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Abstract Concrete surface quality becomes more and more riaiiobecause aesthetics
requirements tend to spread over a wide varieggoabtruction works. Even if it is difficult to
clearly define what is beautiful or not, existireghniques maybe used to quantify aesthetic
properties of concrete. As they mainly depend omveork, the research project focuses on
the reuse of two types of panels — plywood and GS&hd two types of release agents —
vegetal and mineral oils. Evolution of surface mies is measured through lightness and
absorption. For plywood formworks, beyond 80 reusemodification of surface quality is
noticed; this is only 50 for OSB panels. For botbets of formworks, the release oil doesn’t
seem to have a major influence on formwork absonptit is also observed that alkalis cause
early degradation of the panels: release agentsnatealways efficient to avoid this
phenomenon. Finally, if reuse doesn’'t have anyarite on the absorption of the plywood
formworks, it is not the case for OSB formworks.

Keywords concrete, aesthetics, formwork, colour, lightnessise, plywood, OSB, wear,
alkali

1. Introduction

Since a few years, the requirements of architents lauilding owners with regard to the
quality of the concrete surface become more stninfE. Aesthetics requirements are no
longer limited to architectural work, but tend foresad over a wide variety of construction
works, including on site concrete placing strucsuifeig.1).

Fig.1la Interior of a private house/ Arch. Fig.1b Liége - Guillemins station/SNCB/Euro
A. Verdickt (Ph. K. Zwarts) [2] Liege TGV/Arch. S. Calatrava (Ph. A. Janssens)



Aesthetic quality of concrete surface is usuallgreleterized by its color and its texture [3, 4,
5]. Color is influenced and conditioned by concitn physical characteristics [6, 7] (Fig.2);
it mainly depends on the chemical composition aheet and aggregates, as well as the
porosity of this concrete skin (e.f. the thin laygrcement paste just beneath the surface).
Casting conditions also have a significant influe&].
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Fig.2 Concrete skin characteristics

The development of tools to characterize the cofatoncrete surfaces and the study of the
effects of various parameters influencing the c@kag.3) only begin to emerge [1, 9]. Some
researchers firstly propose a scientific approachntvestigate the color as a measurable
aesthetic property of concrete [10, 11]. But thstlaetic quality of concrete surfaces is also
related to their texture (in terms of roughness lagtitness), which depends on the chemical
and physical properties of the concrete skin at ierascopic level [7, 12]. But other
parameters have to be mentioned, including type andlity of materials, WI/C,
environmental conditions of working, casting tedogy, curing ... and, finally, formwork
material [13, 14].
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Fig. 3 Color defects of concrete surface (a) formworkedéntial absorption, (b) exudations
(c) dirts, (d) steel bars spectrum

The formwork is the principal material which givé® form, the color and the texture of the
concrete surface: it's the negative view of thearete. Moreover, it represents 25 to 75% of
the final cost of concrete placing [1, 15]. Thenfavork is therefore a very important element



in the concrete industry and must not be negleftéd 17]. In order to have a relatively
homogenous surface of concrete, the formwork sarfaast be clean, free of defects and as
smooth as the surface to be obtained [18]. But @in#s specific properties must be the
homogeneity of its absorption capacity (Fig. 3a)9¢

Wooden slats are very popular as formworks elementsder to give some specific texture
to the concrete surface (Fig. 3.a). These slats beagawed, assembled and reused. Raw
wood, marine plywood or OSB panels may also be ,ussghrding the dimensions of the
structural element, the surface flatness and &lsdexture of the concrete [19] that has to be
obtained. Cement based material naturally intesaitt formwork material [20]: it is usually
assumed that, with reuse, the pores of the woodradually filled up with the laitance of the
mix. This tends to induce a brightening of the gete surface [15]. The maximum number of
reuses of a formwork depends on the formwork maltand is usually between 30 and 60 for
plywood boards and around 20 for OSB boards. Uafately, these assumptions have never
been experimentally verified and the long term beraof the formworks, with regard to
concrete final surface, has never been studied.

This research project tends to quantify formworkl aoncrete colour surface characteristics
evolution with rate of reuse in order to help aretti and practitioner to select most
appropriated formwork type with regard to the numifgoresumed reuses.

2. Methods and materials
2.1 Parameters of the experiment

Four sets of two types of wooden panels are usdthisnexperiment: two sets of marine
plywood panels (Fig. 4a) and two sets of OSB paftats4b). Each set of boards is used with
2 different release agents: a mineral oil (Sikaddee) and a vegetable oil (Sika TR-22).

(a) marine plywood panel (b) OSB panel

Fig. 4 Types of wooden panels

2.2  Reuse of formworks: ageing cycle

The formwork panels are assembled as cubes of 80@880mm (Fig. 4b); 12 plywood
cubes and 4 OSB cubes, respectively, were disnthitl®rder to get 5 formworks boards
each. As the objective of the research projecbigualuate the influence of the reuse of
formwork on the color of concrete, each board (Bis then reused several times going
from 2 to 51 for the OSB boards and from 1 to 1&B the plywood boards: each time
corresponds to one wear cycle.



" (b) application of oil (d) storage of the samples

Fig. 5 Procedure of ageing of wooden formworks

In order to reproduce with accuracy mechanical @memical wears occurring when placing
the concrete, a layer of mortar (Table 1) is laadeach panel (Fig. 5¢) with a trowel.

Table 1 Mortar mix design

Material Quantity [kg/kg mortar]
CEMI1525N 0.284

Rounded Sand 0/2 0.574

Water 0.142

W/C 0.5

Mortar 1

Each wear cycle is finally consisting into the doling operations:

the hardened mortar from the previous cycle is rdavith a scraper (Fig.5a);
the panels are washed with wet washcloths anddhed,;

the release oil is brushed on the panels andfi@sB® minutes (Fig.5b);

the oil excess is removed;

a layer of mortar is troweled on each panel (Fig.5c

the mortar hardens on the panel for approximatéiguts (Fig.5d).
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One cycle corresponds to one use. These stepstiaenefore repeated up to 118 times for
plywood and 51 times for OSB panels, respectivelyprder to get the expected level of
reuse. Intermediate levels of ageing are considévectheasure the evolution of surface
characteristics of concrete and formworks.



Mortar is removed after 2 hours because we congiderits potential effect on formwork
(through water absorption or alkalinity) is no mefécient [21].

2.3  Concrete samples preparation

Once the panels have reached their reuse levelsnuna cycle, the cubes are reassembled
and the watertightness is assured by siliconego#stter 24 hours, release oil is laid and, 30
minutes later, the concrete is cast. In order su@sthe homogeneity of the mix for all the
cubes, concrete (Table 2) is coming from the saatehifor all the samples.

Table 2 Concrete characteristics (according to EN 206-1)

Compressive class C25/30

Concrete type / Chloride class  Reinforced condréBd 0,40%)
Environmental class EE2

Consistency class S4

Dmax 8 mm limestone aggregates
Cement CEM III/A 425N LA

Concrete is cast with high level of compaction (ating table) and the placing procedure is
identical for all of them. After casting, the tegtecimens are covered with wet burlap and a
polyethylene sheet for 48 hours. They are thepms#d and stored in the laboratory (21°C and
50-70% R.H.). When stripping the cubes, each facarefully identified since it corresponds
to a different level of wear.

2.4  Color and lightness measurement procedure

When light comes into contact with concrete surfavajor part of the light is reflected
(diffused reflection The reaction of light in contact with a surfasecomposed of two
phenomenons: the absorption of a part of the bgletctrum and the diffusion of light into the
material. Absorption gives the chromaticity to thaterial and diffusion gives the darkness to
materials [1, 11]. The colorimetric coordinates mreasured with a colorimeter in the L*a*b*
color space. Concrete is lighted with Standardtleyid the reflected light from concrete is
analyzed by the colorimeter for giving L*, a* b*lua of concrete.

- L* Value corresponds to lightness of concretd thaans more or less dark.

- a* Value corresponds to value in axis green / red

- b* Value in axis Yellow / blue.

Normal color of concrete is grey: a* and b* valae generally low for concrete and don't
change a lot. The most important value for concigte*: L*=100 is white L*=0 is black.
Normal grey concrete are generally around 60, hig value can change a lot with the
darkness of concrete (55 for dark concrete anai7bght concrete) [1].

For all the faces of the cubes, as well as fothal panels, the colorimetric coordinates are
measured in 6 different points, identical for &lé tsurfaces, in order to evaluate a potential
variation on the height or the width of the surféér.6).

Color may change with time: in order to detect pmesevolution of the color of concrete,
measurements are carried out in four campaignggonding to different time intervals of
7,42, 49 and 75 days after stripping, respectively
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Fig. 6 Color and lightness measurement points on conaretdormwork surface

2.5 Absorption capacity evaluation

After color evaluation, the panels are then sawedwo parts and water absorption is
measured. Test is performed according to NBN Blbs?dndard [22hnd the next specific
procedure:

1. preparation of the test specimen : all faces avered with epoxy resin, except one;

2. dry weighing (W);

3. water immersion for 4h40;

4. wet weighing (W).

The water absorption of the panels is evaluateld . 1:

W, — W

W (1)
where A is the absorption of the panel measure@bjrV,, is the wet weight of the test
specimen measured after water immersion andisAthe dry weight of the test specimen
measured before water immersion.

1
A=

3. Evolution of panel's wear
3.1  Evolution of the lightness with time

Figure 7 shows the evolution of the lightness wite number of reuse of formworks for
plywood formworks used with mineral oil and for tfaur different terms of measurement.
Coefficient L* gives an evaluation of the lightnedgshe material [4].
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Fig. 7 Evolution of the lightness versus the number ateeof formworks for plywood
formworks plus mineral oil, for the four differet@rms of measurement, respectively

The results show that the moment when the measutsrage carried out has an influence on
the lightness of the panels: indeed, the varigbdit the lightness decreases with time. The
variance of the lightness for the 4 interval tinf€able 3) considerably decreases between the
measurements carried out 7 days after strippingtia@aneasurements performed later at 42,
49 and 75 days after stripping, respectively: tleximum difference in lightness for OSB and
plywood’s at 45 days is 4 while it is around 157days. For these three last campaigns, the
variance remains quite low.

Table 3Lightness variance for the 4 campaigns of measureme

Measurement term Variance
7 days 14.36
42 days 0.42
49 days 0.60
75 days 0.29

The second observation we can make from Fig. llasdoncrete brightens up with time: the
results at 7 days are indeed always smaller tharreébults obtained later. This observation
may be explained by the variation of the moisturéhe concrete: the moister the concrete is,
the darker it is [1, 12]. When the concrete isppkd, it is very moist since cement is not
completely hydrated and formwork keeps the supatfinoisture from evaporating. As time
goes by, concrete becomes more and more hydratetharwater excess evaporates, which
leads to the brightening of the material.

Considering these results, only measurements dapueat 75 days have been considered in
the next investigations.



3.2 Evolution of the absorption of formworks
The second investigation concerns the evaluatiorthef evolution of the absorption of

plywood (Fig. 8) and OSB (Fig. 9) formworks withetmumber of reuse and the release
agents.
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Fig. 8 Evolution of the absorption of plywood formworkghvthe number of reuse for the
two release agents
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Fig. 9 Evolution of the absorption of OSB formworks witte number of reuse for the two
release agents

For both types of formworks, the release oil doeseém to have an influence on absorption.
On the other hand, two different behaviors may basiered for the evolution of the
absorption with regards to the type of the formwork

Firstly, it is clear that the reuse doesn’t havardluence on the absorption of the plywood
formworks: it stays very low, between 0 and 1% dtirof time intervals, up to 120 reuses.
However, concerning the OSB formworks, the absompteems to increase with the reuse,
which is in opposite with previous observationsthie literature: Lallemant [11] observed
indeed that the absorption of the formwork is siggabto decrease with the reuse, since the
laitance of the concrete gradually fills up thegsoof the wood [5]. The difference between
what we could expect and what we observed probaiatyes from the way in which we used
the formworks: each time we started a new cycke |alger of mortar from the previous cycle
is not completely dried when removed and a scrapeised, which probably damaged the
board and eventually uncovered fibers of wood. This be considered however as a common
way of working on job site and the main risk ofrfavork surface degradation.

3.3  Evolution of the lightness of the concrete

Evolution of the formwork has an influence on theality of concrete surface. But the
evolution of the concrete characteristics has ladsm followed for the two types of formwork
materials and release oils.

Evolution of the lightness can be subdivided irficeé parts (Fig. 10). For the formworks
used with mineral oil, a first zone - from 1 to fguses - is characterized by a quite high
variability of the lightness ranges, i.e. betwe®&88 and 77.83. This variability is probably
due to a certain “setting” of the properties of tbemwork material, i.e. maritime plywood:
since we used a different panel for each reusel,lebhe lightness of the concrete
corresponding to the early reuses strongly dependse initial properties of the formworks



which can be quite random. As the reuse cyclelsygavear will settle these properties to the
same level and the results will be less variable.
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Fig. 10 Evolution of the lightness of the concrete witk ttumber of reuse of the plywood formworks

The second is a stable zone in which lightness iremeelatively constant. This stage

corresponds to an optimal interval of reuse (frotht@ 71). The end of the stage is

characterized by a clear break in the lightnessuéoo curve: this break corresponds to the
appearance of the wear due to the reuse cycles.

The third and last zone starts at about 80 reusgéxarresponds to the effect of the wear of
the formworks: the material is damaged and thetdiggs of the concrete is affected. The
consequent deterioration of the formworks indugemerease of the concrete lightness.

The subdivision of the evolution of the lightnesserved with mineral oil can be observed
with vegetable oil as well: a first part, from 1igeuses, is characterized by a high variability
and a stable stage follows between 12 and 42 reidSmeally, panels’ wearing induces
quicklier evolution after 50 reuses.

The main difference between the two release oithésmoment when the break due to the
wear takes place: in the case of the vegetabléhailbreak occurs at about 50 reuses while it
goes up to 80 for mineral oil: the quality and tigge of release oil has a real impact on the
evolution of the lightness.

It is evident that a good quality release oil bhegti®tects the surface of the formwork from the

wear and the ageing which makes longer the optimtval of reuse.
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Fig. 11 Evolution of the lightness of the concrete witk ttumber of reuse of the OSB
formworks

This difference between the two types of oils wiagaaly observed during experimentation:

after a dozen of cycles only, we already obsera¢ tte formworks prepared with vegetable

oil seemed more affected than the other ones gsathygear greyer than really black (Fig.12).

Moreover, vegetable oil is less viscous than theemal one and seems to quickly disappear
from the surface by absorption or evaporation:asgect of the formwork is more “greasy” or

“covered” with mineral oil.

Fig. 12 Evolution of the formwork aspect after a dozemeafse (with mineral oil on the left
and vegetable oil on the right)




When OSB formwork is used (Fig. 11), the evolutodrihe lightness can be divided into two
parts. As previously, for mineral and vegetabls, @ first zone from 1 to 15 reuses may be
defined and characterized by high lightness vdritgbirhis variability is probably again due
to a certain setting of the properties of the O8Bnfvork. In a second zone, from 15 to 60
reuses, the lightness of concrete decreases \heileumber of reuses increases.

3.4 Relationship between lightness and absorption

The lightness of the concrete strongly dependsherabsorption of the formwork [1, 5, 12].
Figure 13 presents the evolution of the lightnelsthe concrete with the absorption of the
formwork, irrespectively to the type of formwork mlease oil. In order to point out a trend
corresponding to the reality, we decided not toetakio account lightness measurement
corresponding to the first cycles, which are 17ddr the plywood formworks and 1 to 11 for
the OSB.

The plotting of measurements clearly shows an éxwiwf lightness with absorption (Fig.
13). This trend correlation coefficient (R2 = 0.3 fitobably corresponds to a darker surface
induced by a decrease of W/C ratio: the less akiserphe formwork, the brighter the
concrete and, inversely, the more absorptive theviemrk is, the darker the concrete is. These
results clearly seem to confirm previous obserwvatid, 11, 12, 15].
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Fig.13 Evolution of the lightness of the concrete witk #bsorption of the formwork



4. Test results after chemical ageing

4.1 Context

In the previous chapters, we tried to simulate wgamduced by repeated application of a
layer of mortar on formwork panels. The repetitioh these cycles may deteriorate the
formwork in two ways: firstly, a mechanical actialue to sand grains in the mortar
application and the use of a scraper when cleathiegplate and, secondly, a chemical
aggression from interstitial solution of cementdzhmaterial.

This investigation therefore aims to differentittte effect of these two types of aggression:
effects of alkali and chemical attack is hereadfmcifically analysed.

4.2  Testing conditions

The alkali attack is simulated by immerging the gdarinto chemical solution similar to the
interstitial solution of concrete with a W/C = 0.4%able 4). In order to accelerate the
degradation process, higher concentration solédimes) is also used.

Table 4 Alkali concentration into cement based interdtgi@ution

Normal concentration (mol/l) Concentrated solutforol/l)

OH 0.760 4,20
Na" 0.244 1,22
K* 0.596 2,98

Several parameters are studied: solution type,epoes and type of release agent. Four
different testing conditions are analysed (Tabled)e with water and OSB and plywood
samples without release agent and three othersali#éifine solution.

Table 5 Testing conditions

Condition 1 Condition 2 Condition 3 Condition 4
Solution Tap water  Alkaline solution Alkaline solution Alkaline solution
Release agent no no Vegetable oil Mineral oll
Plywood BAKE 1 BAKE 2 BAKE 4 BAKE 5
formwork
OSB formwork OSB 1 OSB 2 OSB 3 OSB 4

The panels are immerged into solutions for a maranduration of 345 hours. Color and
lightness (Fig. 14) are measured before and afffereht time intervals.
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Fig. 14 Evolution of the lightness of the plywood formwsenks immersion time and solution

Two different behaviours can be observed, dependingwhether the form has been

immerged into water or alkaline solution. Water slo®t seem to influence the evolution of
plywood formworks’ lightness (BAKE 1). For formwakmmerged into alkaline solution, a

decrease of lightness is rapidly observed andv@tb by a stabilization phase. The loss of
lightness, due to alkalis aggression, begins wighfirst immersion and takes about 32 hours;
after that, lightness remains constant. While simdlehaviour is observed for the formworks
without (BAKE 2) and with vegetable oil (BAKE 4),ineral oil seems to induce a better
protection and a reduction of loss of lightness KEEA5): after 150 hours immersion, lightness
of the formwork remains higher than the two othélswever, after this period, the protection
effect disappears and behaviour becomes similaraflosamples immerged into alkaline

solution.



80

,\ M ¢ <> <> *
60 \

\

——0SB 1 - Water

of the formworks

Light
w
S

~——-0SB2-SA

10
0SB 3 -SA+HV

—=—0SB4-SA+HM

0 50 100 150 200 250 300 350
Immersion time [h]

Fig. 15Evolution of the lightness of the OSB formworksiwsnersion time and solution

OSB forms present quite different behaviours thempod (Fig. 15). Similarly to previous
one, water has no effect on the surface aestheipepies of the formwork. However, when
immerged into alkaline solution, degradation preces more destructive and lightness’s
decrease is higher than with plywood. Once agass bf properties mainly early happens
(between 0 and 32 hours); a stabilization periodbserved afterwards. On the contrary of
what we observed with plywood formworks, oil typeedn't influence the loss of lightness.
Moreover, no difference is observed with or withcelease agent.

Fig.16 Aspect of OSB formworks after 72h immersion inlicatine solution

The deterioration is visually observed during tesgtiprocess (Fig. 16): the samples
dramatically swell after the first immersion periddbh) and doesn’t change afterwards.

Bakelite organic resins may loose their rigiditydastrength when they are in contact with
high alkaline media. Combined with mechanical dfffanortar and trowels, it may induce a



loss of smoothness of the plywood panel: this empla modification of surface properties of
formwork and concrete.

5. Conclusions

The reuse of OSB and marine plywood formworks hasirfluence on the color and,
specifically, the lightness of the concrete. We daaw the following conclusions from the
present results:

* plywood formworks surfaces change with the numiieeases. This evolution maybe
measured through lightness coefficient L*. Threedent phases have been pointed
out: a first highly variable zone, a stable stagd a zone where lightness largely
increases. The optimal interval of reuse for thavplod formworks used with mineral
oils is between 20 and 80. More than 80 reusesdvoduce a modification of surface
quality;

* the type of release oil has an important impaatesite quality of the oil determines
the length of the interval in which no variationabserved. The use of vegetal oil
induces in this case a lower reuse ratio of fornkw(arax. 50). Therefore, applying a
bad quality release agent will have a bad influemcehe color of the facings or lead
to important economical and ecological consequences

» for both types of formworks, the release oil does®em to have an influence on
formwork absorption. It is clear that the reuse sittehave any influence on the
absorption of the plywood formworks: it remainsywéw (between 0 and 1%) up to
120 reuses. However, OSB formworks absorption lgigereases with reuse;

» OSB formworks are more sensitive to reuse. FromeliSes, the lightness of concrete
decreases with the number of reuses: OSB becomes amol more absorbent and
concrete facing becomes darker;

» water does not influence the properties of the feonk and the concrete surface.
However, alkalis cause early degradation of thenfwork; oil release agent may not
be sufficient even if mineral oil seemed to be meffective;

» alkalinity is an effective factor of formwork degiation and release oil doesn’'t seem
to have efficient protection effect.

Finally, there is a clear correlation between ilgbthess of the concrete and the absorption
capacity of the formwork. As expected, we obseraediecreasing of the lightness with the

increasing of the absorption: this trend is verypamiant since it has never been

experimentally verified before this study. It shothat, as soon as the absorption coefficient
is greater than 2 or 4%, the lightness of the aecsurface dramatically decreases. With
regard to the requirements of the architect, tmmveork should be removed and replaced by
a new one.
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