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| Surface components of existing structures are exposed to strong

{ atmospherical deterioration This accelerates the process of altern If is
important to decelerate this process in such a way, that our modern
concrete buildings can be called durable in human hme conceptions
The life expectation of these components can be exfended by supple ~
mentary coating The engineer is interested to find the latest accepf -
able time to coat the surface in order to reach exactly the aspired
working (ife

Method with weighted carbonation coefficients

In gerieral the working life of concrete can be determined with
% =¥20F | (1)
X depth of carbonation [mm]

vection period since completion of construction [a)
oefficient of carbonation  [mm¥al =

The theoretical end of alkaline protection is b = fg

s concrete cover [mm)]

| Tests have been carried out in 1985 within Berlin on existing structures

1 - earliest date without tolerance (safe value )
Z - standard date without tolerance

3 ~ earbest date with folerance (prevention date )
4 - slandard date with folerance

A surface treatment should be considered af the prevention date

Prognosis - equation

The basis is equation (1) for uncoated concrete. After coating the
function between xj, and t is approximately reflected as a straight
lne . Including some simplifications, the derivation leads to the
following equation
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D calculated with Xjeu ses
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*1imm and a tolerance v, equivalent the increase of carbonation of the
past 5 years. The results of all value combinations give different
dates of working life. For the defermination of a safe value the
measurement data have to be weighted

with that we obtamn 4 dates for the probable appearance of the first
systematic damanes ‘
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Method of weighted coefficients of carbonation

As the surface has to be maintained, the number of drilling-samples can not

be sufficient to get statistically safe values.

Therefore, the measurement data are weighted to obtain a usable prediction
as help for decision. The basic idea is a reflection of probability and of followup

damages.
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IABSE SYMPOSIUM TOKYQO 1986

A

Drj

reinforcement

concrete surface (outside)

minimum and mean concrete cover

OO

e Evolvent

T eaapnans

T 4

—
W:ﬂ_

i mas &

—_—
X

L TH

mean value

X !‘,.M

mean value of peaks "‘m-& . S{M{o” o ¢ Xarpar )

maximum value

ran = Ymrax 2

combination remarks weighting
C with x this combination is unreliable 1/7
mean Smean because it is affticted with a large
error. Damages are too severe for
a promising restoration.
c with x Most damages arise when the front 517
mean IR peaK line of carbonation with its peaks
meet the reinforcing steel. This com-
bination is rather probable.
€min with X rmax This case certainly _leads to the first 1/7
damage but is not likely. Its appea-
rance brings only locally restricted
damage.
1) earliest date without tolerance (safe value)
2) standard date without tolerance
3) earliest date with tolerance (date of prevention)
4) standard date with tolerance

&These factors produce
four numbers of years for

the likely appearance of
the first systematic

damages:

The earliest dates consider total reduction of error; the standard dates are

calculated without reduction of error. The expression "systematic damages"

means that in case unfavourable circumstances meet, little damages may show

up locally restricted at single places. This remaining uncertainty can be accepted.

Is the earliest date without tolerance far in future, for example about 100 years

after construction the facade may supposed to be durable. Otherwise surface

treatment should be considem{not later than the earliest date with tolerance.
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Method to determine a latest date for surface coating (prognosis-equation)

Today a facade coating ought to be renewed every 10 years. Lowest costs
are achieved by coating at the possible latest date before the appearance of
systematic damages (earliest date with tolerance).

Within the derivation of the prognosis equation we proceeded from a desired
service life without damages of 100 years.

The function between depth of carbonation and coated concrete is approxi-

1 dx
10 dt

For uncoated concrete the gradient at time ty can be obtained with the function

:VZ-D-t:

mated by a straight line with the gradient:  dx : 2 _
at (straight line) =

dx 2D | dx 1 ZD
a -~ Vr. = 2 . 8 BT A | R
dt ty 2 ; th $0 dt 207\ t,
dx ;
statement: ¢ = x, + g (ty - t,)  with Xp ="'2 Dty andty =100 years

~ c"lz D-t, t'D (100 - t,)

After some transformations this leads to the following equation:

With the results measured in Berlin the statistic interpretation of the term
C X . . - .
39p - | of equation (5) in consideration of Cmean With Dmean~peak as
also with Dmax leads to the factor 0,9 at an average. Therefore the last term

of equation (5) comes to:

1,7 VC'U 0,9 =2 1,5 'VED'

Including these simplifications and specialities of the previous listed results,

the approximation ends in:

2
tA:O,B% + 1,5.-&.-5
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