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Preface

This publication contains presentations given at the Nordic workshop on "Relative Humidity in
concrete" that was held at SINTEF in Trondheim 7. — 8. November 2018. The workshop was
sponsored and organized by SINTEF.

Background and motivation for the workshop

Accurate and reliable determination of relative humidity in concrete is important for floors with
various types of tight coating, but also for different research purposes in order to evaluate and compare
materials, various concrete compositions, binders, surface treatments etc.

Measurement of relative humidity in concrete is not straight forward. There are different types of
measuring devices available and several types of errors exist, leading to uncertain and/or unreliable
results. The main purpose with the workshop is to exchange experience from the use of different RH
devices and the different measuring procedures applied in lab and in-situ, as well as experience from
use of concrete made with different binders and self-desiccation concrete.

Relevant topics for the workshop were:

- Requirements and experience from use of different RH measuring devices/sensors and
procedures for in-situ measurements

- Experience from relative humidity measurements in the laboratory and in-situ for research
purposes (incl. various sources of errors)

- Utilization of self-desiccation concrete and effect from different binders on humidity
development

- The experience from the use of different computer humidity calculation programs
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Essence of presentations and discussions

Introduction

Questions about Relative Humidity (RH) measurements in concrete is a never-ending story both with
respect to principle for measuring, equipment and accuracy. The recommended critical RH levels are
the same as used the last 30-40 years. The procedures for determination of the RH in concrete have
been improved over the last decades, but we are still wondering about what the real RH level in a
given concrete is at a given time. At the same time, the concrete materials (i.e. type of cement,
additions and w/c) and material combinations together with new knowledge have created new
challenges regarding the relevance of the old critical RH levels. This was the basis for arranging a
Nordic Workshop on Relative Humidity (RH) in concrete. The workshop was held at SINTEF
Building and Infrastructure in Trondheim November 71" and 8", 2018 (from lunch-to-lunch). In total,
11 participants took part.

Most presentations were connected to challenges with measurement of RH in concrete floors before
applying the floor covering while other focused on the use of self-desiccation concrete. In the
following a brief extract from selected presentations is given.

Principle for measuring RH

In most Nordic countries, the main technique for measuring RH in concrete (floors) is to drill holes
before installing plastic tubes. Subsequently, calibrated RH sensors can be placed at the aimed depth.
The RH is normally measured manually over time.

An alternative method is to collect concrete pieces from a structure, either by chopping or by drilling
cores (with use of minimal water supply). In the laboratory, the collected samples are broken into
smaller pieces that are put on a glass tube, before the RH sensor is installed and the glass tube is sealed
and placed in a temperature stable chamber or room. This procedure is for example used extensively at
SINTEF the last decade. The method is also used in Finland for documentation of RH in concrete
floors, but it is banned in Sweden for floor measurements.

In Germany, different "floor concepts™ and materials are used. Often, a mortar with earth-moist
consistency is applied as the top layer. It is not usual to measure RH in-situ, rather (if measured) on
chopped mortar lumps by use of Speedy moisture tester or similar.

Several RH sensors are also available for being cast into the concrete, but this principle and
corresponding RH sensors are still not regarded accurate enough for being recommended for
commercial use. Most of these RH sensors will also have problems at the highest moisture levels, and
some sensors will also be destroyed if they are exposed to very high moisture levels (> 98 % RH) as
you will have immediately after casting the concrete. However, in Sweden, a cast in system for
wireless measurement of RH in concrete is soon ready for commercial sale. It has been difficult to find
a RH sensor with satisfactory long-term durability, and it is still to see how this will work in practise.

Sources of errors — accuracy of RH measurements

Some countries allow repeatedly measurements over a long period with calibrated sensors in the same
drilled hole. If the RH sensors meet the expire date (for example Humiguard sensors), they must be
replaced with new sensors. However, this procedure is banned in Sweden due to the risk of permanent
drying around the hole (connected to too low moist transport in low w/c concrete). Instead, new holes
must be drilled if the measurements are to be continued over a long period. This conclusion is based
on a Swedish study including different cement types and additives combined with a low wi/c.
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In Sweden, also the influence of any local heat development from different drills have been
investigated. Some drills are specially designed for producing low heat development and thus to a
lower extent increase the local temperature around the drill hole (that will influence the RH).
"Normal" and worn drills can cause temperatures up to about 200°C around the hole, while the
temperature achieved by using specially designed drills can be as low as 50-60°C. The local effects on
the measured RH after heating to 200°C is depended on the measurement procedure applied. It is
suspected that the initial registered relative humidity will be too high.

The RH measurement procedures have changed over the last decades (separate holes for
measurements over time, the time elapsed before stable readings etc), but as far as floor coating is
concerned, the critical RH levels correspond to those used 30-40 years ago. At that time, the
measuring procedures were hardly accurate enough to distinguish between smaller RH differences in
concrete and thus to accurately measure whether the concrete floor was dry enough for starting the
flooring process. It is thus expected that a lot of incorrect measurements have been conducted over the
years and consequently that the floor covering was placed on "too wet" concrete. However, since the
concrete normally used was rather open (high w/c), after a period of drying it was able to absorb some
of the extra water supplied by the glue (and screed). In many cases, this absorption was enough for
preventing problems with loss of adhesion and emission from the glue. Inaccurate measurements have
therefore not necessarily caused problems.

Accurate measurements of the moisture and moisture development over time will still be an important
issue in research and development purposes, for example when the effect from different moist
reducing efforts is to be studied. We should therefore not stop improving various systems for RH
measurements, rather continue to investigate how to perform more accurate and reliable RH
measurements in concrete.

Critical moisture levels for various floor coatings — risk of emission from the glue

For many floor coatings the critical moisture level is usually 85 % RH, i.e. the concrete floor must dry
out to a level below the "equivalent RH" before flooring. These requirements only differ slightly
between the Nordic countries. For example, in Finland the requirement is 75 % RH at depth 10-30 mm
(w/c applied is typically 0.6-0.7) and 85-90 % RH in larger depths dependent on the coating type. The
85 % limit is an old criterion, and this value is hardly valid for all coating materials, in any case not for
all types of coating, glue, screed and concrete combinations. A modernization of this value that takes
these new materials (new binders and low w/c concrete) and material combinations into account is
long overdue. Example; will the moist level for all new concrete recipes ever reach as low as 85 %
RH, which they according to traditional calculations should? Some measurements indicate that this
RH level is hard to fulfil.

The glue applied is usually not alkali resistant. Thus, some problems are expected with the
introduction of new binders (more tight concrete) and water-based screeds and glues. Often, the
coatings applied are also tighter than the previous types. Consequently, any excess water from the glue
will not or only to a minor extent evaporate through the coating material. In Finland, the w/c normally
used in concrete floors is 0.6-0.7, i.e. a rather open concrete that can absorb some excess water from
the glue. This is expected to give less problems than for example in Sweden, where the w/c normally
is well below 0.4.

In Finland, the number of cases with too high RH when applying floor coating and the consecutive
problems with too high emission values is usually low. However, indoor climate is a difficult topic and
some problems are still reported. A low number of reported damages is also the situation in Sweden,
while only a few problems are reported in Norway. But, before concluding about the extent of coating
problems and on the reasons for these problems, a more comprehensive survey/review should be
performed.
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Use of low wi/c concrete — self-desiccation

The self-desiccation for concrete can be calculated. Theoretically, a CEM | (OPC) concrete with w/c
0.4 will achieve a long-term relative humidity of about 75 %. In many cases, an epoxy coating can be
applied within the first day when the temperature passes the maximum peak. Due to the "vacuum
effect"” (i.e. the concrete is in a suction state during the first day of hydration), the adhesion will be
excellent, and the concrete moisture will not cause any problem when low w/c concrete is applied. In
such cases there is no need for documentation by measurements of RH.

The use of self-desiccation concrete and the RH-level achieved is, however, disputed. On the one
hand, accurate measurements are no longer necessary as these concretes are so tight that they do not
expel any moisture in any case, and a moist profile is not likely to be achieved. On the other hand,
these tight concretes without a moisture profile will hardly absorb any moisture from the screed and
the glue. Thus, any water in the layer between the concrete and a tight coating will not have anywhere
to go and might therefore cause problems if the glue contains water and is not alkali resistant.

However, theoretically all problems should be solved provided low w/c concretes are applied and the
layer between the coating and the concrete (screed and glue) contains very little water.

Computer programs

Different computer programs exist for calculation of the RH development during drying. The accuracy
of these calculations for new binders and "modern" concrete recipes are, however, disputed. In
Finland, efforts are taken aiming to develop more accurate models for predicting the moisture
development. The results are promising, but the work is far from completed. One of the major
challenges is to make accurate measurements for calibration of the calculated values.
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measurement of RH In




Reasons for modelling?

« Geometry 2D and 3D

« Self-desiccation

 Temperature dependence

« Simulation of the construction phases
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Hydration heat and moisture sink

/I NSB2017 Sekki & Karvinen //



Temperature dependence

/I Timo Korkalan, master thesis 2018 //
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Modelling ?Layer cake?”
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Constuction phases
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Testing and measuring

1. Material properties
2. Moisture measuring


http://www.tut.fi/rakennusfysiikka/combi

The Challengés of
Measuring Moisture

B wnh =

Devices
Measuring methods
Temperature

Errors in several
places



hoping to get some new ideas!
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Always By Your Side.

.
RH-measuring challenges &,
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Moisture flow balance problems in vapor tig
concrete
Heat effects from drilling
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Trondheim 20181107
Kent Bergstrom, Johan Tannfors,
Peter Brander (until 20180801)
Lars-Olof Nilsson, Moistenginst AB
Field operatives

@ POLYGON

Polygon/AK (regarding concrete)

e 33 RBK technicians
* Specialists in moisture safe design
Specialists.in moisture safe construction
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It started out with a tool to evaluate field data

High readings and fast drying with low wcr?
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@ POLYGON

Crawled before we tried to run

Always By Your Side.
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And then we made some more tests, and some more,
and some more and... 2 years running now and still
testing. What we found needs repeated readings over
time to be able to see. Trends and behaviour not
values put us on the right track. Mimicking field
climate made new findings
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And it got really interesting.

Always By Your Side.

Rimiighetsanalys av mitningar | Burk & Betongblock Vet 0,34 (15% slagg)
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It matched in situ data (2014-2018 900 readings)

e Trendmeasurements 2014- 8

& POLYGON

Flow balance = we will always miss the target

W torkmiljé
2 hil - torkmiljé

RH/vapor gradient | Relative resistance | relative Measured value Season effects
in concrete resistance in sleeve | inside hole
(concrete 85%RH)

20°C85-20RH 1 200 84,7 Winter

20°C85-20RH 1 100 84,4 Winter

20°C85-20RH 1 10 79,1 Winter

20°C85-60RH 1 10 82,7 Summer

@ POLYGON m
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The ”balance error” will typically increase over
time and vary by drying climate.
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Leakage and resistance will effect how
flowbalance is reached

Always By Your Side.

Actual values Reachable values Leaky values

We will always target absorption first. To reach desorption we
need the surface in the hole to start drying. This will introduce a
moisture profile in the hole that will increase the balance error.
When desorption balance is reached is hard to predict and
evaluate. The measured RH error can be huge if the
desorptionisoterm is flat and the sleeve fitting is leaky.

& POLYGON
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The timeframe depends by diffusion to and from
the hole and also include buffering effects
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@ normal
@ leaky

Better sleeve techniques have transformed normal readings from
red towards green. High sensor buffering will also slow down the
absortion process and promote lower early readings . Note! No
drying of concrete in this example.

@ POLYGON

We get vapor transport around fittings (throgh
concrete) and towards the vertical moisture profile

Always By Your Side.

4 < Leakage throuh levelling
products was found to add
big balance error.

— SRS Too high readings if wet
Too low if dry !
@ POLYGON
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It’s possible to model the behaviour
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Left with no sleeve leakage in concrete
Right adding vapor open screed and airgap
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6 POLYGON between sleeve and concrete

Steel jars from top and side 7 and 50 days, at
same depht

Always By Your Side.

\ N N
Note: Not the actual moisture level that is measured.
Moisture in the surface of the hole minus balance
error is measured.

@ POLYGON
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Flow balance issues will result in different

readings

@ POLYGON

If the balance is changed after a formed drying
profile in the hole we get change in readings
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The good old days when concrete dried by itself?

Vaisala HMP36 Vict 0,32 (mont. i rér, 3 dagars kond.)

Tight fitting
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Or not?
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Heat effects will add issues
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When does it happen?

Adsorption, Desorption Scanning ?

» Three different flow balance behaviour depending on
drillbits

4 POLYGON
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Concrete loose moisture capacity when heated
(and loose vapor balance issuses?)
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Drilling several holes in sequence (profile drilling) or
deep holes will increase energy transfer. Low wcr
concrete will get warmer (harder).

New drillbit| Weared
[°C] drillbit

I | [°c]

17.0%C
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Heat effects when drilling without cooling

U 0-1 (appr. 30s) Drilling (rapid heating, possibly additional moisture to holesurface
from drilldust, high vapor content, steep vapor and heat profiles)

U 1-2 (1-10min) Cleaning (rapid cooling and surface drying, recondensation in
porestructure, steep vapor and heat profiles)

4 2-3 (0,1-3h) Capped hole (surface is rewetted from within concrete, concrete is still
cooling near the surface)

O 3 (3-48h) Temperature is stable, Maximum RH is reached in most cases

U 3-4 (3h-14d) Surface in the hole starts scanning towards desorption...

U 4 Drying progresses within the hole through leakage and moisture profile
development.
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Adding heat increase early readings, possibly mainly
by better flow balance (higher vapor pressure)

Always By Your Side.

@ POLYGON
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High early readings often described as a drill error to
wait for. Compared to capped steel jars it’s probably
mostly absorption reading. More exposed concrete
area and improved fitting delayed desorption
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Drillbit strategy can change the intial conditions
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Change in behavior due to cooling and
conditioning, different sensors. Early balance
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And now together!
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Horizontal drilling in a testbed (sholdn’t have a
profile) different drill depths 50, 100, 150mm, warm
vs cooled. Depth increase exposed concrete area!
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1,5 years old

Wocr 0,34,
15% slag
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Old warm drilling in capped jars (dark red new
sensors) vs New cooled (blue) and new varm (light
red), 50, 100, 150mm drill depth.

Always By Your Side.

With tight sleeve
fittings we get no
effect from
drilldepth!
. " () probably leaky

& POLYGON
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Measured profile probably often something else
than drying?
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Different drilldephts
will show different
vapor gradient towards
the lower sleeve fitting
and change the balance
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Could it be absorption readings altogether?

N

Always By Your Side.

@ POLYGON
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Cooled drilling without extra area is much faster to
desorption readings (- extra balance error?)

@ POLYGON

Conclusions

Challenges

Risk = absorption situations

Moisture flow balance needs to be
better explained in standards.

Heat effects when drilling need
more testing to quantify

Temperature effects in service is
not fully explained yet, underfloor
heating?

Critical moisture limits on which
sorptioncurve or both? Measured
how? for which temperature?

Desorption readings need leaking
sleeves. Desorption readings
include very flat scanningcurves
which make it harder to get
repetable readings with low wcr.

@ POLYGON

Possibilities

We can use loggers to se trends
We can reach fast flow balance on
absorption (few hours)

We can force readings near
desorption fast by cooled drilling
or crushed samples.

We could adress moisture flow
more than RH.

We can make holes without adding
heat.
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The actual risk depends on several additional
factors. This is what we probably should discuss.

climate above

flooring

adhesive

levelling products

additional design layers

climate beneath

@ POLYGON
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And it is still interesting!
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NORDIC Workshop on RH in concrete
Trondheim 7. — 8.11.2018

Finnish practice
for RH measurements

Sami Niemi, M.Sc.
Vahanen Building Physics Ltd

VAHANEN
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CORNERSTONES OF TODAY’S CITUATION IN FINLAND

 Vaisala and VTT since 80’s

* 1995 learn from Sweden (Humittest Ltd, joined Vahanen at 2006)

* 1998 RT-instruction card ("normal quality of construction”)

« 2003 start of teaching of certified measurers (VTT, Humittest/ Vahanen)
« 2007 construction industry’s measurement guidelines

» 2010 RT-instruction card = PRACTICAL

« 2010’s focus has been in common moisture control of constucting

2 VAHANEN
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RH MEASUREMENTS IN CONCRETE (RT 2010)

 Practical guide to get proper enough readings

« Exact measurements (10 of 16 pages about one RH-reading)
» Directional measurements RT =
 Factors affecting measurement accuracy Hm———

« Measurement before coating and coating rating ==
« Research of the finished structure

BOREHOLE METHOD
« Temperature 15 ... 25 °C
* If not in a hurry — easily lot of measuring spots

SAMPLE METHOD g
 Temperature -20...80°C = == e
« Poor conditions (hot or cold concrete)

 Better accuracy - more difficult, but the result becomes faster

VAHANEN



37

VAHANEN
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00

Affect of drillig: RH, Concrete type, sharpeness of drill varies
Probe instantly after drilling and vacuming to measuring tube

Stabilization times of different probes

VAHANEN
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SAMPLE/ TEST TUBE METHOD

Test tube Air Cuts from the
space, bottom of the
where equilibrium shaft, not 5 mm
RH is measured closer to the edge
of the bore

Minimum volume of J
the cuts is 1/3 of the I £ 5 mm
test tube’s volume

Cuts in to the
test tube

VAHANEN
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VAHANEN
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VAHANEN
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The inaccuracy of the drill hole measurement, the
concrete surface is drier than the interior

Inaccuracy (RH-units)

-15 -10 -5 0 5 10 15
the type of the probe :
time from the previous calibration ==
the number of probes used and the measurement points 1

calibration and checking accuracy

cleaning the hole L

piping of measuring hole

sealing of the measuring tube L

9 VAHANEN
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the type of the probe

time from the previous calibration

the number of probes used and the measurement points
calibration and checking accuracy
cleaning the measuring bore

sample Number

sealing of the test tube

Stabilization time of the probe in the test tube
the waiting time for concrete machining
correct measuring depth

the structure temperature abnormal

the temperature difference between the structure and the upper air

-15

-10

inaccuracy (RH-units)

Accuracy factors in sample method, concrete surface
drier than interior

10 15

10

VAHANEN
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MEASURING DEPTHS BEFORE COVERING

0,4XA 0,4 xA 0,4 xA
2007
Intermediate floor Joint slab or slab on ground  Partly pre-cast intermediate floor p"""ﬂ
(drying both sides) (drying one sided)

0,5xd, Bottom of the screed=d, 0,4xA B:‘e?gai{;ﬁﬂ?s’::"

ohjeet

d{ d$ I
| ] | (CfeEe-d

Hollow Core slab + upper concrete (d,)Hollow Core slab + screed (d,) Dumped Hollow core + bathroom floor

e |

Always at least two depths the choice of measurement point place and
Maximum measuring depth 70 mm the representativeness of the result

11 VAHANEN
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COVERING LIMITS

Coating material Evaluation of Concrete and / or smoothing
Concrete RH RH (%) on the surface
(%) by depth A (0-5 mm) and

1-3 cm deep (0,4*A)

PVC carpets 85 ,
Linoleum carpets 85 !
L Betonirakenieiden
| -}Ji‘lﬂlﬁ'j_ﬂ_ﬂ_uﬂ_uu
Rubber carpets 85 | i
75 Ea_beloni

Textile mat, wapourtight base e
(pvc, rubber, rubber latex) 85

or natural material

Full synthetic textile mats without

a substructure 90

Plastic, rubber, linoleum tiles 90

2 VAHANEN
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13

VAHANEN
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“rapid RH-measuring under elastic
covering, so called cut-method”

" | VAHANEN
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DIRECTIONAL MEASUREMENTS = -

« Measurement of non-piped holes

;‘u'l

1

i
d ] |

Ei'
i

« Measurement repeatedly from the same measuring =

tube -

« Measurement of the measuring tube mounted on the
cast

» Measuring soon after drilling

* Measuring continuously with the sensor inside the
concrete

* Measurement outside the recommended temperature
range

« Sample measurement without installing the probe
immediately into the test tube

- Sample measurement with less than normal cuts or T e ML
inaccurate depth VAHANEN
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MONITORING IS POPULAR

* |oT-based concrete drying conditions management - NCC
« Smart Concrete — Luja Betoni

 Construction site Digi engineer — Bliot Oy

« RamiSmartTM condition monitoring — Ramirent

* Monitoring probes + wireless data transfer

—RFSensit —
—Viiste
_Simap KUivaketjlns/ﬂ
—Others o A

e VVaisala is still number one in Finland
16 VAHANEN
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MORE MEASUREMENTS ARE DEMANDED AND DONE ALL THE TIME

NEW MEASURING EQUIPMENT AND TECHNIQUES ARE BEING DEVELOPED

MOISTURE PROPERTIES OF MATERIALS SHOULD BE KNOWN BETTER

THE INSTRUCTIONS SHOULD BE REFINED

17 VAHANEN
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Schaden in der Praxis durch zu frihes Belegen

Quellen von feuchteempfindlichen Belagen

........
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Schaden in der Praxis durch zu frihes Belegen

Blasenbildung (PVC) Verseifung des Klebers
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Vad ar en Estrich?

Oversattning: flytspackel, avigmningsmassa
Schwimmender Estrich — flytande golv

WAS IST ESTRICH?

Estrich ist die Abdeck- und Begradigungsschicht, die auf das Betonfundament
gegeben und eben abgezogen wird. Estrich kann dabei aus ahnlichen
Bestandteilen bestehen wie Beton, jedoch gibt es verschiedene Arten von
Estrichen. Oder anders gesagt: Beton wird durch seine Bestandteile definiert;
Estrich wird durch seine Funktion definiert.
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Diese Arten von Estrich gibt es:
*Zementestrich (CT)
*Gussasphaltestrich (AS)
*Kunstharzestrich (SR) (t ex epoxi)
*Calciumsulfatestrich (CA)
*Magnesitestrich (MA)
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ZEMENTESTRICH

Bei Zementestrich handelt es sich um eine nach DIN EN 13 813
auch CT genannte Abdeck- und Begradigungsschicht.
Zementestrich wird auch als Betonestrich bezeichnet, da die
Inhaltsstoffe in etwa gleich sind. So kommen Sande und Zement
zum Einsatz, etwa in einem Mischverhaltnis von 3:1.

Der Sand weist dabei eine KérnungsgroBe von unter 8 mm,
teilweise von maximal 4 mm auf. Fir das Anmachen der
Mischung wird zudem ebenfalls Wasser verwendet. So wie es
Schnellbeton gibt, gibt es auch beim Zementestrich eine
Schnellestrich-Unterart. Diese weist verschiedene Zusatze auf,
welche die Erhartung begunstigen bzw. beschleunigen.
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Zementestrich in Deutschland

— Internationale Normen fur Stoffe und Prufungen

EN 13813: Eigenschaften und Anforderungen, Klassifizierung

EN 13892: Probenahme,

Prifverfahren

— Nationale Anwendungsregeln

DIN 18560: Anforderungen, Dimensionierung,
Ausfihrungen, Prifumfang
DIN 18353: Technische Vertragsbedingungen

* Druckfestigkeit

* Biegefestigkeit

* Verschleiffwiderstand
* Oberflachenharte

* Widerstand gegen

Rollbeanspruchung

* Biege-E-Modul

* Haftzugfestigkeit

» Schlagfestigkeit

* Elektrischer Widerstand
* Chemische Bestandigkeit

m [ Die ,Belegreife” (max. Feuchte des Estrichs) ist nicht normativ geregelt!

Hierflir werden z.B. Merkblatter von Fachverbanden verwendet
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Trocknungsverhalten von Zementestrich

®  Estrichmértel mit Hochofenzementen wiesen nach einer Lagerung von bis zu einem halben Der Ausgleichsfeuchtegehalt von Estrichen mit Hochofenzement ist bei dblich vorherrschenden
Jahr im Klima 20°C/65% r. F. hdhere Feuchtegehalte (CM-Feuchte und mittels Ofentrocknung relativen Luftfeuchten hdoher als der von Estrichen mit Portlandzement. Daher kann ein Maxi-
bei 105°C bestimmter Massenanteil der enthaltenen Feuchte) auf als Estriche mit anderen

malwert fir den Feuchtegehalt, der anhand des Trocknungsverhaltens von Estrichen mit Port-
Zementarten (Bild 1).

landzement definiert wurde, z. B. bei Verwendung eines Hochofenzements mbglicherweize

B Zementsteine mit Hochofen- und Portlandhittenzementen zeigten bei Lagerung in den nicht unterschritten werden. Gleichzeitig sind die Masse und Geschwindigkeit des zu erwarten-
Klimata 20°C/65 % r. F. und 40°C/30% r. F. deutlich geringere Massenverluste und beim den weiteren Feuchteverlusts, die letztlich entscheidend fir das magliche Auftreten von Scha-
Klima 20°C/65 % r. F. bereits nach wenigen Wochen Massenkonstanz, d. h. es wurde keine den an Fulbodenkonstruktionen sind, i. d. R. bei der Verwendung von Hochofenzementen ge-
weitere Baustofffeuchte in die Umgebung abgegeben. ringer als bei Estrichen z. B. mit Portlandzement. Die aufgrund des Trocknungsverhaltens be-

stehenden Vorbehalte bei Hochofenzementen und einigen Portlandkompositzementen erschei-
nen damit unbegrindet.

Quelle: VDZ https://www.vdz-online.de/forschung/abgeschlossene-projekte/feuchte-in-beton-und-zementestrich/



https://www.vdz-online.de/forschung/abgeschlossene-projekte/feuchte-in-beton-und-zementestrich/
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Nutzungsbeginn und Belegreife

Zementmerkblatt Betontechnik — Zementestrich, InformationsZentrum Beton, 2015

[16] Fachverband Deutsches Fliesengewerbe: Merkblatt Keramische Fliesen und Platten, Naturwerkstein
und Betonwerkstein auf zementgebundenen Fullbodenkonstruktionen mit Dammschichten, 2007
[26] Bundesverband Estrich und Belag: BEB-Merkblatt Beurteilen und Vorbereiten von Untergriinden, 2008
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Calciumcarbid-Methode

https://de.wikipedia.org/wiki/Calciumcarbid-Verfahren

CaCs +2H-0 — Ea{ﬂH]g + CaHs


https://de.wikipedia.org/wiki/Calciumcarbid-Verfahren
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THANK YOU!
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NEW MATERIALS AND DESIGN AND THE IMPACT ON RH IN
CONCRETE, FINNISH EXPERIENCE

NORDIC WORKSHOP ON RH IN CONCRETE, TRONDHEIM,
NOVEMBER 7™ -8TH 2018

Dr. Leif Wirtanen, Ramboll Finland

RAMBGOLL



AGENDA

CONCRETE
STRUCTURES
ADHESIVES
SCREEDS

A

FLOORINGS

RAMBGLL
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CONCRETE

A supplementary cementitious materials (GGBS)

A admixtures (superplasticizers)

RAMBGOLL


https://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjGlYSEvI3UAhXLp48KHXW1AXMQjRwIBw&url=https://www.thermofisher.com/blog/mining/xrfxrd-combined-instrumentation-can-provide-complete-quality-control-of-clinker-and-cement/&psig=AFQjCNHwSHKz4d4cskA4f7I_3UVRYevUyw&ust=1495884977580985
https://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiFy5OnvI3UAhVEMY8KHbBAAPAQjRwIBw&url=https://pixabay.com/en/photos/water/&psig=AFQjCNHO-tP-oPsDCZFXh50VZTQerpqF7Q&ust=1495885062649253
http://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjdvdW7vI3UAhWFwI8KHWCbB3AQjRwIBw&url=http://crushconqld.com.au/20mm-aggregate.html&psig=AFQjCNE-0Kg8rJXBEO8hRMof0JXBQg2MQA&ust=1495885108803980
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STRUCTURES

A thicker

A more complex

RAMBGOLL



ADHESIVES

A binder (acrylic / EVA...)

A additives (2EH)

RAMBGOLL

74
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SCREEDS

A alkalinity (aluminacement, gypsum)

A layer thickness (increasing)

RAMBGOLL
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FLOORINGS

A denser (PU treatment)

A composition (phthalate free plasticizers/adipates, aliphatic esters...)

RAMBGOLL
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DO WE MEASURE THE RIGHT THINGS (RH, VOCs) IN THE RIGHT WAY?

RAMBGOLL



QUESTIONS AND ANSWERS

RAMBGOLL



THANK YOU

RAMBGOLL



Stefan Nordmark

Electro-tech
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Elara2
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Elara2

We have been developing the humidity sensor during
a period of 3.5 years and are now in the final phase of
tests which be will done at University of Lund during
2019-Q1/Q2

Presentation by Stefan Nordmark
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Elara2
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Challenge
Sensor Chip
Will it work in concrete
Accuracy of the sensor over time

Mechanic

How shall it be designed
Membrane

Plastic housing

Communication
868 MHz
868 MHz Lora

Life span
Time 9 year
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This is how the system works

Wireless measuring of the humidity in concrete

GPRS access
point
Communication
with server
Transponder in
concrete casting Monitoring of
the casting

process

The RFID- tranponder, which contains a sensor and a
transciever, is cast into a concrete structure. Data
from the tag is transmitted to an external access
point in the vicinity of the concrete structure.

The external access point is connected to internet via
GPRS. The information is sent to a database.
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Advantages

. Continuous monitoring from day zero via computer, tablet or mobile phone

. Installation of sensor in the design is less than 2 minutes

. Archiving data as well as easily copying the information / data into your reports
. We store all data in servers that you have access to

. No physically need to be in place to decide on any action for the occasion

. Documentation to easily show status

. Planning tool Qa
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The presentation is now over, thanks!
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Content

» Background

Experience from RH measurements at SINTEF RH systems used at SINTEF (concrete)

>

in general, with focus on use of Humiguard > Main experiences; some pros and cons
» Improvement of the Humiguard system
>

Summary
Senior Scientist (PhD) Jan Lindgard, SINTEF

Example: Field exposed samples in Trondheim. Are various surface
BaCkg round treatments able to reduce the intern RH?

» Long experience with use of RH measurements in various R&D
projects
v Often linked to PF/DCS measurements

» Laboratory measurements
v Internal RH in various lab. cast samples (mainly ASR)
v Internal RH in drilled cores from field (mainly ASR)
v’ Simulating drying of concrete floors (various binders)

» In-situ measurements
v" Concrete structures (mainly bridges)
v Field exposed samples (laboratory cast - stored at exposure sites)

NORDIC mini-seminar on determination of relative humidity in
concrete, 2018-11-07--08 Jan Lindgard
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. » Procedure for use of Vaisala sensors for lab. measurements
Main RH SYStems used at SINTEF v’ Calibration of each sensor before and after measuring
v’ Splitting and crushing of concrete (avoid loosing moisture)
» Vaisala "HMP44" www.vaisala.com) v Collection of small paste samples (3-6 mm from the interior) on glass tubes
v" Mainly lab. measurements v Installation of RH sensors after about 1-2 hours of pre-storage in the 20°C
v Long experience — extensively used last 10 years climate room (avoid condensation)
v Storage of the glass tubes in an "insulation block" (keep the temp. stable)
> Humiguard (www.industrifysik.se)
v" Mainly field measurements
o RBK: concrete floors
v About 20 years of experience
o Various R&D projects (incl. aim to improve the accuracy)
v" MSc study in 2017 (NTNU)
5
—— (T[T §
»  Procedure for use of Vaisala sensors for lab. measurements » Procedure for use of Humiguard sensors for = 0alng paste
v Daily measurements for 4-5 days (in the moming — stable temp.) field measurements o | i
v The readings after 2-3 days are normally used v' Drill and clean the holes, install the plastic i
v Calculations based on the recent calibration performed (before and after) tubes (incl. use of a sealing compound along = _ y ;me T
the tube; e.g. "Sikaflex") and seal the top -

v Install RH sensors 1-2 days after drilling

v Insulate the plastic tube and seal (reduce the
influence of temp. variations)

—— Seiior contact

v Wait 5-7 days before the first measurements

v" Measure when stable temp. over at least a R semsar
24 hours period and when cloudy (preferably
stick to one temp. level; in Trondheim from 15-20°C)

v Avoid heating by the sun (protect the samples if
sunshine)

Sealing compound

NORDIC mini-seminar on determination of relative humidity in
concrete, 2018-11-07--08 Jan Lindgard



Main experiences; some pros and cons

System Vaisala (V)

Humiguard (HG)

Comments

0-90 % RH: 22 %

Accuracy 90-100 % RH: £ 3 %

About + 2 % at 85 % RH

Data from the producers

Yes, preferably before

Calibration and after measuring (-)

No need (+)

The accuracy of the HG sensors
has been improved* (+)

"Stability" | Normally only minor drif

Drifting over time, thus
need of ref. readings (-)

HG: the reference readings
must be performed frequently (-)

Expire date 6 (2?) months
)

Need to replace the HG sensors
every season. Complicated™ (-)

Rather cheap to buy (+),
but costly over time (-)

Need of more manhours for
using the HG system (-)

0-40°C, but basically in
the interval 15 to 25°C

HG: Can "fool" the system if the
temp. is outside this interval

Only in the interval
75-98 % RH (-)

Vaisala: The accuracy
decreases at very high RH

over time (+)
Lifetime Long (+)
Costs Rather expensive (-)
Temp. range Long interval (?) (+)
RH levels 0-100 % (+)
Calculations Easy and fast (+)

Complicated. Must use an
on-line program (-), but
aut. calculation to 20°C (+)

HG: Possible to "fool" the
system if too old sensors or
temp. outside the given interval

Measuring If shallow boreholes, use
depth an "installation cover"

Can measure in rather
shallow boreholes (=5cm)

Shallow boreholes more influ-
enced by outdoor temp. & sun

» Many important sources of error exist
v Unstable (varying) temp. in the concrete (cold nights - warm and sunny day)

o Lack of equilibrium between the concrete and the air in the borehole (see examples™)
o Use of insulation in the tubes and covering the samples/structure will help

NORDIC mini-seminar on determination of relative humidity in

concrete, 2018-11-07--08 Jan Lindgard
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» Examples on how to measure close to a concrete surface
v Dirill holes from the side (deep to be less influenced by the outdoor temp.)
v Preferably, place the sensors away from the sun (NE) + insulate the tube

Humiguard Vaisala

o Importance of having the same temp. at the RH probe and the concrete
v' Example Vaisala (from the user manual)




o Importance of having the same temp. at the RH probe and the concrete

v" Example Humiguard (report prepared on-line)

1
[ ]

é D

L
]

>

Many important sources of error exist

v' Condensation any problem?
0 SINTEF lab:

= Installation of Vaisala sensors in the glass tubes after about 1-2 hours of pre-storage in
the 20°C climate room (avoid condensation).

o Condensation problems in field?
o NS 3511: At installation, the RH probes should not have lower temp. than the concrete
=  Vaisala: (user manual)

«  The RH probes starts to function again as soon as the water has evaporated
«  If contaminated water, shortened life span and drift of the sensors
o Can HG sensors withstand condensation?

v How long can a drilled hole be used for measuring?
o Dependent of the concrete quality and the moisture state?
= Any leakage might influence the RH (normally reduced)
o Influence of the moisture capacity of the RH probe?

= When replacing the sensors, will the time to reach equilibrium increase? (longer time for
denser and dryer concrete?)

NORDIC mini-seminar on determination of relative humidity in
concrete, 2018-11-07--08 Jan Lindgard
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» Many important sources of error exist
v' Unstable (varying) temp. in the concrete (cold nights — warm and sunny day)
o Lack of equilibrium between the concrete and the air in the borehole

o Use of insulation in the tubes and covering the samples/structure will help

v Too short time from installation of sensors to the readings are taken
o General: Many examples on too early readings (i.e. will measure a too low RH)
= NS 3511:> 15t (v/c>0.4) and > 48 t (v/c<0.4)
o Vaisala: (User manual)

* Recommended to wait three days from drilling to measuring RH
=  The RH probe can be installed immediately after drilling or before measuring

= Ifinstalled before measuring, seal with a rubber plug and wait about 30 minutes before
measuring (too short time!)

v' Calibration and drift of sensors
o Humiguard (HG):
= Do the reference sensors represent the installed sensors? (improved - see later example™)
o Vaisala (lab.):

= How long should the RH sensors rest in room climate before moving from one glass tube
to another? (relevant when moving to a dryer environment)

Improvement of the Humiguard system

» Production of RH sensors at Industrifysik
v' Previously rather large spread between individual RH sensors

v' Actions taken during the last years to increase the reliability and the
accuracy
o New system introduced in 2018
= Al RH sensors are pre-tested
=  Automatic selection of RH sensors in a narrow range (various groups)
= Ref. RH sensors selected from the "mid part" of each sensor group

» SINTEF activities
v' Aim to increase the reliability in RH measurements
v Close dialogue with Industrifysik

o Previously: Received RH sensors from a "large group” with unknown spread
o Latest years: Hand selected RH sensors

v" MSc study in 2017 (NTNU)




o SINTEF: Example of spread measured between reference Humiguard sensors

o SINTEF: Example of spread measured between reference Humiguard sensors

NORDIC mini-seminar on determination of relative humidity in
concrete, 2018-11-07--08 Jan Lindgard
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o

SINTEF: Example of spread measured between reference Humiguard sensors

o

SINTEF: Example of spread measured between reference Humiguard sensors




o SINTEF: Example of spread measured between reference Humiguard sensors

O

21

NORDIC mini-seminar on determination of relative humidity in
concrete, 2018-11-07--08 Jan Lindgard
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Summary

» ltis possible to measure RH rather accurate, provided care and
actions are taken
v If incorrect, often too low RH measured (many examples exist)
v" Main sources of errors

o

o
o
o

Unproper sealing leading to leakage

Temp. variations between the RH probe and the concrete
Reading after too short time

Lack of calibration of the RH probes

» SINTEF experiences
v Vaisala (normally) works very well in the lab.
v Humiguard accuracy improved

o

Despite short expire date, the system works pretty well for field measurements




95

Self-desiccation concrete in floors l

Bernt Kristiansen
AF Gruppen Norge AS




FOR 2010-03-26 nr 489:
Forskrift om tekniske krav til byggverk
(Byggteknisk forskrift — TEK 10)

§ 13-19. Byggfukt (Moisture in construction phase)

Materialer og konstruksjoner skal veere sa tgrre ved
innbygging/forsegling at det ikke oppstar problemer
med mugg- og soppdannelse, nedbrytning av organiske
materialer eller gkt avgassing.

Materials and structures should be so dry when
Installed / sealed that there are no problems with mold
and fungus formation, organic matter decomposition or
Increased degassing
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Self-desiccation concrete

Ref.: BETONGENS FUNKSJONSDYKTIGHET. Delrapport nr. 30, Erik J.Sellevold. STF
65, A 88093. FCB, Trondheim.

SINTEF report from 1988
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Self-desiccation concrete
T.Kanstad 1990: Dr.avhandling

RF.; = (0,0351* In(t)+0,223)*(v/c)-0,051*In(t)+0,78
;:’ 85 \z\\__;
g 80 \
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Use of self-desiccation concrete i practise

 Casting concrete floor at NORA, Brumunddal in 1989.
* v/c-level 0,4
« Epoxy mortar applied the day after casting.

* During 1990s it was several concrete floors in food
industri casted with self-desiccation concrete and
epoxy applied the day after casting.
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Use of self-desiccation concrete i practise

* Friday:

» Concrete casting, v/ic = 0,4.

» Or dry mortar Confix with 2,3 | water and 0,2 | melamin pr. 25 kg bag.

» Cover with plastic

« Saturday

« Morning: Remove plastic

* When the concrete surface is light gray

 Atfer app. one hour
* Epoxy primer applies
« Evening: more epoxy
* Sunday
» Topcoat epoxy
 Monday
» Work at the food industri

Blanding

Mindre mengder kan blandes med drill og visp. Sterre
volum blandes med mertelblander eller tvangsblander.
Blandetid minimum 3 minutter. Konsistensen reguleres
med vanntilsetning, men vasr oppmerksom pa at hayere
vannmengds enn anbefalt ca. 3,25 liter pr. sekk a 25 kg
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Lifecycle concrete

Hardening

Setting

Time Days Year
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Use of self-desiccation concrete i practise

e | started i AF 1998 and started to measure RH
development in different concrete mixes.

* From year 2000 AF started to use concrete with self-
desiccation properties in a bigger scale on «real»
projects.
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Measuring relative humidity in different concrete mixes
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Relative humidity in concrete
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Relative humidity in concrete

Calibration
After app. 100 days the sensors was calibrated
RH=75 % temp. = 20 °C
6 sensors was echanged, of 42
The rest was within £ 0,6 %.

. Stated measurement unce

r

rtainty £ 1,0 %.

ey
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Relative humidity, self-desiccation
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Hydratasjonsgrad
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Shrinkage



Shrinkage:

- C25 from 1999
- B35M40 from 2012

112

18



2008: «Low-heat» con<1:1r?’ete
CEM I 260 kg

Flyveaske 130kg
Water/cement-ratio 04

Self-desiccation
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Shrinkage and relative humidity

Norcem STD FA v/c-tall 0,40

0
100 9l5 9[) 8p 8p I3 70 6p 60

0,1 \

-0,2 B
; \
0,3 9.

Svinn, o/oo

04 \.\

-0,5 \.

-0,6

RF, %
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Valer i @stfold, 2010
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Valer, 2010

Malt 2012

3,5 mm apning
< 0,1 o/oo
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Valer, 2010

Malt 2016

005 01 05 02 025 03 035 04 045 05 055

W essep vauaIgEsy
0} omsssewsydiabiay

Dot s

u. 1487 syegugalce = Jmeiadwe  nejg
- Jel SO

m 4oz Mappqabye = ineiadwal uneig

w 1yez mappqabqe = imeadwa) g

B
B

12 13 14 16 18 20 25

085 09 095 10 105

7,0 mm épning
Ca. 0,14 o/oo
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Industrigulv Fredrikstad, 2012

Befaring des. 2015

17 mm épnig
Ca. 0,35 o/oo

-




Hvorfor er gulvene sa forskjellige?

Stapt 2012
B30M60
Betong:
. Luft:
-RF:32-37%  ©
- Temp: 18-25 oC &
pel

\
g

Stgpt 2010
B30MG60
Luft:
[P - RF: 32359  PEESwam
; s - Temp: 17-18 oC R e

o Sy

T ———

Betong:

- RF: 68-75% g

- Temp: 18-21 0C
s o ‘i .

- RF: 93-95%
- Temp: 16 oC
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Hotel Park Inn, Gardermoen




121

Water pipes

No joints



Concrete: B35M40
Reinforcement: 2 x A

T

smin

\

#\ o\ T
%it‘.__ e B

20 mm etafoam

-
§?§ -_(‘"\*
nREL |

\

!
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L (00070 1 U G 1 CRRT ETRR T i |

- Concrete composition
-least possible cement paste
-v/c-tall 0,4

-Slump 20 cm, ” cream consistency”

-pipe: 3"

-Dissing + plastic

-Tiles or screed with coating
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Sykehuset i Ostfold

30.000 m2 40-90 mm concrete floor on hollowhollow deck

No time for desiccation l &
| _

302/ 2048
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40-90 mm concrete
Reinforcement K335

o
YA o [
o '~. —. -
y = — - .
Iy - _4 o "
— J Y A /
§ - *-' : .
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&
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Sykehuset i Dstfold

B35M40
SCC, 58 cm

wdl.

=
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Sykehuset i Dstfold

SCC, 58 cm
Dissing

Curing membrane
Grinding

Coating

S ._ A
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‘B Grinding .
\- . Coatlng o
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-n“ "
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| L N el N
HOW TO CONTROL THE RELATIVE HUMIDITY IN THE CONCRETE?

”Normal” concrete and desiccation

* RF must be measured according NS 3511:2014
«Self-desiccation» concrete

. Documentatlon on each concrete m|x NBlS Gulv pa grunn
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Dokumentation of self-desiccation
Pb. 15: Gulv pa grunn (Concrete floor on ground)

 Self-desiccation of concrete mixes must be after prosedure in
NB15
 Self-desiccation is documentated by measuring relative humidity:
» < 85% after 1 ar and/or
» < 80% after 2 ar



I Norge i ar 2000 EN 197'1 -1234000

Table 1- The 27 products in the family of common cements

Composition [proportion by mass "]

Motation of the 27 products

(types of common cement) B N orcem Standard Fly ash Limestone* Minor

additicnal

I n d u stri 1z | calcareous constituents

W

Paortland cement CEM | Anlegg -

Fortland-slag ICEM WA-S
cement ICEM I/B-5 S R

Portland-silica fume JCEM I/A-D Embra Standard

cement

Portiand-pozzolana JCEM IVA-P Rapld

cement IcEMIIB-F .
[CEMI/A-Q B0-04
ICEM I/B-Q 65-79

Portiand-fly ash |CEI".-'I AV moooe

cement CEM I/B-V [~ Norcem Stand
ICEM IA-W BU-H4 -
ICEI".-'I IUB-W B5-79 -

Portfland-bumnt shale JCEM IIFA-T 80-94
cement CEM II/B-T G5-78

lcEm aL 50-04
Portland-imestone  JCEM I/B-L 65-79
cement ICEMIVALL 3094
S 6579

Portland-composite ICEM I7A-M 80-94
cement ? ICEM I/B-M 65-79

Blastfumace ICEM A 35-64

cement fceEm s
JcEMTIIC

Pozzolanic ICEM IVIA
cement ICEM Iv/B

Composite ICEM WiA
cement




Table 1- The 27 products in the family of common

EN 197-1:2000 | Norge i ar 2016

Composition [proportion by mass "]

Motation of the 27 products

Main constituents |

Main (types of common cement) Pozzolana .
types Clinker | Blastfunace Silica natural Norcem Industrisement CEM | 42,5 R
slag fume natural | calcined
K Cemex Rapid Aalborg Rapid CEM 52,5 N- (LA) L

CEM | |Portiand cement CEM | g5-100 Cemex Hyvit Aalborg White CEMI52,5R-SR5 . 0-5

Portland-slag sog4 | =on | ! ! ! - - - - 05

cement CEM I/B-S 65-79  Cemex Miljgsement CEMII/B-S52,5N - - - - 05

Portland-silica fume JCEM IVA-D 00-94 - 6-10 - - - - - - ; 0-5
cement

Portland-pozzolana JCEM IFA-P 80-94 - - 6-20 - - - - - - 0-5

cement [CEMI/B-P 65-79 - - 21-35 - - - - - - 05

[CEMI/A-Q 80-94 - - - 6-20 - - - - 5 05

|cEM IB-Q 65-79 - - - 21-35 - - - - ) 05

CEMII F'“”'a”td'f"f ash EE'?‘; - - - Norcem Anlegg FA CEM II/A-V 42,5 N gg

cemen 5002 - - - Norcem Lavkarbonsement CEM I/A-V 425N —=

[cEMIB-W 65-79 - - B - _ 21-35 : 5 N 05

Portiand-bumnt shale JCEM IVA-T 80-94 - - - - - - 6-20 - - 0-5

cement CEM I/B-T B5-79 - - - - - - 21-35 - - 05

- - - - - - - 6-20 - 0-5

Portland-limestone Rk — - - - - - - - 2135 - 0-5

cement CEM IVA-LL - - - - - - - - 6-20 05

(TR — - - - - - - - - 2135 05

Portiand compasite = - Norcem Standard FA CEM II/B-M 425 R. 8%

cement <- PR : - ) _ - 05

CEM lll|Blastiumace Cemex Miljgsement |I CEMIIA425N - - - - 0-5

cement CEM I8 | 20-34  Cemex LH LC* CEMIN/B 425N - - - - 0-5

R | | | | - - - - 05

CEM IV |Pozzolanic ICEM ViA G5-89 - - 11-35 = - - - 0-5

cement ¥ fcem vis 4564 - — 655 > ) ) - 05

CEM v |Composite ICEM ViIA 40-54 18-30 - e — 18-30 -————- = - - - - 0-5

cement CEM V/B 20-38 31-50 - P 31-50 - > - - ] - 05
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NB 37 Lavkarbonbetong

B20 B25 B30 B35 B35 B45 B35

M990 M90 Me60 M45/MF45 M40/MF40 MA40/MF40 M40/MF40

Maksimalt tillatt klimagassutslipp [kg CO,-ekv. pr m® betong]

Lavkarbon A 170 180 200 210 230 240 250
Lavkarbon B 200 220 240 270 300 310 320
Lavkarbon C 240 260 280 320 350 360 370
Bransjereferanse | 280 300 320 370 410 420 430

Klimagassutslippet oppgis for 1 m® betong og dekker livslopet fra ravareuttak til betongprodusentens
fabrikkport. Utslippet oppgis som kg CDg—ekameetnng. Ved omregning fra kgf'm3 til kg/tonn brukes
densiteten 2400 kg/m’.

42
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Admixtures, water redusers

Water reduction:

1. generation 2. generation 3. generation
10 % 20 % 40 %

Polycarboxylates

Copolymer
Melamine

Naphtalene
(Gluconates)

Lignosulphonates

1930 1940 1970 1980 1990 2000

43
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Exposure classes

countryside coast, seawater

seawater

44/50
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D ura b i I ityC I asSSses (Bestandighetsklasser)

Tabell NA.15 - Valg av bestandighetsklasse, avhengig av eksponeringsklasse

Bestandighetsklasse

Eksponeringsklasse
MS0 M&0 M45 MF45 M40 MF40 I
X0 X X X X X X
XC1, XC2, XC3, XC4, XF1 X X X X X
XD1, XS1, XA1, XA2 8 Xa4 b X X X X
XF2, XF3, XF4 X X
XD2, XD3, X52, X53, XA3 2 X X

X5A4

Betongsammensetning og beskyttelsestiltak fastsettes saerskilt.
Betongsammensetningen skal minst tilfredsstille kravene til M40.

silikastav.

a Om det | eksponeringsklasse XAZ, XA3Z eller X3A er mulighet for kontakt med sulfater | konsentrasjoner hayere enn nedre
grenseverdi for XAZ2, skal det i betongspesifikasjonen veere angitt at det skal anvendes sulfatbestandig bindemiddel (SuR1
eller SUR2). Se ogsa tabell NA.13.

For konstruksjoner utsatt for husdyrgjedsel skal det | betongspesifikasjonen vaere angitt at det skal anvendes minst 4 %

45
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All construction under ground is v/c-ratio 0,4
Because of parking areas

1070572204
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Building moisture

Building Technology Regulations (TEK17) require
materials to be sufficiently dry during incorporation to
prevent hygienic problems such as mold growth or
chemical degradation.
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er advantages by using a low v/c-ra

Edge lofting (kantreising)




Svinn, (10%) |

S

:

S

143

Shrinkage

Tid, dager

s | B30M60 —>
- = | B45M40 —
- ——— o~ P s
— Drying shrinkage
/ chemmlmal e =gy =""
7 .
7,' o Autogent shrinkage
'
0 50 100 150 200 250 300 350

49
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Edge lofting (kantreising)
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Edge lofting (kantreising)

* The surface dries out and contract
* The concrete crumbles

* 1-2 m from edges or corners
« Can be reduced by

» Thicker floor

* Reinforcement ﬂ
* More covering of the concrete, slower drying

* Lower v/c-ratio

* «MIGHT» be less after some years, when the concrete is«dry» (1-5ar)

51
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Rehabilitation of bathrooms

- AF started i 1999
- From 2002:
- 800-1400 bathrooms/year
- Special mortar for bathrooms in 2006
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Rehabilitation of bathrooms
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TM Stepemortel Bad

Trondheim Mgartelverk prodused TM Stagpemartel Bad for AF.

Mortar B35M40 — «dry»
v/c-ratio 0,37

Standard FA-sement
Melamin (SP)

If the water-ratio happened to be
0,39, the mortar was impossoble to -
process, difficult for the craftsman.

e |
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TM Stepemortel bad

Trondheim Mgartelverk prodused TM Stagpemartel Bad for AF.

- Mortar B35M40 — «dry»
- v/c-ratio 0,37
- Standard FA-sement

- Melamin (SP)
Grading curvel
120
—e—stgp-bades.
100 —— Stgp-bad
Sstep-bad-filler
Siktekurve 1
80 —%— Siktekurve 2
—@— Siktekurve 3
60 +— Siktekurve 4
——stgp-bades.
——— stgp-bad-dol
40 Stgp A
Step B
20 % Step C
0 — e

0,063 0,125 0,25 0,5 1 2




Weber is still selling this mortar:

Weber Stgpemgrtel Bad

Produktdatablad :‘weber

SAINT-GOBAIN

PRODUKTFORDELER

» Hurtigherdende selvtgrkende
- Velegnet med bade bunn- og toppmembran
+ God varmeledningsevne med varmekabler

Quick hardening and Self-desiccation
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We developped also a shrinkage

compensated mortar with TM

Weber Industrimeartel HP

Produktdatablad

PRODUKTFORDELER

Selvtgrkende, svinnkompensert mgrtel som kan belegges tidlig.

Industrimgrtel L

HP

"weber

SAINT-GOBAIN

Self-desiccation, shrinkage compensated.......
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Self-levelling floors (Avrettingsmasse)

3 types
* Gypsum
* Bind 18 % vann
 Portlandcement
* Bind 23 % chemical og 18 % physical (using 40 %)
« “Specialcement”, different types together

« Aluminat, sulfoaluminat, portland, gips
 Bind from 18 % and above
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Self-levelling floors, desiccation

3 guiding principples

* «Normal»: drying 1 cm pr. uke
* «Quickn»: drying 1 cm pr. dag
» «Selv-desiccation»: ?
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Gypsum: 1 cm pr.week

100

e \3lested 1

e |\3lested 2

95
- Thickness 30 mm
< RH in air: 60-80 %
c Temp.iair: 20-23 oC
o 90
2
©
I
o
L o e I B e B o B B B B i O S B e e o T B SRS B SRR |
80
0 1 2 3 4 5 6 7 8 9 10 11 12

Tid, uker
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Cementbased: 1 cm pr. week

100

Malested 1
— Malested 2
= Malested 3

Thickness: 30 mm
RH i air: 20-45 %
Temp.iair: 17 - 23 oC

Vo]
H

Yo
N

Reltiv fuktighet, %

4 5 6 7 8 9 10 11 12 13 14 15
Tid, uker

e L L L L L
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Quality on the surface has importance

Qypsum - Cementbased
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Self-desiccation self-levelling floors
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SKANSKA 159

Self-desiccation by the use of shrinkage
reducing agents and other additives

2018-11-08 1



SKANSKA 160

About the project

= The partners were;
= Skanska (Contractor)
= Norcem (cement producer)
= NorBetong (concrete producer)
= Sika (additives)
= UCO Utleiecompagniet (RBK-measurements)

» The project period: 2013 — 2016

= Measurement methods and instruments that were used:

= RH with the Swedish RBK method with Vaisala and “Byggforsk™ method with
protimeter

= Shrinkage test

*474.531 Fuktmalinger i bygninger. Instrumenter og metoder

2018-11-08 2
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Scope

Are concretes with low w/c-ratios self-desiccating?

Does fly ash influence the self-desiccation effect?

Do SRA influence the self-desiccation effect?

The concrete that was studied

= w/c=0,39

= Norcem Cements used; Industri, Standard FA, Anlegg FA, Lavkarbonsement

= Two shrinkage reducing agents (SRA); Sika Control-50 and Mapecrete SRA-N

2018-11-08 3
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Method

= Cylinders were cast in closed containers and closed
with epoxy

2018-11-08 4
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Method

= 3 samples for each concrete
mix

= To different measurement
methods

= RBK with Vaisala

= Calibration and validation
according to the RBK method
performed by RBK-certified
personnel

= SINTEF with Protimeter
= Validation at 85 % RH at 20°C ,
= Validation at 75 % RH at 20°C Samples with D=110 mm and H=130 mm.

2018-11-08 5
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Ambient conditions

F
=

24°C* *

19°C” |

45 %RH |

‘\.;-9".“.‘ }."é;-:!'é“’?.';":

40 =
1% - £
o
0,
15 %RH
20 v
S P R N T R TR T AR T § g i B TGN RS i S S —t= I P SRS
000003 00w WM W00 G000 000000 000000 200000 000000 W00 02000 000303 W Wias0 030000 00000 000000 0o 000000
T T T T T T T T T
20104 25012014 12018 200120 3101201 2020M A0z 6022014 8022014

e 110) DL ") e 1 TR YerH)

= The samples were stored in
our office archives.

2018-11-08 6
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Concrete mixes

Name Cement Cement  ply ash Silika

Basic concrete
mixes: similar, but
with different
cements

O 4

Basic concrete mix
#3 with different
variations

Anlegg FA=CEMII/A-V, Standard FA=CEMII/B-M, Industri = CEMI, Lavkarbonsement=CEMII/B-V

2018-11-08 7
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Concrete mixes

Name Slump  Slump flow 28-days strength

= The target slump was the same in all recipes.

2018-11-08 8
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95

Results with «Byggforsk»

SKANSKA

B 11 Weeks

0 v
4 X
SR}
o O
= =
™~
7.

B 1 Year
B 3vears

7. Hpyfast 8. Hpyfast + 9. Tilsatt 10. Tilsatt 11
Tilsatt FA Silika Silika + FA  Lavkarbon

6. SRA
Mapei

= Each bar is the average of three measurements.

3.AnL. FA A4Tilsatt FA 5. SRA Sika

e o

2.5td. FA

1. Industri

90

85

80

75 |

70

65

60
2018-11-08
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Results with «Byggforsk» and « RBK»

95

mBF 13r

~ RBK 1ar

2018-11-08 10
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Results with moisture loss

95
mBF 13ar
90 +
> BF 1 ar - Korrigert ved fukttap
85
80 §

. S
0%FA 20% 30 % 6{"’
FA FA FA < ' 30 %

30 % FA
+4 % Sl

= The samples were weighed in order to correct the RH for the ambient moisture loss using a
suitable desoprtion-isoterm and Power’s model.

2018-11-08 11
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Results with moisture loss

95

mBF1ar
90 -

> BF 1 ar - Korrigert ved fukttap
85

2018-11-08 12
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Results with moisture loss

95

mBF1ar
90 -

> BF 1 ar - Korrigert ved fukttap
85

v/ic =0,39

20 % FA vic = 0,35

20% FA

v/ic = 0,35
30% FA

2018-11-08 13




SKANSKA 172

1. The concrete mixes with blended cements and
added fly ash have a reduced self-desiccation effect
on short term (~3 months).

2. All concrete mixes showed self-desiccation effect
after one year, and significant effects after three
years.

3. SRA do not affect the self-desiccation significantly on
long term.

2018-11-08 14
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Fuktmatning i betong

&
=
"

3
=

s
.-}

I

=

B
=
<

Polygon/AK

e 20 RBK-auktoriserade (mest HumiGuard i borrhal)
¢ Diplomerade fuktsakkunniga

e Fuktsakerhetsansvariga produktion

e Eget analyslab for bl.a. GBR-matning

e Forcerande torkteknik

e Fuktskadeutredare

Alwsys By Your Side.

@ POLYGON A\

Golvsystemet

T

Alwsys By Your Side.

@ POLYGON A\




Hela fuktkedjan behover fungera

Lo SRS

Skapa/sikra torkmilid

& POLYGON A\

s
=
w
C
8
2
>
=
£
F
=
=<

174

2018-03-08

Fukti systemet

KLIMAT OVER

Limfukt 0-150g/m2 i«

Avjamning 100g — kg/m2

Betong tiotals kg/m2

YTTERLLGARE TEKNISKA LAGER

Always By Your Side.

KLIMAT UNDER
& POLYGON A\
&
2
+ limfukt - <0 ot
3
Angéppen betong med z
viss sjalvuttorkning Limfukt torkar snabbt o
e £
<
Sjalvtorkande och dngtat Limfukt ger skada !!!

& POLYGON A\
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<0 &
Skada om avjimning 3
Angoppen betong Angdppen avjamning inte far torka!!! -g
=
>
o
z
H
<
C
Limfukt torkar snabbt
Viss risk kvar vid
omfordelning !
& POLYGON A\
-+ limfukt - <0 5
3
2
2
>
o
2
£
=
Limfukt torkar snabbt
Ingen risk for
omférdelningsproblem
& POLYGON A\
Beslutsunderlag for laggning 5
it
8
>
o
limfukt - <0 z
H
<
GBR
RBK

& POLYGON A\




Bedomningsuderlag RBK + ?

s
=
w
C
8
2
>
=
£
F
z
=<

o e e

& POLYGON A\
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Visuell rimlighetsvardering underlattar!

Always By Your Side.

& POLYGON A\

Ibland blir det helt orimligt!

Always By Your Side.

g RimlighetsbedBmning REK MPL2 120mm vt 0,36 20/8-2015

& POLYGON A\




Vi har hittat och hittar "orimliga” matresultat

Bild: Husbyggaren
‘@ POLYGON A\

Alwsys By Your Side.
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Har vi ratt fokus? GBR-matning ar lika viktigt!

Baserat pa Grantén , 2006, SBUF11680
‘@ POLYGON A\

]
=
£
8
-

S
o
2
]
=
<

Rekommendationer

* Verifiera sjalvuttorkning

e Mat i avjamning enligt GBR

 Spara torkmiljon, den behdver styras
¢ Avjamna tidigt s3 att det hinner torka

e Trendmat tidigt efter torkstart for att hinna
justera vid behov

S POLYGON A

by s By Your Sicde.




Fragor?

ﬁ@mw

Skapa/sikra torkmilid

¥ on _
e

& POLYGON A\
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z
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2018-03-08

& POLYGON A\

Alwsys By Your Side.

Golvsystem med 13g risk

& POLYGON A\ Bild: Husbyggaren

Alwsys By Your Side.
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&
2
i
2
=
@
2
H
<
130st tillfragade skadeutredare,
erfarenheter de senaste 5aren
& POLYGON A\
&
2
i
2
=
@
2
H
<
& POLYGON A\
o . . . o . L]
Var beddomning av skaderisken med angtata ytor 2
K
=
N o
1 2
z
=

Angtathet i mattor

Angtathet i
— betong

1995 1999 2000 2014

@ POLYGON A\
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&
Var bedémning av skaderisken med angoppna ytor 2
K
=
N L]
1 n
z
%
Angtathet i
betong
e ] i
>
1995 1999 2000 2014

& POLYGON A\

Omférdelning under matta 5
K
=
m
n
z
%

& POLYGON A\
&
b
°
2
=
@
e
H
<

& POLYGON A\
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]
]
w
5
2
=
=
2
E
<
& POLYGON A\
Kan vi enas kring situationer blir det lattare att £
. . w
orientera sig ¥
o 2
=
=
| ¢
thock v -
tityta =
|mbflnn‘;
s
& POLYGON A\
]
]
w
5
2
=
=
2
E
<

& POLYGON A\




182
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&
Torrhalt och limmangd har betydelse! @
2
&
e
]
<
& POLYGON A\
Limfukt - hur torr/tjock avjamning? g
Torr vid klistring! 5
2
&
e
H
<
& POLYGON A\
3
b
~
2
&
e
H
<

& POLYGON A\

10
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. .. 3

Placering av sparrar 1

Tat matta j

: &

——————— Limfukt == = e o o v o o e s s [iM) -
Alkalisparr ndrmast lim }

<

Fuktsparr under avjamning;

fuktkapacitet/pH/tithet

S POLYGON A

Rekommendationer

Aldwmys By Your Side.

« Angdppna golvytor ger stor risksankning

¢ Avjamningens uttorkning och tjocklek behdver
fuktsdkerhetsprojekteras mht limfuktsmangd

 Det ar ofta smart att avjamna tidigt
 Spérrar behoéver fuktsdkerhetsprojekteras
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Tack och lycka till med fuktsakerheten
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