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TECHNICAL PAPER
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ABSTRACT

Part 1 presents on assessment of the serviceability
state of a number of reinforced concrete stuctures in
the Cape Peninsula, from a durability cerspeciive. It
is shown that structures in @ mild coostofexposure
climate can manifest cracking and spelling at as litle
as 20 years on average cffer construction, while the
Cor'espcr\dmg igure for severe exposure is [ kely to be
about 15 years on average. Maintenance and repair
opfions are declt with, and fypical repc:lr cosls are
preserted for siructures in vari tion cafe-

gories. Repair costs increa s daferio
ration procecds suggesfing d be car
ried out as early as possible structure.

1. INTRODUCTION

Although reinforced concrete struciures can be expected
fo show good durability, many structures in the Cope
Peninsula crea are currently experiencing deferioro-
fion coused primarily by reinforcement corrosion.

The underlying recsons may be identified as o lack of
undersianding of the corosion mechanisms and inade-
quale spec fications for achieving durable concrete at
the design stage, poor workmanship at the construction
stage, and a lack of knowledge and application of
maint eroncQ management strategies by owners of the
srru\,h,res The environment in the Cape Peninsula is

one of hlgn percentages of airbome chlorides, coupled
with hot, dry and windy summers, ond cool wet winters,

1: Severe spalling of concrefe
fo chloride-induced corrosion

all of which combine fo create C} harsh environment for
reinforced concrefe structures, It is becoming increas-
ingly obvious that poor specwfwcohons and site practice
have major implications for the cwob:my of struciures in
this high risk climatic zone.

Port 1 of the paper comprises on invesfigation info e
rate at which reinforced concrete structures deferiorate
in the Cape Peninsula due to reinforcement corrosion
and what the cccompanying repair costs are.
Formules are included to enable the calculation of
future values of repair costs for budgeting purposes
and also to enable the calculation of rron%ly/cmnuoi
decc»w amounis in order to save sufficient money for
future maintenance atf o specified date.

Part 2 of the paper (which will be published in the
November .s;ue}- will comprise a discussion on
aspects of decision models and life cycle cosfing for
deferiorating reinforced concrete structures.  This
theory is then applied in the form of an example, in
which it is aftempted lo establish the most economic
point in the deterioration r_yc_\e fo carry out periodic
maintenance and repairs. From the results of the
example, the importance of a planned preventative
maintenance strategy is highlighted.

2. DETERIORATION OF REINFORCED CONCRETE
STRUCTURES IN THE CAPE PENINSULA

2.1 Deterioration mechanism.

The deterioration mechanism that is considered in
this paper is limited to the corrosion of reinforce-
ment caused by the ingress of environmental chlo-
rides o"‘y The chloride ion (C&) is particularly
aggressive fo sfeel reinforcement in concrete,
causing pifing corrosion of the stee which in
time may res-ﬁ in severe spalling of the concrete
cover layer — see Figure 1. The corrosion mech-
anism is summarised in Figure 2 which shows
that in chloride corosion, pitting results from small
anodic ond large cathodic oreos which may
cause substanti Ef\oca\ loss of rebar section.

Current studies at the University of Cape Town
are showing that chlorides can peneirate 1o the
level of reinforcing steel and exceed o threshold
concentration value within 5 — 10 years of first
exposure in the Peninsulo area, particulary
where struciures are exposed fo wind-borne chlo-
rides. Wiih the high wind VeIOﬂ'Iiﬂs in the areaq,
chlorides con be carried many k |
and penetraie concree structures re
marine splash zone.(?

niang

2.2 Deterioration rates.

nfluence on
s the external

f chlorides in the
which causes

enwonmeﬁf : ine am

air, or witnin the marine zone
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Figure 2: Corrosion mecnhanism for chloride corrosion of steel
concrete fo deteriorate more ropidly than in a ing it's seafacing side holisfically i.e. not only
salHree environment. considering localised comosion and spalling
‘ _ buT conaldewng the sea-facing side of the sfruc-
Other important factors are the cover fe rein : facing side was
forcement, the strength of concrete usbd r uniformity of the
lccation of the element in the st culesf mary was made of
tion, and whether the s”‘uc;" pain andl Hhie dats vk
ed/coated or repaired before. i sheet
Seme parts of a siuciure deteriorate a1 ; Lo
‘ rise the extent of deterioration
others. Soffils lend o deferiorate faster mainly i
z o em had to be used. The cho-
fo unfavourcble maisture conditions, and \q
: ; I A e n system is one from the North
cover fo reinforcement. It is almost |mpcsmo\e to e,
Y i : Carolina Depariment of Roads in the United
find struciures that are sudjected to exactly the 5
e ‘ : i Stotzs, now also used in South Africa by the
same conditions and that consist of the same con- in : : ) .
. D of Transport in their Bridge
crete. The devalopment of a relotionshio between . 1
: S . lanagement software  pack-
tims and ameount of deterioration is therefore a dif i -
: e s i A ification system was modified
ficult task. This is discussed further below. : S
slightly so lassify reinforced concrete ele-
2.3 Assessment of existing reinforced me i subjected fo such great loads
concrete elements 5 s. The classification system used is
‘ _ ' own in Table 1 mdlcoﬂng 10 categories,
MNumerous sfruduues were investigated in o ing a degree of deferioration,
arder fo ob:o_m an overall assessment of the & L ueﬁerxoronon (category 9) to
rate of deTer‘\orQhon of requced concrele - solution [category O],
shuciures in the Peninsula (with one sfructure
from Saldanha Bay also being assessed). o it e
T e ’ j ; eparated info two cate-
The assessment involved a visucl inspection » .
N | either mild or severe
and @ search information on the oge, 5
. . . uctures
caver to reinforcement, design concrefe ] envitanments, ahugiies
strength and whether repainting or repair had m from the sea or in the sea were
besn caried out. For some of the structures, peing in a severe envircnment,
recent fests for carbonation deoth, chloride further away were classified as
diffusion, oxygen permeabiliny and porosity being in a mild environment. An attempi was
I"‘Od been corried out Clrld TI"*GS@ \'ESU“S were lec mage to gw'\id s Fgr as posgib‘a‘ struc-
also used to get a clearer piciure of their cur tures that had previously been pomred &
rent state.  However, in ge”e‘d no festing repaired so as fo limit the amount of uncer
was carried out fo esiablish the depth fo - L+ rid | )
; - : ‘ fainty. This collected dafa was then plotted
which chlorides or the carbonation front had T
or the different exposure zones and curves
penefrcﬂed the structure.
were drawn which give an indication of defe-
The visual cssessment involved inspecting the rioration trends in the Cape Peninsula.
reinforced concrefe element or structure and rat-
Concrete Beten 9 No. 81 - August 1996
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Table 1: Deteriorafion classification system

RATING CRITERIA AND GUIDELINES

Q| Excellent New Condition

8 | Very Good

Minor shrinkage or femperature cracks

7 | Good

Nen-structural cracks, light spalling, no rust stains visible through cracks yet.

6 | Satisfactory

Mare significant non-structural cracks, moderate spalling, no rust stains visible.

5 | Fair Some section loss due o minor spalling, scour, efc.
Struciural cracks with light rust staining.

4 | Margincl More general section loss due to deterioration, sFolhng, scour, efc.
Structural cracks with moderate rust staining visible.
3 | Poor Advanced deterioration, spalling or scour exposing reinforcing stesl.

Structural cracks with severe rust staining.

2 | Very poor

Significant structural cracks. Re-bar exposed or rusted.

] Critical

Indepth study required to decide whether to repair/replace.

0 | Beyond repair | Replace is the only reasonable solution.

Due to the fact that often insufficient informa-
fion was ovailable regerding the cover to
reinforcement, dasign concrete strengths and
water/cement ratios to make corrections to
points on the curve, it was decided fo ignore
correction factors and plot oge versus deteri-
oration based on a visual assessment only.

The two deferioration curves drawn from the
data are shown in Figures 3 & 4. The doted
lines indicote extremes and the shortdashed
line indicates a trend. The \Orlgdoshed line rep
resenis a possible frend for younger structures.

The younger structures in @ mild coastal expo-
sure climate begin cracking and spalling signit
icantly at an average age of 20 — 25 vears,
and those in a severe exposure climate af about
15 vears. It is also clear that structures in o
severe exposure climate deferiorate much faster
than those in a mild exposure climate, taking
about 30 vears to approach @ stage of maxi-
mum acceptable deferiorafion. An inferesting
aspect of the two curves is that there are older
shuciures in both of the exposure zones that
show remarkable longevity. For example, from
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Figure 3: Mild coastal exposure deferioraiior
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Figure 4: Severe coastal exposure

the mild coastal exposure curve it can be seen 3.1
that no structures were found fo be in a very
poor or critical condition even though two struc-
tures were older than Q0 years. It appears that
younger structures in the mild — environment will
reach a stage of maximum acceplable deferio-

ration after about 40 years.

When examining the curves, it is important to
keep in mind that they merely indicate trends
and are not adjusted for factors such as cover
thickness and concrete strength. The curves are
indicators of ime spans to reach certain stages
in the deterioration cycle and can be used fen-
fatively in conjunction with repair cost data for
future budgeting purposes.

MAINTENANCE AND REPAIR OPTIONS, AND
REPAIR COSTS

Affer some fime, most structures in @ marine envi-
ronment show signs of distress, whether cracking
or -spalling, due fo envirenmental effects.
Reinforced concrete, like other construction
materials, may not be maintenance free and the
future will require the development of redlistically
costed maintenance policies dllied o appropriate
repair strategies. On the other hand, “Design
for Durability” needs to be more closely investi-
gated by engineers with o view to this being
possibly the most economical option on a life-
cycle costing basis.

deteriorataion curve

Maintenance and repair policies

Maintenance policies applied to existing rein-
forced concrete elements or structures generally
involve the decision to implement one of the fol-
lowing repair philosophies. 4!

(1]  Leave alone and accept the existing sfate of
deterioration, monitor the deterioration with
time and provide stuctural propping as
required. (This is the way it is mostly done at
present.) This implies doing nothing other
than incorporafing measures to profect public
safefy and accepting a significant reduction
in sructural strength or struciural serviceability.
Figure 5 shows a schemalic representation
for this option. There are many Peninsula
structures where this stale of offairs exists.

[2) Apply barrier coatings fo inhibit further
ingress of aggressive agents and fo
atiempt to prevent corrosion.

(3] Break out damaged areas fo the reinforc-

ing steel or beyond, treat the sieel, restore
with a high quality patch material and
apply a barrier coafing fo the damaged
Ond SUFFOUHding areas. These are essen-
ticlly holding repairs to slow down the cor-
rosion rate, accepfing the need for further
repairs ai intervals in order to reach the
original infended life of the structure. See

Figure 6.
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(4)  Cathodically profect the reinforcement from
corrosion. This will enable the  structure to
survive for its intended life and even
beyond. Figure 7 illustrates schematically
the opplw’coﬂom of cathodic profeciion and
repairs at an arbifrary oge of 20 years.

(5] Chloride removal and/or re-alkalisation
of the concrete. This method of repair
removes chlorides that have penefrated the
concrete and restores the pH of the concrefe
o a level which renders the reinforcing steel
passive ogain l.e. with the necessary sur-
face protection no further corrosion should
fake place. However, the technology is still
largely in its developmental stages.

(6)  Cut out the member and replace completely.

Further options include demolition and/or the com-
plete replacement of the structure. The choice will be
closely allied 1o the funds available for maintenance
and how these are distributed over fime.

Whatever the decision, the sirafegy must be based on
a thorough structural invesiigation, the prime aim of
which must be to discover the cause of the distress or
deterioration.

3.2 Costing of repairs

This section deals with repair costs, bosed on the
deterioration classification given in Table 1. These
costs can be used for budgefing purposes, or to
assess mainfenance opfions.

The formula used for repair cosfing was:-
Cost = [Material Cost + Labour Rate +
Access Factor] (1)

where:

Material cost — Actual costs |1994) calculated from
quotec costs by manulaciurers of repair
materials (applied of recommendad
coverage rates and number of coats
specified in product infomation manuals).

Lobour ratle  — Actual costs [1994) quoted by
contractors fendering for reinforced
concrete repair work (includes all labour
costs, wastage, profit and cosfs of
consumables e.g. paint brushes, frowe
rollers, solvents, gloves, sic.]

3,

Access factor — Cost of access 1o areas on siuctures
io be repaired. This will vary to a large
extent depending on the size of the
stuciure and the location of areas to be
repaired e.g. scaffolding for a 10 storey
building will increase the cost of repair
work by o large margin compared fo
repair work at ground level.

When estimating costs to repair reinforced concrate,
the access factor will always have a major influence
on the fofal cost. When repairs are initiated on a
structure where scaffolding has to be used to access
the areas that are deteriorating it is wise to do the
best possible repair job using materials of superior
quality to ensure a long life from the repairs. When
repairs are carried out at ground level, it is easy fo
come back from time fo time for further repairs. The
importance of thorough supervision on site whilst
repair work is be'mg carried out fo ensure good work:
manship, especially in areas that cannot easily be
accessed af a later stoge, must be emphasised.

Another factor that has to be individually assessed for
every repair job is the actual fofal crea affected or defe-
riorated. This is different for every siructure and can nor
mally only be measured ence removal of defective con-
crete has commenced due to the fact that some detericr
ration may not be identified during a visual assessment
of the structure.

For the costing exercise in this study, areal extents of dete-
rioration |and hence of necessary repair) expressed in
percentage ferms were arrived at by a visual assessment
of structures. These percentages varied greatly, e.g. from
50% - Q0% for category 3, and from 2% to 20% for cat
egory 6. In the costing exercise of repair of 1 m? of rein-
forced concrefe, averages of these percentages were
used. This means that the unit costs arrived at to repair
will be the same for another structure On\y if the extent of
detericration is the same.

To esiimate the length of cracks 1o be injected with @
crack injection resin in category & alse proved to be dif
ficult because each square meire on a shucture s differ-
ent from the next. For purposes of this cosfing exercise it

was foken to be on average of 1 m/m?.

An example is given below which illustrates how the
Fofmu‘[] giVen ClbOVe ShOU|C[ be USed - see EXOmple I L
The example shows the fotal cost/m? 1o repair rein-
forced concrete in category 4 lexcluding access cosls).
Cther categories can be treated similarly, although the
individual items of work required will obvicusly vary.

- Table 2 contains a summary of costs for repairs in

each category, assuming repair materials are sup-
plied by four different manufacturers, calculated in
the same way as in Example 1. The work done to
category 9 and 8 should not be categorised as
“repair work” but rather as “profection”.  The third
column lists the percentage of 1 m? that is assumed
damaged and is fo be {epox’red, It is important fo
keep in mind that these percentages vary to a grear
extent and will be different for every structure.

It should be noted that the durability of patch repairs
is nof always assured, and has not been convincing-
by proved by longterm observation. This is particular
ly frue if incipient anodes are created at the extremi-
fies of the repaired zone, by not adequately remov-
ing chloride-contaminated concrete.

DETERIORATION, REPAIR — CAPE
= -

Concrete Beton

No. 81 - August 1996



JH. STROHMEIER & M.G. ALEXANDER
e ————

Example 1 - Repair of 1 m? of reinforced concrete in deterioration category 4 with manufacturer A's

products [Percentage spalling/m?2 equals 35%]

(1] Removal of defective reinforced concrete to 20 mm behind the reinforcing bar R 536
(2) High pressure watersand jet cleaning of the surface to remove all paint, R 13.73
organic matter, loose concrete and dust
[3) High pressure grit blosting to remove all iron oxide [rust products) from reinforcing steel R~ 3.11
(4)  Apply anficorrosive coating on the steel rebar R 12.60
(5] Apply a bonding agent on spalled areas fo ensure stong bond between old concrete R 1.66
and repair mortar [35% of area)
(6) Paiching of spalled and raked out areas with repair mortar (35% of areal R114.52
(7)  Application of a surface coat to fill blowholes and cracks to provide a smooth suface R 18.04
for a protective surface coating
(8] Application of a protective surface coating R 30.78
TOTAL  R199.80/m?
Table 2 - Summary of costs to repair 1 m? of reinforced concrete (1994 costs)
Cate- Descripfion % to Manufacturer Manufacturer Manufacturer Manufaclurer Mean
gory repair A B C D
Q Excellent 0 R 24.03 R 20.58 R 63.05 R 27.62 R 33.82
8 Very Good 0 R 72.27 R 67.09 R105.59 R 71.26 R 79.05
7 Good 10 R 86.56 R 69.13 R110.59 R 74.70 R 85.25
6 Satisfactory 15 R140.04 R132.96 R176.17 R 140.04 R147.30
o Fair 25 R163.36 R 134.06 R175.83 R178.20 R162.86
4 Marginal 35 R199.80 R160.84 R203.92 R221.62 R196.55
3 Poor « 45 R236.24 |- R187.63 R232.01 R265.04 | R230.23
2 Very Poor 60 R499.19Q R400.77 R496.44 R330.17 R431.64
3.3 Costing of cathedic protection increased for the anode to be a sufficient dis-

In the calculation of the cost to install cathodic
profecfion on 1 m? of concrete the most impor-
tant factors that have to be taken into account,
according to Stevensonl® are:

— The amount of reinfercing steel in the
concrete element;

—  The confinuity of the reinforcing steel;

- The amount of spalling to be patched.

Usually, the extent of repair works is the over-
riding factor influencing costs. The patching
process can be very costly where the soffits of
slabs or beams have to be patched. Costs
also increase where the cover fo the reinforc-
ing is small, since the cover will have to be

tance away from the cathode. Where cathod-
ic protection is applied to the upper surface of
a bridge, cosfs are less because of easier
access and work on a flat surface.

Costs (1994)

{1) Titanium mesh (anode) - R160.00/ m?2
{2) Cathodic protection hardware
& design - R50 to R70/m?
{3} Repair works (patching, formwork,
guniting) - R100 fo R350/m?
{4} Power consumption - 40 to 100
watts/ 1000 m? {i.e. 1 lightbulb/1000 m2
thus cost/ m? is negligible.

Total cost/m?2; R300 to R600/m?2

Concrete Beton
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access costs). Clearly, once it is decided
that repairs should be carried out, this
should be done preferably as rapidly as
Range of costs for possible for two reasons:-
sathesile prosecan (1) The longer o reinforced concrete
structure is left to deteriorate, the deep-
er the chlorides [or the carbonation
front] will peneirate the siructure. i is
important fo keep in mind that in severe
coastal exposure climaies the rafe of
chloride diffusion may be high i.e. chlo-
rides begin to penefrate the surface
layer immediately after construction
and may reach a corrosion threshold
level at the steel after 10 - 15 vears,
and even earlier in some cases. This
depends very much on the adequacy
of design and construction.

[2) The second reason is illustrated in
Figure 8 which shows that cosls for
repair increase rapidly as defericrafion
increases. Therefore, it will olways be
cheaper in the shortterm fo inifiate

od
Excellent ©
Very good oo
Good
Satisfactory o
Fair «»n
Marginal h:l
Poor w-{
Very poor o -
Critical _

repair workr at rhe earliest possible stage
Category in the deterioration cycle.

Some repair materials are only suited for
certain applications e.g. silane/siloxanes
are effective only if the chlorides are sfill

Beyond o
repair

fairly remote from the steel due fo the fact

Figure 8: Repair costs for reinforced concrete structures (1994 costs)  that they line pores in the concrefe rather

34

Figure 8 is a grophic representation of repair
costs. The horizontal axis has been adjusted
approximately fo account for the fime it takes to
move from one deferioration category to the
nexl, using daia from figures 3 and 4 . This fig-
ure clearly illusirates how costs increase as the
amount of deferioration increases with time.

When a structure is in an excellent condifion, it is
fairly cheap to “protect” the stucture from ingress
of chlorides {and CO,). Repair costs begin accek
erafing thereafter as deferioration increases. |t
can also be seen how costs suddenly rise when
repairing category 6 due 1o the high labour cost
of crack injection. Once categories 3 and 2 are
reached, consideration should be given to per-
manent repair by installing caothodic protection.
However, in order fo assess which opfion would
be the cheapest in the longun, tofal cosfs over
the life of a structure have fo be compared. This
is.dealt with in Part 2 of this paper.

Following is a consideration of shoriHerm main-
tenance and repair, and the question of future
maintenance and repair budgeting

Minimising costs of short-term maintenance
and repairs

Once a structure has been assessed and
placed into one of the deferioration categories
of Table 1, an estimate of shortterm repair costs
can be obiained from Figure 8 (not cllowing for

than block them. Silane/siloxanes do not
prevent carbonation.

The method of repair will also depend on the
state of a structure i.e. a structure can exhibit a
great amount -of cracking due, for example, to
excessive shiinkage cracking at original con-
struction, but minimal chlorides could have pen-
efrated if it is sitvated in o wind and rain pro-
tected area. This means that raking out might not
have to take place, merely crack injection and
coating. Cracking could also be minimal on the
other hand, but chloride diffusion very deep, o

- a peint pas the steel and having reached a con-
centration at the sfeel which is at or above the
corrosion threshold level. This means that break-
ing out of the chloride contaminated concrefe
will have to take place, as well as grit blasting
of the corroded steel, followed by patching. In
the case where chlorides have only penetrated
to a depth of 50% — 70% of the covercrefe it is
important fo keep in mind that if the chloride con-
centration is very high at the surface, sealing the
surface will not necessarily be the correct
approach because the concentration gradient
will cause chlorides to continue to diffuse to the
steel. The correct repair method would then be
breaking out and palch repairing.

From the above it is clear how crucial it is to establish
the depth of chloride ion diffusion and/or carbonation.
Diagnosing a sfructure according fo a visual assessment
is not sufficient. It is also imporlant to consider the envi-
ronment before any repair work is carried out fo counr
teract the deleriorating factors that are causing the par-
ticular siructure in question to deferiorate.
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By considering the factors listed in the preceding sec-
tions when Formu\cﬂng maintenance and repair strate-
gies, a cost effective shorHerm solution can be pursued
[cathodic protection is o longterm repair solution).
However, in order to plan for future maintenance
expenditure, formulas are necessary [a) fo calculate
repair cosfs at some pradefined point in the future, and
(b) o enable budgeting for these future expenses.

4,

4.1

FINANCIAL CALCULATIONS FOR FUTURE
MAINTENANCE AND REPAIR BUDGETING

Most concrefe stuciures are repaired or mainfoined
only when some form of deterioration is noficed.
This frend is however changing in that maintenance
manogers now have fo make budgetary forecasts
of maintenance expenditure envisaged for the
future year(s)”). This section links the cost and dele-
ricration rate information discussed in the previous
sections with formulas which can be used fo esiabr
lish future repair costs, and gives aid in budgefing
for periodic maintenance expenditure.

Future value of repair costs

The caleulation of an estimated future value of the
repair cost/m? of reinforced concrefe involves the
projection of the present cost. The compound infer-
est equation that is used to compute the future value
equivalent of the present price is®!:

S =P[1+b]" 2)

where:

S is the projecied estimated price (future
value) for maintenance and repair/m?
of reinforced concrete

P is the present day price for mainfenance
and repair/ m? of reinforced concrete

b is the escalation index for building
renovation (concrete work)

n is the number of years from the present

until maintenance is to be carried out.

Figures 3 & 4 in combination with Figure 8 can
be used fo esfablish values for ‘P’ and “n’. From
Figure 3, for example, it lakes a sfruciure in a
mild coastal exposure climate about 24 vears fo
reach a "Satisfactory” condition after inilial con-
struction. The present cost to repair a parficular
structure which has reached this state of deferic-
ration is an average of R147,48 /m?. This value
is then entered into equation (2] fo calculate
fulure value equivalent [where ‘b” = 13.6%
(overage from Ref. (9)) i.e.

R 147.48 [1 + 0.136]24
R3146.39/m?

v

4.2 Budgefing - Calculation of monthly deposit

amounts to pay for future maintenance

A series of eguaiions is used fo calculate the
amounis required fo be deposited in an interes-
bearing account in erder fo accumulate sufficient
funds to carry out maintenance af some specified
date in the future. For purpeses of this paper this
amount has been assigned the abbreviation ‘D’

In order to calculate the values of ‘D’ for ecch
year a series of stages should be followed, stark
ing with the calculation of an estimated future
value of the repaid cost/m? of reinforced con-
crefe, i.e. ‘S’ [same as abovel.

The next stage invalves the calculation of the
relationship between the effective interest rate
and the rate of increase or decrease of the ren-
ovation indices for concrete work. For this cal
culation the present worth formula is used to find
the relationship between the two.

The formula used is(®):

@=L E] (3)
[1+i]

where:

w is the present worth
g is the rafe of increase or decrease of
rencvation indices
the interest rate of deposit account.

The next formula is used to caleulate the first pay-
ment of a geometric gradient series. A geometric
gradient payment series is a series of cash flow
sequences that increase or decrease by a fixed
percentage at each payment interval. This method
of calculation is used because it enables the
amount o be saved every year io be adjusted by
the increase or decrease in renovalion costs. This
is performed so that the amount paid info the
deposit account each year escalates according to
renovation costs, and doss nof remain siatic! !9,

The first payment is calculated and then used
again fo calculate the second annual amount
necessary, and so on, to collect sufficient funds
to pay for maintenance and repairs.
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This formula is(®):

1 w 1
R=S51 I 11 1T 1
[ +g]l1 +w (T +w)-T (T+i)

(4)
where:

R is the first annual payment of geomeiric
gredient.

S is the projected estimated price [fulure
value) for maintenance and repair /
m? of reinforced concrete.

g is the rate of increase or decrease of
renovation indices.

w is ihe present worth.

n is the number of years from the present
until maintenance is lo be carried out.

i is the interesl rate of depos[f account.

. ; . 5.
Below is an example to illusirate how the initial
value of ‘D’ is calculated. The value of ‘g’ i.e.
the rate of increase of renovation' indices is
taken o be 10% and ‘i’ i.e. the inferest rate of
o deposit account is taken o be 5%. ol
Budgeting example
Step 1:
1+ 1 +0,10
w=lir8l o O w07
[1+1] [1+005]
Step 2:

Public authorities usually work according to a

 different system of budgefing in which amounts

for repairs to preselected structures are put
aside from the budget on a vyearly basis.
Nevertheless, the information and methods
given in the paper can ossist such authorities in
planning for maintenance and repair on a more
rational basis, provided surveys of the present
state of structures have been carried out.

The guidelines and information given in this
paper can be used effectively if the most eco-
nomical point in fime at which fo carry out main-
tenance and repairs is known. An esiimate of
inis time requires an approach based on the life
cycle costing (LCC) of structures, together with
the use of suitable decision models. These
aspects will be addressed in Part 2.

CONCLUSIONS

Broad observations and conclusions that can be
drawn from the above are:-

Using o suitable classification system for deferi-
oration of reinforced concrete structures, it has
been possible o assess numerous sfructures in
the Cape Peninsula area. Dividing the structures

(5)

'0.0476

R=314639 [ 140,10 ] [l+010476] [

R =235

Thus, R23,75 represents the first payment
amount ‘D’ (which is to be increased by 10%
per annum) in the annuity series to be invested
in a deposit account earning 5% which will
generate the required R3 146,39 at the end
of 24 years.

Use of the above approach by maintenance
managers of commercial and industrial sfructures
for budgeting for future maintenance expenditure
can give owners a good indication of the sums
that should be accumulated annually for repair
work fo reinforced concrete in the future. This fig-
ure will never be precise because of the inaccu-
racies in forecasting the area that will have dete-
riorated on-a particular stucture after @ given
amaount of fime. Itis also impossible o forecast a
precise escalation index for the repair costs.

(b)

1
(1+ 0,0476)24_1] [(|+0,05)24 |

info two groups based on either "Mild" or
“Severe” coastal environment it was found that,
at present, younger structures in a mild coasfal
environment begin cracking and spalling signif-
icanfly at an age of 20 — 25 years, and those
in a severe exposure climaie at about 15 years.

A series of maintenance and repair options has
been considered, and a cost curve prepared
indicating the cost per m? fo repair reinforced
concrele in various siages of deferioration.
Costs begin lo rise very steeply as detericrafion
increases, and it appears that cathodic protec-
tion becomes the more viable economic repair
solufion for structures in a relatively advanced
state of deferioration. From a shortHerm mainle-
nance perspective, it is always cheaper to
repair a structure as early as possible in the
deferioration cycle.
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e

(3)

A series of formulae are provided to assist main-
tenance managers to make budgetary forecasts
of maintenance expenditure for future years.
However, it is extremely difficult to forecast
accurately the rates of deterioration of struc-
tures, and the economic factors that will offect
repair cosls.
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