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Whether you are involved with Lhe preseryva-
tion, rehabilitatian, repair, restoration or
meplacement of a structure, understanding the
reason il has delcriomaied is the first siep
torward a sucoessful k. Afthough each repair
situalion nezds 1o be apprached based on jts
panicular cireumstances, some basic principles
apply.

Determination of the cause, severity, and
exient af concrete detcriaration, provides
essential information needed to make deci-
sians conceming Lhe cormect repair approach
and selection of appropriate materials, This
informalion #lso helps the owner decide
whether it would be more beneficial in the
long term 15 consider complete remaval and
replacement instead of repair.

When cvalusting distressed concreie, it is
important to clearly distinguish belween
symptoms and causes, Cracking as well as
ltakage nre cxmmon symptoms visible s a
result of carlier problems with dasipn, work-
manship or materigls,

Fixing only an unsighily symptom without
determining Lhe actal case is sure fo result in
anather repair project in the near future.

The American Concrele [astilute pravides
Mumcrous guidelines and checklisis of items to
cover when examining structunes (ACT 224,
364)

An evalimtion will generally involve the fiol-

lowing steprs:

- A.Document review: Plans, specificalions,
mainlenance and repajr weords.

B. Sitc Obeervations ; Visual inspedtion of dis-
tres3 and enverall structural conditinn,

C. Field measurement of pertinent items such
as senlement, expansion, crack width etc.

D. Non-destructive testing of in-place con-
crele, :

E Exploratory openings 1a inspedt condition
of hidden maierials,

F. Sample: emoval, testing of specimens and
analysis of pesults.

The aberve items will felp provide informa-
tion o explain the observed structural detsrio-
ration.

- As an engineer begins an evaluation and
cxanines the background or history of a struc-
fure, B review of available profect documents
saves time and money by providing informa-
lion [hat may otherwise require cosily “as-
buill” surveys or testing,

Owners sheuld retain such documents as
dmawings 2nd corstruction reoords which help
direct & mare efficient use of time in the field
when conducting site obasrvations, Use of
this information can preduds the wse of repair
techniques or materials which were successfil.

Ficld measurements of cracis, seiilemenis or
deformations, and observations of lealage or
waler redated damage help to build & picture of
e mechanisms involved wilh the observed
deterioration. Non-testructive testing msthods
such ns impulse mdar, pulse-velocity and
pulse-echo can give & relative indicaiion of the
location of reinfonsing steel, voids, delamina-
liors, eie, and thereby, pravide n basis for the
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location of subscquent explomtary openings provide representative information of the in-
8ad required stmpling frequency needed to  placr materints

ement Requires A Thorough Evaluation

Ornee the canse of the deterioration is deter-
mined, a suitable repair technique can be
developed. The development of repair
methodalogy will likely include the fallowing

Sleps

1. Define the ohjectives of the rcpair, The
objectives should address the durabilily
requitements of the repairs, and in some o
may include an improvement of the ariginal
structure.

For example, the objectives of repair for a
chloride contaminated parking deck should
include Lhe remaval and replacement of the
delaminaied concrets, and kesping moisture
away from the concrele to reduce future cor-
rosian. The addition of a walerproofing
mermnbrane would be an improvement of the
original stnxTare,

2 Lis all feasible concsprual options for the
repaira. Oplions will always include the
complete removal and replacement of the

siructvre. ‘The owner's options may also
(Comniinued on Page 31)
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include judicious neglect which may be the
mas coonomical option in the short trm.

This may be Lhe case where the intended ser-
ﬁmlil‘:o[l]tmmhnbmmdnd.w
only minor surgical damage is evident in a
structure scheduled for replacement in the near
furre,

Concxptusl repeir options also often indude
variows applicaion methods such a5 sholeret-

botom of the form work (arrow).

ing., placement by pumping inlo the forms,
hand patching, or conventional cast-in-place
methods. Based on the intended service Lile of
the repair the engineer may recommend the
application ol sacondary proteclion such as
walerproofing membranes.

3. Once the best repair approach has bean
developed, seitable materials should be seleat-
ed The selected materials should be resistant
Io the clements that cursed the ariginal materi-
als |o deterionsie. They shoufd also be campati-
ble with the original materials, other repair
matstials and the apglication method, Each of
the relevant propertics should be considered
before selearing or specifying a material

4. The feasibility of the repair approach
shonld be evalualed. Sile limilations such as
cxpected weather condilions, acoess for large-
equipmenl, 2nd time constraints should be con-
sidered. .

5. The refined conceptual repair methodology
should be evalualed 10 determine ils eonomic
value, In many cases, the most durable repair
s the most expensive one.

- If the structire ean be easily put oul of servics

periodically, a less expensive (and less dureble)
repit may be the mest economically justified
appmach. However, if the struchure cannet be
Put out of service without a cost penalty, the
most durable (and most expensive) repair
should be selected. Life cyele analysis of the
fepRir costs are routinely performed by owners
la economically evaluale repair alismatives.
6. Once a conceptual repair altemative has
been selected, 4 set of specifications should be
prepared 10 assare thal all repair altematives are
med,

Al this siage, 2l demils related 1a the repairs
should be worked out. [n some eases struchoral
analysis may be needed 10 determine the size
and sgacing of supplemeniary reinforcing steel,
Of course, good specifications will not be
cHective without proper field monitoring.

At any given suge in the development of

For the ledge repuairs, & punpeble cementitious pateh mir was pumped through a port af the
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Dol necessarily be estimated using standard
eslimating guides such &s Means Construction
Cost Data.

In preparstion of repair altematives, econom-
ical evaluation is protmbly the most Frequently
neglected si2p. However, without the kmowt-
edge of repair cost, remaining usefid life of the
structure, fife cycle analysis cannot be per-
forrmed.

repais, the engineer may have o repeat the
shove process, For emmple, if' the economical
cvalualion of 8 repair aliemative indicates that a
ecytain altemative is cast prohibitive, he may
have to re-defing the repair objectives 1o pro-

It is important that the gwner, the engincer
und the eoalractor communicate in the above
process. 1t i8 obvious (hat the evalearion pro-

In summary, & suecessful repair project
begins with & thorough evaluation to delerrnine
the cause of deterioralion. Repair procedres
should be developed o meet the particular
objectives and linitations of the project,

Repairs are most successful with proper qual-
ity controt and quality assirance. 1t is impor-
ani to undersand the roll of the owner, the
engineer end the contractor in this process,

€255 should be iniliated by the awner and per-
farmad by Lbe enginser.

Hawever, many enginecrs and owners
neglect the imporznce of involving the con-
tractors in lhe development of repairs. The
evaluation of feasibility of a repair procedure
should involve 2 contrcior cxperienced with
Lhat pamicular type of repair,

Another arca whene the input of a contractor
is needed is the economical evaluation of the
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be intricate and specific 1o the project, and can-
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