structure

ANNA KOTWA

Migneg"Wplxgtun{"gh"Vaej pana i {"
Heewn{"g"Exxir'cpFGpxitgpogpver Gpikpggtipi”
cil'V{ui{ergeic'Re wyc'Raumigiq"9
47/536Migneg. Rapep !

g/och'cleginctumcBuwinigregdr’

INFLUENCE OF SUB-ZERO TEMPERATURE
AND INITIAL SET TIME ON THE PROPERTIES
OF HARDENED CONCRETE

Abstract

This study covered the issues of concreting in low temperatures. The analysis concerned the effect of gradual cooling of
fresh concrete on compressive strength drops after 28 days of maturing. The investigations were conducted for specimens
of class C20/25 concrete prepared from cements: CEM | 32.5R, CEM | 42.5R, CEM 11/B-V 42.5R and dolomite aggregate.

The linear relationship between the concrete volume gain and strength drop was determined.
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1. Introduction

Eqnf" ygevjgt' egpetgukpi” tgswktgu" etgevkpi” uwej"
eqpfkkgpu'hgt'egpetgvg”ocwitkpi'vj cv'gpuwtg"qdvckpkpi”
vjg" jkijouw" eqpetgvg” uvtgpivy" kp" vjg" ujqtvgu vkogl"
Eqnf'ygevjgt'ku'fgYpgf'cu'c' rgtkgf'y jop'vjg'cxgtcig
fckn{"vgorgtcwtg"hcmu"dgnqy" 7 E."cpf'vjg" okpkowo"
vgorgtcwtg"hemu' dgnqy" 2 E"13 0" Pevkgpen" iwkFgnkpgu”
related to concreting performed in the winter months
ctg" kpenwfgf" kp" KVD" BwkFgnkpgu" Pql" 4: 4" 140" Vjg"
fgewogpy' tgeqoogpfu." fgrgpfkpi” gp’ vjg" egogpy”
W{rg'wugf."ucorng"ugwkpi"vkogu'hgt"xctkqwu"eqpetgvgu”
ov'wgeF{"cewenigorgtewtgu+2 E'T"52 E+'Kp"tgernkid."
eqpetgvg" ocwtgu" cv' xctkedng' vgorgtowtgu." yjkej"
korgfgu'vjg"fgvgtokpevkgp" gh"kwu" uvtgpivj(' Gukocvkpi”
vjg'uvtgpivy“fgxgngrogpv'gp'vjg'dcuku'gh’vj g iwkFgnkpgu"
cdgxg'ecpgcfyggttgtulkvku'yvj gp"pgeguuct{vq umknhwn{"
ejqqug” vjg" uwkvcdng" dcuke" kpcmvgtcdng rtgegfwtgu”
cpf' eqodkpg" vjgo" vk " vig" ncvguy' cFxcpegogpw” kp*
ocvgtkenu” vgejpangi{" 15 0" Qdvckpkpi" Feve" gp” cewen”
eqpetgvgutgpivj'gp"vjg'decuku"gh"ocwtkv{ " hwpevkgp'ku'c"
hwpfcogpven'rtqdngokp“gpikpggtkpi“crrtgeej(”

Vjg' eqfgu' fgYpg' vjg" utgpiv" xcawg." heokp",j cxkpi”
tgcejof'yjkej.vjg'egpetgvgku“Fggogfhtquv/tgukuvcpw
Ecpcficp" Uvepfetfu' Cuugekevkgp' EUC' tgeqoogpfu”
okpkowo" eqortguukxg" uwtgpivj'gh'vjg" gtfgt' gh" A2
ORc." yjgtgcu" Cogtkecp" Eqpetgvg" Kpuvkwwg" CEK"
ceegrw'vjgxcmwg'gh'oqtgvjcp™s07"ORclUygfkujeqfy"

rtguetkdgu'vj 9" okpkowo"utgpivj"gh'vjg"qtfgt'gh" 702"
ORcl"Ceeqtfkpi“vg"Pgxkmg."h_ . "?"507"ORc."kp"qvjgt”
authors f_ . "?"4'ORc"hqt'Rqtncpf'egogpvueqpetgvgul’
Vjg"swguvkgp"ctkugu’ jgy" owej"vkog"ku"pgeguuct{"hqt"
Vjg"eqpetgvg"vq" cegkgxg' vjg" fgukipgf uvtgpivi(' Vjg"
urgekYgF' wtgpivj." gurgekem{" vjg' ugwkpi" rgtkqf." ku"
Tktgewn{"eqppgevgf"ykvj"qvgt'korgticpv'curgew uwej”
cu"vjg" tgogxen' gh" htcogyqtm" cpf" guvcdnkugkpi” vjg"
nqct'vjg'egpetgvg gngogpy'ku'cdng™vg"ykvjuvcpt]6 0

Vjg" cuuguuogpy' gh" vjg" eqortguukxg” uvtgpivy" ku"
gzrtguugfykvjvjg'ckF'gh”ocwik{hwpevkgp“fgrgpfgpv"
gp'vgorgtewtg'cpfewtkpi"kogl'V jg" deuke" FkhYewn{"
ku" cfgrvkpi"vjg" rtqrgt’ egogpy" cevkxcvkgp" gpgti{0" Kv'
is recommended vjcv' uwej" gpgtikgu" dg" fgvgtokpgf"
gzrgtkogpven{"]7_0

The paper presents the test results for concrete
urgekogpu'lwdlgevig'gpg/vkoghtgg kpi‘tvigo rgtcvwtgu”
15 E"cpf'T:" E'hgmqykpi"vjg'kpkken'ewtkpi " rgtkgf'gh"
4'vq": " J0"Vjg" fovgtokpgf" xcnwgu' kpenwfgf" utgpivy”
ickp"cpf" ftqr'cu"ygm"cu'vjg"egpetgvg’ fghgqtocvkapl”
Vjg" qdlgevkxgu" kpemwfgf" fgugtokpewkap" gh" vjg"
tgncvkgpujkr'dgvyggp'vjgp'eqpetgvg wtgpivj ftqru'cpf”
Tghgtocvkgpu" geewttgf" fwtkpi" htgg;kpi" gh" vjg" htguj”
eqpetgvg."cpf fgvgtokpcvkgp“gh'cevkxcvkgp“gpgtikgul”

2. Research design

The tests were conducted with concrete specimens
ocfg'htqgo'vjtgg'egogpyv'v{rgu
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CEM132.5R (A), CEM 142.5R (B) and CEM 1I/B-V
32.5R (C). The concrete mixtures were prepared at the
same ration of water/cement content w/c=0.54. The
first run of the test was focused on the determination of
concrete compressive strength drops. 480 specimens
of concrete class C20/25 were made.

Table 1. Concrete mix composition

Concrete mix components Quantity [kg/m?]
Cement 334
Sand 0-2 mm 625
Aggregate 4/8 mm 581
Aggregate 8/16 mm 581
Water 181

A parallel test was performed on frozen specimens
and on witness concrete specimens which cured
under laboratory conditions in the water bath of the
temperature of +18°C. Each set was immersed in
water, subject to initial maturity process for the period
of t,=2,5, 8 hours. Then the specimens were carried to
the environmental chamber, where they were cooled
in the air to the temperature of T . = -3°C, —8°C for
15, 24, 36 hours. After that time the specimens cured
till day 28 in the water of the temperature of +18°C.
Concrete compressive strength was determined after
2,5,8,16,24,36,48 hand 3, 7, 28 days.

The test formwork mould was made of 5 cm thick
polystyrene panels; the bottom of the mould was
1 mm thick metal sheet, cemented to the polystyrene.
In order to create conditions for determining the
strength of the fresh concrete, the specimens were
compressed together with the polystyrene mould,
using a 100x100x20 mm upper platen (Fig. 1). The
specimens to be taken out of moulds were made in
plastic moulds. After the removal of the moulds, the
specimens were insulated on the four sides with 5 cm

thick polystyrene.

1 )

Fig. 1. Speciment under compression-press test
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Fig. 2. Deformation measurement

The second cycle of tests was focused on measuring
frozen concrete deformations. Cylindrical specimens
27 cm in height and 10 cm in diameter (Fig. 2) were
placed in moulds and subjected to initial maturing at
the ages of 2, 5, 8, 16, 24 and 36 h at the temperature
of +15°C. After that, they were cooled one time to
temperatures of —5°C, —10°C. The deformation
sensor, placed vertically from the top measured the
deformations, which were recorded together with the
temperature changes inside the specimen.

The third cycle of tests was designed to determine
the early strength gain of concrete specimens, which
having been placed in moulds, matured for the period
of 28 days at steady temperatures of +5°C, +20°C,
+35°C. Compressive strength was assessed after 2, 5,
8, 16,24, 36,48 hand 3, 7, 28 days.

The tests designed in that way made it possible
to determine both, activation energies and the
relationship between deformations and compressive
strength drops.

3. Analysis of the results

The diagrams below presents the gains in early
strength for concretes maturing at steady temperatures
of +5°C, +20°C, +35°C made from cements designated
as A, B, C.

The type of cement used in the concrete mix has a
decisive importance for the gain in early compressive
strength. The highest gain was recidred for the
concrete made from CEM I 42,5R cement maturing
at constant temperature of +35°C.
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Fig. 3. Compressive strength gain for concrete placed
in water to mature at the temperatures of +5°C, +20°C,
+35°C made of cements A, B, C

Specimens made from cements A, B, C were
subjected to initial maturing at the age of 2, 5, 8 h
above the water at the temperature of +18°C, prior to
being cooled one time to temperatures —3°C, —8°C.
The results of the measurements are presented in
Figure 4. The analysis of the results indicated that
the shorter the time of initial maturing and the lower
the freezing temperature, the higher strength dropes.
The general tendency is, that the lower strength at the
moment the concrete freezes, the higher compressive
strength dropes. The highest strength drop, 52.3%,
was recorded for concrete made from CEM II/B-V
32,5R cement, which was frozen to the temperature
of —8°C after 2 hours of initial maturing. The lowest
strength drop, 11.8%, was recorded for concrete made
from CEM 142,5R cement, cooled to the temperature
of —3°C after 8h of initial maturing.
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Fig. 4. Strength drops for concretes subjected to
one-time freezing to temperatures of —3°C, —8°C

In an effort to describe the results obtained from the
tests the maturity functions proposed by A.M. Neville
and recommended by ITB Guidelines No. 282 were
used. The application of those functions to concretes
tested in this study leads to serious errors. In fact, the
calculated values are much higher that the strength value
obtained in the tests. Overestimation for concretes in the
initial phase of maturing can reach 100%.

A.M. Neville

PREDICTED STRENGTH, MPa
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Fig. 5. Compressive strength predicted by the maturity
function specified by A.M. Neville in relation to the
values obtained from the tests
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Fig. 6. Compressive strength predicted by the maturity
function specified by ITB Guidelines No. 282 in relation
to the values obtained from the tests

With the aid of the maturity function specified
by Hansen and Pedersen, helping determine the
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eqortguukxg" utgpivj" gh" egpetgvg” kp" tgncvkgp" va" kv
vgorgtewtg" cpf" ciig." cevkxewkgp" gpgtikgu" Ge" ygtg"

fogvgtokpgf'gzrgtkogpven{"hqt"vjg'egogpvu'kp"Vedng'40
Table 2."Cevkxcvkgp"gpgtikgu'Ge hgt'retwkewnct'egogpuu

Cement CEM1425R | CEMI325R [CEM II/B-V 32,5R
Activation

energy, 44 40 12

Ea [kJ/mol]

Vjg'cevkxcvkgp"gpgtikgu'hgt'vjg'vguvgf'egogpw” jgnr"
ceewtcvgn{"cuuguu'eqortguukxg"uvtgpivj"kp"tgncvkgp"vg"
vgorgtewtg'cpf'ocwtkpivkogl"Hgt'RatinepFegogp”
CUVO" E" 3296" wepfctf' urgekYgu' vjg' tepig” Ge" 2"
62/67"mLlogn"]7 0"Vjg" xcnwg' gh"wr"vg" 48" mLlogn" ku"

tgeqoogpfgfhat'Rgtincpf'egogpy'ykij "cuj "eqpyvgpvd

Crinkecvkgp" gh" fkhhgtgpy' egogpvu” jeu" ¢ Fgekukxg"
ghhgev' gp"vjg" ejcpig" xamwog" kp" vjg" htguj" eqpetgvg"
eqgng T qpg" vkog" cv'vjg" gpg/yc{" jJgcv' vicpuhgt) Vjg"
ejctw"kpfkecvg"cp"gxkFgpyv'nkpget'eqttgnevkap” dgvyggp”
fohgtocukgpu'cpf'eqortguukxg'utgpivj Ftarul'kv'ecp"
dg'egpenwfgfvjcvvjg'v{rg'gh"egogpyv'wugf kp"vjg'okz"
Togu'pav' chhgev'vig" tgncvkgpujkr'kp' c"uki pkYecpy' yc{l"
Vjg"' rctcogvgtu” ecp” cnug" dg" wugf" kpvgtejcpigedn{l"

KpwgcF' gh"eqpfwevkpi" dwtfgpugog measurements of
wtgpivj"ftgrgu."yg'ecp"ogcuwtgvjg'fghqtocvkgpul

Rtgxkpi"vjg'nkpget"fgrgpfgpegku"xkven'kp" rtcevkeg"cu
guednkujkpi” xgwog" ejcpigu”ku" nguu” nedgwt” cpf kog"

eqpuwokpi'vjcp'guvcdnkujkpi"egpetgvg uvtgpivy "ftgrgul
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4. Summary

Vjg'tguwnw'gh*vj g'egpfwevgftgugcte j kpfkecvg swikvg"
enqug” tgncvkgpujkr" dgvyggp" fghgtocwkapu' cpf” gpg/
vkog"htg;gp" eqpetgvg” utgpivy” ftgrul’ D{" ogcuwtkpi"
vjg'foghgtocvkgpu'yg'ecp guvednku j ‘uvtgp ivj “Ftaruchvgt’
4:"fc{u"gh"ocwitkpi“hqt'gpg/vkog'htq; gp"urgekogpul”
Kp'qtFgt'vg'egpYto'vjg'tguwmu'gdvckpg Fhtqo'vjg'vguvu."
hwtvjgt"tgugcte "kp"pgeguuct{l"C" igpgten"vtgpfecp'dg”
uggp" chvgt"vjg" tguwnvu" cpen{uku="eqpetgvg" htq; gp"vg" c"
lower temperature following a shorter initial maturing
rgtkgfujgyuvjg'jki jguw'eqortguukxg uwtgpivy ftgrul”
Vjg" fogugtokpgf" cevkxcvkagp” gpgtikgu” jonr" guvednkuj”
cevwcen' eqortguukxg” uvtgp vy kp" tgncvkgp” vg" eqpetgvg”
vkog"jkuvgt{"cpfvgorgtcwwtgl"
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Przy wykonywaniu robot betonowych w obnizonej
temperaturze zaleca si¢ stworzenie warunkow dojrze-
wania pozwalajacych na uzyskanie najwyzszej wy-
trzymatosci betonu w jak najkrotszym czasie. Przez
pojecie niskiej temperatury nalezy rozumie¢ okres,
w ktorym $rednia temperatura dobowa jest nizsza od
+5°C, a temperatura minimalna spada ponizej 0°C
[1]. Krajowymi wytycznymi dotyczacymi robdt be-
tonowych prowadzonych w okresie zimowym jest
Instrukcja ITB nr 282 [2], ktéra podaje w formie ta-
belarycznej, w zaleznosci od rodzaju cementu, przy-
ktadowe czasy twardnienia poszczegolnych betonow
w statych temperaturach rzeczywistych (OfliC-30fIC).
W rzeczywistosci beton dojrzewa w zmiennych tem-
peraturach, co utrudnia okreslenie wytrzymatosci.
Szacowanie wytrzymatosci na podstawie Instrukcji
ITB prowadzi¢ moze do btgdnych wartosci. Trzeba
zatem umiejetnie wybra¢ te podstawowe niezmien-
ne reguly postgpowania i potaczy¢ je z najnowszymi
osiggnigciami technologiczno-materialowymi [3].
Podstawowym problemem w podejsciu inzynierskim
jest uzyskanie informacji o rzeczywistej wytrzymato-
sci w oparciu o funkcje dojrzatosci, ktéra wigze rze-
czywistg wytrzymatos¢ z dojrzatoscia betonu.

Zalecenia najczes$ciej okreslajg warto$¢ wytrzyma-
tosci £, po uzyskaniu ktorej beton uwaza sig za od-
porny na dziatanie mrozu. CSA Standard w Kanadzie
zaleca uzyskanie przez beton minimalnej wytrzyma-
osci na Sciskanie na poziomie 7,0 MPa, natomiast
ACI przyjmuje wytrzymatos¢ powyzej 3,5 MPa.
Szwedzi zalecaja uzyskanie przez beton minimalne;
wytrzymalosci wynoszacej 5,0 MPa. Neville zaleca
wytrzymatos¢ f . = 3,5 MPa, inni autorzy f . =2
MPa dla betonéw z cementu portlandzkiego. Pojawia
si¢ problem zwigzany z okresleniem czasu, jaki jest
potrzebny aby beton uzyskat oczekiwang wytrzyma-
tos¢. Uzyskanie tej wytrzymalosci, a zwlaszcza czas
potrzebny do jej uzyskania, bezposrednio wigze sie
z innymi waznymi aspektami, a mianowicie z proble-
mem rozdeskowania betonowego elementu, a takze

ek'uvyctfpke giq'dgvgpw

okreslenia stopnia w jakim mozna obcigzy¢ wykona-
ny element [4].

Szacowanie wytrzymatosci na $ciskanie opisuje si¢
za pomoca [5] funkcji dojrzatosci w zalezno$ci od
temperatury i czasu dojrzewania. Podstawowg trud-
noscig jest przyjecie odpowiedniej wartosci wspot-
czynnika aktywacji cementu. Zaleca sig, aby takie
wspotczynniki wyznaczano do$wiadczalnie.

W artykule przedstawiono wyniki badan probek be-
tonowych poddanych jednokrotnemu zamrozeniu do
temperatur —3°C 1 —8°C po wstepnym okresie dojrze-
wania wynoszacym od 2 do 8 h. Oznaczano przyrost
i spadek wytrzymalo$ci oraz odksztalcenia betonu.
Celem badan bylo okre$lenie zalezno$ci pomig¢dzy
spadkami wytrzymatosci a odksztatceniami powsta-
tymi podczas zamrazania mtodego betonu oraz wy-
znaczenie wspotczynnikow aktywacji.

40'Dcfepic'y cupg

Badania przeprowadzono na probkach betonowych
wykonanych z trzech cementow CEM 1 32,5R (ozn.
A), CEM I 42,5R (ozn. B) oraz CEM II/B-V 32,5R
(ozn. C). Mieszanki betonowe do pomiarow przygoto-
wane zostaty przy jednakowym stosunku w/c = 0,54.
Pierwsza seria badan dotyczyta okreslenia spadkow
wytrzymatosci betonu na $Sciskanie. Zakres badan obej-
mowat wykonanie 480 probek z betonu klasy C20/25.

Rownolegle prowadzono badania na probkach za-
mrazanych i probkach $wiadkach dojrzewajacych
w warunkach laboratoryjnych w wodzie o temperatu-
rze +18°C. Kazda seria umieszczana byta nad woda,
gdzie podlegata wstepnemu dojrzewaniu przez okres
t,=2, 5, 8 godzin, a nastepnie probki przenoszono do
komory klimatyzacyjnej gdzie podlegaty schtadzaniu
w powietrzu do temperatur T . = —3°C, —8°C przez
okres 15, 24, 36 godzin. Po tym czasie probki doj-
rzewaty do 28 dnia w wodzie w temperaturze +18°C.
Spadki wytrzymatosci betonu na $ciskanie okreslano
po uptywie 2, 5, 8, 16, 24, 36, 48 godzin oraz 3, 7,
28 dni.

Formg do badan wykonano z ptyt styropianu o gru-
bosci 5 cm, za$ dno formy stanowita blacha o grubo-
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tg' rq" lehqtoqycpkw' Falt!gyci{" rtig}"gmtgu"4:" fpK'
y'wci{ej"vgorgtewtcej' -7 E."-42 E."-57 E"Y{-
vt! {ociqli5"pcliekumepkg"gmtgincpg'rg'4."7." - ."38."46."
58."6:"iqf kpcej qtc;'rg"s."9."4 - "fpkcejl

Y'vgp"urqu, d' 'crncpaycpg" defepke” rglyanki{" pc"
gmtgWngpkg" !cngepalek’ rqokCEI{" gfmulvciegpkcok
c"urcfmcok"y{vt! {ociqliek dgvgpw" pc"Wekumcpkg" gtc "
pc'y{!pcelgpkg"yur, Ze {ppkm, y"cm{ycelk)
3. Analiza wynikow

Pc" y{mtgucej" rtjgfucykqpq" y{pkmk' q;pce;gM
rt! {tquw" ye!gupgl" y{vt! {ociqliek' dgvap, y" Fqlt!g-
ycle{ej" y" wci{ej" vgorgtewtcej' -7 E." -42 E."
-57 E"y{mgpcp{ej";"egogpv, y'C."D."El

¥cuwauqycpkg't, cp{ej"tqficl, y"egogpy, y" oc" fg-
e{fwl>e{"yri{y"pc'rt}{tqu’yejgupgl"y{iti{ociqlie’
dovapw" Pclykgmu! {" rt! {taquw" y{vt! {ociqliek qFpqvg-
yepg'fc'dgvgpw'y{mgpcpgiq'; "egogpw'EGOK'64.7T"
fqlt!gyclcegiq'y'welglgorgtewt!g'-57 E0"

Rt, dmk" dgvapayg" y{mapcpg" ;" egogpv, y" C." D."
E" rgfrgic{" ywCrpgow" fqgltjgycpkw" rtjg;" gmtgu"
4."7." " iqfikp" pcf' ygf>" y"vgorgtewt;g" -3: E."
c"pewCrpkg" ! quvci{" lgFpamtqupkguejiqfiqpg'fq'vgo-
rgtcth 15 E.'T - E0"Y{pkmk' rqoket, y" rt}gfucykg-
pq pc" t{uwpmw" 60" ¥" cpcnk {" dcfcM y{pkmc" Igfpg-

1pce;pkg."cg'ko"mt, wui{"ejcu"ywCrpgiq'fqlt;gycpkc"
K'pkcu}cvgorgtowtc" cotchpkc."v{o"kamu 19'urcfmk’
y{vt!{ociqlek" YkFae!pc' Igw' qi,,npc" vgpFgpelc' ko"
opkglu!c'y{vt!{ociqi5"y"oqogpekg" cotgcgpkci{o"
ykCmug"urcfmk" y{vt! {ociquek" dgvapw" pc" Wekumcpkgl"
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PclykCmu! {" urcfgm' y{vt! {ociqlek" 'cpquaycpq’” fic"
dgvgpw" y{mqpcpglq 1"egogpw"'EGO"KKID/X"54.7T."
mv,, t{" 'qucl' !cotqcap{" fq" vgorgtewt{" 1 - E" rq"
4"igfikpcej"yuwCrpgiq'falt}gycpke'ky{pquk'74.5 = ("
Pclopkglu}{"urcfgm" }cW"fnc"dgvgpw"}' ‘egogpw'EGO"
K'64.7T"uejlqf qpgiq"fgvgorgtewt{"15 E'rq":"ig-
Tlkpcej"yuwCrpgiq folt!gycpke'T "33.2 =0

Wi{umepg"y{pkmk'dcfcMrt, dqycpq"grkucs" jc'rg-
oqe>"hwpmelk' fqlt! cigiek' rgfepgl rt! g CION Pgxki-
nc"k"KpuvtwmelC"KVD" pt" 4 - 40" Uvqugy cpkg' v{ej " hwpmelk"
fnc"dcfep{ej"dgvap, y" rtqycf!k o' fwc{ej"diCF, "
Y" tiget{ykuaqllek" yctvgWek" gdnke}gpkqyg" u>" fweq"
ykCmu! g"pke"y{vt! {ocigis"w! {umcpc FqliykcFe ! cnpkgl"
Rt;gu;ceqycpkg' fac" dgvap, y"y" rae;>mqy{o" gmtg-
ukg"fglt}gycpkc'ogeg"y{pquks"322 = ("

Y {mat! {uwl>e" hwpmelC" Fqlt!ciqliek' rqfcp>" rtig!"
Jcpugpc'k'RgFgtugpe.'my, tc"ra ) yenc"gmtghinks"y{vt } {-
ociqli5'dgvapw'pcWekumepkg"y ! cngepaliek'g Flgigvgo-
rgtewt{"k"e}cuw"Fglt}gycpke."y{}pcejqpq" falykct-
e'cnpkg" yur, Ze  {ppkmk' cmv{ycelk' Ge" fic" egogpy, y"
*edl'4+)

Qut!{ocpg"yur, e {ppkmk'cmv{ycelk'fic'dcFcp{ej"
egogpy, y" rgtycencl>" fomicpkg" qu!ceqycs" y{vt!{-
ociqii5" pc' Wekumepkg" y" engepaliek” of! " vgo rgtewt{"
K" ejcuw" Faltjgycpkel" Fnc" egogpy, Y ratwmcpfimkej"
pgtoc'CUVO"E"3296" rafclg’ rt!gfkcl' Ge' 2" 62/67"
mLlogn']7_ 0" Fnc'egogpw' ratcpfimkgig" ' rqrkglgo”
ngtowtc"rafelgrt!gf kel fq'48" mLlogn)

¥cwquaycpkg" t, cp{ej" egogpy, y" oc" fge{fwi>e{"
yri{y"pc"ykgmgWs" ! okcp"qdICvqliek' olgFgi g dgvapw"
IgFpamtaupkg" uejicFlcpgiqg” rt'{" lgFpgmkgtwpmaygl"
y{okcpkg" ekgric)' Pc"y{mtgucej" ' cejqf!k" ykfae!pc"
nkpkay c"matgncelc' okCF! {" ofmutvclegpkcok' c"urcfme-
ok'y{vt!{ociqlek"dgvgpw"pc"Wiekumepkgd"Y pkqumagyc5"
oqcpe."cg"tgf!cl"egogpw’ pkg' oc kuqupgi gy ri{yw"
pc"vC" engepgWsl" Retcogt{" vg" oqcepc” wqugycs” jc-
okgppkgl" ¥cokew" rtjgrtqycf;cs" wek>cnkyg" dcfepkg"
rgokctw' urctm, y" y{vt! {ociqlek" dgvgpw." ogcgo{"
rqokgt!{5"qfmu!vciegpkel

RavykgtT gpkg"nkpkaygl"  engepgliek” oc"kuvgvpg" | pe-
elgpkg" fc" rtemv{mk." rapkgycc" y{ipceicpkg" } okcp"
qdICvqliek" Iguv" opkgl" rtceqejiqppg'k'e ' cugej gppg" pc"
y{!pce!cpkg'urctm, y"y{vt! {ociquek'dgvgpw"

4. Podsumowanie

¥' rtlgriqycfigp{ej" dcfcM y{pkmc" Fqli5" Wekuic"
Lengepails' rqokCFi{" gfmulvciegpkcok” ¢ urcfmcok'
y{vt!{ociqlek" dgvap, y" IgFpamtqupkg" ! cotgeap{ej!"
Famgpwl>e" rqoketw' gfmulvciegM ogego{" gqmtgiiks"
urcfmk"y{vt! {ociqWek' rq"4:"Fpkcej " Fqlt! gycpke' fic"
rt, dgm"lgfpgmtqupkg" ; cotqcap{ej (" Kuvpkglg" rqvt;gdc”
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dalszych badan, aby potwierdzi¢ uzyskane wyniki.
Z analizy badan wynika ogolna tendencja, ze beton
zamrozony po krdotszym czasie wstepnego dojrze-
wania do nizszej temperatury wykazuje najwigksze
spadki wytrzymatosci na $ciskanie. Obliczone wspot-
czynniki aktywacji pozwalaja okresli¢ rzeczywista
wytrzymalos¢ na $ciskanie w zaleznos$ci od tempera-
tury i czasu dojrzewania betonu.

Dcfepke'gr kucpg"y"ctv{mwng" ! quvciq'e  Cliekay g'uYpepug-
wane z dotacji Nr POIG 01.01.02-10-106/09-00.
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