RH-measuring challé;, S€

*  Moisture flow balance proble
tight concrete

 Heat effects from drilling ‘ TN '
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Polygon/AK (regarding concrete)

33 RBK technicians
e 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?

vt 0,36
paslag vct 3,2 [%RF] 48
paslag RBK osdkerhet{%RF] 0
Paslag drift skiljer fran 20 grader [%RF] 0,0
Paslag avjamning [st dagar] 0,0
Paslag forsenad/forcerad torkstart [st dagar] 0,0
ant. Torkmiljd [grader temp], [%RF] 18 45
ant. anghalt 85 [g] 6,2
ant. anghalt 50 [g] 7.0
ant. anghalt 95 [g] 78

96,0 -
95,0 -
940
93,0
920 -
91,0 -
500
33,0 -
880
270 4
360
350

RF[2%]

Rimlighetsbedémning RBK MP11 120mm vct 0,36 8/9-2015

2402

23,0 -
220 -
21,0 -
800
790 -
750 -

77,0 -

Torktid betong [dagar]

= = =Ber3knad RF Torkss 3.2

= |usterad RF

=—#—MP11 RBK HG

=—#—MPF11b RBK HG

—8—MP1lc REKHG

=38 Testo
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We noted big spread in readings (Iow wcr with
ongomg screeding )
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Vet

paslag vet 3,2 [/RF)
_|paslag RBK oszkerhet[ZRF]

Paslag drift skilier fran 20 grader [ RF]

Paslag avismning [st dagar]
_|Paslag férsenadiforcerad torkstart [st dagar]

[ant. Torkmili [grader temp], [.RF] 80|

ant. 3nghalt 85 [g

ant. dnghalt 30 [g]

ant. 3nghalt 35 [g]
- Platta pa mark 250mm vct0,36
= gjuten 16/6 —Bersknad i 32
— 830 12
= 920 4 _ = - A - 11 —Justerad RF
- ) " 10
- 810 > A s
- 900 - . & a r 3 5 ~dr—HG MP8230mm 036 Sdygn
- 890 7 s
] 880 3 e
’ £ 87,0 \ ¢ ¢ g . g ——HG MP1 100mm 036 direit
. 260 - ®. | - 4 %
= 850 - - : —- - - r 5 N ® Vaisala Olp+02p 100mm 0,36
- MOI-D 150 10 190 210 P 230 230 270 2
— 1

830 A
- 0 = ¢
‘ ¢ Vaisals stermontage

— 820 4 \ 1 kvarsittande 100mm 0,36
. 810 2
- Torktid betong [deger]
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Crawled before we tried to run
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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.

Rimlighetsanalys av matningar i Burk & Betongblock Vet 0,34 [15% slagg)

|

100 150 200 50 300

Mitpunkt titades
med al.folie

7
let placerades i/ 'l

ed hig
Induced summer

conditions by 75%RH V.apor.
tightning

F 3@ dBEEEE R ES S S22 S2YE

e |
w

i
i

Tarktid bet o [dage |
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It matched in situ data

* Trendmeasurements 2014-2018
70

> o o S ¥ y & & & Yy 55\\ > & o Y o Y o
ST IS I I I I

1&19‘9'»0190 R ,0,9 '»01919'910'919'»01?10 4’@0‘9‘»’5010'»014’10&9010'9

Mdtningarna héamtade fran Gbg & Bohuslin och Halland
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Flow balance = we will always miss the target

V torkmiljo
Z hal-torkmiljo

Buffring i ol e p y
givarteknik och IS o)
Fléde montageteknik ¥

till halet

V beton
Z betong-hal

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
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The "balance error” will typically increase over
time and vary by drylng climate.
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Vapor gradient | Vapor gradlent
85%  (concrete /hole) 184, 99999?| (hole /drying climate) 20%
B ) :
Concrete I Sleeve
resistance resistance

@ POLYGON



Leakage and resistance will effect how
flowbalance is reached

-
-
——_————
-

<€

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 measuring
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 fittings are 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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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 . No drying of
concrete in this example.
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We get vapor transport around fittings throgh
concrete and towards the vertical moisture profile

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

Too high readings if wet
Too low if dry !
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It"s possible to model the behaviour

o
=
n

L o

5
p

>
m

n

>

0
2
<

M A
13 M
- - 2016-11-11 - - |' 2016-12-23
| T 16:00:00 I 08:00:00
1
1B '
81 | [ el Humidity 5] rel. Humidity [-]
| | 5075
il \ |
[ \ |
L — —]
l i I |
M l |
= | i |
I San ==
: m
IR If
Il ‘ I ‘
| i
1l
1
(1 bl |
1! ! b -
Il - = n 1 l :
Tht i e |
N | i ‘l
I !
‘ |
| Fiotation: x=0,00, w=0,00, !
i = i D RS T
I Translation: x=0.01. . — Rotation: »=0.20, y=0,00,
=009, 2=0,00 — E — z=0.00
Zoom #=12.59 »=1259 Translation: x=0,02,
=103 \ =0,08, z=0,00
i | Zoom: #=1153, y=11 53,
Tt 2=1,02
[31.24]=[0,105m,0,171m] I}“
0921 [ }

Left with no sleeve leakage in concrete

@ Right adding vapor open screed and airgap
*-‘-' POLYGON between sleeve and concrete




Steel jars from top and side 7 and 50 days, at
same depht
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Note: Not the actual moisture level that is measured.
Moisture in the surface of the hole minus balance
error is measured.

Faparen reprereinres v 35 Oven B Sade 141 361 JA1 5L A3 JBE &A1 L A ek L)

1B1 ovan & 1B1 sidan efter 7 dygn 1B1 ovan & 1B1 sida efter 50 dygn
93 92,5 93
92 — 92 91
91 902 91
90 ' —— 90 —
89 89
88 e 88 I
a7 —— 87 — & S —
86 86 - .
85 — a5 I
84 84

m1B1 =1B1 sida m1B1 =1B1 sida
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Flow balance issues will result in different
readings

92
90
88
86
341
82
80
78
76 m flow balance
74 .
72 B Hysteresis
) M reading
o "b o 2
\'s & d"‘Q Qﬂb &Q
o M o 2’
>’ A2 b@% &
¥ o X &
& N 3 >
3 & & &
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RF[%)

If the balance is changed after a formed drying
profile in the hole we get change in readings
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930 T - 25
220 A 24
23
910 > A AAA, A.A.AAAAAAA“A Ax b
i 1 Al FAPEAY. =
— -+ Temperature inair [ 2
880 L - 19
- 18
87,0 17
860 - 16
850 +5— .!M‘.W;‘*_ 15
4 249 o |

840 4+ <& & 14
: S &, Do i 13

830 + Ve A
: he w' ' )22

N - il il A
: :“l‘/‘\" vy H
810 § c S - 10
800 -
- 8
720 7
7&0 ' ----------------------- ' + 6

|
77,0 ol s

Torktid betong [deger]

New tighter sleeve and
added exposed area in
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The good old days when concrete dried by itself?

Vaisala HMP36 Vct 0,32 (mont. i rér, 3 dagars kond.)
icht fittino
sll\. IIL\.IIIS 91,3
................................................ T
27
__-_-_-__-_ .:-—_.H
— -
821 e ..
e e s —
/’ "|\‘.<.' I
/ -."'. —
- * -
. [
75,1 |
. Wocr 0,32 —
0 —
1d 16% off —
Leaky fitting with —
3d 9% off Y g —
high sensor capacit —
7d 4% off g RACY —
F i
(=] o o (=] (=] [=] (=] o o (=] [=] (=] (=] o o (=] (=] (=] (=] o o (=] [=] [=] (=] o o (=] (=] (=] o O (=] (=] (=] [=] o o [=] [=] (=] (=] o o (=] (=] (=] (=] o o (=] [=] [=]
o oo o oo o oo o oo oo oo oo ooiooc o oo oooo oo o oooolooooooooooooioo
m ~ - — L (=31 (3] ~ - — un [=}] "M ~ - — L (=] m M~ — un (=] m ~ — — u (=] m I~ — — L (=31 M I~ — — un [=}] M I~ — — L (=] mMm I~ — — un
~— —~ ™ (=] (=] (=] - — ™ (=] o (=] — N ™ (=] (=] (=] - —~ ™ (=] (=] o — — ™ (=] (=] (=] ~ ™ (=] (=] (=] ~ (o] o (=] (=] N o~ (=] (=] (=] ~ (o] (=] o
2018-10- 2018-10-16 2018-10-17 2018-10-18 2018-10-19 2018-10-20 2018-10-21 2018-10-22 2018-10-23 2018-1
15 24
& Avlsning <« 4=+ Korrigerat == orr. med 3% paslag < +4#:+ RBK avlasning
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Or not?

Always By Your Side.

Vaisala HMP36 Vct 0,32 (mont. i rér, 3 dagars kond.)
A
I 1
P °. " ®. <3 /\
—
il )
//‘ g B o
// —& L S -
- B a7 - R =
/- = *
// X
"
4 * * .
* *
a ™
L J*
> L
*
sabsades cloacsanas et esalacs beadasalas aaas =a L eoalasakas 3@
e ] Ty b | R S e B A, e e Rl O I QDRSO QLIS DCOLR QIO DIROONE DLS . ek
g Bgnde 4 gldaaaings SEGRSEEE N 5ign N Gaaln s & diee A e e R N
18-10-18{2018-10-182018-10-20 2018-10-21| 2018-10-22/2018-10-23|2018-10-242018-10-25| 2018-10-26/ 2018-10-27| 2018-10- 18-10-29/2018-10-30(2018-10-31{2018-11-01/ 2018,
11-02]

¢ AvlEsning  ---B-- Korrigerat  ——dr— Korr. med 3% paslag
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Always By Your Side.

= ey LTS RO

Dewalt ventilerat, HS 55,9°C Vanligt betongborr, HS 145,1°C Hilti ventilerat, HS 141,4°C

N

Dewalt ventilerat, HS 40,3°C (efter 1min) Vanligt betongborr, HS 135,°C (efter 1min) Hilti ventilerat, HS 117,9°C (efter 1min)
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Concrete loose moisture capacity when heated

loose vapor balance issuses?)

(and

0.25 4

0.20 4

0.15 4

O Desorption at 23°C
© Desorption at 40°C (Test 1L)
+ Desorption al 40°C (Test 1R) i

o Desorption at 40°C (Test 2L) 23C

X Desorption at 60°C (Test 3L) ',O’

® Desorption at 60°C (Test 5L) [40°C 4.0" ¢

© Desorption at 80°C s X

0.10 -

Evaporable Water Content (g/g dry)

o
-
»”
-

20 40 60 80
Relative Humidity (%)

100

Evaporable Water Content (g/g dry)

0.25 4

0.20 4

0.15 4

0.10 4

0.05

0.00

O Adsorption at 23°C
© Adsorption at 40°C
A Adsorption at 60°C
© Adsorption at 80°C
+ Adsorption (Inc.) at 80°C

-
-
- -
-
- -

Relative Humidity (%)
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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).

80,0 New drillbit| Weared
[°C] drillbit
[°C]

70,0
60,0
50,0
40,0

30,0

17,0°C

20,0
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Heat effects when drilling without cooling

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

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

O 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

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

L 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)
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95

90
85
80
| drilling
75
" flow balance
70

M Hysteresis

M reading

@ POLYGON



*9pIS J1NOA Ag shem|y

okad area Korr

4 RBK HMP44 block2
10:3 RF Korr alutejp
+ = berdkning Torkas block 4

—— 11:41 HMF44 kond 3 dygn block 4 kerr
A RBK HMP3Sblock3

—t— 10,24 HG stilburk direktm

—4—10.22 HG block4 direktm okad area Karr
—0—t TELS direktm kom ny spets blockd
={— )1 HG RBK var & block2

—#—kyld dewak HG block 4

=#—kyld hild HE block 4

—#— okyld HG blodk 4

=—#—kyld dewak HG block 4

=—— kyld dewak dm Vaisala 110

N ——

tz-80-810¢
- st-8o-gtoz
- B0-80-810Z
- to-80-8toz
L sz£0-8T0C
- 8T 0-810z
L rTeo-etoz
L vo-Lo-810Z
FLZ-A0-BT0E
- 0Z-90-8T0Z
- ET-90-BTOZ
- 90-90-8T0Z
- 0E-SO-BTOZ
- EZ-S0-BTOE
- ar-s0-BTOZ
- GO-S0-BTOZ
- Z0-S0-BTOZ
- SIFO0-BIOZ
- BL-kO-BTOZ
- - LT-kO-BTOZ
1 - O0-kO-BTOZ
- BI-EO-BTOZ
- LTE-ED-BIOE
1 - FT-ED-BIOZ
FLOED-BTOE
L BZ-ZO-8T0Z
) L tz-zo-stoz
. L pt-zo-atoz
! L L0-ZO-ET0Z
- | re-to-atoz
w L vz-to-atoz
v 1 el
g ! L et-to-atoz
B L ot-t-gtoz
b1
|

ikter och tider

vct 0,34 matdjup 60mm

ie jamv

ing delayed desorption

Specialstud

Lackage/diffusion

FEO-TO-BTOE
FLTEILTOE
FOZZTLTOE
ET-ZL-2T0E
A0-ZL-LTOE
GE-TTLT0T
FEETTLTOE
FATTILTOE
- BOCTILTOE
FTOCTELTOE
FSI-OELTOE
P EL0TLT0E
FEEOTLT0E
FR0OTLTOE
LIBOLTOE
FOZ-E0-LTOE
FET-E0-LTOE
FAa0-G0-L TOE
- DE-BO-LTOE
- ECBOLTOE
FAT-B0LTOL
GO-B0-AT0E

78

mostly absorption reading. More exposed concrete

wait for. Compared to capped steel jars it’s probably
area and improved fitt

High early readings often described as a drill error to
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Drillbit strategy can change the intial conditions
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Hilti Dewalt
cooled |cooled

[°C] [°C]

35,2 28,1
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Change in behavior due to cooling and
conditioning, different sensors. Early desorption.
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Jamférelser jamviktstid

g6 | -
201 8-06-25 14:25100 2018-06-26 14:2500 201E-06-27 14:25:00 201 B-06-28 14:2500 201 B-06-29 14: 2500 F01E-06-30 14:75:00 F01E-0701 14:25:00

=107 Dewalt Celsiview direktm =103 Hilti Kioar Celsiview Direktm =143 Vanligt borr Celsiview direktm == 1 Dewalt HG Direktm == Dewalt HG Direktm
=2 Hilti BG Direktm =45 Dewalt Vaisaks Direktm == Dewalt Vaisaks RBK == T Vaisala RBK KB == 4 Vanligt borr HG RBK-montage
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Horizontal drilling in a testbed (sholdn’t have a
profile) different drill debths 50, 100, 150mm, warm
vs cooled. Debth increase exposed concrete area!

Wecr 0,34,
15% slag
1,5 years old
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Measured is profile probably often something
else than drying?
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Different drilldebhts i =
will show different I .
vapor gradient towards > oo |

the lower sleeve fitting
and change the balance
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Could it be absorption readings altogether?
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91
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88
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86
85
84
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79
78

B drilling

 flow balance

B Hysteresis?

M reading
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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 debth.

With tight sleeve
fittings we get no
effect from
drilldebth!
() probably leaky
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*9pIS J1NOA Ag shem|y

okad area Korr

4 RBK HMP44 block2
10:3 RF Korr alutejp
+ = berdkning Torkas block 4

—— 11:41 HMF44 kond 3 dygn block 4 kerr
A RBK HMP3Sblock3

—t— 10,24 HG stilburk direktm

—4—10.22 HG block4 direktm okad area Karr
—0—t TELS direktm kom ny spets blockd
={— )1 HG RBK var & block2

—#—kyld dewak HG block 4

=#—kyld hild HE block 4

—#— okyld HG blodk 4

=—#—kyld dewak HG block 4

—— kyld dewak dm Vaisala 110

N ——

£2-80-8108
- ST-B0-B10Z
- B0-80-8102
- T0-80-B10Z
- S2-£0-BT0Z
- BL-L0-BI0Z
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b OL 0-BTOZ
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- 0Z-90-8T0E
- ET-90-BTOZ
- A0-90-8T0Z
- DE-SO-BTOE
- EZ-SO-BTOE
- ar-s0-8T0E
- BO-SO0-BTOE
- C0-S0-BTO0E
- SIFO0-BIOE
- BI-F0-BTOZ
- TT-kO-BTOZ
- b0-kO-BTOZ
- BI-EO-BTOZ
- TZ-E0-BTOE
- PT-E0-BTOL
- LOCED-BTOE
- BZ-ZO0-B8T0E
- re-zo-etog
. L pT-zo-atoz
! L L0-ZO-ET0Z
- L TE-TO-8T0Z
g L vz-to-atoz
I l L LTTOBT0Z
i - 0T-To-810¢
o
|

ikter och tider

vct 0,34 matdjup 60mm

ie jamv

Specialstud

L EO-TO-BTOZ
1 L LTETLTOT
O L OZZTLTOZ
FET-2TLT0Z
902 T-L 108
BETTLT0E
L EETILTOE
FST-TI-LT0L
L BO-TT-L 0L
- TO-TT2 T0E
L S2-0T-2T0Z
- BT-0T-LT0Z
FLT-0T-£TOE
L P00 TOZ
LEBOLTOE
FOZE0-LTOE
FET-BE0-ATOE
- a0-B0-£TOE
- 0E-BO-LTOE
- EZ-BO-ATOE
- AT-80-LTOE
GO-B0-£TOZ

} Lackage/diffusion
* 905 —

A 811

94_
93 4
92 4
78

Cooled drilling without extra area is much faster to

desorption readings. — extra balance error?
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Conclusions

Challenges
e Risk = absorption situations

e Moisture flow balance needs to be
better explained in standards.

e Heat effects when drilling need
more testing to quantify

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

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

e 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.
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climate above
flooring
adhesive

levelling products

additional design layers

climate beneath
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8 https://www.polygongroup.com/sv-SE/kunskapstorget/artiklar---offentligt-material-av- medarbetsre/i
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Offentligt material av medarbetare

Har finner du artiklar publicerade av vara medarbetare:

2018

Fuktrisker pa KL-trd som utsatts for yttre klimat under produktion
Hur paverkar fuktomférdelningen riskerna i olika golvsystem

Kan vi blockera fukten istdllet for att blockera bygget?

2017

Distansmétning - var ndr hur?
Fuktsdkerhetsprojektera golv. Gar det?
Lackande méathal i betong

Metodval vid byggtorkning

Mikrobiella skador

2016

Fuktsdker produktion for kompakta tak med mineralull

Hallbara byggnader ar fuktsdkra

Nya och gamla utmaningar med betonguttorkning och fuktméatning
Risk- och méjlighetshantering i fuktfragor — snack eller verkstad?
Utvardering av begransat ventilerade vindar
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And it is still interesting!
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Rimlighetsanalys av métningar i Burk & Betongblock Vet 0,34 [15% slagg)
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M Risk with vapor tight flooring?
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Toritil betong [dage:]
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