural assessment, and

- atable containing the vulnerability level classification for the building and actions to be taken, if any, such

as stiff;

6.9.2 Rehabilitation calculation memoir

The structu

as a minimym, the following:

- a clear
- loads ¢
- calculg
- presen

- sketch

6.9.3 Gedg

The geoted
allowable 4

retaining stiucture, and all other information‘judged relevant by the geotechnical designer.

6.9.4 Stry

All the draw

- materigls and constrdction specifications;

a record with all the design and construction documents of the original building,

H 4 £l H 4
CTTTY, SUTTTYUuTeTTy, ©lo.

ral designer should document all design steps in a calculation memoir. This memoir should ¢

justification of the design parameters based on the actual state of the-building,
mployed in the design,

tion memoir of the seismic rehabilitation design,

tation of all design computations, and

bs of the reinforcement layout for all structural.élements.

technical report
hnical report should record, as a (minimum, the soil investigation performed, the definition
earing capacity of the bearing‘soil, the lateral soil pressures required for design of a
ctural drawings

ings required for seismic rehabilitation that, at least, should contain the following:

- detailed elementconfiguration including, transverse section size, reinforcement dimensions and
lap spl|ces; anchorage, etc;
- appropriatemarkings-to differenttate existing frommew-etements;and

6.9.5 Spe

elevations showing pertinent sections of the structure.

cifications

ontain,

of the

ny soil

ayout,

The material and construction specifications required should be recorded in a separate report and included in
the structural drawings. This record should contain, at least:

- Minimum compressive strength of concrete test cylinders, f'c.

- Minimum yielding stress for all reinforcing steel, fy.
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Maximum aggregate size for concrete mixture.
Maximum water/cementituos materials ratio.
Other durability concerns

Specification for concrete cover, connections, anchorage procedures and required lengths.

General Guides

71

When using these guidelines an undamaged structure is deemed not to comply |with

charg
damd
guide
struc
funct

The f

Howd
thess

7.2

7.21

The

pllowing limit states are considered implicitly in the design procedure:

structural integrity limit state,

Limit states

cteristics for an adequate response at a specified performance level or a structure that hg
ges under seismic loadings has been assessed for repairs, the design @pproach of
lines for its rehabilitation is based on limit states, where a limit state isacondition bey
ure or member becomes unfit for service and is judged either to be no-lonhger useful for
on or to be unsafe.

ateral load drift limit state,
Hurability limit state, and
ire limit state.

bver, ultimate and serviceability limit states’are to be verified through the different stages of
guidelines.

Ultimate limit state design.format

General

Iitimate limit state_corresponds to the condition when one or more parts of the structure

41:2013(E)

the required

s undergone
the present

ond which a

its intended

design using

ach a point

e
wherg they are incapable of carrying any additional loads. Therefore, for the ultimate limit sta1e design the
strucfure and the struetural members should be designed to have design strength at all sections at least equal
to thg required strengths calculated for the factored loads and forces in such combinations as arq stipulated in
this quidelines:

The basic.requirement for ultimate limit state should be:
Resistances > Load effects Equation 1

To allow for the possibility that the resistances may be less than computed, and the load effects may be larger
than computed, material factors are to be used to reduce material strength and load factors, vy, generally
greater than one, should be employed. Ultimate resistant force is obtained by reducing the specified yield
strength for steel or reducing the specified compressive strength for concrete, or both, by means of dividing
these values by the corresponding material factors:

0-Ry2vq-Sq+v2-Sp+-

Equation 2

R stands for strength and S stands for load effects based on the nominal loads prescribed by this guidelines.
Therefore, the ultimate limit state design format requires that:

©1SO
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Design

or

¢ - (Nominal Strength) > U

:2013(E)
Equation 3

Strength > Required Factored Strength

Equation 4

Where the required factored strengthis U =y, - Sy +y, S, +

7.2.2 Req

uired factored strength

The required factored strength, U, should be computed by multiplying service loads, or forces, by load factors

and combin
of the struc]
may follow

7.2.3 Des

The design
identified bj
requiremen
sections ddg
material as

7.3 Serv

Serviceabili
structure, @
under this g

ations specified in the standard used for the rehabilitation structural design. When the asse
fure has been conducted following these guidelines, rehabilitation specifications required
SO 15673.

ign strength

strength provided by a member, its connections to other members, and jits cfoss-sections,
y the sub index r, and should be taken as the strength calculated,ih accordance w
s and assumptions for each particular force effect in each of the element types at the
fined by this guidelines, based on the limit stress reduced according to each corresp
per Table 2:

Table 2 — Material factor

MATERIAL xmc yms
Cast in place concrete [1.5] [1.15]
Standard control not available [1.7] [1.25]

ceability limit state design format

ty limit states correspond to canditions beyond which specified performance requirements
r the structural elements, @ré-no longer met. The compliance with the serviceability limi
uidelines, should be obtained indirectly thorough the observance of the limiting dimensions,

detailing, and construction requirements.

8 Classlification of the structure system of the building

Each buildi
shown in T4

ng shall e classified into one of the following prevalent types of lateral-load-resisting syste
ble 3;

8.1 Conc

sment

sirength

s then
th the
critical
bnding

for the
t state
cover,

ms, as

trete frame systems

Structural systems conformed by a spatial frame, resistant to moments, essentially complete, without diagonal
elements or braces, which resists all the vertical and lateral loads.

Concrete frames are composed primarily of horizontal framing components (beams, girders and or or slabs),
vertical framing components (columns) and joints connecting horizontal and vertical framing components.
These elements resist lateral loads acting alone.

8.2 Concrete wall systems

Structural systems in which both, vertical and lateral, loads are resisted by structural walls or frames with
diagonal elements or braces.
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© ISO 2013 — All rights reserved


https://standardsiso.com/api/?name=3180e76a9f5346c02170c3c2156df1a8

ISO 28841:2013(E)

8.3 Concrete dual systems

Structural systems comprised of a moment resistant spatial frame without diagonal elements or braces,
combined with structural walls or frames with diagonal elements or braces.

Table 3 — Structural systems

LOAD CARRYING SYSTEM
VERTICAL LOADS LATERAL LOADS

STRUCTURAL SYSTEM

FRAMES

W

i/

o
N
# L
]

2/

9 Londition assessment of structures damaged by a seismic event

The buildings that have suffered moderate or severe damages after an earthquake occurrence in their
structure or in their non structural elements, or in both, and that have not been subjected to mandatory
demolition orders issued by the competent authority, must be studied in detail, in agreement with the next
requirements and criteria, in order to establish the nature and extent of the damages.

9.1 Material assessment

Material resistance and soundness should be determined for the existing structure. Mechanical properties for
concrete materials and components shall be based on available construction documents and as-built
conditions for the particular structure. Where such information fails to provide adequate information to quantify
material properties or document the condition of the structure, it shall be supplemented by materials tests and
assessments of existing conditions.
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9.1.1 Material properties

The following component and connection material properties shall be obtained for the as-built structure:
concrete compressive strength;

yield and ultimate strength of reinforcing steel and metal connection hardware;

When material testing is required, the test methods to quantify material properties shall comply with the

requirements of Section 9.1.3. The frequency of sampling, including the minimum number of tests for property
determination shall comply with the requirements of Section 9.1.4

Other matefial properties that may be of interest for concrete elements and components include:

tensile do not

warran

strength and modulus of elasticity, which can be derived from the compressive strength,
t the damage associated with the extra coring required,;

ductility, toughness, and fatigue properties of concrete;

carbon equivalent present in the reinforcing steel;

presence of any degradation such as corrosion, bond with concrete and’ chemical composition.
The effort r
documents
condition of
established
Core drilling

ruction
y, and
an be
psting.

bquired to determine these properties depends on the availahility of accurate updated const

and drawings, quality and type of construction (absence of degradation), accessibilit
f materials. Generally, mechanical properties for both-'concrete and reinforcing steel d
from combined core and specimen sampling at similar locations, followed by laboratory f{
should minimize damaging the existing reinforcing steel as much as practicable.

hcrete

If no testing
compressi
undeformed

facilities are available the elements resistance should be evaluated using a maximum co
e strength of [17,5 MPa] and the steel yield strength must be estimated as [240 M
reinforcing bars or deformed reinforcing bars with diameters equal or less than 10M (10 n

Pa] for
nm) or

No. 3 (3/8 im) or bars manufactured prior to 1974:and as [414 MPa] for other reinforcing bars.

9.1.2 Component properties

The followirlg component properties and as-built conditions shall be established:

1. cross-gectional dimensions0f individual components and overall configuration of the structure;

2. configyration of component connections, size of anchor bolts, thickness of connector material, anchorage
and interconnection-of embedments and the presence of bracing or stiffening components;

3. modifigations.to components or overall configuration of the structure;

4. cu:jren physical condition of components and connections, and the extent of any deterioration pfesent,
an

5. presence of conditions that influence building performance.

9.1.3 Test methods

If the determination of material properties is accomplished through removal and testing of samples for
laboratory analysis, sampling shall take place in primary gravity- and lateral-force-resisting components in
regions with the least stress.

For concrete testing, the sampling program shall consist of the removal of standard cores. Core drilling shall
be preceded by de termination of the location of the reinforcing steel by means of nondestructive testing. Core
holes shall be filled with comparable strength concrete or grout. If reinforcing steel is tested, sampling shall
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consist of the removal of local bar segments and installation of replacement spliced material to maintain
continuity of the rebar for transfer of bar force.

Removal of core samples and performance of laboratory destructive testing shall be permitted as a method of
determining existing concrete strength properties. Removal of bar length samples and performance of
laboratory destructive testing shall be permitted as a method of determining existing reinforcing steel strength
properties. Properties of connector steels shall be permitted to be determined by wet and dry chemical
composition tests, and direct tensile and compressive strength tests.

9.1.4 Minimum number of tests

9.1.4|1 General

If the| existing vertical or lateral force-resisting system is being replaced in the rehabilitation-progess, material
testirlg shall be required only to qualify properties of existing materials at new connectioh.points.

Material testing is not required if material properties are available from original .censtruction dofuments that
incluge material test records or material test reports. Testing is generally not-required on components other
than those of the lateral-force-resisting system.

9.1.4/2 Comprehensive testing

Unlegs specified otherwise, a minimum of three tests shall be ¢onducted to determine any prpperty. If the
coefflcient of variation exceeds 14 %, additional tests shall be performed until the coefficient gf variation is
equa| to or less than 14 %.

9.1.4{3 Concrete materials

For gach concrete element type (such as beams;.columns or walls) one test shall be comprised of minimum
three| (3) core samples subjected to compression loading. A minimum of six tests shall be pefformed on a
building for concrete strength determination,. subject to the limitations of this section. If varnjing concrete
classges/grades were employed in the constrdction of the building, a minimum of three tests shall pbe performed
for each class. The modulus of elasticity_shall be permitted to be estimated from the data of strgngth testing.
Samples shall be taken from randomly selected components critical to structural behavior of the Huilding.

The minimum number of teststo-“determine compressive and tensile strength shall conform to [the following
criterja.

For doncrete elements”for which the specified design strength is known and test results are not available, a
minimum of three (3).cores/tests shall be conducted for each floor level, [300 m’], or

[1 00p m’] of sGrface area, whichever requires the most frequent testing.

For conefete elements for which the design strength is unknown and test results are not available, a minimum
of siX (8)cores/tests shall be conducted for each floor level, [300 m?], or [1000 m’] of surface arJa, whichever
requires the most frequent testing. Where the results indicate that different classes of concrete were employed,
the degree of testing shall be increased to confirm class use.

Quantification of concrete strength via ultrasonic wave propagation or other nondestructive test methods may
be used for comparative purposes or to compare strengths of elements not required to be tested but shall not
substitute core sampling and laboratory testing.

9.1.4.4 Reinforcing and connector steels

The minimum number of tests required to determine reinforcing and connector steel strength properties shall
be as follows. Connector steel shall be defined as additional structural steel or miscellaneous metal used to
secure precast and other concrete shapes to the building structure. Tests shall determine both yield and
ultimate strengths of reinforcing and connector steel. A minimum of three (3) tensile tests shall be conducted
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on conventional reinforcing steel samples from a building for strength determination, subject to the following
supplemental conditions.

If original construction documents defining properties exist, at least three (3) strength coupons shall be
randomly removed from each element or component type and tested.

If original construction documents defining properties do not exist, but the approximate date of construction is
known and a common material grade is confirmed, at least three (3) strength coupons shall be randomly
removed from each element or component type for every three (3) floors of the building. If the date of

construction is unknown, at least six (6) such samples/tests, for every three floors, shall be performed.

All sample

BB 1ol
LILL .

atad o
mreouicurrialeriar

9.1.5 Soundness

The physic
identify the
test method
and to imp
procedures
provided in

Surface ND
and crack n
induced crg

Volumetric
presence of

bl condition of components and connectors will affect their performance. The need to acc
physical condition may also dictate the need for certain additional destructive-and nondest
s. Such methods may be used to determine the degree of damage or presence of deterig
ove understanding of the internal condition and quality of the concrete. )Further guidelin
for destructive and nondestructive tests (NDT) that may be used in the-condition assessm
the following paragraphs:

T methods include infrared thermography, delamination sounding, surface hardness measu
napping. These methods may be used to find surface degradation in components such as s
cks, corrosion, and construction defects.

NDT methods, including radiography and ultrasonic\wave propagation, may be used to iden
internal discontinuities, as well as to identify loss. of section. Impact-echo ultrasonics is part

Lirately
ructive
ration,
s and
nt are

ement,
Brvice-

lify the
cularly

useful because of ease of implementation and proven capability in concrete.

Locating, sjzing, and initial assessment of the reinforcing steel may be completed using electromagnetic
methods or|radiography.

Assessment of suspected corrosion activity should use electrical half-cell potential and registivity
measurements.

9.2 Condition Assessment

9.2.1 Layput of structural damages

Nature and extent of damages should be assessed for the structure under study. Damages shopld be
classified by levels as-per9.2.2.

To accurategly assess the damage present in the structural elements, it is necessary to distinguish bgtween

environmert condrtrons induced cracks and stress induced cracks and, for the latter, to drstrngursh between
flexural craeks—a lice or
anchorage slipping. Crack widths should be determined in order to contrlbute in assessrng the severity of
earthquake damage in reinforced concrete components.

A detail registry of all evidences should be drawn including relevant data such as nature of the defect or
damage and their location, extent, length, width, thickness, among others, as applicable.

9.21.1 Flexural and shear cracks

Flexural cracks are those that develop perpendicular to flexural tension stresses. In beams, flexural cracks run
vertically, as they also do in wall spandrels, while in wall piers, flexural cracks run horizontally. Flexural cracks
typically initiate at the extreme fiber of a section and propagate towards the section’s neutral axis. For
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components that have undergone cyclic earthquake displacements in both directions, opposing flexural cracks

often

join with each other to form a relatively straight crack through the entire section.

Shear cracks are those that result from tension stresses corresponding to applied shear forces. The cracks
run diagonally, typically at an angle of 35° to 70° from the horizontal. The angle of cracking depends on
normal forces (e.g., axial load) and on the geometry of the component. For components that have undergone
cyclic earthquake displacements of similar magnitude in both directions, the cracks cross each other, forming
X patterns. Flexural cracks often join up with diagonal shear cracks. A typical case is in a wall pier where a
horizontal crack at the wall boundary curves downward to become a diagonal shear crack as it approaches
the pier centerline. When shear cracks connect to flexural cracks, determine the widths of the flexural portion
of the crack and the shear portton of the crack separately Cracks initially form perpendlcular to the direction of

of ini
Howg
orien

9.21

In in

sheaf
sheaf

tests

ial cracklng to the applled stresses by con3|der|ng the stress reIatlonshlps represented by N\
ver, after initial cracking, the orientation of principal stresses will change and crack patterr
ations are affected by the reinforcement.

2  Full-thickness versus partial-thickness cracking

estigating reinforced concrete components, the designer should establish whether critica
cracks extend through the thickness of the element. It is assumed that.the most significan
cracks are full-thickness cracks having a similar crack width on gach side of the elemen
have invariably used in-plane loading. Therefore, significant/cracks observed in these

typically full-thickness. In actual buildings, out-of plane forces and)deformations may cause

partia
elem
asse
crack
used

9.21

In the
Such
strair
This
beha
The

from
of pla

a)

r

1

I-thickness, or they may result in cracks that remain opendo a measurable width on ong
ent, but are completely closed on the opposite face. In such cases, the designer should usg

width on each face. More conservatively, the maxjmum crack width on either face of the ele
in classifying the observed damage.

3  Cracking as a precursor to spalling

compression region of concrete structural components, cracks occur as a precursor to con
cracks form parallel to the principal:Compression stresses, and they may develop when
s in the concrete exceed 0,003 t0'0,005. Such cracking typically signals an increased dam
type of cracking occurs (1).at the boundary regions of component plastic-hinge zone
vior, and (2) under a diagonalscompression (web-crushing) type of shear failure.

cracking in compression regions of flexural members could appear similar to splitting crg
ap-splice or bond slip)of the reinforcement. Both types of cracking tend to occur in the bour
stic-hinge zones.“Some distinguishing features of the two different types of cracks are descr

Cracks as asprecursor to spalling in the compression region:

occur-under conditions of high compressive strain,

4

)

cracks may be relatively short. Sounding with a hammer may reveal incipient spalling, ar

e orientation
lohr’s Circle.
s and stress

flexural and
t flexural and
t. Laboratory
studies are
cracks to be
b face of the
judgment in

5sing the consequences of the critical cracks. It may_be”justified to use the average of the measured

ment can be

Crete spalling.
compressive
age severity.
5 for flexural

icks resulting
dary regions
bed below:

d

3)

2)

©1S0

Bond or lap-splice splitting cracks:

1)

occur at the locations of longitudinal reinforcement that is susceptible to bond or la
(Large bar diameters or inadequate lap-splice length.)

cracks tend to be relatively long and straight, mirroring rebar locations. The cracks ori
reinforcement and propagate to the concrete surface.

2013 — All rights reserved

cracks occur at the extreme fibers of the section, typically within the cover of the concrete.

p-splice slip.

ginate at the
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Splitting cracks at lap splices

If lap splices are insufficient to develop the required tension forces in the reinforcement, slip occurs at the
splices. The visible evidence of lap-splice slip is typically longitudinal cracks (parallel to the splice) that
originate at the lap splice and propagate to the concrete surface. Thus, the crack locations reflect the locations
of the lap-spliced reinforcement.

9.21.5

Crack widths

Crack widths are to be measured according to the investigation procedures outlined in this document. The
maximum crack width defines the damage severity. When multiple cracks are present, the widest crack of the

type being

width may
width may

more indicg
at one or
whereas ali
seismic perf

The crack
crack width
earthquake

9.2.2 Damage levels

Damages 9
Classificatidg
element loc

For instanc
to assess ¢
Table 6 ma

Furthermor
classificatioj
due to flexd
are given b

On the othe
is given by

Fonsidered (€.9., shear or flexure) governs the damage Severily classification. The maximun
e significantly larger than the average width of a series of parallel cracks. Although average
be a better indicator of average strain in the reinforcement, maximum crack width is-judged
tive of maximum reinforcement strain, and, in general, damage severity. A concentration o
wo wide cracks typically indicates an undesirable behavior mode and more \serious dg
even distribution of strain and crack width among numerous parallel cracks indicates
formance.

vidth criteria are based on a comparison to research results rather tthan on detailed analy

may be less than the maximum crack widths occurring during theé, earthquake.

hould be classified in one of five categories: Insignificant, slight, moderate, serious or g
n should be made according to type and intensity of damages, recording the elemen
ation, and all relevant data about the damage characteristics.

b, Table 4 gives a classification for concrete beams under flexure; Table 5 may be used as
amages in concrete columns due to local’ effects or lack of transverse reinforcement; w
y be used as guides for appropriately assessing damages in ends of concrete beams and co
b, the assessment of damages “in concrete frame joints is classified in Table 7; a
h of damage in isolated wall eristrong pier with ductile behavior under flexure, with shear s
re, with web crushing due (to)flexure, with slip at the base, with edge compression due to
Table 8, Table 9, Table'10, Table 11 and Table 12, respectively.

r hand, damage classification for an isolated wall or weak pier with ductile behavior under
Fable 13 and with-incipient shear stresses due to flexure, by Table 14.

crack
crack
to be
strain
mage,
better

ses of

versus strain relationships. The criteria recognize that the residual-crack width observed after an

evere.
L type,

guides
hereas
umns.

d the

esses
flexure

flexure
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9.2.3 Layout of non structural damages

Non structural items may also be damaged during an earthquake. Non structural elements are elements such
as mechanical and electrical equipment, hydraulic and sanitary piping, partition walls, fagade cladding,
window and fagade glass and parapets may fall or tumble down during a strong earthquake. Loose, badly
anchored or connected, or poorly configured nonstructural elements may represent a danger to life safety;
however, some non structural damage may affect the structural stiffness of the building. In such cases it could
represent a hazard to its structural integrity. For the purpose of these guidelines, non structural damage is

considered

9.2.3.1

significant when it may affect structural integrity or stability.

Mechanical equipment

Mechanical
garage doo
damaged o
and connedg
building.

9.2.3.2 H

Hydraulic a

hot liquids ¢r gases. Special attention should be given to their anchorages-and splices. Damage on hy

piping syste

9.23.3 H
Partition wa
masonry. U
affected by

9.234 H
Heavy clad
building du
the building
building), th
of concern
follow spec
were follow:

9.2.3.5

Glass on
improperly

Window andfacade glass

equipment such as elevators, escalators and their motors, air-conditioning fan and comprg
rs and motors, door jacks, among others, may represent a hazard to its inhabitants when th
I fail during an earthquake. Special attention should be given to the condition of itheir anc
tions. Damage on mechanical equipment seldom affects the structural integritysand stability

lydraulic and sanitary installations
nd sanitary installations may also represent a life hazard, especiall{_when hydraulic pipes ¢

ms seldom affects the structural integrity and stability of the uilding.

artition walls

lls are of concern particularly when built with heavy materials such as stone, clay or cd
nstable partitions may pose a danger for life safety. Stiffness of frames with masonry infills n
partial degradation of partitions causing additional structural damage due to global torsion.

acade cladding

jing cladding elements such as ceramic tiles, precast concrete panels or cut stone, may fall
ing an earthquake if improperly. anchored. The loss of panels may also create major chan
stiffness (the elements are considered nonstructural but often contribute substantial stiffne
us setting up plan irregularities or torsion when only some fall. The existence of heavy clad
if the connections wefté) not properly designed and installed, i.e., if their design and inst
fications with no seismic anchorage requirements or when no design or installation speci
bd. Glass curtaintwalls are not considered as heavy cladding.

indows or on facade glass curtains may break and fall when window or curtain fram
jasketed and fastened. Glass on windows or facades seldom affects the structural integr

8SSOrS,
ey are
norage
of the

bnduct
draulic

ncrete
nay be

off the
ges to
5s to a
ding is
llation
ication

s are
ty and

stability of t

he“building.

9.2.3.6

Parapets

Unbraced parapets are difficult to identify from the street as it is sometimes difficult to tell if a facade projects
above the roofline. Parapets often exist on three sides of the building, and their height may be visible from the
back of the structure. Parapet damage seldom affects the structural integrity and stability of the building.

9.2.3.7 Non structural damage levels

For the purpose of these guidelines, non structural damage should be classified according to their effects on
structural integrity or stability, as outlined in Table 15.
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Table 15 — Non structural damage classification

EFFECT ON STRUCTURAL INTEGRITY OR
STABILITY

DESCRIPTION

INSIGFNIFICANT

Damage on

Mechanical equipment
Hydraulic piping systems
Glass

Parapets

9.3

The 3

9.4

The

struc
asse
struc

10 ¢

When an existent structure located in seismic hazard regions of the world was built before the

Cracks or less than T mm In masonry walls,

Cracks on cladding but no fallouts.

Cracks of less than 3 mm in masonry walls.

SLIGHT

Less than 20 % cladding fallout:

Cracks of less than 10 mmin masonry walls.
MODERATE

Between 20 % and 40-%.cladding fallout.

Cracks of more than 10 mm in masonry walls
SERIOUS

Between 40 %{and 60 % of cladding fallout

Out of plange movements of masonry partitiong.
SEVERE Partial collapse of masonry partitions.

Mare than 60 % cladding fallout.

Structural assessment

tructural capacity must be evaluated according to 10.8.

Final assessment

lamage condition of the building should be qualified by the maximum level of damage sug

ural elements or non structural elements which may interact with the stiffness of the stru
Esment should be conducted taking into account the building damage condition qualific

ural assessment, as per clause 10.9.

Condition@ssessment of existing structures

local

tained by its
cture. A final
ation and its

adoption by
design and

ral loading.

The seismic evaluation of an existent structure, when it has not been yet affected by a seismic event, should
be implemented according to the specifications set forth in this chapter.

10.1

Vulnerability level

In order to determinate if a building is potentially seismically hazardous its vulnerability level must be
estimated. Vulnerability is defined as the building’s susceptibility to sustain damage, on both structural and
non structural elements, in case of a strong ground shaking carrying forces similar to those specified by the
design earthquake and should be evaluated based on specific element vulnerability as per 10.2 through 10.8.

©1S0
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This susceptibility indicates the building’s vulnerability in terms of severe damage, partial or total collapse if
ground motions occur that equal or exceed the maximum earthquake ground motions considered to possibly
affect the building’s site. The vulnerability should be graded in one of four levels, 1 being the least vulnerable,
for which no action is needed, and four being the most vulnerable, for which further material and structural
assessment is needed. The suggested actions to be taken in each case are shown in Table 28.

Table 16 — Vulnerability levels for undamaged buildings

LEVEL VULNERABILITY
1 None
Z Cow
3 Moderate
4 High

Vulnerability assessment is based on the following considerations:

actual pondition of the structure,

- seismi¢ hazard,

- architectural layout,

- structural configuration,

- quality|control at construction time,
- slope ¢f terrain,

- soil tyge, and

interacdtion with non structural elements:

10.2 Actual condition of the structure
When speaking about damages;~the main focus of these guidelines is concerned with damages caused by
seismic events. However, toZevaluate the actual condition of an existing structure, damages due to design
shortcomings, usually refefred to as defects, damages due to gravity loads, usually referred to as damages,
and damages due to enviconmental actions, usually referred to as deterioration, must be considered.

Some of th¢ most eemmon evidences of defects, damages and deterioration found in existing structureq are:

- Corrosjaon;

- Cracking,

- Deflection,

- Delamination,
- Disintegration,
- Lixiviation,

- Scaling,
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Settlement,

Spalling, and

Wear

All evidences of damages should be adequately recorded, graded and documented. Evidence should be
graded according to their extent expressed as a percentage of affected elements or areas in relation to the
total number of elements or total area, as per Table 17.

Table 17 — Non seismic damage classification as percentage of total area

10.3

The f
site \

Seisr
acce
acce
perio
expre

For {

corre|
natio
respq
0,15
motid

When no national~code exists for the site of the building being considered, A, may be estimg

world

LEVEL DAMAGE EXTENT | QUALIFICATION
INSIGNIFICANT <[5] % 0
SLIGHT 15] % - [15] % 1
MODERATE [15] % - [25] % 2
SERIOUS [25] % - [55] % 3
SEVERE >[55] % 4

Seismic hazard

irst step in the seismic evaluation of an existing structure is the determination of the hazar
here the building is located.

hic hazard should be classified in terms of’the intensity of the effective peak groun
eration in rock at the different sites for which the seismic hazard is being classified. TH
eration corresponds to the median spectral acceleration for one degree of freedom syster
s of structural vibration, i.e., periodsi-not exceeding 0,15 seconds, and is usually de

ssed as a fraction of the acceleration of gravity (acceleration of gravity = 9,81 /), g.

he purpose of the scope of-these guidelines, the values for A, must be taken from

sponding standard having Hjurisdiction over the site of the considered existing structurg
hal code defines the maximum seismic ground motion for each considered site based
nse accelerations at-5-% of critical damping, Sg, A; may be estimated as the value of Sg fi

seconds, dividedby 375 (A, = Sg/375). When the national code defines the maximum se
n for each considered site based on a seismic zone factor Z, the value of A, should be take

seismic-hazard map shown in Figure 2.

0 level of the

d horizontal
e peak rock
ns with short
hoted as A,

the national

. When the
on spectral
br a period of

smic ground
n equal to Z.
ted from the
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10.3.1 No seismic hazard zones

A zone of the world where the value of the peak rock acceleration, A,, expressed as a percentage of the
acceleration of gravity, is estimated as less or equal to [0,05], may be deemed as a no seismic hazard zone.

10.3.2 Low seismic hazard zones

A zone where the value of A, is estimated as more than [0,05] but less or equal to [0,10] may be deemed as a

low seismic hazard zone.

10.3.3 Intermediate seismic hazard zones

A zonme where the value of A, is estimated as more than [0,1] but less or equal to [0,20] may)be feemed as a

intermediate seismic hazard zone.

10.3.4 High seismic hazard zones

A zone where the estimated value of A, exceeds [0,20] may be deemed as_a-high seismic hazarg

10.4| Architectural layout

TherIrchitectural layout of the building determines aspects that.are basic for its response charact
seismic forces. Evaluation of these aspects includes regularity of building’s shape, both in
elevdtion. Regular shapes are helpful in providing for better seismic response. In contrast, irre
might be an indication of possible inadequate seismic response. Buildings classified as irregula
suited for rehabilitation under these guidelines, unless.the rehabilitation procedure includes the ¢
the irfegularities.

10.4.1 Plan irregularity

The architectural plan layout of the building under study should be classified as regular or irreg
circular, polygonal or low aspect ratio rectangular shapes may be considered as regular, as show
Plan |irregularity can affect all building types. Damage is likely to occur due to stress concen
location of abrupt shape changes_ which, in turn, represent sudden change in horizontal diaphragr

Exanples of plan irregularity include buildings with corner recesses, buildings with large void
horizpntal diaphragms,-buildings with good lateral-load resistance in one direction but not in t

zone.

bristics under
plant and in
jular shapes
r may not be
blimination of

ular. Square,
n in Figure 3.
ration at the
ns stiffness.

5 within their
he other and

buildings with major-stifiness eccentricities in the lateral-force-resisting system, which may cause twisting

(torsipn) around a \ertical axis. Plan irregularities causing torsion are especially prevalent a
buildings, in which-the two adjacent street sides of the building are largely windowed and open,
other two sidés/are generally solid. Wedge-shaped buildings, triangular in plan, on corners d
meetjng at:90”, are similarly susceptible to damage.

mong corner
whereas the
f streets not

Table 18'provides a guide as to which plan shapes may be deemed irregular.
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Figure 3 — Regular plan layouts
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Table 18 — Common irregularities of building’s architectural plan layout

No.

Plan irregularities

Description

Excessive recesses of corners:
Any corner recess is considered
excessive when the projections
of the structure, to both sides of
the recess, are greater than 15
percent of the plan dimension of

tha ctriiotiira 1n tha diraotins of
tHe—StraCtore— e —ar OO

A>0.15B
C>0.15D

the recess.

LAE g
B\\l//D

Diaphragm discontinuity: When
the diaphragm has substantial
discontinuities with areas larger
than 50 % of the gross area, the
structure is considered as
irregular

(CXD+CxE) < 0.5AkB

Asymmetric or eccentric stiffness:
When the lateral load resisting
system in one direction has less
than 20 % of the stiffness of the
system in the other direction, or
when the lateral load resisting
system elements are
asymmetrically  distributed in
plan, the structure is irregular.

Unparallel systems: When the
plan projection” of the vertical
planes ofthe-lateral load resisting
system, 'do not result in parallel
lines, the structure is irregular

Key

1

unparalel systems

10.4.2 Elevation irregularity

The architectural elevation layout of the building under study should be classified as regular or irregular.
Shapes that are square, rectangular, trapezoidal, as well as any other shape that does not contain sudden
changes in stiffness, may be considered as regular, as shown in Figure 4. Elevation irregularity can affect all
building types. Damage is likely to occur due to stress concentration at the location of abrupt shape changes
which, in turn, may represent sudden change in stiffness of the vertical elements of the lateral load resisting

system.
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Examples of elevation irregularity include buildings with flexible stories, irregular mass distribution between
stories, fagade recesses, displaced vertical plane of action or weak stories. Table 19 provides a guide as to
which elevation shapes may be deemed irregular.

48
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Figure 4 — Regular-elevation layouts

Table 19 — Common irregularities-of building’s architectural elevation layout

No. Elevation irregularities Description
Flexible Floor (Stiffness irregularity): When stiffness ke < 0,7 Stifiness kD
stiffness against a floor-lateral forces is less than )
70 % of the next floor stiffness or less than 80 % of Stiffness kc < 0,8 (kp+kg+kg)/3
the average stiffngss of the next three floors, the
structure is.Nirregular. For the scope of these F
\Vj guidelines, story stiffness may be calculated as: E
D
3
ol L c
Zt’ hl (t;: thickness; L;: length; h;: height) B
=1 i A
F
Mass distribution irregularity: When any floor E
mass, mi, is bigger than 1,5 times the mass of one of D mp < 1.5 me
the nearest floors, the structure is irregular. In case
Vi C mb < 1.5 mc
B
A

of ceilings whom are lighter than the under floor is
the only exception to this note
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No.

Elevation irregularities

Description

Vil

Geometric irregularity: WWhen the horizontal
dimension of the seismic resistance system in
any floor is larger than 1,3 times the same
dimension in an adjacent floor, the structure is
irregular, except for one story attics.

N —

a>13b

> W O OoOmmm

VI

Displacements inside the plane of action:
When there is displacement of the plane of
action of the vertical seismic resistance system
larger than one third the element horizontal
dimension (b > @/3), the structure is irregular.

b>a

.4

>Ww O 0O mmm
|

Weak floor — Resistance discontinuity: When
the floor resistance is less than 70 % of the next
floor, the structure is irregular. The floor
resistance may be calculated as the sum of the
shear capacity of all structural vertical elements
on the same floor.

>wW O O mmmm

Floor Resistance < 0,7 C Floor Resigtance

Sloping terrain — If the terrain at ground level
slopes in such a way\that the difference in
unrestrained height/between opposite sides of
the building exceeds20 % of the story height,
the structure isvirregular, as the difference in
restraint between sides of the building may
cause global torsion and short column effects.

Accofding to the\building classification, building’s regularity should be qualified based on Table 20Q.

Table 20 — Building’s regularity qualification

Irregularity

Classification Qualification

None

Regular

1

Only one irregularity in plan (I through IV) or one irregularity in

elevation

elevation (VI through X) Moderately irregular 2
More than one irregularity in plan (I through IV) or more than one
irregularity in elevation (VI through X) or irregularities in both plan and Highly irregular 3
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10.5 Foundation

The foundation system should be qualified according to Table 21

Table 21 — Foundation qualification

Foundation characteristics Qualification
Structural concrete fully connected with grade beams 1
Structural concrete with some grade beams 2

[¢3)

fa¥h 4 ! 4 N et
iuiidrdal CUTIUITIT WILNT TTU yIrdutc uTdilio

Plain concrete or unknown 4

10.6 Soil type

Soil type should be identified according the soil study, but is also necessary a visit to]the place in o

observe physically the soil and make an objective classification as per Table 22.

Table 22 — Soil qualification

rder to

Soil type

Qualification

Hprd soil or engineered fills: No settlements around building, no<inclined trees or
posts, passing trucks do not cause vibration, and, in general, when no significant
crlacks or damage are evident on walls and floors.

Nj:dium bearing strength: Some settlement and vibration\by passing trucks. Some
¢

cks and damages in walls and floors. 2
Soft soil or non engineered fills: Settlement of-surrounding terrain and relative
settlement within building. Significant vibration” due to passing trucks. Most 3
ne¢ighboring constructions exhibit cracks and"damages.
Loose sand with possibility of saturation 4

10.7 Quality aspects

The quality of the design and-of/both the materials and craftsmanship used in construction sho

estimated and graded. Quality. qualification may affect the overall building’s vulnerability.

10.7.1 Quaglity of design

Design quglity sheuld”be qualified in terms of the existence of a rational design and of the availak

earthquake(resistant design standards at the time of said design, as per Table 23.

uld be

ility of

Table 23 — Quality of design

Design Qualification

—_

Design for lateral loads, current code

Design for lateral loads, previous codes

Design for vertical loads only

AW IDN

Unknown or inexistent
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Materials quality should be qualified in terms of the actual condition of the structure, as per Table 24

Table 24 — Quality of materials

Level of non seismic damage

Qualification

INSIGNIFICANT OR SLIGHT

MODERATE 2
SERIOUS 3
SEVERE 4

10.7.3 Quality of construction

Consgftruction quality should be qualified in terms of workmanship and techniques used during co
per Table 25. Data on construction may be available from construction recofds or may be impjied from the

structure.

Table 25 — Quality of construction

Construction records

Qualification

Skilled workmanship and industrial techniques.

1

Skilled workmanship and no industrial techfiques or

unskilled workmanship and industrial techiques. 2
Unskilled workmanship and no industrial techniques. 3
No records 4

10.7.4 Non structural elements

Loosg or poorly connected nonstrictural elements can pose life-safety hazards. Although these
be present, the basic lateral-load-system for the building may be adequate and require no further

Non s$tructural elements vulnerability should be classified as per Table 26.

Table 26 — Non structural elements vulnerability qualification

nstruction, as

hazards may
review.

Non structural element

Qualification

No masonry infills; no rigid fire system or gas system connections; no

fragile finishes.

—Fragite fimishes, such as mortar based plasters, tites, stucco, etc.

- Glass directly in contact with structure or otherwise unprotected from 2
relative movement with respect to structure deformation

Masonry infill against structure 3

Rigid fire system or gas system connections; 4

10.8 Structural assessment

An evaluation must be made of the structural capacity of the structure under study. The structural assessment
should comprise both aspects of resistance and flexibility of the structure shown in Annex A.
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10.9 Final assessment

Final assessment of the structure must take into consideration all findings and qualifications established in
chapters 9 or 10, whether the structure has been damaged by a seismic event or has not suffered damages
but is being studied to classify its structural vulnerability.

In the first case, structures being assessed due to damages suffered by a seismic event, final assessment
should take into consideration all findings and qualifications established by chapter 9. Final assessment
should consist in the qualification of the reparability of the damaged elements and in the structure capacity
compliance with required loading.

ges in 'the event of an earthquake and its value should be taken as the highest qualif
obtained fof each individual aspect studied, as per chapter 10.

Final assegsment conclusions must be reported as per Table 27, for non damaged structures or gs per
damage asg$essment tables in chapter 9.
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Table 27 — Final assessment of existing structure

CONDITION

CLASSIFICATION

VULNERABILITY QUALIFICATION

Plan or elevation irregularity

1

1

2 2

3 3

Foundation 1 2
2 3

3 3

4 4

Spil 1 1
2 1

3 4

4 4

Quality of design 1 1
2 2

3 4

4 4

Quality of materials 1 1
2 2

3 3

4 4

Quality of construction 1 1
1 1

1 2

1 3

Npn structural elements 1 1
2 3

3 4

4 4

Resistance rR(1)< 1 for all elements 1
rr > 1 for secondary elements 3

rr < 1 for primary elements 4

Flexibility Ag < limit 1
Ag > limit 4

(1) : Maximum ratio rg, obtained for any element, between internal required forces and the effective
resistance of the element, for axial, shear, flexion and torsion forces.

Once final assessment is achieved, action to be taken shall be decided as per Table 28
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Table 28 — Action for damaged or undamaged buildings depending on damage or vulnerability
classification.

LEVEL DAMAGE VULNERABILITY ACTION

1 Insignificant or | None No particular action is required but owner may decide to proceed

slight with repairs or rehabilitation

2 Moderate Low Repair or rehabilitation advisable. Warning to residents.

3 Serious Moderate Repair or rehabilitation must be conducted. Evacuation of residents
may be needed. Temporary bracing may be placed in affected
areas

4 Severe High Repair or rehabilitation must be conducted unless o:tner or
authorities decide to demolish the structure. Residents -nust be
evacuated. Temprorary bracing may be needed.

11 Rehapilitation analysis and design
Once structure assessment is completed the corresponding action must be takeh according to Table 28.

If rehabilitafion or repair is to take place, its analysis and design shall conforth to the guidelines in this chapter.

11.1 Con¢rete Frame Systems
Frames thgt are cast monolithically, including monolithic concrete frames created by the addition ¢f new
material, shall meet the provisions of this section. Frames, covered under this section include reirfforced
concrete beam-column moment frames, slab-column moment frames, and concrete frames with masonry in
fills.
Concrete Frame Systems shall satisfy the following!conditions:

1. framing components shall be beams (with-er without slabs), columns, and their connections;

2. beams|and columns shall be of monolithic construction that provides for moment transfer between peams
and columns or slab and columns;

3. primary lateral load resisting elements shall be structural walls;
4. primary reinforcementin’components contributing to lateral load resistance shall be nonprestressed, and

5. rehabiljtation desigh of concrete frames assessed following these guidelines shall be developed fas per
ISO 15673.

11.2 Concrete wall systems

Monolithic reinforced concrete shear walls shall consist of vertical cast-in-place uncoupled elements. For the
purpose of the use of these guidelines, only rectangular wall sections are allowed. These walls shall have
continuous cross sections and reinforcement and shall provide mainly lateral force resistance. Walls with axial
loads greater than 0,35 Pcs shall not be considered effective in resisting seismic forces. Walls shall be
permitted to be considered as solid walls if they have openings that do not significantly influence the strength
or inelastic behavior of the wall. Perforated walls shall be defined as walls having a regular pattern of
openings in both horizontal and vertical directions that creates a series of pier and deep beam elements
referred to as wall segments.

Coupling beams, and columns that support discontinuous shear walls are out of the scope of these guidelines.
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Walls for use as lateral load resisting systems in the rehabilitation of structures assessed using these
guidelines shall be designed as per ISO 15673.

11.3 Concrete frames with concrete infills

Concrete frames with infills are constructed in such a way that the infill and the concrete frame interact when
subjected to vertical and lateral loads. When a concrete frame with masonry infils has been assessed using
these guidelines, its rehabilitation should not take into account the contribution of the infills and the infills must
be separated from the structure. Adequate anchoring of the separated infills must be designed to protect them
from toppling down but in such a way that independence of in-plane movement is guaranteed between frame
and in fills.

11.4| Foundation rehabilitation

11.4.1.1 Types of foundations

Foun|
subs
shall

found
footin
existi
build

Existi

Verti
by a

the
stres

dations shall be defined as those elements that serve to transmit loads)from the verti
stems (columns and walls) of a building to the supporting soil or rock. Congrete foundationg
be classified as either shallow or deep foundations. Requirements of this Section shall apg
ations that include spread or isolated footing, strip or line footing, combination footing, and
g. Deep foundations are out of the scope of this document. The’ previsions of this Section
ng foundation elements and to new materials or elements that*are required to rehabilitat

ng.
ng spread footings, strip footings, and combination footings are reinforced or unreinforced.
tal loads are transmitted by these footings to the soil by direct bearing; and lateral loads ar

combination of friction between the bottom of thefooting and the soil, and passive pressure
ertical face of the footing. Concrete mat fogtings shall be reinforced to resist the flexur

cal structural
for buildings
ly to shallow
concrete mat
shall apply to
b an existing

B transmitted
of the soil on
bl and shear

bes resulting from the superimposed congcentrated and line structural loads and the distribdited resisting

soil gressure under the footing. Lateral loads_shall be resisted by friction between the soil and the bottom of
the fgoting, and by passive pressure developed against foundation walls that are part of the system.

Design of foundation rehabilitation of structures assessed by the use of these guidelings, must be
accomplished as per ISO 15673,

11.5| Rehabilitation Measures for the structural system

The dlecision to repair‘onp replace a structure or its component can be taken only after consideration of likely
servige life of the structure and is established based on the technical and economic evaluations. Once a

decig

11.5.

ion is takengto carry out the rehabilitation a proper technique and methodology should be de

1 Reinforced concrete jacketing

eloped.

Incre

bsing the confinement at the wall boundaries by the addition of a reinforced concrete jackg¢t may be an

effective measure in improving the flexural deformation capacity of a wall. The longitudinal jacket should not
be continuous from story to story unless the jacket is also being used to increase the flexural capacity. The
minimum thickness for a concrete jacket should be 7,5 cm.

Reinforced concrete jacketing increases the member size significantly. This has the advantage of increasing
the member stiffness and is useful where deformations are to be controlled. If columns in a building are found
to be slender, reinforced concrete jacketing provides a better solution for avoiding buckling problems. Design
for strengthening/repair work is based on composite action between the old and new work. The new jacket
should take the total load of the rehabilitated member when:

old concrete has reached limiting strain and is not likely to sustain any more significant strain and
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old concrete is weak and porous and started deteriorating due to weathering action and corrosion of
reinforcement.

Detailing must be properly designed to ensure transfer of load to the new jacket, if the old concrete fails. It is
however, necessary to ensure perfect bond also between the old and new concrete by providing shear keys
and effective bond coat with the use of epoxy or polymer modified cement slurry giving strength not less than
that of the new concrete.

11.5.2 Shotcreting

Shotcrete is defined as pneumatically applied concrete or mortar placed directly on to a surface. The shotcrete
shall be plafed by either the dry mix or wet mix process.

The dry miX process shall consist of:

thorou

ghly mixing the dry materials,
feeding of these materials into mechanical feeder or gun,
carrying the materials by compressed air through a hose to a special nozzle,

introduy

cing water at nozzle point and intimately mixing it with other ingredients at the nozzle, and

the mixture from the nozzle at high velocity on to the surfage to receive the shotcrete.

jetting
The wet mix process shall consist of:

thorou

ghly mixing all the ingredients with the exception_ef the accelerating admixture, if used,;

feeding the mixture into the delivery equipment;

deliver

ng the mixture by positive displacementior compressed air to the nozzle;

jetting fhe mixture from the nozzle at high Velocity on to the surface to receive the shotcrete, and

e used
tion.

ified, fibers of steel, poly_propylene or other material, as may be specified, could also bg
br with the admixtures to modify the structural properties of the concrete being placed in posi

if speg
togethd

11.5.3 FRHA reinforcements

This technique is a non-intrUsive structural strengthening technique that increases the load carrying capacity

(shear, flex
distress to
these guidsg
buildings; h

iral, compressive) and ductility of reinforced concrete members without causing any destrug
he existing’ concrete. The design of the rehabilitation using this technique is out of the so
lines ‘and out of the scope of ISO 15673, which specifies simplified design of reinforced cg
owever, the use of FRP reinforcement may be permitted for buildings assessed using

tion or
ope of
ncrete

these

guidelines,

ravided the design is conducted by a designer wha is proficient and experienced in the de

s5ign of

FRP materials and elements and that the application of the FRP system is conducted by an experienced
contractor, certified specifically for FRP systems application.

Enhancement in lateral drift ductility and horizontal shear carrying capacities of a concrete member can also
be obtained by confinement of the member by this method. The flexural, shear and axial load carrying
capacities of the structural members can be enhanced by appropriate orientation of primary fibers composites.
The resulting cured membrane not only strengths the reinforced concrete member but also acts as an
excellent barrier to corrosive agents, which are detrimental to concrete and its the reinforcement. Ingress of
water, oxygen and carbon dioxide through the external surface of concrete member is prevented by the
application of this kind of jacket.
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11.5.3.1 CFRP jacketing
The use of carbon fiber sheets, epoxied to the concrete surface, should also be permitted to increase the
shear capacity of a shear wall.

Carbon fiber wrap should be permitted for improving the confinement of concrete in compression.

11.5.3.2 GFRP jacketing

This system comprises of glass fiber wrapped over epoxy primer applied prepared surface of member
requiring structural strengthening or surface protection. Subsequent to its wrapping, it is saturated with epoxy
usind rollers and stamping brushes manually 10 remove air bubbles, It any and left 10, qure ambient
tempgrature. The subsequent later unidirectional fiber could be applied after giving the required-@verlap along
the djrection of fibers as per design requirements.

11.5.3.3 Steel jacketing
hd out of the
r, the use of
he design is
h of the steel
ction.

The ¢gesign of the rehabilitation using steel jacketing is out of the scope of these guidelines a
scopg of ISO 15673, which specifies simplified design of reinforced concrete-buildings; howeve
this {fechnique may be permitted for buildings assessed using these.guidelines, provided t
condycted by a designer who is proficient and experienced in steel desigh and that the applicatio
jacketing system is conducted by an experienced contractor, certified‘specifically for steel constru

When steel jacketing is used for the structure rehabilitation, the space between the jacket and|the member

must|be filled with an stabilized mortar or a mortar made of resins. If post-tensioned fasteners arg to be used,
perioflical maintenance of the structure should include the,application of tension to loose elements due to
steel|relaxation or reinforced element deformations.

12 Rehabilitation construction

12.1| Demolitions and debris retrieval
Partial demolition can also be an_geffective corrective measure for irregularities, although this gbviously has
significant impact on the appearance and utility of the building, and this may not be an appropriate alternative
for historic structures. Portions of the structure that create the irregularity, such as setback tqwers or side

wingy
regul

Mass

5, can be removed. Expansion joints can be created to transform a single irregular building
ar structures; howeyver; care must be taken to avoid the potential problems associated with pj

can be reduced through demolition of upper stories, replacement of heavy cladding

into multiple
ounding.

and interior

partitjons, or remeyval of heavy storage and equipment loads.

12.2| Coverretrieval

Prior|to-preparation of concrete surfaces, exposed reinforcement should be inspected for access clearance,
cross-sectional area and location. Reinforcing bars must be continued to completely expose the bar more than
half of reinforcing bar perimeter has been exposed. For completely exposed reinforcing bars, a minimum
average clearance of 25 mm or nominal maximum size of aggregate plus 5 mm, whichever is greater, must
provided between the reinforcing bar and surrounding concrete.

12.3 Surface preparations

The general procedure in preparing concrete and reinforcement surfaces for optimum bonding is to sandblast
the surfaces and the remove dust and debris by air blasting, low-pressure water blasting, or brooming. If the
damage is due to corrosion, a suitable coating may be considered after removal of total rust from its surface to
protect the exposed reinforcing steel. Final inspection of the prepared area including remedying any
deficiencies should be completed just prior to batching the repair material.
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12.4 Adherence concerns

In all kind of measures to develop the structure rehabilitation, the adherence is one of the most important
subjects because it will avoid that the new material separates from the old one. The adherence can break
because of volumetric changes during concrete setting.

The bond strength of repair with the substrate is essential to have a successful repair system. If it is felt that
the bond strength of the repair material with the base material is inadequate or less than the strength of the
base material, then some other suitable means could be explored to improve bond strength between repair
material and substrate. These could be use of:

adhesive,
surface int¢
mechanical

A variety d
polymer ap

12.5 Durg

Durability is

blications are available. The selection depends upon available open time for bonding.

rlocking system and
bonding.

f adhesives, in the range of epoxies, polymer modified cement slurries |including unm

bility concerns

defined as the continued ability of the structure to withstandythe expected wear and deteri

pdified

pration

and perform satisfactorily in the normal operating conditions through.eut its intended life without the n¢ed for

undue main
the service

A simplified
the issue uf

The requirg
ratio, minim
to specific ¢
of defense
enhancing
should give
the control
number of j

tenance. What is implied is that the designer should expect certain degree of deterioration
ife and provide required design inputs to adequately control it.

approach for this concern include design ensuring durability of construction facilities, addn
der carbonation, chloride ingress, leaching, sulphate attack, alkali-silica reaction and frees t

ments on durability are expressed in terms’ of minimum cement content, maximum water/q
um grade of concrete and minimum. cover of reinforcement. These design parameters are
xposure conditions. The general approach is to demand impermeability of concrete as the fi
hgainst any of the deterioration process. The parameters mentioned above play a significant
he durability, a comprehensive. approach to design reinforced concrete structures for du
equal attention to the type and quality of component materials, the selection of mix propg
bf processing conditions.\The design and detailing aspects should aim at minimizing the si
bints and cracks due 0 thermal gradients, drying shrinkage, creep and loading.

during

essing
haw.

ement
related
rst line
part in
rability
rtions,
re and
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Annex A
(normative)

Structural Assessment

A.1 Resistance

The ptructure capacity to resist all loads should be evaluated as the maximum ratio rg, obtgined for any
element, between internal required forces and the effective resistance of the element, for axial, $hear, flexion
and tprsion forces.

The effective resistance is the calculated capacity of the element, affected by redudction factorg in terms of
design and construction quality, as defined in Equation A.1

Rerr =PodcRes Equation A.1
Where:
Rere: Effective resistance of an element.
by Reduction coefficient that depends on design-and construction quality.
dc: Reduction coefficient that depends on cendition of structure.
Res: Resistance or capacity of critical section of the element.

The Yalues for ¢y and ¢c are given in TableA:1.

Table A.1 — Values for ¢q and ¢

Qualification
— dq or oc
Condition (10.2) Design or Construction (10.7.1 and 10.7.3)
0.or 1 1 [1,0]
2 2 [0,9]
3 3 [0,8]
4 4 [0,6]

The ¢lement strength or structural capacity, Res, of structural elements should be calculated base¢d on as built
conditions, as per A.1.1, A1.2, A1.3, B.1.4 and A.1.5. When no dimensional and reinforcement detailing is
available, direct measurements must be conducted. Reinforcement may be estimated by magnetic detecting
techniques or by physical exploration through the removal of small amount of concrete cover in key points.
Both longitudinal and transverse reinforcement should be estimated.

A.1.1 Design strength for flexure only

Flexure strength of beam sections should be calculated using Equation A.2 (see Figure A.1).

(As _A;)'-fy

4 Equation A.2
085-f.-b

Mcs=¢{(AS—A‘;)~J‘;[CJ—%}+A;~f},~(d—d’)} and a=
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A.1.2 Des

Equation A
without flex

For column
PCS :0
For column

PCS :0

A.1.3 Balanced strength for axial compression with flexure

A131 S
The values
determined
rectangular

M AhT 0851r wbea
P ﬁ'%‘fé T X —al2
d —‘LA a r
- T |
a - d-ai2 L
*/ 0,85+, -b-a — |
Ag-fy d.C
AT i

Figure A.1 — Flexural nominal moment strength for doubly reinforced sections

ign strength for axial compression

.3 and Equation A.4 should be used to determine the design axial-Strength for axial comp
ire, ¢- Pon.

5 with ties and structural concrete walls

56-10.85- 1 -(dy — A I+ Ay - 1] Equation A.3
5 with spiral reinforcement:

641085 1 -(dy — Ay - Ay - £,] Equation A.4

puare and rectangular tied_columns, and structural concrete walls
for axial force, ¢- Pyr.and moment, ¢- M,,, at the balanced design strength point sho

columns with symmetrical reinforcement.

ession

uld be

using Equation A5 and Equation A.6 respectively. However these equations only apply to

se, and

¢ Py =pp-0,42- f1-h-b Equation A.5
¢ My, 5 ¢ Poie032-h+4-[0.6- Ay, +015- A |- £, (g—d’J Equation A.6
For Equation AT the total fongitudinarl reinforcement area, Ag;, should be divided into extreme steel, 4
side steel, Ag, in such a manner that 4., + A, = A See Figure A.2. In Equation A.5 and Equation A.6,
¢=[0,70]
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Figure A.2 — Dimensions for calculation of balanced moment-design strength

A.1.3.2 Circular section columns with spiral reinforcement

The palues for axial force, ¢- P,n, and moment, ¢- My, at the ‘balanced design strength poipt should be
determined using Equation A.7 and Equation A.8 respectively:

p- Py =¢-0.5- f0 - A Equation A.7
p-Mp, =¢- Py, -02:-h+¢-06- Ay - f), (g—d’j Equation A.8

For Equation A.7, h should be taken as.the diameter of the section of the column. In Equation A.7 and
Equation A.8, ¢ =[0,75]

A.1.4 Design strength for axial tension without flexure
The design strength for axial tension without flexure, Pics, should be determined using Equation A.9:

res =4 Ag £y Equation A.9
In Equation A.9, ¢’=[0,90]

Minimum desigh combined axial load and moment strength

0 M), d axial load,
Py, should be greater or equal than the greater required factored strength, M,, that can accompany the
factored axial load, P,, as shown in Equation A.10.

>M, Equation A.10
The compliance with Equation A.10 should be accomplished by proving that the coordinates of (M., P,) in a

moment vs. axial load interaction diagram relating ¢- M,, and ¢- P, are inside the interaction design strength
surface, shaded portion in Figure A.3.

© 1SO 2013 — Al rights reserved 61


https://standardsiso.com/api/?name=3180e76a9f5346c02170c3c2156df1a8

	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Symbols and abbreviated terms
	5 Limitations
	5.1 Occupancy
	5.1.1 Permitted occupancy
	5.1.2 Mixed occupancy

	5.2 Maximum number of stories
	5.3 Maximum aspect ratios
	5.4 Maximum story height
	5.5 Maximum difference in story height
	5.6 Maximum difference in floor area
	5.7 Maximum difference in story mass
	5.8 Maximum column offset
	5.9 Maximum span length
	5.10 Maximum difference in span length
	5.11 Maximum cantilever span
	5.12 Maximum slope for slabs, girders, beams and joists
	5.13 Maximum slope of the terrain
	5.14 Distance between center of mass and center of rigidity

	6 Assessment and rehabilitation procedure
	6.1 Procedure outline
	6.2 Data collection
	6.3 Lateral load resisting system classification
	6.4 Material assessment
	6.5 Condition assessment
	6.6 Structural assessment
	6.7 Rehabilitation design
	6.8 Rehabilitation construction
	6.9 Design documentation
	6.9.1 Assessment record
	6.9.2 Rehabilitation calculation memoir
	6.9.3 Geotechnical report
	6.9.4 Structural drawings
	6.9.5 Specifications


	7 General Guides
	7.1 Limit states
	7.2 Ultimate limit state design format
	7.2.1 General 
	7.2.2 Required factored strength 
	7.2.3 Design strength

	7.3 Serviceability limit state design format

	8 Classification of the structure system of the building
	8.1 Concrete frame systems
	8.2 Concrete wall systems 
	8.3 Concrete dual systems

	9 Condition assessment of structures damaged by a seismic event
	9.1 Material assessment
	9.1.1 Material properties
	9.1.2 Component properties
	9.1.3 Test methods
	9.1.4 Minimum number of tests
	9.1.4.1 General
	9.1.4.2 Comprehensive testing
	9.1.4.3 Concrete materials
	9.1.4.4 Reinforcing and connector steels

	9.1.5 Soundness

	9.2 Condition Assessment
	9.2.1 Layout of structural damages
	9.2.1.1 Flexural and shear cracks 
	9.2.1.2 Full-thickness versus partial-thickness cracking
	9.2.1.3 Cracking as a precursor to spalling 
	9.2.1.4 Splitting cracks at lap splices
	9.2.1.5 Crack widths

	9.2.2 Damage levels
	9.2.3 Layout of non structural damages
	9.2.3.1 Mechanical equipment
	9.2.3.2 Hydraulic and sanitary installations
	9.2.3.3 Partition walls
	9.2.3.4 Facade cladding
	9.2.3.5 Window and facade glass
	9.2.3.6 Parapets
	9.2.3.7 Non structural damage levels


	9.3 Structural assessment
	9.4 Final assessment

	10 Condition assessment of existing structures
	10.1 Vulnerability level
	10.2 Actual condition of the structure
	10.3 Seismic hazard
	10.3.1 No seismic hazard zones
	10.3.2 Low seismic hazard zones 
	10.3.3 Intermediate seismic hazard zones 
	10.3.4 High seismic hazard zones

	10.4 Architectural layout
	10.4.1 Plan irregularity
	10.4.2 Elevation irregularity

	10.5 Foundation
	10.6 Soil type
	10.7 Quality aspects
	10.7.1 Quality of design
	10.7.2 Quality of materials
	10.7.3 Quality of construction
	10.7.4 Non structural elements

	10.8 Structural assessment
	10.9 Final assessment

	11 Rehabilitation analysis and design
	11.1 Concrete Frame Systems
	11.2 Concrete wall systems
	11.3 Concrete frames with concrete infills
	11.4 Foundation rehabilitation
	11.4.1.1 Types of foundations

	11.5 Rehabilitation Measures for the structural system
	11.5.1 Reinforced concrete jacketing
	11.5.2 Shotcreting
	11.5.3 FRP reinforcements
	11.5.3.1 CFRP jacketing
	11.5.3.2 GFRP jacketing
	11.5.3.3 Steel jacketing



	12 Rehabilitation construction
	12.1 Demolitions and debris retrieval
	12.2 Cover retrieval
	12.3 Surface preparations
	12.4 Adherence concerns
	12.5 Durability concerns




