Commentary K

Application of NBC Part 4 for the
Structural Evaluation and Upgrading of

Existing Buildings

Introduction

1. This Commentary concems the structural
e aluation and upgrading of an existing building to
achlueve a level of performance which 1s appropnate,
based on the intent of the current National Building
Code requirements. Buildings which satisfy the
guidelines provided here should generally be con-
sidered acceptable. More stringent criteria may be
appropriate for buildings used for post-disaster ser-
vices.

2. This Commentary does not apply to new
additions to an evisting building structure or to a re-
view of newly constructed work which was required
to be in conformance with the current codes and
standards. In both of these applications, NBC Part 4
applies without any of the relaxations described in
this Commentary. New additions, however, may in-
crease Joads on the existing building structure.

3. Part 4 of the National Building Code and the
structural standards referenced by Part 4 are written
primarily for the design of new buildings (or new
additions), not for the evaluation and upgrading of
existing buildings. As a consequence, difficulties
have arisen:

* Many current requirements specify quantities
and arrangements of matenals {such as rein-
forcing details in masonry and concrete
structures) which are economical and practical
to implement during nitial construction but
impractical after a structure is completed. In
such cases, alternative solulions are needed

* Many older buildings consist of structural sys-
tems, components or materials which are not
addressed by the structural design standards
referenced by Part 4. When properly con-
nected, however, these old systems can be
made to work effectively. Information on the
structural properties of such syslems is
lacking, making evaluation and upgrading dif-
ficult. This is especially important for heritage
buildings

¢ Despute their lack of compliance with some as-
pects of current codes, many old buildings
have performed satisfactorily over the years
without distress or failure. In addition. some -
structural parameters, such as dead load and
material properties, can be ascertained by mea-
surement or test Such information is not taken

into account in the structural criteria of Part 4
and referenced structural design standards.

4. To help overcome these difficulties, this Com-
mentary provides guidance on the application of
the requirements of Part 4 to existing buildings,
including relaxations w here appropriate, and alter-
natives where available (usually by reference to
other documents). NBC Subsection 2.5.2. allows
structural altermnatives which are equivalent to Part
4 but, except for load testing, they are directed pri-
marnily to new construchon. Except as recommended
in this Commentary, structural equivalence should
comply with the requirements of NBC Subsection
252 and Appendix note A-2.5.2.

5. Earthquake requirements provide the greatest
difficulty in the application to existing buildings of
Part 4 and referenced structural design standards
More specific guidelines to address the seismic eval-
uation and upgrading of existing buildings have
been developed separately from this Commentary,
as discussed in Paragraphs 38-42.

6. This Commentary does not specify the cir-
cumstances which would require a structural
evaluation of an existing building. Typical situations
where structural evaluation becomes necessary n-
clude change of use of the building, damage or
deterioration, and where the safety of the building
15 a concern because of known or potential defects.

7. After the evaluation and before any upgrad-
ing, any hfe-safety implications of the conclusions
of the evaluation should be discussed with the
owner and authority has ing jurisdiction to establish
the timetable for the work to be done. Each case
must be dealt with tzking into account its specific
circumstances and the degree of urgency in the re-
quirements for upgrading. Actions té be taken may
range from immediate evacuation of the building, to
a phased repair program, to monitoring or further
evaluation, or to acceptance of the building “as is.”

Basic Considerations

8. Structural requirements in Part 4 and refer-
enced structural design standards include general
performance requirements and design critena
These requirements are based on the following fun-
damental considerations:
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hfe safety

comfort of occupants

function of the building for its intended use
durability

economics

9. The structural requirements of Part 4 and ref-
erenced CSA standards address life safety first and
foremost, but they also address comfort, function
and economics Life safety is addressed by criteria
for the ultimate limit states (strength, stability,
integrity} Comfort, function and economics are ad-
dressed by critenia for the serviceability limit states.
Economics are also taken into account by basing the
criteria on appropnate levels of structural reliabihty,
thereby helping to avoid unnecessary consumption
of materials,

10. The basic considerations of safety and ser-
viceability apply equally to existing or renovated
buildings and to new construction. Howes er, other
basic considerations related to construction costs,
user disruption and conservation (heritage value,
reduction of waste and recychng) may be more crit-
ical for existing buildings than for new construction.
These other basic considerations usually result in a
requirement for minimised structural intervention
for the continued use or renovation of an existing
building. Therefore, where it can be shown that the
resultant life safety (defined as an appropriately low
probability of death or injury due to structural fail-
ure) is generally equivalent to that required by the
Nanonal Building Code, and the building is known
to be functional, some departure from current code
design criteria may be appropriate.

11.  Structural criteria in Part 4 and referenced
C5A structural design standards are based
primarily on the limit states methodology [NBC
4.1.3.]). The working stress methodology [NBC 4.14]
is still used as an alternative for some design
procedures (masonry, foundations). Criteria
recommended in this Commentary are based on the
limit states methodology. Appropriate adjustments
will be indicated for the working stress
methodology, which was applicable at the time of
the design of most existing buildings.

12. This Commentary addresses principally cri-
tena for the ultimate limit states, because these limit
states directly affect life safety. Criteria for the ulti-
mate limit states include loads, load factors and
load combinations specified in NBC Section 4.1.,
and resistances and resistance factors specified in
the CSA structural design standards. Serviceability
and durability problems may also occur as a
consequence of renovation or change of use or envi-
rorumnent, and these are discussed.

Quality Assurance

13. The structural critena contained in Part 4
and referenced CSA structural design standards are
based on a level of quality assurance corresponding
to the requirements contained in Parts 2 and 4 of
the Code and in the referenced structural design
standards. The most important of these are NBC
Sentence 4 1 1.2.{2), which requures that the designer
be a protessional engineer or architect skilied in the
work concerned, and NBC Section 2.6., which
requires that construction be reviewed for confor-
mance to the design

14. These quality control requirements also
apply to structural evaluation and upgrading of ex-
isting buildings. The quality assurance may have to
be greater for the evaluation and upgrading of an
existing building because the uncertainties concern-
ing structural properties of an existing building can
be considerably greater than for new construction.
More engineering judgment is generally required
for structural evaluation and upgrading of existing
buildings than for design of new buildings For
these reasons the following recommendations are
based on the prerequisite that:

* an appropriate structural evaluation of the
building has been carried out, and the engi-
neenng evaluator has examined construction
deta:ls which are considered critical by the
eraluator,

» field review by the designer will be carned out
during any upgrading work.

Recommended Code or Standard

15. Recommendations on the code or standard
which may be applied to the evaluation and up-
grading of existing buildings are summarized in
Table K-1 Sometimes the standard used for the de-
sign of the building may be preferred to a current
standard; for example. some old buildings were
made with products no longer used, such as unde-
formed remnforcement. Restrictions on the use of
earlier versions of standards are given in Notes 1
and 2 of Table K-1.

16. Buldings designed and built in accordance
~ith previous codes may be considered acceptable
provided

* the previous code or standard essentially satis-
fies the life-safety requirements of the current
code or standard, and

* the building or its use is not altered n such a
way as to affect its structural behaviour or to
increase the loadings on the structure.



Table K-1

Recommended Codes/Standards
T 1
1995 Code/Standard  Commentary K ' CodeStandard when But |
i ] ) |
Load Malenal i Matenal
Loads Factors | Standards ! toad Factors | Loads ! Standards |
Evaluation ! i i
i
- no change in use or occupancy loads v v v P e
- change in use or occupancy loads VI v ’ X vt
Design of Upgrading v AR v pox box
¢ acceptable : X unacceplable

Notes to Table K-1:
" Acceptable provided the following conditions are met
* no sigaificant damage, distress or detenoration
* designed and built i accordance with recognized codes
*  no changes that could imparr the performance of the structure
«  excludes seismic consideralions

@ Acceptable provwded expenence does not show serious deficiences in the Standard.

¥ NBC 1985 load factors are preferred (see Paragraph 24).

17. A benchmark 1 ersion of a code or standard
is the earliest version whuch satisfies the life-safety
intent of the current requirement. Use and occu-
pancy loads, with one or two exceptions, are
essentially unchanged over the years. On the other
hand, earthquake requirements have changed con-
siderably over the yvears and consequently buildings
designed to earlier codes often do not provide a
level of life safety that meets the intent of current
requirements Table K-2 identifies benchmark ver-
sions of NBC Section 4.1. for structural loads. If a

structural component was designed prior to the
benchmark 1 ersion in Table K-2, then the current
{1995} version should be applied using the load fac-
tors recommended in the 1995 NBC or in this
Commentary, or the evaluation may be based on
satisfactory past performance under the conditions
ginen in Paragraph 18. In the future, each structuraj
design standard referenced in NBC Section 4 3. will
provide benchmark versions of the standard for
structural resistance. For further guidance see Para-
graphs 54-56.

Table K-2
Benchmark Versions of NBC 4.1. (Structural Loads and Procedures)
Load i Benchmark Year As Modrfied (with year of modification)

Use and occupancy 1941 , Quards (1975 and 1995") |
I intenor walls over drops (1985)

Snow. ice, rain 1960 " snow drifts (1965)
, ground snow loads (1990) |
" targe flat roofs (1995) '

. ) rain loads - blocked drains (1970)
Wind 1960 flexible structures and canopies {1970)
Earthquake 1970 seismic zones (1985) ]

Notes to Table X-2;

" The 1995 NBC quard ‘oads, which are less stingent than those in the 1975 to 1990 edmons of the NBC, should be used for evaluation of al

guards and their suppors
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Evaluation Based on Satisfactory
Past Performance

18. Buildings or components designed and built
to earlier codes than the benchmark codes or stan-
dards, or designed and built in accordance with
good construction practice when no codes applied.
may be considered to have demonstrated satisfac-
tory capacity to resist loads other than earthquake,
provided:

* careful examination by a professional engineer
does not expose any evidence of significant
damage, distress or deterioration;
the structural system is reviewed, including
examinations of critical details and checking
them for load transfer;
the building has demonstrated satisfactory
performance for 30 vears or more;
there have been no changes within the past 30
years that could significantly increase the
loads on the building or affect its durability,
and no such changes are contemplated.

1-9. If these conditions are not satisfied, the eval-
uation should be based on the recommendations in
Paragraphs 20-37.

Load Factors and Load
Combinations Recommended for
!4151e 3::} Evaluations [NBC 4.1.4. or

20. Criteria for the ultimate limit states should
be applied in conformity with the basic requirement

for life safety. The requirement for life safety, as
distinct from structural safety, is based on an ac-
ceptable maximum annual probability of death or
serious injury as a result of a structural failure in a
building. This probability is equal to the probability
of structural failure {corresponding to a reliability
index of approximately 3 for buildings conforming
to Part 4} times the likelihood of death or serious in-
jury if failure occurs. If the likelihood is high. there
should be no relaxation in the load factors specified
in Sentence 1.1.3.2.(3). Where the likelihood is low,
as in the case of storage buildings of low human
occupancy, the load factors may be reduced. This is
recognised in Sentence 4.1.3.2.(+) by means of an
importance factor, . For post-disaster buildings, the
loads and load factors of NBC Section 4.1. should be
applied.

21. Reduced load factors for structural evalua-
tion, incorporating the principle of an importance
factor, are recommended in Table K-3. These factors
are based on maintaining the level of life safety im-
plied by Part 4 by using the principle described in
Paragraph 20.  The load factors in Table K-3 are
determined by the evaluator based on consideration
of three factors which affect life safetv - the be-
haviour of the structure (svstem behaviour), the
likelihood of people being at risk and their number
{risk category) and the evidence of safety indicated
by past performance. The risk category is addressed
in Table K-5.

Table K-3

Load Faclors for Structural Evaluation

aF)

Reliabitty Level” Load Facr | Load Comtinaion |
| Dead, op Variable,” o of aw l Earlhquake.* o | Factor. ¢ 1
5 ; 1.25 {0.85)® 150 ’ 06 | 0.70
4 1.20 (0.88)™ . 1.40 } 06 | 0.70
) 3 ) 1.15 {0.91)* ' 1.30 0.6 - 0.75
2 : 1.11 (0.93)* 120 E 06 ; 0.75
100 | 108095 1.10 : 0.6 : 080

Notes to Table K-3:

:;: This table does not apply 1o post-disaster buildings.

{3)

Reliabﬂity Level = sum of the 3 indices for system behaviour. risk category and past perfor—ance :n Table K4,
A reduction in load factor may also be jusified because of controf of the load. as for examp e hiquid in storage tanks {see Commentary F. Para-

_graph 18}. This may be taken inlo account in the application of Table K-3. provided that the icad factor 15 not less than the minimum in Table K-3.

“)

1 The value in brackets applies when dead load resssts failure.

See Paragraph 38 and Reference (2) for more specific quidance on the load factor for eart-2.akes



Table K4
Indices for the Calculation of Reliability Level

ltems to be Considered for Refiability Level index
System Behaviour
failure leads to collapse, kikely lo impact people 2
failure unlikely 1o lead to coflapse, or unhkely to impact people 1
failure Jocal only, very uniikely to impact people 0
Risk Calegory {See Table K-5)
high 2
medium m
low o™
Past Performance
no record of satisfactory past performance 1
satisfactory past performance® or dead load measured” 0
Notes to Table K4:
™ Increase by 1 for loads in assembly areas or for wood structures.
At least 20 years, no significant delerioration.
B Apply to dead load factor only.
Table K-5
Risk Category”
Category Description
High Schools and other occupancies where many paople are likely to be exposed to risk associated with

wilh hazardous occupancies

the failure (N = 100 or more). build:~ 35 of major heritage importance, or industnal or other facilities

Medium Other occupancies where fewer peog-= are likely 1o be exposed It risk associated with the failure
(N2 =510 100)
Low Other occupancies where the floor area or adjacent oulside area exposed to the faiture is not hkely

10 be occupied by people and, when occupied, by a small number of people only (N® < 5)

Notes to Table K-5:
" Ttus Table does not apply 10 post-disaster buildings.

2 The estimated maximum number of people exposed 10 risk assoc:ated w o~ the failure, N. may be estimz'2d as follows

N = Occupied area exposed to nisk, in m? - occupancy density - duraon factor

where

*» for building occupants the occupancy density and duraticr ‘aclor may be estimated using Table K-6.

* duration factor = average weekly hours of human oceupa~cy 100 < 1.0, and

» for peopie outside adjacent to the building these parame'== should be assessed approximately. using the same concepls as for

building occupants.
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Table K-6
Parameters for Estimation of N

. Occu Density. Average Weekly Hours of |
Primary Use Pe‘r):onrfg per mZty Hu?nan Occzpant:y |
Assembly 10 5-% |
Mercantile and personal services 0.2 50 - 80 |
Offices, care or detention, manufacturing 01 50 - 60
Residential 0.05 100
Slorage 001to0.02 100

22, The choice of the reduced load factor in
Table K-3 is made by the evaluator for the specific
component addressed by the calculation. The evalu-
ator must consider what will happen if the
component fails. Are there protective features of the
structural system (including non-structural compo-
nents) that, given structural failure, reduce the
likelihood of people (both outside and inside the
building) being injured or killed? Are many people
likely to be within the region affected by the fail-
ure? For example, failure of exterior building
components (such as masonry parapets) overlook-
ing exits or busy streets are a greater risk than
failure of components overlooking rarelv used
areas. Those which fail during earthquake are gen-
erally a greater risk than those which fail in very
high winds, when fewer people are outside. Finally,
if the building is old and its past performance is sat-
isfactory, this evidence of its safety can be taken
into account, except for seismic hazards.

23. Table K-5 provides guidance for determin-
ing the risk category used in Table K-3, including a
procedure for estimating the number of people
exposed to risk associated with the failure. In apply-
ing this procedure, the engineer should estimate the
area of the building which is likelv to be affected by
the failure mode of the component being evaluated.
For example, a punching shear failure of a flat slab
building may be likely to cause a major total col-
lapse, whereas a floor joist failure usually affects
only a small area.

24. Minimum load factors in Table K-3, while
maintaining low risk to life safety, infer an in-
creased risk of building damage due to structural
failure. They should be considered as a minimum to
require upgrading. They may not be appropriate for
use in the design of the upgrading. Where the dif-
ference in upgrading cost due to increasing the
minimum load factor is small, and the loss due to
failure is large, higher load factors, such as those
specified in Sentence 4.1.3.2.(4), are recommended
for structural design of the upgrading. The level of
upgrading should be determined in consultation
with the owner.

25. The ¢ombinations of loads other than earth-
quake to be uzed in the application of Table K-3
should, in accordance with Sentence 4.1.3.2.(3), be:

Factoret Loads = o,D + @ (@ L + auw iV

where the values of the load factors u p, ¢ | . vy
and ¢ are given in Table K-3, and D, L and W are
defined in Sextence 4.1.2.1.(1). Loads due to move-
ments, T, have not been included for reasons given
in Paragraphs 28 and 29. For load combinations in-
cluding earthquake, & in Table K-3 should be used
in conjunction with Sentence 4.1.3.2.{8).

26. For the application of Table K-3 to working
stress critena in Subsection 4.1.4., the specified loads
can be adjusted by the ratio of the load factor detet-
mined from Table K-3 to that corresponding to
Reliability Level 5 in Table K-3. For example, if the
Reliability Level in Table K-3 is 2 for a floor girder,
the dead load is multiplied by 1.11/1.25 and the
live load is multiplied by 1.2/1.5 before checking
the safety in accordance with Subsection £.14.. An
upward adjustment of the oad combination factor
.75 in load combination {b) of Article 4.1.4.2.
should also be made in increments of 0.0 similar to
that in Table K-3.

Loads Recommended for Use in
Evaluations

27. Loads specified in Part 4 concern primarily
the ultimate limit states and life safetv, and there-
fore relaxations are generally not recommended. .
Sometimes, hosvever, as discussed in the follow ing,
it may be possible to determine loads for evaluation
more accuratelv than for design. Earthquake loads
are discussed in Paragraphs 38 to 42.

Loads Due to Movements, T [NBC
4.1.2.1.{1) and 4.1.2.2.{2)]

28. Loads due to movements caused by temper-
ature change, moisture change and sustained stress
(e.5.. shrinkage. creep, differential settlement) may
usually: be nelected for structural evaluation of an



existing bunlding provided an inspection of compo-
nents and connections indicates no damage
affecting the safety of the building. This is because
past experience with the existing bunlding will show
whether such movements cause local damage or
displacements which may affect the strength or in-
tegnity of the building Ten vears of experience is
usually sufficient except for differential settlements
of footings on matertals such as clay, which can
take approximately 30 vears.

29. For upgrading, consideration should be
giren to differential moy emenls between new and
old materials.

Dead Loads, D [NBC 4.1.5.]

30. Where dead loads are determined from field
measurements, the uncertainty of dead load 15 re-
duced compared to design. Tables K-3 and K-4 take
this into account by means of a reduction in the
dead load factor. Stmilarly, Note 3 to Table K-3 al-
lows a reduction in dead load factor w here the load
is highly controlled, as for example hydrostatic load
in storage tanks.

31. Due to difficulty in the control of future in-
stallations of parbitions in office buildings, it 1s
recommended that 1kPa, as called for in Sentence
4.1.5.1.(3), be maintained in those occupancies

Live Loads Due to Use and Occupancy, L
[NBC 4.1.6., NBC 4.1.10.]

32. Loads due to peaple, such as those for
assembly, access and exit areas, have a direct effect
on life safety. Note 1 of Table K3 therefore allows
less of a reduction in load factor for loads in such
areas than for all other loads.

33. It may be possible in an existing building to
control some floor loads ta a value less than that
specified in Subsection 4.1.6. 1t the analysis of the
projecied use of the floor clearh indicates that the
NBC load. including dvnamc ettects, will not be
approached, then a reduction may be warranted,
provided that any future change from the use con-
templated 15 controlled. For example, Article 41 6.6.
allows a reduction in specified loads for dining
areas {rom 4.8 to 2.4 kPa, provided the floor area is
100 m- or less and the floor will not be used for
other assembly uses, such as dancing. Generally,
however, future use 1s ditficult to control and this
provision should be used with caution and only
with the approval of the authoritv having jurisdic-
tion.

34. The requirements of Sentence 41 10.5.(1)
concerning dynamic analvsis ot floors supporting
rhyvthmic activ itics need not be apphed 1if past
expernence indicates that v ibration has not been dis-
tinctly noticeable and that a change of use of the
floor area is not conternplated.

35.  For all other use and occupancy loads, it is
recommended that Part 4 be followed.

Live Loads Due to Snow, Ice and Rain, L
[NBC 4.1.7.]

36. It s generally difficult to justify a reduction
in snow’, ice or rain loads from those speaified in
Subsection 4.1.7 and recommended in Commentary
H. Despite apparent structural deticiencies accord-
ing to current Code requirements, however, many
vears of satisfactory root performance may indicate
a need to betler assess actual snow loads on the
building Special studies, including a companson of
local records of groeund snow accumulation at the
building «ite with those determined at the Atmo-
spheric Environment Senvice weather station, as
well as special model or analytical studies of snow
accumulahon on the building i 1ts location, may be
used to estimate more closely the site-specific snow
load The assumptions of such studies may not
apply, however, if there will be a change in roof ge-
ometrv or in wind exposure (e g, due to new
buildings). Also a change in snow or ice loads on an
existing buillding can occur due to changes in insu-
lation or indoor heating, or 1t can occur due to snow
shiding oft a sloping roof as a result of a change n
roofing material. See Commentary H for further
guidance

Live Loads Due to Wind, W [NBC 4.1.8.]

37. It is equally dsfficult to justify a reduction in
wind load from that specified in Subsection 4.1.8.
and recommended in Commentary B Despite calcu-
lated structural deficiencies 1n a building (according
to current Code requirements), manyv vears of satis-
factory performance may indicate the need to better
assess actual wind loads on the building. Special
studies, including measurements of w ind speeds at
the building site {as compared to those measured at
the Atmospheric Environment Sen ices weather sta-
bion), as well as model or analvical studies of wind
loads on the building in 1ts location. mav be used to
estimate the site-specific wind load more closely.
The assumptions of such studies mas not appiy,
however, 1f there is a future change in building
shape or local topography. See Commentary B for
further guidance.

Earthquakes [NBC 4.1.9.]

38. Current earthquake requirements in Part 4
and referenced structural design standards can
present major difficulties for rehabilitation, particu-
larly for heritage or other buildings of unreinforced
masonr_\‘_

39. Speafication-type clauses which cause diffi-
culties include restrictions.on structural systems for
bulldings rrore than 3 storevs hagh [NBC 4.193.(1)],

. requiremen! for reinforcement in masonry walls



INBC 4.1.9.3.(5)]. requirements that certain portions
of the structure fail before others [NBC 4.1.9.3.(4)
and 4.1.9.4.(1}], restrictions related to lateral deflec-
ttons and pounding [NBC 4.1.9.2(3) and (3)]. as
well as restrictions on detailing for earthquakes con-
tained in the referenced structural design standards

40. To help overcome these difficulties 1t is rec-
ommended that the NRC Guidelines for the Seismic
Evaluation of Existing Buildings' be followed. In-
formation on techmques for seismic upgrading 1s
contained in Reference (3). Reference (4) contains a
method of screening buildings prior to detailed seis-
mic evaluations and is essentially a management
tool for an owner or authority responsible for a
large building inventory.

41. The reduced load factor for earthquakes of
0.6 1n Table K-3 should be considered suitable as a
triggering criterion for seismic upgrading. For de-
sign of the upgrading, the load factor shouid be
increased, preferably to the NBC value, based on
considerations of future building use, control of
seismic damage (to the building and contents) and
the differential in upgrading costs with earthquake
force level. An exception is the upgrading of unrein-
forced masonry buildings covered by the special
procedure contained in Appendix A of Reference
{2), for which the criteria of Appendix A apply.

42. For many buildings in low to medium seis-
mic zones (Z, or Z, of 3 or less), life safety can often
be greatly improved at relatively low cost by pro-
viding lateral support to masonry and other heauy
non-structural components.

Serviceability

43. Serviceabihty requirements in Part 4
(Articles 4.1.1.5, 4.1.1.6., 4.1.3.3.. and much of
Section 4.2 ) and referenced structural standards
concern human comfort and the function of the
building structure for its intended use (operation of
equipment, drainage, protection function of the
building envelope, etc.).

44. The serviceability criteria contained in Part 4
and referenced standards are intended for the de-
sign of new buildings. For existing buildings, in
many cases demonstration of satisfactory
performance ehminates the need to appiv the ser-
viceability cniteria given in Part 1 and referenced
structural standards for structural evaluation. Unac-
ceptable deformation, settlement, vibration or local
damage will usually be evident to the occupants
within a period of 10 to 30 years from construction
Examples where serviceability evaluations may be
required include change of use, or alteration of
building components affecting the properties of the

structure.
45. A change of use, for example, might include
introduction of activities such as aerobics or foeing
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into an existing building In such cases, the existing
floor structure should be evaluated for such a use
either by means of a performance test or by calcula-
tion procedures (see Commentary A for further
gwdance}. An evaluation 1s also recommended for
intended uses such as the installation of reciprocat-
ing machinery or the use of equipment which is
sensitive to vibration, floor smoothness, slope, etc.

46.  An alteration of building components affect-
ing the properties of the structure, and therefore its
response to loading, nught include the removal of
partitions, which reduces the damping and stiffness
of the floor sistem and increases its sensitivity to
vibration induced by footfalls In this case, tf 1s rec-
ommended that the floor construction be reviewed
for the intended use before remon ing the partitions.
Similar alterations which may affect structural ser-
viceability include alterations to cladding and
partitions in tall buildings, which affects wind sway
motions, and the addition of heavy components,
which results in increased deflection.

47. In the case of earthquakes, the deflection cni-
tenia of Sentence 4.1 9 2.(3) are intended to control
damage of non-structural components This will
usually not have been tested by experience. For
guidance see Reference (2).

Durability

48. Durabilitv 15 a major factor affecting service-
ability and safety requirements which, although not
addressed 1n the general requirements of Part 4, is
addressed 1n Section 4.2. and 1n the structural de-
sign standards referenced in Sections 4.3. and 44
(often by reference to other standards, such as CSA
A231) The CSA standard on parking garages refer-
enced 1n Subsection 4.4.2. is concerned essentially
with durabilitv, as is a CSA standard (CSA S48 1-
93) on repair of reinforced concrete in buildings.

19.  Corrosion failures of unbonded post-
tensioned beams and slabs, reinforced concrete
parking structures, supports and connections for
precast or other wall panels, masonry wall ties and
deep foundations mav result in unsafe structures
without visible deterioration. References (5} and (6)
provide gutdance for assessment of such conditions.

50. Change of use eg, internal en\ ironmental
conditions) or alteration of the building components
(e g., insulation} may result in future detenoration
where none had accurred in the past, particularly to
exterior wall components Such potennal deteriora-
tion should be considered i the evaluation.

Structural Integrity

51.  In the structural evaluation of an existing
building, the ability of the structure to absorb local
tarlure without widespread collapse 1~ an important



property, which shouid be considered by the engi-
neering evaluator. This property can be assessed by
considering the likelihood of specific faitures due to
overloading, accidental damage, defects and deteri-
oration and, 1f there is such a likelihood, the ability
of the building (both structural and non-structural
components} to provide altemative paths of sup-
port. This consideration, however, is not easily
quantifiable and therefore involves considerable en-
gineering judgment. Tables K-3 and K-4 take
alternative paths into account by means of a reduc-
tion in load factors based on a consideration of
system behaviour See also Commentary C.

Foundations

52. The adequacy of spread footings can gener-
ally be demonstrated by satisfactory performance in
the past. Consideration should, however, be given
to spread footings that will be subjected to a signifi-
cant increase in loading. Consideration should be
given to deep foundations 1n situations where they
may have been weakened by deterioration.

53.  Guidance concerning earthquake effects on
foundations is given in Reference (2).

Referenced Structural Design
Standards

34. In the future each material design standard
referenced in Section 4.3. will provide guidance on
its application to existing buildings. Untit such
guidance is available, the evaluator is advised to
follow the ultimate limit state requirements for re-
sistance (including resistance factors) contained in
each standard referenced in Section 4.3. In the
meantime, information contained in Reference (7)
may be helpful.

55. Alternati\-ely, the building may be consid-
ered adequate on the basis of satisfactory past
performance, provided the conditions described in
Paragraph 18 are met.

56. Paragraphs 57 to 63 also provide guidance
for determining resistance by means of load tests as

an alternative to that determined by structural anal-
vsis.

Load Testing

57. Load testing can be used for structural eval-
uation where safety is in doubt (due to lack of
drawings or design information, deterioration, fire
or possible inherent deficiencies). In some cases,
load testing may be used to monitor the effects of
deterioration [see Reference (8) for guidance]. Load
testing is generally used in the structural ex 2luation

process as a last resort, because it is usually disrup-
tive and costly,

58. Most load tests of existing building struc-
tures consist of proof tests to establish safery.
Occasionally it may be useful to carry out destruc-
tive ultimate tests of isolated structural components
to determine their capacity and mode of failure.
Load tests can also be used to determine component
forces in a structure where it is difficult to apply a
conventional structural analysis.

59. In some situations a load test may not pro-
vide sufficient evidence concerning the future safety
of the structure. An example is a post-tensioned
structure with very little normal reinforcement,
where there is hidden corrosion of prestressing. Al-
though such a structure may pass a load test, further
deterioration may result in a sudden brittle failure.

60. It is important that in a load test, the struc-
ture be exposed and accessible for visual inspection
before, during and after the test

61. For proof tests, the loads should be applied
to the structure in a pattern representative of the ex-
pected loading and to produce the maximum effects
for the critical modes of potential failure as ascer-
tained by the e\ aluator The proof test loads should
be representative of the effect of factored loads
specified in Section 4.1., or some multiple thereof,
depending on the type of failure (gradual versus
sudden} and w hether the whole structure is tested
or only a representative portion. For concrete or
composite concrete and steel structures, the require-
ments of Chapter 20 of CAN/CSA A23.3-94 should
be followed. In the case of non-composite steel
frame structures, an evaluation can normally be
done by measurement and calculations. For other
materials, a test load (indluding the weight of the
structure tested) representing 1.3 times the total
dead load of the renovated building plus 1.6 times
the hve load should be applied for 2 minimum of 24
hours. The test should include the measurement of
deflections and recovery afier the load is removed.

62. In general, the structure is considered to
pass the load test if there is no evidence of impend-
ing failure during the test. In addition, there may be
an indication of serviceability problems under speci-
fied loads if there 15 excessive cracking or deflection
(short-term or long-term). This should be evaluated
considening past experience with the structure and
the contemplated future change of use.

63. For more gmdance on load testing see Ref-
erence (9).

Further Guidance on Methods of
Structura! Evaluation

64. Further gwdance on methods of structural
evaluation 1s ¢ontained in References (10} and {11)
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