i+l

NRC Publications Archive
Archives des publications du CNRC

Procedural sequence in repair of buildings
Mailvaganam, N. P.; Alexander, T.

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut étre I'une des suivantes : la version prépublication de l'auteur, la version
acceptée du manuscrit ou la version de I'éditeur.

Publisher’s version / Version de I'éditeur:

Indian Concrete Journal, March 3, pp. 1-6, 1997-03-01

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=cb67e685-a856-4972-818d-abbd5b809cct

https://publications-cnrc.canada.ca/fra/voir/objet/?id=cb67e685-a856-4972-818d-abbd5b809cc5

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at

https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’acces a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la

premiere page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

National Research  Conseil national de C dl*l
Council Canada recherches Canada ana, a



Institute for " Institut de
Research in recherche en
Construction construction

http://www.nrc-cnrc.gc.calirc

Procedural sequence in repair of buildings

NRCC-40687

Mailvaganam, N.P.; Alexander, T.

March 1997

A version of this document is published in / Une version de ce document se trouve dans:
Indian Concrete Journal, (3), March, pp. 1-6, March 01, 1997

The material in this document is covered by the provisions of the Copyright Act, by Canadian laws, policies, regulations and international
agreements. Such provisions serve to identify the information source and, in specific instances, to prohibit reproduction of materials without
written permission. For more information visit _http://laws.justice.gc.ca/en/showtdm/cs/C-42

Les renseignements dans ce document sont protégés par la Loi sur le droit d'auteur, par les lois, les politiques et les reglements du Canada et
des accords internationaux. Ces dispositions permettent d'identifier la source de l'information et, dans certains cas, d'interdire la copie de
documents sans permission écrite. Pour obtenir de plus amples renseignements : http:/lois.justice.gc.ca/fr/showtdm/cs/C-42

National Research  Conseil national
Council Canada de recherches Canada



http://www.nrc-cnrc.gc.ca/irc
http://laws.justice.gc.ca/en/C-42/index.html
http://lois.justice.gc.ca/fr/showtdm/cs/C-42




| 'Review Paper -

»i b

Procedural sequence in
the repair of buildings

This review paper presents the guidelines for a step- by—sfep
execution of any repair project. These procedures could make
the execution of repair projects systematic, which will serve
better to achieve the desired objective.

The sequence of activities involved in the repair of buildings
progresses from the identification of a problem, through the

..selection of a consultant, specification of repair materials and
procedures, drawing up of contractual documents, and fi-
nally, to the execution of the repair work. The principal paz-
ticipants in a repair programme are the owner and the
consultant who undertake both separate and joint tasks in the
resolution of the technical and financial issues at each step.
The procedure shown in Table 1 pmvxdes a methodology to
identify repair needs and establish a repair strategy'”.

Depending on the complexity of the problem and the
owner’s level of experience and technical competence, a con-
sultant may or may not be involved. In the latter case, the
owner would then have to perform all the repair tasks includ-

of appropriate specifications and administration of the con-
tract. In most cases however, a consultant isretained to design
the technical requirements of the repairs and to act as the
interpreter of specifications for the repair as well as adminis-
trator of the contract between the owner and the contractor,
The owner, being the best judge to assess the financial impli-
cations of the various strategies for repair, has to evaluate
answers to the questions "what, how, when and why" pertain-
ing to the repair and decide on the most suitable course of
action,

Noel P. Mailvaganam, Senior Research Officer, Nafional Research Councii's

Institute for Research in Construction, Ottawa, Canada KIAORS.

Tony Alexander, President, Construction Control Inc., Toronto, Canada.

Step-by-step procedure for repair
Elght steps have been detailed here which present both tech-

- nical and non-technical aspects that must be considered in the
- formulation of a repair strategy for reinforced concrete struc-

fures.

Identify the problem
Before proceeding with any remedial effort, it is imperative
that the cause, effect, and degree of influence that the identi-

" fied problems have on the present and long term serviceability

and integrity of the structure are established. Once the causes
are known, mechanisms of the problem can be determined.
Rational dedisions can then be made concerning a suitable
remedial action plan, selection of materials, preparation of
drawings and specifications. Proper evaluation of the problem
and understanding the cause, therefore, is crudial and is often

" the deciding factor between success and failure of a repair.

- Visual inspection will identify many problems. For exam-

ple, colour vanatmn, poor surface finish, segregated layers,
ing assessment of the technical needs of the repair, preparation ~

Iaitence bands, ‘cracking, honeycomibing or bad construction
joints in concrete are all symptoms of deficiencies in the de-
sign, matenals, or construction practices. Most of the observed
symptoms result from the simultaneous action of a number of
these factors, Table 28, While identification of the visible symp-
toms of distress helps to quickly focus on some common
concrete problems, it often requires a detailed investigation

by a non-destructive testing spemahst to determine the cause
of deterioration.

Symptoms of a deficiency must be differentiated from the
actual cause of a deficiency, and it is critical that causes and
not symptoms be addressed. For example, cracking is a symp-
tom of distress that may have a variety of causes. Selection of
the correct repair technique depends upon knowing whether
the cracks are active/passive and whether the cracking is due
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Table 1 Flowchart giving a methodology to identify repair needs and establish a repair strategy

Steps Oumer activities

Joint activities Consultant actioities

1. Identify problem

C Identify performarnce issues)

Establish objectives

2. Define objectives |

3, Obtain expertise

t"‘ lect expert consultant]-ww-—-—-F&sent qualifications and experienc;!
H .

|Review owmner’s objectives‘
i I

Design Agree/modify evaluation protocol Develop evaluation protocol

+ evaluations lﬁ Al P — i protocol}
No No | Conduct evaluations
5 Perform - No
' evaluations evaluation
adequate
Examine operational and financial issues I-—-—-—{Rgview findings and implications j'——Yes -—-——-——l
Assess ophons .

6. and select &S 4N D

strategy S

hould repairs
proceed

5 congultant

7. Design repairs required?

Yes--——-{Detem'ﬁne form of contract ’—-—-——-[Design repairs and obtain bids I

|Kdminjster and review mntxact%

8.  Perform repairs

Assess bids

’ |Administer and review contract i—-———-——-—-

{!'Iepare detailed maintenance ptocedures]
Establish — p
9 maintenance |Finalise “me procedures|
procedures .
Review cost implications of | [ Al N l Prepare detailed maintenance
maintenance procedures Finalise repair procedures ? procedures
Select !
10. maintenance Award maintenance oorltrac:]
contractor

to causes such as repeated thermal cycling, accidental over-
loading, drying shrinkage, inadequate design or construction,
etc.

Define objectives

A decision to repair or replace a structure involves issues such
as service life cycle analyses. The life cyde of a structure is
often determined on financial rather than technical considera-
tions. Economic life assessment requires analysis of various
data such as the initial investment, costs for administration,
energy, repair, inspection, cleaning, etc’. The technical factors
may include assessment of environmental condition, nature
of loading, service conditions, safety, and structural changes
{including additions and alterations).

Soon after the ﬁroblem has been identified, the owrner must
establish the objectives of the repair as well as any constraints
that would affect its implementation. The objectives and con-
straints usually include aesthetics, funding, limitations on the
amount of repair that can be performed at one time, the life
expectancy of the repair, and the maintenance that the owner
intends to do once the repairs have been completed.

Obtain the necessary expertise

Having elected to proceed with the repair work, the owner
must decide whether an expert consultant is required to assist
in the development of repair strategies or the coordination of
the repairs. The selection of the expert should be based on
relevant experience with similar evaluation work, and finan-
cial capabilities,
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Table 2 ;: Characteristics and causes of cracks

Cause Time a_f formation Manifestation Remarka
Plastic settlement  First few hours after Cracks along lines of Cracks can be large (> 1 mm)
(slump cacking)  casting reinforcement

Cracks at changes in shape of
secton

Plastic shrinkage  First few hours after ‘map’ cracking or long cracks on Y L ] /’ -~ Cracks can be large (24 mm not
casting surface of slabs cast in drying \3-/ J.‘_F uncomman)

conditions -

EBarly thermal Not till after several Large cracks at construction joints - ‘ ‘ 1 . Can be controlled by reinforcement (< 0.4

aacks . . months or years from inwall, Other cracks depending * mm) by limiting pore sizes or control of
construction on nature of restraints _ temperature

Shrinkage Not till after several Similar bending or tension aracks Usually small if reinforcement present
months or years from see below (< 0.4 mm)
construction .

Corrosion Not till after several Cracking along lines of bars, —_— Initially small (0.2 mm), increasing with
months or years from developing into spalling time; rust $taining may be visible in wet
construction = condition

Alkalt-aggregate  Not till after several Qecurs in wet conditions O J 7o~ Cracks can be large (> 1 mm)

reactions months or years from frequently as 'map’ gacking. Only . / \ -
construction occurs with certain types of * - l ,’;)_L

aggregate
Loading in service Depends on usage of Generally small (< 0.4 mm) if design for
: tension sheaar )
structure f'\ﬂfﬂgf TN [ /; strength is satisfactory. Large cracks are
Sabg T eyl generally an indication of
misunderstanding of the response of the
structure at the design stage

Restraint Depends on external wrsion pona Usually small (< 0.4 mm}if sufficient

influences, settlement, ete. ‘ﬁ . . — reinforcement present
| ——
bond flexural concentrated load
--Creep deformation First 5-10 years 1. Shortening in the height of a

concrete framed building

2 Deflection of stabs at mid-span
3. Crack development in the slab
or beam soffit at mid-span and in
the slab or beam top surface over
supports

The owner and the consultant must come to a mutual  be ned by using the agreed protocol. The additional

agreement and understanding of the objectives and con-  inv._..:ation requirements should then be presented to the
straints, including the financial, operationaland technicaicon-  owner and agreed upon as before.

siderations that not only affect the methodology of the repairs

to be performed but also the level of effort and investigation Perform e"’a“"atio“ i
techniques that the consultant will use to assess the repair  The prime objective is to identify the possible causes s of any
needs. visible distress and to establish the structural integrity, and
satisfactory performance of the structure. Often this requires
Design the evaluation protocol an indepth investigation which can be categorised into five
Evaluation of the distress in a structure is to obtain informa-  tasks’ —

tion on the extent of deterioration, and to establish the cause

and significance of such deterioration. Based on the agreed *  collation of information

objectives, the consultant should develop an evaluation pro- +  establishment of in-service conditions
tocol. The nature and purpose of the various tests and analyses . . B
should be reviewed and agreed upon by the owner beforethe field visit

consultant begins the evaluation. Evaluations can be per- *  detailed survey

formed in stages, making it possible to minimise the cost of .

the evaluation by eliminating some of the tests that become *  evaluation of data.

unnecessary as information is gathered. On the other hand,
during the course of the evaluation the consultant may deter-
mine that additional information is required beyond what can

(i) Collation of information : The firsttaskinvolves
the collation of all existing information on the
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Table 3 : Decision matrix for selecdon of deck rehabilitation method

Crierion Concrete  Waterproofing  Cathodic Rationale
overlay brangand  protecti
paving
Delamination and spalls exceeding 10 percent of the deck No No  Where extensive patching is required, it becomes more
area ' economical and more durable to construct a new concrete
‘ overlay..
Corrosion potential more negative than -0.35V over more No No  Patch repairs and waterproofing rarely reduce corrosion
than 20 percent of the deck area activity and may accelerate it.
Moderate on heavy sealing exceeding 10 percent of the The amount of patching becomes too expensive and
deckarea consequently unecohomical.
Active cracks in dack slab No No Cracks active under live load or temperature change are
reflected in a conarete overlay
Remaining life of structure less than 10 years No No  Additional cost of a concrete overlay or eathodic protection
' is not justified.
Concrete not properly air-entrained No  Applcation of a bituminous surfacing (without
waterproofing) may accelerate deterioration of the concrete.
Complex deck geometry; skew exceeding 45° curvature No Concrete finishing machines (especially those used for low

exceeding 10°, or changing superelevation

Limited load capacity of structure No No
Electrical power unavailable - No
Epoxy injection repairs previously performed and will not - No
be removed :

slump concyete) have difficulty accommodating complex
Bituminous overlay is a nonstructural component. Concrete

overlay can be especially useful where the span to thickness
ratio of the deck exceeds 15",

Power is required for rectifier (unless mains, solar, wiﬁd, or
battery power can be provided economically)

Epoxy insulates the underlying reinforcement from
cathodic protection

* Capacity after rehabilitation must be verified. Additional strengthening may be necessary
" See OHBDC section 7. §

e

structure. Once all the pertinent data is collected,
a detailed review is carried out and a check list is
prepared. The check list should include all data
which is required for an indepth evaluation.

(i) Establishment of in-service conditions : This
task ascertains the extent to which the intended
function of the structural components matches
the in-service conditions. Once a preliminary as-
sessment of the design function of the structural
components of the building is made, the follow-
ing items should be identified®”? ;

- areas of high stress

-~ areas exposed to freezing and thawing,
temperature and humidity fuctua-
tions, dry or wet environment etc.

- existing service conditions, that is,
heavily loaded areas subjected to vibra-
tion, abrasion, exposure to chemical
spillage and elevated temperatures or
temperature variations and variation
in wind loads.

(i) Field visit: The first two tasks give a preliminary .
overview of the condition of the building being (i)
investigated. During the site visit, specific and
detailed notes should be made, preferably on
pre-planned sketches and tables, The following

is a list of the activities to be completed during
the site x‘.rif.its’s’lu :

- observe visual condition

- note condition of the areas of high
stress

- make photographic records

- note condition of areas exposed to the
elements

At
+  ‘identify areas of concern

- identify cracks and locations of spalied
and deteriorated concrete

- carry out limited measurements, for ex-
ample, crack width and length, extent
of spalling or delamination etc.

Such a preliminary assessment provides the req-
uisite information upon which a decision to con-
duct a more detailed investigation can be based.
The areas of most concern should be identified
and the requirements of a more detailed survey
established,

Detailed survey : A detailed survey should in-
clude non-destructive tests, a core-sampling or
brick removal programme, dimensional meas-
urements of structural components, mapping of
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cracks, installation of instruments to monitor
movemertts of cacks or movement of the tar-
geted structural components etc. A list of all tests
required to be done, and their relevant details
including respective advantages and limitations
should be drawn up at this stage5'7'u.

(v) Evaluation of data : Establishing the problem,
the probable causes and factors influencing the
deterioration requires careful study and analysis
of the information gathered in the investigation
stage. This usually involves proposing a hy-
pothesis and testing the resultant scenario
against the observed facts. Two or three such
hypotheses and scenarios may be looked at and
tested for their veracity against the available
facts. Examination of the available facts often

. reveals the need for further investiﬁation to re-

solve unanswered questions""zn'u’

Select a repair strategy

Based on the evaluation, alternative methods of repair in
keeping with the owner’s objective could be considered. The
completed technical assessment and the suggested repair
strategy should be reviewed jointly by the consultant and
owner. The owner must then ascertain the impact that repairs
will have on on-going operations, the future use of the prop-
erty, and determine the most appropriate alternatives of fi-
‘nancing the repairs,

Owmers should assign high priority to the repair of struc-
tural defects to assure a safe and serviceable condition. When
repair costs are high, restoration work can be staged over
several years which makes prioritising the work essential.
Contingency funding, for latent areas of deterioration which
were not noted in the investigation, is important. Should the
repair prove unnecessary at the time of the investigation, the
progress of the deterioration in the structure should be moni-
tored for any changes that would signal the need for another
evaluation or remedial action.

Design the repairs

Based on the technical and economic considerations, the serv-
fce life of a structure can be established and a decision to repair
or replace it can be taken. Once a dedision is made to carry out
repairs, an activity matrix which includes names of structural
elements, type of degradation, type of repair, method of re-
pair, and recommended repair material should be developed.
An example of a decision matrix is shown in Table 3. The Table
deals with practical considerations in selecting a rehabilitation
method exclusive of costs. The matrix is constructed in a way
that it leads, by elimination, to the selection of the rehabilita-

tion scheme which has the least disadvantages. The criteria in '

the table are not rigid because of the complexities of the
decision making process, but the figures are a useful starting
point which could be applicable to most structures™.

The selected method of repair should achieve one or more
of the following objectives™ :

*  prevent the ingress of corrosion promoting materi-
als such as moisture, chlorides and carbon dioxdde

«  reinstate the structural integrity of the element by
restoring or increasing its strength and stiffness

¢ improve durability
*  improve the appearance of the concrete surface.

If the repairs are simple enough for the owner tobe able ta
develop the spedification and contract documentation for the
needed repairs and administration of the repair contract, the
assistance of the consultant may not be required. Often how.
ever, a consultant is retained to develop the technical design
of the repairs, induding the selection of repair materials, the
description of the techniques to be used to implement the
repairs, and the locations where the various repairs are to be
performed. The owner and consultant together should agree
on the form of contract that would best suit the proposed
repairs. R :

Perform the repairs

Depending upon the specific condition of the deteriorated
structure, the options for the repair included are ; crack injec-
tion, patch and waterproof, concrete overlays (including nor-
mal slump concrete, low slump congrete and latex modified
concrete) and cathodic protection®®",

Once the spedifications and contract documents have been
prepared, the owner or the consultant invites bids from con-
tractors to do the specified repairs. Contractors should neces.
sarily be prequalified, that is, only contractors having
experience with repair work of a similar scope and type
should orovidebids. The owner and consultant should jointly
revie: e bids and select a contractor. The selected form af
contr  .an then be formalised by the owner and contractor
after +...ich the repairs begin.

Two types of contract that are commonly used are the
Stipulated Price (SP) contract and the Unit Price (UF) contract,
The SP contract bases payment on a lump sum value for the
repair work, which may seemattractive to owners. It demands
however, that the scope and extent of the repair work be very
well detailed in the technical specifications and drawings for
the repairs. This isnotalways possible for the repair of existing
structures that usually have hidden conditions. The UP con-
tract bases pay on the actual amount of repair work done to
rehabilitate the structure which allows the total cost of the
work to be adjusted to accommodate hidden conditions. This
type of contract demands more on-site review of the work by
the consultants to assess the extent and cost of the work
needed.

The consultants should frequently review the repair work
in process for general conformance with their design in order

to resolve the technical issues that arise during the repair.
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process and verify the quality of the repair work as it is being
performed.

Cc:nclu's.iﬁmc{!r\'\rﬁ> rema r[<$ .

While the methodoldgy of repairs that is adopted will vary
from case to case, the broad guidelines presented in this paper
are applicable for any repair project. These could form the
basis for systematic execution of all such jobs.
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