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Summary

Based on the actual state of knowledge, and inrdacgce with the PN-EN 2006-1:2003
norm, it is recommended to use air entrainment dmsac way of assuring the frost-
resistance of concrete. To verify if the self-cditadion process has an effect on air-void
stability, concrete samples were put on test of @les of freezing and testing of porosity
structure according to PN-EN 480-11. The resultsaicrete testing showed that, the
parameters of porosity structure are not includegréecisely set limits but self-compacting
concrete gets frost-resistance F300 according teB&RN-06250. Issues connected with
this fact are the subject of this paper.
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1 Introduction

The key issue concerning durability of concretdrast-resistance. Basing on the actual
state of knowledge, in accordance with the PN-ER620:2003, using air entrainment as
a basic way of assuring the frost-resistance ofi@ia is recommended.

According to the actual state of knowledge, corcrefrost-resistant if the values of
porosity structure parameters are values presemfeab. 1.

Tab. 1 Porosity structure parameter is included in prégiset limits [8]

Parameter Unit Value
L mm 0,20 - 0,22
A % 4-7
Ago % >15-18
a mm-! >15-20
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Self-compacting concrete (SCC) is a highly workaimacrete that can flow under its own

weight without segregation [9], [10]. In the cadeself-compacting mixture the process of
its self-compacting, depending in fact on autogenelease of random air bubbles from its
volume, can significantly affect the final value @increte porosity structure parameters.
When the SCC is air entrained it can substantiaffect the frost-resistance of self-

compacting concrete.

The high flowability of SCC can destabilize entexdrair bubbles during transport,
which can affect the final air-void system of tredhened concrete [6], [7].

The influence of this admixture must be particyladlated to the characteristic of
the cement and air-entraining admixture (AEA) type8]. As a result, self-compacting
process can significantly affect the final valuecohcrete porosity structure parameters,
and it can influence frost-resistance of self-coatipg concrete.

One should pay special attention to the degredeflowability of self-compacting
concrete mixture. The values of rheologic paransetbould be g <2 Nm and h < 10 Nms
[4], [10].

2 Method and analysis results of porosity structure bself-compacting
concrete

In the foundation stage of investigation [8] 25feliént self-compacting concretéap. 2)
was put to the frost resistance tests, accordingNe88/B-06250. In order to check the
influence of four factors (kind of mineral additigm.a), cement paste-aggregate raiip
(Fig. 13) dosage of air entraining admixture (Y%A w/b) on frost resistance of SCC —
a composition of 25 sorts of SCC was prepared dougrto the method of experimental
design.

Tab. 2 Composition of self-compacting ¢ concrete S1-S25 [8

m.a.
CEM I CEM I CEM I CEMI325R +
32,5R B-S 32,5RB-V 32,5R B-M CEMIII325N 10% PK
AEA (9%

S11 S1 S6 S16 S21

0 q)kZ: 15 (I)kZ: 1.2 (I)kZ: 1.4 ¢'kz= 1.1 (I)kZ: 1.3
w/b =0.29 w/b =0.32 w/b=0.35 w/b =0.38 w/b =0.41

S12 S2 S7 S17 S22

0,005 o,=1.1 ¢.=1.3 d.=15 O,=1.2 b,=14
w/b =0.32 w/b =0.35 w/b = 0.38 w/b =0.41 w/b = 0.29

S13 S3 S8 S18 S23

07010 ¢kz= 1.2 ¢kz= 1.4 ¢kz= 1.1 ¢kz= 1.3 ¢kz= 1.5
w/b = 0.35 w/b = 0.38 w/b=0.41 w/b =0.29 w/b =0.32

S14 S4 S9 S19 S24

0,015 ¢'kz: 1.3 q)kZ: 15 q)kZ: 1.2 ¢'kz: 14 (I)kZ: 1.1
w/b = 0.38 w/b =0.41 w/b = 0.29 w/b =0.32 w/b = 0.35

S15 S5 S10 S20 S25

01020 ¢'kz: 14 q)kZ: 1.1 q)kZ: 1.3 ¢'kz: 1.5 (I)kZ: 1.2
w/b=0.41 w/b =0.29 w/b =0.32 w/b =0.35 w/b =0.38

After 28 days concrete samples 150x150x150 mm Weszed and thawed in water for
three hours in temp. 2. Since concrete samples were not damaged affecyides of
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freezing and thawing, the testing of the frostsesice was continued. A laboratory test
was stopped when the amount of alternate cycleBeekzing and thawing of concrete
amounted to 300. It was noticed that only two typésSCC (S1, S12) were not frost
resistant (because the decrease of compressiomgttramounted to more than 20% after
300 cycles according to PN-88/B-0625Big. 1.

30

Afcm

1 2 3 45 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25
serie

Fig. 1 Results frost-resistance tests according to PN-8&/Z50 [3]

In the following stage of investigation, concretarples were tested on porosity structure
parameters according to PN-EN 480-Hg( 2). Unfortunately, because of the limited

investment outlays, only eight concrete samplesewisted on porosity structure

parameters according to PN-EN 480-11. The porasitycture research of eight concrete
samples was conducted in IPPT PAN in Warsaw. Aneglgt concrete samples were two

which were not freezeproof and six which were feggnof, but had different decrease of
compression strength amounted to more than 20%34tefreezing and thawing cycles.

Fig. 2 Testing concrete porosity structure according teHNN480-11 [8]

The results of concrete research according to PNAEDI11 showed, in case of samples
S21 and S19, porosity structure parameters werguatke moreover quality of air
entraining was the highest — although concrete Ear§21 contained too much air.
Unfortunately, in case of S23, S24 and S25, thelityuaf porosity structure was
inadequate. It was noticed that sparing factor teadhigh value and parametexs Aspo
had too low valueTab. 3); it may produce an evidence that porosity stmgcttontained
too large pores. Also it was noticed that contdrgares with a diameter smaller than 300
pum was inadequate (particularly in case of sampkkehd S25).
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Fig. 2 Results of concrete porosity parametelFsg. 4 Results of concrete porosity parameters
tests to PN-EN 480-11 [8] tests according to PN-EN 480-11 [8]

In the further part of the analysis of the reseawdults it was perceived, that concrete
which was characterized by inadequate porosityctira parameters, gets frost resistance
degree of the order of F300 according to PN-88/B506(Tab. 3).

In order to explain partial discrepancy in researebults according to PN-88/B-
06250 and PN-EN 80-11, a problem was approached dgtailed analysis of similar
researches which are available in professionahlibee.

Tab. 3 Results of SCC testing according to PN-EN 480-1d RN-88/B-06250 [8]

, - a A Asno Af e
No | Sere ] Limml | [mm? (%] (% (%]
1 1 0,22 25,47 4,86 1,74 21
2 12 0,22 27,98 3,69 1,30 23
3 10 0,21 21,93 7,54 1,97 0
4 19 0,20 32,02 3,72 1,18 0
5 21 0,13 36,14 7,19 2,10 14
6 23 0,36 19,04 3,49 0,99 0
7 24 0,31 16,07 5,82 0,91 16
8 25 0,33 14,24 7,30 1,18 0
Suggested [1]: 0,2-0,22 > 5-20 4-7 >15-18 <20

The reasons of partial discrepancy of researchitseagcording to PN-88/B-06250 and
PN-EN 80-11 are caused by complying with requirets&r porosity structure parameters
regarding the whole kind of concrete. Fagerlundd@jsiders that critical valukg, which
was calculated in order to protect concrete froeeZmg and thawing, in reality depends
on cement-water ratio. In order to verify the wiéliience on critical valueL, the author
of publication [3] presents the results of labonatoesearch of freezing and thawing
cement paste waterlogged in critical degree as agelihe results of porosity parameters
research. The results of this research enableul @éstimate the theoretical and practical
value of porosity structure parametér (Tab. 4). Moreover, it was noticed, that common
concrete with w/c of the order of 0,40 + 0,45 ahdof the order of 0,40 mm can withstand
a test of 300 cycles of freezing and defrosting.evéhs, in case of high performance
concrete w/s <0,36 andL< 0,25 mm ensures, as it was shown [3], adequatst f
resistance of concrete.

801



CESB 07 PRAGUE Conference
Session: Poster

Tab. 4 Theoretical and practical value &f[3]

. Critical value™ L [mm]
Freezing - ——
theoretical L practical L
in water 0,22 + 0,25 0,35 + 0,40
with critical salt concentration in water 0,16 20, 0,22 +0,25

The residual criteria, in respect of critical valuein dependence on w/c of high
performance concrete, arepres ented in table 3h®masis of the research results [3], it
was concluded, that in case of high performancereta with silica fume and w/c = 0,30,
practical value L amounts t00,40 = 0,50 mm and by w/c = 0,25, without silica fume
~L=0,75 mm Further research [3] lead to a conclusion that rcwith compression
strength of about 100 MPa, w/c = 0,33, with siliame 7,5 % m.c., byL of the order of
0,80 do 0,85 mmwithstand a test of 112 cycles of freezing andad¢ing in the presence
of salt. Whereas concrete with w/c = 0,35, withcailfume 6 %, without air entrainment
admixture, possessed a remarkable scaling resgstand L was of the order ofis much
as0,90mm

Tab. 5 Suggested. criteria according to w/c high performance coter@]

w/c Proposed L Critical "L Freeze resistance
0,26 mm 300 cycles ASTM C664
> 0,40 0,23 mm (scaling resistance)| 50 cycles ASTM C672
0,40 mm 300 cycles ASTM C664
0,40-0,35 035 mm (scaling resistance)| 50 cycles ASTM C672
0,35-0,30 0,45 mm 0,50 mm 500 cycles ASTM CH66
<0,30 No data available, above criteria are aezkpt

Apart from the shown research results and the Visliservation of freezing and thawing
concrete constructions [3], which prove that caiticalue L can be of the order of 0,40 or
higher, it is still recognized that values in respaf porosity structure are always right.

3 Conclusions

Ensuring the adequate air-void system in concrsteessential for obtaining proper
resistance to freezing and thawing. With the ingirgausage of highly flowable concrete
and SCC, it is important to ensure that this caieccan provide the proper air-void system
that remains stable during agitation, placement] &etting. This paper provides
information regarding the effect of mixture compimsi on the stability of the air-void
system.

The results of frost resistance research of airagréd self-compacting concrete
according to PN-88/B-06250 and PN-EN 480-11 weranshin this paper. On the basis of
the presented analysis, it can be noticed, thatrete which is not characterized by
adequate values of porosity structure can be fprené of the order of F300. Therefore, it
can be said that prevalent values of concrete figresucture are too severe. Moreover,
the requirements related to porosity structure rpatars are determinated for all kinds of
concrete. However, different series of concretedseof concrete is understood according
to PN-EN 206-1: one kind of cement, aggregate, temidiype Il and admixture) differ

802



CESB 07 PRAGUE Conference
Session: Poster

from each other for the sake of their porosity dnee. Therefore, do requirements related
to porosity structure parameters concern the wikelées of concrete? Moreover, frost

resistance of concrete is estimated on the badabofatory research results. Thus what is
the procedure to determine critical valueto adequate degree of frost resistance of
particular concrete?

Different questions concerning critical value ofgsty structure and frost resistance
of concrete were brought up in this paper. Howekerproblem which was raised is more
complicated. In order to find the solution, an addq laboratory research should be
conducted in order to estimate practical valueshef porosity structure parameters and
advisable frost resistance concrete degree.

References

[1] Collective work.Diagnostic methods of high performance concretéherbasis on
structural researchPublication of IPPT PAN, Warsaw 2003, (in polish)

[2] FAGERLUND G.Durability of concrete structureg\rkady, Warsaw, 1999 (in
polish).

[3] GRODZICKA A. Frost resistance of high performance concréueblication of ITB,
Warsaw 2005, (in polish).

[4] KAMAL H., KHAYAT, ASSAAD J. Air-Void Stability in Self —Consolidating
Concrete ACI Materials Journal, V. 99, No. 4, July-Aug2€i02, pp. 408-416.

[5] KHAYAT K. H. Optimization and performance of the air-entrainsellf-
consolidating concreteACI Materials Journal, Vol. 97, No. 5, 2000.

[6] KOBAYASHI M., NAKAKURO E., KODAMA K., NEGAMI S. Frost resistance of
superplasticized concretACl SP-68, 1981, pp. 269-282.

[7] LITVAN G. Air entrainment in the presence of superplastigzac! Journal, Vol.
80, No. 4, 1983, pp. 326-331.

[8] LAZNIEWSKA B. Modeling of frost-resistance of self-compactingaetes
doctor’s thesis, Gliwice 2006 (in polish).

[9] OKAMURA H., OUCHI M. SCC.Development, present use and futdfélt.
RILEM Symp. on SCC, Stockholm, Sep. 13-14 1999 RHHEM Publ. S.A.R.L.,
13-14.

[10] SZWABOWSKI J.Rheology of self-compacting concret®s Sympozjum
Naukowo-Techniczne ,Rheology in concrete techndlp@iwice 2002, publication
Gorazdze Cement, pp. 61-76 (in polish).

Prof. dr hab. inz. J. Szwabowski Dr inz. Beata tazniewska

>4 PolitechnikaSlaska > PolitechnikaSlaska
Wydziat Budownictwa Wydziat Budownictwa
Katedra Proces6éw Budowlanych Katedra Proces6éw Budowlanych
Akademicka 5 Akademicka 5
44-100 Gliwice, Poland 44-100 Gliwice, Poland
® +480322372378 & +480322372219
g  +480 32 237 27 37 g  +480 32 237 27 37
©  Janusz.Szwabowski@polsl.pl ©  Beata.Lazniewska@polsl.pl
URL www.kaproc.rb.polsl.pl URL www.kaproc.rb.polsl.pl

803





