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EFFECTIVENESS OF CONCRETE REINFORCEMENT WITH PURIFIED
RECYCLED TYRE STEEL FIBRES

SUMMARY

The subject of the PhD Thesis is the assessment of the effectiveness of reinforcing
concrete with recycled tyre steel fibres, which have been additiommaitfied of rubber

and textile impurities. Fimsefficiency was formulated as the effective reinfencent of
concrete by fibes, i.e. the strengthening of the brittle cement matrix by increasing the
tensile properties of concrete and increasing the worltra€ture. The work is consistent

with the topic of sustainable construction through the proposetlison of using recycled

tyre steel fibres for concrete, as well as saving natural resources for the production of
manufactured steel fibres. Steel production is one of the industries that contributes most
to the increase in the carbon footprint. On thehetr hand, the dynamic development of
communication infrastructure results in an increase in the production of rubber tyres,
which pollute the environment when worn out. Steel fibres extracted from the tyre, in the
material recycling process and properlgpared, may have potential for use as dispersed
reinforcement for concrete.The following thesis was formulated in tHehD Tesis:
purified recycled tyre steel fies can act as effective dispersed reinforcement for
concrete, and some properties of conaestwith their addition are equivalent or even
better than the properties of concretes with the addition mwianufacturedsteel fibies.

The theoretical part presents a concise description of the following topics: sustainable
constructionand carbon footprint recycling of canyes, fibe concrete technology with

the type of fibres and fibre concrete research methodology; elements of fracture
mechanics, from which the main research methods and literature analysis on the use of
fibresin concrete were used. The research part was divided into three parts: preliminary
research, main research and application research. The preliminary tests were aimed at
selecting appropriatdibres from recycled yres for the main tests and at identifying
selected tirefibres. The main tests assessed the effectiveness of reinforcing concrete with
steelfibres. The tests were carried out comparatively for concrete with the addition of
purified recycled tyre stedibresand for concrete with the same amouotmanufactured
hook-shaped steelfibres, commonly used as dispersed reinforcement for concrete.
Recycled tyre steel fibres and manufactured tyre fibres were dosed in the same amount
into the concrete, i.e. 10 kg/fn 20 kg/n¥, 30 kg/n?, 40 kg/n¥. The effetiveness of fiber
reinforcement of concrete was assessed by many methods: bending tensile strength of
notched beams, work dfacture, toughness index® fiber adhesion to the cement matrix,
analysis of thdiber-cementinterfacial transition zongfibresdistribution by computed
tomography. Moreoverfor a broader comparison, key tests to assess the effectiveness
were conducted for two additional types of commerdibires differing in diameter and
shape. In the application part, tests of the functionedgerties of flooring concretes with
recycled tirefibores and commerciafibres were carried out, i.e. consistency, density,
compressive strength, bending, splitting, abrasion, modulus of elasticity, impact
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resistance. An analysis of the possibility ofaducingrecycled tyre steefibresto the
market through the National Technical Assessment was also carried out. The work ends
with implementation tests on a real scale to confirm the possibility of dosiongs from

tires at a readymix concrete plant. The innovative aspect of this wisrthe determination

of the work of destruction as a measure of the resistance to brittle fracture and the
effectiveness of concrete reinforcement with recycled fitres. Analyzing the literature,

no previous works presenting this approach were fourgk ddhesion testing of tire wires
presented in this work is also new. In the works published so far, cement composites with
the addition of only shortecycledfibres, and not wires obtained from tires, were tested.
Research has shown that piied recyclel tyre steelfibres can act as effective
reinforcement for concrete. Pifred recycled tyre steel fibres of appropriate length
strengthen the brittle cement matrix, bridge cracks, causing them to spread, and limit the
formation of new cracks. Some propesiof concretes with a sufficiently high content of
recycled tirefibres, i.e.: residual strengthtoughness indess, tensile strength when
bending, compressive strength, splitting strength, modulus of elasticity, abrasion, impact
resistance are even highéan those of concretes with such same amount of commercial
steel fitres. Puiified recycled tyre steel fibres have a rough surface caused by the recycling
and cleaning process, which allows them to achieve very good adhesion to the cement
grout. In thiswork, three main aspects should be highlighted resulting from the use of
purified steelfibres from recycled car tires as dispersed reinforcement for concrete:
strength of concrete with the addition of recyclé&bres (purified recycled tyrefibrescan

act as effective dispersed reinforcement for concrete and effectively strengthen the
brittle cement matrix) ; environmental impact (reducing the carbon footprint by replacing
high-emission steel production with recyclefibres saving natural resources, waste
management); economic benefits (the cost of recycledfiimesis lower than commercial
steelfibres). In order forfibresfrom recycled tires to act as concrete reinforcement, the
following conditions must be met: thibres must bepurified, i.e. subgcted to special
technological treatment, after which the level of rubber and textile impurities will be up
to 0.2%; thefibresmust be free ofibresthat differ significantly in length and diameter;
fibres should be dosed into the mixture in such a way ta ensure their uniform
distribution, without creating local fiber clusters; clean@idres must be dosed in the
appropriate amount into the concrete (> 30 kg/m3).

Key words:
recycledtyre steel fibres geel fibres fibre-reinforced concreteresidual flexural tensile
strength work of fracture toughness index, sustainable construction
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1.1 Wprowadzenie
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1.2 Celizakres pracy

Celempracyjest y I €t ATl SO0 T OA621 OA 06SiG2ysé 1 R2RI
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g OUs | KorBeycyjnychhaczykowatycha { CX 2N} 1T @11 +FyAST 88 yA!
68G2yss | we{BLADSYY&ES Gl |} alYl At216 60s{A

DUOsgyeyY |alLsS{1adSYy yldzZ2sey 2Saia 20Syl S¥F
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GOFIT OAB21 OA o0Sili2ydz REAPRYAYESITBYKIYWVXAA LI {1
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-g@0ONJ @Yl 021 OA NBalT 12682 yI NRBITOANDAFYAS LINT
-LINJ Ot T yAral Ol Syl
-ga 1T YALA 2RLEN,L2I OA yI LI 1FYyAS L
-LINJ & O1 S Lizhald ndatrygytEsnientowe;
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-rozmieszczenig Os | ASYy ¢ Yl GNROe OSYSyili2¢Se
- analiza mikroskopowa i NEF& 2y l&zdcay2 6S2 6051y 2

w21 LINT 6| a1 ol R aAt I OT t 1T OA ﬂSZNSﬂ“O"y
G§S2NBGe Ol ySa 2VYsigliNRa dzy¥ I RyYIASyde 1 fIAYIF G0 yé
budownictwa, recyklingu opon samochodowyth? R1T | 2 dz ¢ U35 {técihglogiR 2 02y
FTAONROBNIRIYsloy I f AT& fAGSNI GdzNE T T+ NBadz ze“[z
betonu.
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W badaniachd Os gy @ OK SANBIaeyw2l 6 1 oNR2SyAl o6SG
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komercyjnycld 9 F Sl Gesy21 06 21NBITf2y2 o6FRFEYAFYA 1
12YLRIT eis g OSYSyiliz2g¢e OKX LINT @ OT SLyy 271 OA 505
mikroskopii skaningowep 82 OT t1 OA O6FRIFIYyAl ge12yly2 Rt
doRI (11 268 YA kon@ayjhysh2 YAYYyS2 1T NBRyAOe A 1aiaroOASs

2 OTtT OA FLIX ALl Oe_2aySe gel2ylty2 OLWIYAlF 60
12y0S1TOAS T lFalz2a26l §862yws06 | RIBH | BpoWwR IRYK R 2 |
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IJ2RY 210 6051 ASY 1 2 LIEN14BSMEYEHYAINTrl VWAL YBAD s5y] 2N
2 o0Si2ydzd %I 12201 SYyASY o6FRIFZ |LX Al Oeaye
Bl0osNYA 0Si2ydz G261 NrgS3I20

t NI Ot 12Z01 N aRPREADIYR 6T 282485 6 2RYyASaA
tezy rozprawyNa Rysuku 1 przedstawiono schemat programu badawczego niniejszej
rozprawy doktorskie;.

Q\ x( s

Program
badan

+

Il. Badania gltowne -
I.Badania efektywnos¢ zbrojenia lll. Badania
wstgpne betonu wiéknami aplikacyjne

r i
Wybor wiokien
z recyklingu opon i wiakien

komercyjnych do badan
\ \

Badania wiasciwosici
uiytkowych fiorobetonow
posadzkowych

Badania z zakresu
mechaniki pekania

Frojel;tu:u;wrni{eel:uetonhnw do widkien do matrycy 2 wymaganiami normy
adan glownye PN-EN 14889-1:2007

cementowe]

v

“\ “\
Analiza dystrybucji widkien

Badania w skali technicznej
metoda tomografii

Badania identyfikacyine na wytwarni betonu

wiakien komputerowej

f r ) ] . N
Badania przyczepnodci Badania na zgodnosic

towarowego

Analiza struktury
fibrobetondw metodg
mikroskopii skaningowej

L

RysuneK.. Schemat programu badawczego

13
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ST 8t A RIAFOIEy2Il Odeplefié poadjes hakilenie BKste@Anfcl & 2
zjawisk atmosferycznych, takich j8Kl & G NB Y | huya§anydzbdlodiié stisze
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VI GdzNF f ye OK LR RIdigyST 60 & B sapikis(2empie. Dodatkowo
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2RLI Rs g LINI SYeaovz2seOK: VI1a3RNERRgEATK AT GO
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J2aLB2RIFENDI & 0ZRIASE] 2RIRE & &It 2 ¥I& . Scheinafol sAgl W/HAi dz
realizowanych w ramacBUNER LIS 2 & 1 A S 32 pizedSaividng Salyuku 4l R dz

19



Wspieranie badan J

naukowych
i pobudzanie innowaciji
Transformacja
Bardziej ambitne cele klimatyczne gos.podarkl UE z Zerowy poziom emisji zanieczyszczefi
mysla o na rzecz nietoksycznego srodowiska
Zrowng

UE na lata 2030 i 2050 . )
yazonej \

/

Dostarczanie czystej, przysigpne) Ochrona i odbudowa
oo TOME ekosystemow i bioroznorodnosci
1 bezplecznej energil

[ Europejski |
Zmobilizowanie sektora przemystu Zielony Od pola do stotu: sprawiedliwy,
na rzecz czystej gospodarki o tad zdrowy i przyjazny Srodowisku

obiegu zamkmetvm system Zywnosciowy

Budowanie i remontowanie w Przyspieszenie przejscia na
Sposob oszczedzajacy energig | zrownowazong i inteligentng
zasoby mobilnosé

Nikt nie zostanie
Finansowanie transformaciji pozostawiony w tyle

(sprawiedliwa transformacja)

UE w roli Europejski
Swiatowego Pakt na rzecz
lidera Klimatu
Rysunekd 9 dzNR LIS24a1A “%ASft2ye IR wTtnd
Wi NBFR 6@YASYyA2yeoOK T +F0v20S2 Aadzidye Rfl a
punktH PMPo d %BY20AE AT 26 YyAS &S]TG2Nr 1LINJd SYgaodz
LI Y]y 7olLindarach 1976 nmt NRBOT YyS T oAl (126S 6eR2080AS

QX
[N
™M

LR GNRAD2 aAt A yFERFE &1 NI 02 aildly26ir LI
onoOTySa SYAaaagiar 3ALTs5g OASLI I MZNRPRYOKORNRKRT RSF:
g2Re alLRé2R246FyS an geR2080ASY 1T 1az2o6s56 2NI1
deoy21 OAd t NI SYealdl 2RLR2¥ S LIROINY dd yi&xBRyAreye 285
przerobunowychs@ 6 Os g (s NBE an ¢geR206e¢lyS>T LINI Sigl
g LI2AaGFOA 2R LAaledwig 129¢dzai SHNWABEPEcKDJZi z recyklingir0].
b2ge LELY RIAFOFYAF R2URDIPROR YH2 B2 RISN B NI
LINI SYyeaodz 2 TFY{yAtdey Oelu 04 terAdA8 (A yWISAHAIAN
11 32aL2RIFINRgFYAS A LRyYy26yS #e]1 2N eaidlyAaAsS 2RL
OYSNE20KO2YyYS 3ot A Qrodukid Stafiesuliseemji GF 1 A S
chemicznyclh OSY Sy (i dz ddyospoliaRi]janinally S3&E&R 2006 RiyA OF YAl
20yA0@0 Shsekide g & Tftyth cefu konieczne jest wprowadzenpelityki
al NEgy26l02y80K LINERdZl (5 66d t NA2NEGSGSY ot RI
ponowne wykorzystanie przed recyklingiedgl { OF R NB AV Z glodB2yik L2 A
produktowa doprowadziNk ¢ YRB 0 1 y I OT yS32 2 INTaAgddieSy Al 2R
2RLIRs 6 YAS RE &At dzyAlynos yirfsSoe 2RI &all s
fdzo 23INIyAOIl @88 AOK ¢gLIVeg yI T NRBR2gA&12 A T YA

blradtLAisgSY GeRIYAlF 9dzNRPLIS2a1AS3AA %ASE 2y
9dzNR LIS2a1 N ¢ aDRsine RI2 | gaYsS vy éM y23adh CIYUA tAG2ANS  pdpyUA 2
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klimatycznego na 2030 ¥ RNERBRIT S R2 vy Sdzi NHJ ly & dzDWI €1yt 271 Yo
1EAYFGeOoTyl G2 L2t O0OAS 21NBIf{IFr2n0S Nksy26|
JFETFYA OASL I NYALFY@YAZ || AOK a10FR2glFyASY
Ly ALF 9dzNRLIS2a1 1l dzadGly2¢6A0F OStf 23INI yAOl .
pp: 6 LJ2 N zioghemyzALSRO f orakzl@ycia pierwszym kontynentem neutralnym
dla klimatu do 2050 [71]. Wramach.J: 1 A S dz o DRLINAl BRIkt ppXE2 6 & OK
AyAOeldegyY {(tAYIFIGET SYSNEAt A LI fASlIIT NI ya
Nl LN SyYyeao yF{OFRF aiAt y26S gevyz23axr Rz2GeécC
LINE Rdz] O2A X fS Nl syASd LINJI So6ARdz2 &nawgch YSOKI
G§SOKy2t23AAd 2 T gANT {dz T 12yASOi y20EOAN ol
LINR L2y dz2S> o6& R2 wHnon N asS{iidz2Nr 202t dS
dzLIN} 6 Y ASY Al YA R2 SYA&dc2Ao0ox Ol eftA asS{iimeNI SyS|
tym rafinerie ropy naftowej,Kdzi e &adlfAX 2N}XIT LINBRdzl O2A 0
OSYSyildzz o+ LIWISE &l 10FT OSNIYATAZI Ylae 6t
OKSYAllFItAsg 2NBIFIYAOI yeOK fdzl SYZ VdzEAN®BS a
2AANIARAAPONS SyYArdaci 3IALTs5g OASLI I NYAlFLyeOK 2 ¢
r.[71).! 6 & 2aAN3yNe Sy OSt aelrt So2 RAYGAYSA ol eSs 11
2aAN3yAt OAdz | YO A U WaRgsRub SBIRI SR& dzl g A 2y 20 A NKIP .
55.

Spoleczry
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Kimatyczny dostosowyws
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Rozporzadze P -
nie LULUCE cpodatkows
r~a
Fit for enerps Dyrektyws w
sprawie
Strategie o‘obcf/wﬁlc' i
o sl
leina UE Rozporzadze enecgetycan
e w » Dyrextywa w )
sprawne speawe
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redukoyneg sprawe enerngs .
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oo, 5/ |
it w“ samochoddw FuelEU I \
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¢SYFGellr yAyASecailiSa LINIOe glLAadzt ait o
gel2Nl eadlyAl NBOejlfAya2se0OK ¢0s351ASy 1T 2RLI
geaz|2SyraeceyeoOK ¢g0Os51ASYy adlrt2se0KE 02 NkgYy
T &a205 6 V priy geodbkjiys@lio K

3. Recykling opon samochodowych
3.1 Budowa i produkcja opon

Pierwsze prymitywne opony wynaleziono pod koniec IV wieku p.n.e. jako
RNBgyAlyS 1202 yI 10s5NB yFOARIyAtG2 &a1sNY |
gellraloz2yS ¢ 0oStlTye LIASNIOASZI yI (isNeE Yy
12Nl eailiyS 601 @iukoRdgadiB39 Yokub @1 NE S& I @22 Re& S NJ 2 LJ
proces wulkanizackauczukiA G 1 a di2a@iétlioz 2Ll2ye g¢e12ytyS ¢
[72,7312 NR1dz mync w20SNI 2AffAlIY ¢K2YLA2Yy 2LJ
2SRYI1l RNBgyAlLyS 120 yAS oeve lToed adlFoArfy!
Dunlopg @ y I £ T O 23dzYASysA 021 B NIppRicRee NBOENHA eo6al
W roku 1891 bracia Y RNB A MichBi& oakrpiRalety opony pompowanej. Firma
0Nl OA aAOKStAYy 2Said 20SOyAS yleggAatialiey ¢ 9
producentem opon.

{T@061A NRIgse 2Ly KIFIY2glye 080 2SRyl 1 LN
bl LINJ SO2YAS - L- A - - 6AS1dz Y2y 2LRf yI GSy &
OSylI oeol NB12NR2¢2 Rd®DF>X 0S 41 3fttRdz yI NRI
I I & inia hatuBinego kauczuku. Dopiero w roku 1940 naukowiec Waldo Semon z firmy
BFGoodricii i 6 2 NJ 8 0 g SNER 2t & y[e33m GityliSian dAdzyaee yl (YSSING
kauczukuy I 1 @ OKYA I &G GN¥ FAUE R2 LINBRdz1 O2Ax | ¢
aeyisStediyS3az2 R2Nbk gyl OF LINRPRdzZl O2A yI GdzNY £ yS3
Y2t S2y2 geylft NIA2¢2LIR2ORGIESyAdaisi S aLISo2ltyn
Y2Y(G26FLyl A g@YASYyylro L GF1 ¢ wmdony NRB{dz | Sy
gelLlaloz2ye ¢ 2Lyt FTANNVE D22Re&SI NM®

Wraz z rozwojem technologii produkcji ogon LINR ¢ RT 2y 2 LN} OS vy I
profilamioponLINE Rdz] 2 6 y2 2L12ye T AY26Sd %l Ol ti{i2 N oy
S12t23A01TySz A GF1 6 mMddPH NRldz 6@ LINRBPRdzZ] 26|
krzemionki[73]Z 1 G35 NI} 61 Y2O0yAOlF 2Lyt A 1 NBRdz 261 Ol
NB R d£3Q1i8 dtmosfery.

W latach 50, Wd y @Y Llzy1dSY 1T NRIig22dz 2L2y& 0802
drucianyché 1 Y2 O A $#s NB e L) NDé Ll2gal SOKYAS &i2az
aidlt26S gLyt 2 6 NRI 2 yI adloAaty2106 A oSiL
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Budowastandardowej opony samochodowdRysunek 674,75}

T

CASBY Ol tT ol a3 IN2y eyl 12yaF 10T OF b 2 haO NI BKAYE
RSOeRdze R LINJ @01 SLly 21 &aniR22 RREAFREI ON O¥ |

T OK2gl yAdAIdd § I NOROASI v A dz 2 RLWdnkeSdhger S2 S
Jdzy26S2 o0ASOYALll aitz2zaz2gelyS an 1 dzOl dzi A &
Stopkez  OT t 1 D] @ILRIyRd2ENla tzdRNHzA8 6 HEAY AL (@ 0OK 621
warstwosnowy tekstylnejs NHziis 6 1+ G2 68 GNJ @Yl 0SS RNMzieézx
{d2LNF LINJetsS3ar R2 FSt3IA A adGlroAftAldzesS 2
2R1al GF0O0FyAdz LI2R ¢LI0@sSY OAt Ol NMz al Y2 OK:
Bokk 0201 yS TOALFLYlA 2LRyeées OItlise 2LRyeé& L2
OFrve OAtOF NI L2 T R&OAYyNVdzZAA 2 881 NIINJ I G &Y A
TFoSTLASOI I GF10S LINI SR 20| Bokuboponyhieda O &y
AAt YFELINI gAOD bl yAY TylaRdz2n ait galeai]
OAT YASYALFZ ({ASNHzyS] NRiGFO2A AGR®OT

Osnowa tekstyin R2 2S2 odzZR2ge gel2Nl eaddzesS aat
yef2ydzz NIreéz2ydzZ gAra|i21er LRMEpASTT MUz ORd2Y
Ntk gy2f S3tS R2 aAS0AS A &LINraze¢lyS 1 3Adzyn
Ge2NI NO AV3ISIBENBINYd&xYeslto 2S2 1alidlod L
$Seyt GNI yS3a2d hlLlRyeée R2 | dzizodzasg A al vyz2o0
G6S1adeftySer Get12 se12ylyn 1T 12NRdz adl t 2
Opasanie stalowed 2 ay 2 ¢l &Gt 26103 G2 &L} SOA2yS 1
zatopioneg YA Sal I yOS 3Adzvy2sS2s 41 Y20yASYyAS 2Lk
/| ASY1AS RNHzie &dXdz@mO adftl d B2 Gi2ypd A GNg i NJ ¢
YAS LINI STNXOTI2nosSa m YYd {{lFly26A al1ASt
20 OANO® Sy Al idgndrhidzrie 6rhzystabili&ije profil opony;

Warstwa butylowa> &1 O1 St yl g NRilGgl 1 3Jdzve aeyi:
$SeYyNGNI T 105N} dzal O St YA ldzi BB s Y dz8 8] oIS 6 i
OAT YASYAS 2L1Rye A yAS OKNERYWkobidd [sRz R2 4G |
odzidfdz 611 dzOl dz]l aeéyidiSGteodiyeos (iGsNB yAS |

NaRysutku 6 przedstawiond. JNJ S 1 N¥ 8ponye L2 6 S 2
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Czoto opony

Bark Bieznik

Opasanie

Bok stalowe

Osnowa
tekstylna

Warstwa
butylowa

Drutéwka
Stopka

Rysunel6. Budowa opony [74]

2@ NBOYAl &At 1AL 1+ MNBARIT [0QERE sALIAY 322 | (00 SRS o

LINI SRalGl gA2y2
rodzaju opony[76].

LINE OSy G 2ge

dzR1T A |

O 41 0FRYAls S

Tabela2d t NEOSyG2¢& dzRTALFD A1OFRYALs6 A sk NI2T
Opony Opony do Opony do
| motocydowe | &+ Y2 OK3 &l Y2 OK
(ol Ryl = Lay i rowerowe osobowych | OAt d I NJ
[%0 masy]
Guma naturalna (kauczuk) 48 14 27
Guma syntetyczna 10 27 14
Sadza 11 28 28
Stal (kord stalowy) 14-18 14-25 14-25
Cl1FYAYlL S g@8LISOYAL ( 12-16 16-17 16-17
2 NI21T 06 MIKF 026 | 33,2 36,774 34,743
Produkcja opon
Produkcf opon rozpoczyna2 S& i LINRPOS& LINR2S G268

Y2YSYy OAS
LIN2 OS & dz

komputerowo)[77]Z
LI2 RS2T OA dz
g&0ASNI

RT AL 1A

G6Sy s

GRNROSYAL
LINP2S1G26S32z2

105 NEB

YSiG2Re&

24

2RLI2 AL RI

~

al O1 S3asty21 OA
1G45NRBY Y20t A8S
201 S1A61.BpE2DHI tINDESGe lildr2 RIB Y & AT
LINJ g2t Gey

St SYSyisg

aitl 02
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laboratoryjnymiekstremay @ Y (Said2Ys | ylFadtLlyAS &ALINI gRI
02N} OK (Sait2pse0K ¢ OSfdz 6SNEFA{|{IlIO2A 2S32 4

Y2t Say2 ylaitlldzS LINJe&32026FyAS A R205N
ge 12Nl eadeslyS an Nk 0y SordodehBadcaul, driviydstalve, & | R1
adzoaidlyodasS 2tS226Sd t NBRdzl 02l T IOl eyl &at
olejami, pryspieszaczamiwulkanizacji przeciwutleniaczamiw celu otrzymania
2LIieYlFfySa YASallyl1A 3dzy2 anee oF 2N 2808 Y1 Sy 1a ]
LJoeids LRINEBglIYyS TNRR1ASY tydGeéerRKST&ayey |
LINEPFAE 261 yeOK St SYSyilsg 3Idzy2¢e& OKX 3ARTAS 11
2RLI2GASRYA ailoft2yod hiNIeYlyS IbsHaweSvwane an
OAt 4GS yI 21NBITf2yn ROdzZE21 6 2 GF 1A &LIR2AE&s5
GLISOYAI OIS A AYyYyS LRBRTFAE26lIYyYS StSyYSyide 2LJ

h LINk Of Jdzyé 6 &410FR 2LRyeée goQBaRI A 12
pNJ & | O alwteksdyhego przedstawiono na Fot. klowegonaFot.2.

Fotl. t NJ & {otul tBkstylnkgow oponie(poliester, nylonj78¢80]

YFEORI yAGlF {12NRdz GSladefyS3az2 aiolRI &k
G055 {MBYEDP yef2y2680KS gAal2l2680Kz LIRTtASadN
Nk 6y2X SBEBYLINSIYy 261 ySd bladtLlye SilFLl 42 6L
gumy podczagINR OSadz {IfFyRNBgIYAlIT 3ARTAS LkRgaill 2
odpowiednio przycinana zanim trafi do opofiy].

W produkcjikordu stalowegoy I LJ2 O1 N1 dz RNHzie &adalt268
geO0AN3ALYS aMK yR2 YZ &N RIYAL-0F mm[T7NB Ry AyQea (' LIy s
aLX FdFyS g OStdz 20NI &Yl yAl o BRRITNBRY NN 21
mmz2 (1 2fSayeyY SOGlFILAS {2NR aildlft2¢e maiiNERsl ye
Oeyldzd f dzo o NDNI dz [79]a0i2 LYz YWISROS dz R2yNMB L2
L2 ROTIa LINRPOS&dz gdzZf 1 FyAT FO2Ad bladGtLlyAS y
L2 YAt RI @ RgoAS o NROAEBG3dzyYe RRLRGEGABBPAS (I ¢
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Fot2.  Kord stalowy w oponig81,82]

t 2 LINI @320G26F yAdz LI2ai Of SAsfyeaOK StSYSy
konfekcjonowania, czyliINJ @ 32 G2 6 YAl A dz020Sy Al L&l Ol S$3;
GASOYALl SapAd&ET YARTEs @5 68 LISOYALOT S 8810k RI;

YI1OFRI &aAtStLS2vaSiyailes 3371128 Say 21 OA
- umieszczenie nieprzepuszczalnej kapy butylowej,
-dzYAS&al Ol SyAS 0602156 L2 Rgs OK aidGdNRByl OKX

LR LINT SOTyS yI10FRIYASisalowegoise 1 2NRdz G851
)

- A

i QX

-dzY A S & I SYAS RAHBOFAROWBNYTYH 61 NERGSHAS
stronach

231 eait1iAsS StSySyiae {(OFRTAS aiat ylI o0toyAS:
sprawigd S ¢al eaidlAS StSyYSydae LINIefS3aran R2 &AS
LINEOSa206A NRBf2gl YWAAS ARIIBENEA SRYRI 21Sal2AW0OGx 11
galeaidiA0OK StSYSyildsgod haildlldyArAy SilFLSY =2Sa
gdzt 1 yAT I Qe2yeOK®d {dzNBgl 2LRYl LRINEBSIYyIl 285;
VI YSYONIyt fdzo F2N¥t LINI dadpdces Bulkanitadjiiwy A t OA dz
21NBIl f2yS2 GSYLISNI GdzZNIJ S A OATYASYAdzZ LIR2ROT I 2
nadaje pédd RI y & OK gDNH IOA16R1T (IOADGdz A NI S106& 0ASOYALL

LINE OS& {1 2YGNBEA 12Z202¢6S20

Polsks2 Said ¢ Ol 2®5BI0OBNBAMNE LIBINE Rdz] O2A 2LRYy D 2
NR{dzZ LIR2RFEye@OK LINI ST t2ftalir %sAni ST tNISvea
ponad 35 min sztuk opomocznie [77]® 2 { NI 2dz ¥Fdzy {vaad A yadz2IKIT I
T 6ALORGBINRPRAzOSY (is 6 2LRYY ¢4 NARBYBEYRYESX § (15KH
Goodyear, w OlsztynieMichelin.
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Drut stalowy zrecyklinguopon

205 1ylF aidlrt26S8S 1 2Ly LkRsgadlan ¢ LINROS:
LR2ROT & 1GsNS3I22RNNBa1I a BRI A&Vey ST aRNRdz (S &l
) 1

aSti2Re NBOe{ftAy3Idz 2LRYy 1 2aidl ONa R@BUug7A 2y S
przedstawiono budow LJ2 &1 OT S35 t KordO staloydgSwopohie.s &

YV
Filament of wire Strand 4 "gv“ '
AN
AV A
Y/ ¥
BB / 3
o
v-‘| 1'1
5X0.25 3X7%0.20 Y4
'/-'-2; .
-
Cord rap 2 P 4,
—r AY
,/'/ 4..‘_:‘
Vs ¥ "‘x‘
—ZI N ,—!
AN Wl?
o .4';’ N N
1 -] 2 J

3X0,20+6X0.35 3+9+15X0.22+1 >
Rysunekkd . dzZR2 ¢l 1 2NRdz adGlf26S32 6 2L1RYyAS wyo®6 o

52 LINERdZ O2A fAyS] Bt 2e®@K LING [(2 NJd&a G1d

tzw. g £ Os g1t 1S aidltA geaz 126t3It266S2 2 geazi
R NHz( basdzo @ 821 A S22 SFHNNBYDOOPREDOFRS St ade ol ya2I
2RLINY 21 OA .yl 1Yt OI SyAs

Elementkordu pokazanma Rysunkd [83]:
1-¢ Os |(dfud stosowane jako pojedynczy elemekirdu lub sznurk. Standardowo
R2a0t My 80 MIBBRYGE OS NIMPKAIMTPKAIHAKAIHHKAZ
2-topasmalbNOil 2yS 1S az2o0n ¢ OSfdz dzig2NI SyAl LN
przetwarzania
3-254G 12NRSY ai1olRIanodey ®djetdynckychBdy 3eQK f dzd
dzd &y 21 12 LINPRdZl 8 Y3 REIOQ&IR 3 LJE 000dz8y 505 T A S Y
OANIABNHK A
4-drut2 gAY At G & ALIANIgokrElS 62150 aidlt2¢S

t NPRdzZl 2461 yS RNMHzie@ R2 {(2NRdz adlft24S32 L
systerul F NI DRT FyAl 211 21 OAIBO/ES 16084 6razcertyfiRatjiz NB T | C
ISO 900285]. Stal na zbrojenieopontd SG I £ 2 & LINY 0 € dgol £1Csl il OG 2
glLrEtO026Fyl yI A2NNO02 2 3INHz 2T OA pI@ANPYZ  LINJ ¢
fdzo YyArASz2ai Sea LINJ & 2aAn3yitOiadz 1220268 0K ¢
[86].
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28NBFOYAL &aAt (Af{1lF GeéeLls g RNYzidz ait2az2¢l ySaz
gel2yltysS an I ylregeoal Sa 21121 0A adGktAr geazi
L2021 N YOhe§RI2ae252 (G5 N OKNRYA &idrBbre LINI SR |
GgOLT OAB21 OA S aMiTHdeBYINJOGRDARHH2y 2 G(GeLle RNHzis ¢

1 2 NRdz A [86\80|Knatam]adiiv RabelT | 6 NI 2T 6 YA S pRrodikcjig R NXzi |
opon|[83].

Tabela3® {1 OFIR aidlfA R2 g&is6FNIFyAl {(2NRdz aidl f 2

{10FR 6
Yo C Si Mn P 5 Cr
C60 0,550,65 | 0,150,30 | 0,400,80 | max.0,03| max. 0,03 -
C70 0,650,75 | 0,150,30 | 0,400,80 | max.0,03| max. 0,03 -
C80 0,750,88 | 0,150,30 | 0,400,80 | max.0,03| max. 0,03 -
C90+Cr | 0,900,95 | 0,150,30 | 0,100,40 | max. 0,03| max. 0,03| 0,100,30

Tabeladd %I 6 NI 216 YASRI A ¢ RNMHzilF OK R2 LINRBRdzl 02
1

Yl g1 NI 2T 8 YAS
Rodzaj | NBRY 1 %I gl NI 2T 6
kordu [mm] L2 ¢ O 2 QiS[%)/
<0,20
Normalny typ 0,21-0,3 67,5
>0,30
, <0,20
it |-2 g |-0 flilj Iz I 0.210,3 63,5
>0,30

5NMzi@ R2 LINPRdzZl O2A {1 2NRdz adGlft2¢S32 YdzalDn
GOFT OAB21 OALF YA iGNl eyl 021l OA26@8YAd t22SReyO
geliNJ eyl 02106 yI NeIiOypalywirx$ & Ri P-QNIBRY AOv2A
33510 bl G2YAl & aLX SOAz2ye | iaPpdiaiykazuie] 2 NR & 0
gGNI @Yl 0216 yI NI OANRIILIYAS 21® oHcn atl 2N
mm) [88].

3.2 Metody recyklingu opon

58yl YAOT ye NRI gs2 AYTFNFAGNUZ]l GdzNB 1 2Ydzy Al
R2 T éAt1al SyaS tA0loe LR2ITRssx A Géy &l yvyey
kisNB L2 1T doeOAdz TFyASoOlealollran T NRR2gAA] 2
LINPO6f SYSY T NPR2gA& I 2068YP w201 yAS yI OFovey T ¢
opon[23¢25].t 2y F R pnn YAt A2ysg T doededOK 2Ly 2S5ai

wysypiskach[26] A &Gl y26A LRl odoyS 1 INRG DBprzexf I £ dzR1
Y20ftA 6210 684620 YyAl GNIRY & OKNR2 LI22BARIzESY A b & |
toksycznych substancjichemiczny8B]z 1 | yA SOl @al O1 SyAS It So6éx 4=
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LINJ S1 NET g52 aLISOeTAOIlySe TFfE2NB A Tl dzye
epidemicznycho0].

> t2f{a08 3 w20lyAll {Grdeadeaodlysaz t
Statystycznegd91] ¢ wHAnHn NRBldz 662Nl 2y2 nH nuHn nnn
rowerowych, motorowerowych, motocyklowychy) LJ12 y & A NYy2BLIWBEYS (I NB |
1 0 sbakdzo powoli ulegy I G dzNJ f ySYdz NRT 1 OF R26A A YdzaAi 1
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Szklane 0,0100,20 2,6 15003000 70-80 2,03,5
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Zaczyn cementowy - 1,82,2 3-6 1040 0,02
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Rysunek6d { LI2as0o o6&l yr Ol FyAl 6&1FTYyAlsgs 2RLENY2I

2 31 1 2WRALRMNY 2T OA vy LI 1+FyAS seiylOiz2y2 6SROC:

0 — (13)
0 — (14)
0 — 15

gdzie:

OABcLJ2t S LI2R {NIegn gelylOl2yS R2 dz@AAt OAl 2R
OACIx L2 f S LR RIPANI®OAD R2

OAERGLI2Z £ S L2 RIBENX BED R2

OAGHc L2 £ S L2 RAPANI &AM R

Yl LRY20N galliyAlsgs 2RLINBAITOA YSTF SQIME
ToNR2SYAl 0SG2ydz N3OdYye@YA 605 1YlIYAZ LRNbsYI

a20/NKH NI { GSNBT dz2n 2yS T 1FO0K2¢6lFyAS 12YLRIT & d:
yl2aAralbdz2adyarsSaall 2SadG NRftIF 605 ] A0 oNBLANT ASS/0:
dzoeidS R2 Y2yAG2NRGlI YAl 21121 0A o6SdG2ydz 1T ¢
geYl ALyAlFYA (1 2yaidNdzz 0ecyeyYAr fdzo 20Sye S7¥F8
2311 TYyYAlA 2RLERNYy21T0A yI LXJ1LyAsS TFLtSon 2R
przyOT Sy 21T OA R2 1T +FO1T &ydz OSYSyii26S320

6.4 300AZEA EI 1 OAEOI x&Zaczyd e ET T OOAT T xA

Ladz2Gyn Neftt ¢ 1alaGlroiz2élyAidz STFS10esy2T
A 2RLENY21 OA yI 1 NHzOKS L3t 1 YA S-zaaziin; ¢z@ig A (1
YAS2a0S 1yte{idzYsdWNE BINROIBRBY I BFdMNA | = 2SRy 2 NP
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12y a1 G2 abaczyw, tym $kytéczniejsza rola zbrojenia rozproszon@gaolobnie
21 o o0SG2yAS iTgeloeyzr 1idsNB 2Sad 12YLRIe&dGs
ally26A 2ay26tx | I NUAT&é2 &0l y2@aczyd oNR2Sy )
Aad2GyAS gLI0esl yI 60T OAg21 OA g@diNIeYl o2l O
stSFIF 12ydalld2odi egodpydlyl 2Sad 212 yla2aol
0Slhz2ysex |1 LJ2 6 20R dzA DA A SRARl-Aat s IDEF B dzZR2 6t a G NBF
12yidl 102820686 1YI2 6LI0&G N oYASO LI2GASNI OKy )
LINJ @ OT SLly Ri20 Y& WsNEAORY OSYSyid2sS2ed LY 30 RaAT |
YyAS2aall LINJ @Ol SLly2106 R2 1 FOleydz OSYSyiiz2sS832
t2yFRG2 ¢ 204l NI S aidNBFTe q(2yari1i2é6Sea o
IOl éeydz OSYSyii2sS325s 105N} aLRé2R24lyl 285ai
OKI NI} 1 idSNEaileOl ye Yrzdz dlgkondanidialeR demefitti § plaskd)int
LISgyS2 2Rf S3021 OA[L72R3) 6 aRpYIY A S 16t DSE2Z¥AS 1 4
T OAlLyeé geaiGtLidzS LINJe &deldz YASalTlylA o6Si
kruszywaqizd S32 ¢ LISgy S22 DHéwbdbja Wzeokt Capravd Beméndwej y &
LINIJ @ TOAFYAS A Gey alryvyey 61 NRald 2S2 2FYAal:z
T OAl ye& LINI Risaup7or e RPOY R FEt yAdS2TI NBosYASDO !

przypadku stylz T I LINI g& OSYSyid2sSe2 1T T AFNYlFYA 1 Nz
al OALYyté REF TAFNBY LAFA{dz A OSYSy (i dzod
N i Tl i S

LSS N

.
>

LINJ &
T d YAl
o)

RysuneR7d 9 FS1 G T OAlLye LINJ & 6051 yAS -Zainh derentd (ub 6 f dz
kruszywa), Zaczyrcementowy, 3l OA ' yI 06605 1y 2 - Ndz@ sRS 2P0NF 1 yie®
T F ok NI2T OANI BOF 8¢ azBI pdz2nOF a1 Of 8t y2

—_ 6‘ (@]}
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2 IINJ @LJ R1dz FAONROSG2Ys56> 46051yl adlhft2pg!
02 ylLaYyYyaSe (Af{1{FTRIASaAdM NINR FIARSNET NORIRY
LINT @ 3INF yAOe JLiGizeRdd2 ST 64 R &YIS MI2 NRPE7L 21 OA &

W literaturze modé o6 dzR2ge& aidNBTFe -sapwel katzinz 6S2
opisywany jest podobnie jak strefa kontaktowa kruszywo niereaktynatzyn, ofsany
przez Bentura[177,203,204]6 { NHzal e gl NBIF 1desgyS ¢ dzol IA
OKSYAOT yS LINJ & 1 NXHzdel idng in8del stiefy)IN& ®@ihku28y | OT y
LINI SRaGléA2y2 Y2RSt &aldNBAEyn) 2yGl1G26S2 605

warstwa
podwdjna

warstwa CH

warstwa
porowata

masa
zaczynu

RysunekR8d a2RSf aidNBFe | 2y-babzyn{1iZ#H202204 Os 1 y2 aialt 2o

2 ZGNBTFAS GS2 Y20yl @GeNkoOoyAd GNI & OKI NJ
gOs 1yl aalt2¢S32Y ¢ NRGglI LR2Rgs2ylI gl NAGG
warstwa porowata[203]® 2 | NBR G gt LI2Rgs2ynN adly26an 1 NE.
dz0202yS LINRPAG2LI RfS R2 1SPOASNNDHEYA BBHNRFLE O
aAt2Rgedal 2y Se lantymlCNOHAT N ALS2NIT S2 At 21 OA Yy A S
TAFINBY OSYSYy(dzd sWHRIDBY I BNOBROKY ¥ 58 62 NI Sy A S
L2 NIfFyReldz ¢ LI2ofAddz 6051yl 2SalG 6aLRYYyALl
ceYSyildz LISgyS2 2 RftKERydEzdAkied Rslogahsl| g/Atd] &1 Sy A S
gallTyAll ¢2RYINOSYINKEHSE2T 605 1ySYDd 21 NR
spowodowany jest przez zjawisko adsorpcji wodylLdgd 6 A SNJ OKYy A 605 1Yl
Wodatworzy nalLJ2 4 A SNI OKYy A 3J0OF R1 A S6Hi2l 640 541 2yR [ coDATRYYN 1 1E
w efekcied Sy SNHz2 S Lontidoshi i NE SpbriaBdytvg[177,203,204]

Budowad i NS F& | 2V ({zdcayrena So@omie thikrpsifuktury ma istotny
gLIOeg Yyl a1dziSOTy2106 1T oNRaSYADBdHEN G A2 ILINA
mechanicznychibrobetonu.Na Fot.11 przedstawiono obrazy mikroskopowe SEivefy
12yidF1i26S2 boOI¥Y O a2BBLI NRPsgl yeOK [ 30FR
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EHT = 2000 kI¥ Signal A = HOBSD pm EHT = 20.00 kV Signal A= HDBSD
WO'= 88 mm Mag= 800 Date: 2 Sep 2020 — WD= 64mm Mag= 100KX Dale: 2 Sep 2020

b)

Fot11. ho N} T & YA NR&A12L126S {9a & (-xByrid)pdw260lx)jblpdve 6 S2 605 1Y

14
RO 6051yl 02 LINJS]TOFIRIG aiat otR

1000x
LINI SRaGlgA2yeOK 206 NF HIGOK eayil NBSHa G {LANA (8- Al
GFo02yls 2SRY2NRRYlF A TgFNIFX o0SI 6ARZ2
TAS yI S

#: Vi G $/i7)rs$#:1, .|

7. Aparatura b adawcza

T

LIN} O8 R21G2NE]AS2 ge1a2NJeailry?2 yIhadtLdz2znon

Maszynag & G NJ @ YI 021 OA2 6 lpcreliim¢ WER[ LINE 6 &G+ G& 0T )
a0SNRogyAOI N T OTGSNBYF NIYFEYA R2 wmp (b 1
pionowa, Fdzy R YSy (i24 yI X yI LW®PRt S &1 ( B R &R M gz
oFRIEYALF 6O0FT OAg21 OA geiGNIJ eyl o2l OA26@ 0K 0O
2R1al GFr0o0SZ 6 oFRFEYAdz Y2RdzOdz aLINYdeadz2l C
CONTROLS, modek66222/G.

Maszynag & (0 NJ & dwa®NSTROR T F {NBaAS g wmnannlb A LINJ
MHOPYY® % gellRaloz2zyeyY R2RIF(G1262 aA02YASNI
Y2026 yAl LIN36S] 2 6&8YAINIOK pnnEppn YYO
(czujnik przemieszczenia) produkcji Epsilon.Oprogrargoilvés . £ dzS1 Af f Hd ¢
gel12NJ eailly2 R2 O0FRFYAlF geaGaNlevYl o2l OA VY
RNHzis g adGlft2680KD

alal eyl ¢geliNIeyYlFIv21 0A26F R2 LINkO -adl deol
Y2y a(dNHz 02l LIA2y24l 3 g2tfy2aiG22n0F o {A0RY
10 kN.t N} at ge{12NJeaidly2 R2 oFRFEYAF LINJ &OI

cementowe).
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f  Mikroskop skaningowy ZEISS Sigma 5000vP | NI %SA da aAONRAaAO2L
Germany) z detekt@m ELI3 Oxford Ultim Max 40 firmy Oxford (Oxford
Instruments, High Wycomlie | YO0 X R2 FyFEAT @ YAl NRA]
12YLRITelss OSYSyi26e0K I 605 1ylFYAZ T RS
- SE (secondary electron),

- BSE (baskscatered electron),
-95. O0R2 21NBITfSYAl &10FRdz LIWSNBAI &AG120S

1 Analizator temograwimetryczny firmy TA Instruments STD Q600, do
gl yL Ol IyAlr {NiegeOK ¢Dk5¢! ¢ oFRIFyAdz I

1 spektrometr Agilent 5100- metoda ICP OE®ptyczna spektrometria emisyjne ze
w zbudzeniem z plamie indukcyjriieLINI t 92y S2 06 RiykordaSo a1 OF R
w{ASSE .a BA b AKISYWADOS (dzi a il f dzNBAA ASEtIL 1T

1 analizatora azotu, tlenu i wodoruTCHEN 600 Lecometoda HT- ekstrakcja
wysokotemperaturowad 6 | Rl YA S & | VviykoRadp wg O\3S10A Sl Rl 6 O1
_dz] | ezgISywalG e iGdzi aQidl f dZNBAA ASE T}

T FyFE€ATFG2N 6t-600 LecoA methdal HRIRAnetofla{ absorpcji
promieniowania podczerwoneg® 0 I Rl YA S & | WykoRato wy{hsS|0A Sy

Badawca dz] | A §ISWAOd (dzi a9dl f dzNBAA ASt 11

1 Tomograf komputerowy General Elect{GE V|TOME|X M300), do obrazowania
05 RealuNERodzO2A ¢ U5 | A®adaniawykaio dalAkaldtii 0 SG 2 Y
D s NJ/-Mufhiczj w Krakowje

8.- AOAOEACUEAPOAEAEDI xAT EA OEECAAO A/
81 7cCeéETA

52 oO0FRFZ ¢S gaGt ey Sl LA Skondidgingcd L2 1 &

051 ASY 1T NERUsH)jetleh yodzdkonZetcgnychd Os { A Sy @8R f 2 6 & OF

stosowanychstandardowo do zbrojenia betonu. Na Fot2-17 przestawiono obraz
L2T 2a1lyeaOK 6051 ASyo®
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Fot12. 2 Os 1yl 2 (RTemil O Fot13. 2 Os | y I 2 (Rremel O 2

' /‘JJJ}:.'::l,m'.r:nw» T
em 1 2 3 4 5 6 7 8 9

Fot 14. 2 U5 RY$B¢ metoda tarcia Fot15. 2 U s {RYS$FC¢ metoda mechaniczna
= =
=7 .
- o "N
' - o,
(\ ,/\7 };{» . e
o o z e =4 < TN=
'ﬂINHHIlWTmWHHﬂIH'”II‘”\'i‘ﬂH']T{"F'"I?'l'j'T{'ﬂ"'”"‘i""l""E' it —
cm 1 SRR g5 6 T 8. 9
Fot 16. 2 U5 |RY$H ¢ metoda cieplna Fot17.2 OUs | Yy | KondrcyjrieMSF1

\

KolejnoLINI SRa Gl gA2y2 {NbsdG1ND OKIFENI{TOSNRAGe]T
NB RT I 25 @& regyklingl apSry
2 s {RTBFAL i RTSFA2 - metoda oczyszczaniamS G 2 Rl YA SA&T Iyl OAt OA
alGSNAFO GLINRgl RI 2ye 2Saili R2 Yoveyl Gyndz2 OA:
FITAS YFGSNRAIFO dzf S3F OAt OAdz | ylLadGtLyAS T 2:
Ol eadisS3aze 2 12Y2NI S vYveyl LRLINIST 6ea21AS 206
MEGSNRIFO L2 geal OAdz 1 YOeyl LINJI Syzalz2ye 2 (
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Il yFr2Rdz2nN0OS aixt ¢ (12Y2NIS 1TILYlyAtaSe ¢ 110:
GS1adetAsg 11 LIRY20N LRROATYASYALFS 2N*1T 3N
doczyszamia. Po separacji uzyskiwana jest frakcja czystego granulatu gumowego, oraz

12NRdz aidlt26S32 2 LRONDRIye&yY LINJISRITAIFIES ROdz

2 Us | RTISB ¢ pozyskanemetodn tarcia (cierna)- SRSy 1T NRRI I 2356
mechanicznej. Zanieczyszczony kord stalowy wprowad2o8ya i y I Yoeéyeé OAS
dzl O R y20d& LIOFailAOK NBIT OASNI YIFGSNRFIO LR
geel OAdz 1 Yoeyl OASNYyS3a2 GNXrFTAIF R2 LINROSad
procesie separacji oddzielana jest czysta stal od bzt Idzye z | (Sl adet Al

LI2Y20N ASLINIG2Nbs6 LRGASIGNI yeOKd t 20NRIYDN
T LR2Y20Nn 2RLRASRYASI2 dzadGl 6ASY Al LISNF2NI

2 U5 | RTISKC - pozyskanemetod) mechaniczd - NB T RNJ 0 Y A I yxé 2R0&
GNbs2SilFLRég2d 2 LIASNBaley SOGFLAS yladt LlzS
GYAIFINIOK 21202 nnEnn YYZ 2SRy201S8STyAasS 11
L2 gASAONIT yS32 2RRTAStEIYS an RNYzi aginjeaplddz a il
1tae 3IFdzvé an LRRIFIglyS R2 g1 fOFNJA YASENOSa:
2NI T &aSLI N O2F NBal dS1T 12NRdz adlrfz2¢6832 A I
gL fOFNIN aSLINIYG2Nbs ¢ YIFAySieol ye Okt jedt LJzzAs
L2 RIFgl ye R2 g GOl Ol I N A YASENOSe i g d
61T L2oAS3Itrandey ai121az26lyidz A 11 LJI-fSyAdz LIN
NET RTASESYAl 3INIydz F Gdzk YA Odzd 2 ge&yAldz (1S3
rozdroby A2y N 3Jdzyt = YSGFt A 2ROAYT1A 12NRdz (11 yA

2 05 | Yt podskanel S O K pirblizyXtermolizy) to ciepnegOK SYA OT y I 2 6 Nk
ddzZNP 6 OF @ hRLI Re& 3JdzY2aRI1I XS FRa&@NLIR2ZS NBA NIG S o
GSYLISNI GdzNBE LIRYIFIR nnn 2¢//S26 (iF B3/ (i yiSr2 afF&aNd [
SFS{1GSY LANRtATE T dodedGedK 2LRyYy &anvyz 31T A
RdzoS2 O1Tt1 OA adGly2éAr LINJI S1aldlrod2yl &alrRIIZ

2051y F | 2MSENJBOSY[ Y | hadeykdwatdRE o6 Si2ydzz 1 32Ry S
PNEN 148841 [11].

8.2 Beton posadzkowy

I RFYAlF ge12yly2 6 RgsOK SiGl LI OKd 2 LIA
LR NF syl 601 3wdd SPRHAYRF {268 0K T RRRIFAIIABY 605 |
/ £ 50 2rdhibtaldvynVSBEIp . Si2y GT g LRRalRI 1268 1 2:

I dz6l3A yI FrL1idX S ToNR2SYyAS NRITLINRAT 2y S
Ll2al RT ST LINJ SyeaovzgeOK A GF1A 1ASNHzyS] 11 a
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pozyskanych z @m samochodowychWszystkie Ws { Yy I R2T1 2glFy23 46 Af 210
105N 2Said T NBRyYyAND Aft2710ANnxy Oiltadz2 adzazsl yl
2R LINRPRdJzOSyils¢ 605 1ASYy &aiGlft2680K0d 52RI (126
505 {AREFL RBINR I 2 ¢ & befohdypds@okkovego o & U2 G0 NIRYA S &Ll
LAt OABs IR BDE L ASY | 2L09yEchGaDKAl &s BBIORAAPRY 6
620N] 28YID2YIOAR 6\8l 2 6 Astododahi& a1 L y&sS yI

%l O20SYAlF R2 LINRB2S 1026 yAl 06SG2ydz LI2al RI 1268
- klasa ekspozycji XC3

-1t Falr geaNIevICEsB)OA yI T OAallyaAs

YAYAYLFEYLF TFgFNG206 OSYSyildz nyn {3kKY

- maksymalne W/C 0,55

- konsystencja S2

W TabellOLINT SRaAGF g6A2y 2 NB

SLIWdzNY o6SidG2ydz L&l RT {2

Tabelal0. Receptura betonu posadzkowego ¢ a LJs OOT @ Yy A1 2k/ TnXIpo

{10 RYAT] Y%l gl NI 2¥F0o
Cement portlandzki CEM II-832,5R 300
2 2RI ¢g2R20AN3IA2¢ 159
tAlasSly oAlftlye 695
Kruszyw . .
AgANI YI 0dzNJ t vy« 1271
Domieszka plastyfikator 1% m.c.

8.3 Beton wzorcowy

FREYALF Yy 06StG2yAS 61 2ND2se8Y Rfl 66051AS
ALINY 6 RT SYAl T @axonll IOA®@K OR 2RLENY 2T 0OAN yI 1 Niz
G051y YAMNT O gel2yly2 oFRFEYALF o6Si2ydz |1 R 2

komercyjnychh G 1N &l YN zedyking@AR yEO x| OB dz LR NE gy | Yy
S¥S1desy21 OA T oNR2SYyAll 20dz NPRI 2356 605 1ASyd
Betonwzorcowyl | LINB 2 S i 2 édrrgyPNEN I F8TBHZD08 [205] W

YV2N¥AS (S22 LR2RIFIy2 OTGSNE (RERI o0BAR2ydS RO EANOR.
GeNROdz fdzo a@aildSydz ¢ | O sdRtOHDY 52N 60 RA 23 HRHNF
beton obligatoryjny. W Tabell LINT SRAGF 6 A2y 2 NBOSLIWEKE o0 Sd2Yy dz
T 02082 y2NXés o0SiG2y o1 Reasal LINpadFlaae ey
OSfdz 21 NBIT t SyAl gLIV@odz 605 1 ASY doddtkowsgoSal Iyt
gLV Gsdz R2YASAlT 1A yI (2yaeaiSyodet o

{10OFR 6&0N}yS3I2 06Si2ydz 61 2ND26S3I25 LRGAYASY
Yl {TaevYrtyl At216 OSYWyiddz /9a L nuIp w opn 1
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- maksymalny wymiar kruszywa 16 mm, naturalne, niekruszone, krzemionkowe
-gall 00T eyyAl 42RIFkOSYSyld nzZpp

-g2GNJ @Yl 0216 yIF NRTOANRIFYAS LINJe& TAAYIlYyAdz
-12yaeaidsSyoal YAiSaliBey3|ckasodi®bBs) YSi2RND £S

Tabelall. Receptura betonu wzorcowego wg N 148451 [205]

{10 RYAJ] Yl g NI 2§
Cement portlandzki CEM 1 42,5 R 310
2 2RI ¢g2R20AND3I24 171
Kruszywo naturalne 0/2 mm (piasek) 432
Kruszywo naturaing NI SYA 2y 126 S 902
bl ddzNI fyS {NISYA2Y] 545

Dla betonu zaprojektowanegowg TatHlig € { 2 Yy y2 LINk o6& f I 062 NI @
21INBIT ft SyAl Aft21 0A R2RIglIye@&OK gOs5{ASyd .|
galllloes 0SS UNKYREsDERAOY LR ABOBRE AyJdz 2LRY
z ich dozowaniem i zapewnieniem odpowiedniej homogeifjizamieszance betonowe;.

t 2y RG22 4A0KHRAAt LR 02 LIR2IA2NBT SYAS dzNF oAl f
YASal FylA o0SiG2y26S2d 52 o6 RI Al 2dodatkiénel§,]1 (246 |
20, 30i 40 kg/m® (tj. ok. 0,15%, 0,3%, 0,42%, 0,6%pranychg U s {zkeSyKlingu opon

A & Ukoinércgjnych

9." AAAT EA x0O006bI A

9.1 BadaniaEAAT OUZAEEAAUET A xCE&EEAI

9.1.1 Wymiary
W Tabelil2 LINI SRa (Gl g6A2y2 ge&yA{lA o0FRFZ ROdzA21 O
oOFRFEZ® 20351yl RRSEaMI yISHX .200J2/ys 50 adly2géAa

aidlLt26280K 2 NbsOYy&@OK ROUdA21 OAFOK A [ NSRYAOI
Jdzye A LB Odz adGlfz2¢gS832d
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Tabelal2d 2 8 yA1lA oFRFZ ROdzE2T OA A T NBRYyAO& 6051
Rodzaj 50dz321 6 ( | NBRY A Ol
05 1| LINJ SR| mediana| LINJ S R mediana

Charakterystyka

2 U5 ROz 18531 S 6
RTSRL | 84c81,6 | 402 |017¢046| 023 |3dzyed A FN}I1O2A L

I NEBRYAO 605 ]
2 05 (| B cys$teS rhiejscowo
RTSR2 | 7,2¢436 | 301 [018¢159| 022 | 2020¥2 5 REROYVEH

[ NERY A OI OKd
2051yl T1yASOTleq

16 O1FYA 3Jdzye 2
RTSB | 7,2¢102,9| 350 |0,16¢1,62| 0,26 DAy s A

205 1ylF TFEyASOl &3

1161 O1F YA 3Jdves
RTSE | 4,8¢97,7 | 36,2 |0,16¢1,57| 0,34 NI LOERAGD

3
hoSOy21 6 3INHz &
s‘lyl yI 206F NRT A

&

RTSH | 3,8¢214,5 37,6 |0,17¢2,01 0,34 205 1YyYlF ylF20ol NRIT A

I NBRVAOCD hosoy2|
RUOdzZA OK ¢ 05 |

2051yt adalt2s65
MSF 50,5 1,00 LINF S{NB2 21N

91dH 2@80GNI &YFO21 8 yI NRTOANRIIYAS A Y2RdzO & LINX

W Tabelil3LINI SRAGF A2y 2 LIRNFSYIFIYAS g8GNI eyl o2

ALINY e ad2] PNENBOSSPID6E® 63 RFyASE TFNssy2 REIl 6¢
MSF, przeprowadzono na trzydzieguR OA Yy { I OK R NXzi 5-40 cra. DRigp dz3 2 1T OA
LT eailysS T 2L2yX 1T dzol3IA yI NRBI NI dzi T NSBRYAC

ol RFy2 L3 oNaF® BQrkedstawion® druty z opon, a na Fd9 widok
cienkiego zerwanego drutu RFST po badén&ii NI @ YI 021 OA y I NBT OA N3l )
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Fot 18.

Dwie grupy dai 5 6 1

212y we{cC

a) b)
Fot19. . F RFyAS geiGNI eyvYlroz2l OaA yI
dzl OF R 6 | Eelwan® drdé Zopan0
Tabelal3d 2 @y A1 A OFRFYyAlF g&dNJ &Yl 021 OA Yyl
Rodzaj | NBRWSIRY| 2@ GNJ @YlFU a2Rdz0 & LIN
pOs5 1 A| 6051ASY NREIT OAN3lLY [GPa]
RTSE 0,30 8 Zn 141854 158,85 2,6
1,34 @ 2 n 1653540 191,85 31,2
MSF 1,005 0,04 1082F 26 201,6r 17,8
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28yAlA OFRFZ gallldzenNns 0SS 6051yl ORNHzieo
NEOe1ftAy3ddz A 6eO0ANALYyAlrEE BEARVAI BepeliNBBYI2
NET OAN3ILFYAS domeryipci@myilf Rdze®K 605 1 ASys 02 adl
ich zastosowaniuQd y 2 ¢ adl t 261 ¢ 2L2yAS adly26An0F &l
RTALFLOlIEan galeadaiars 200ANDOSYALl = 2Sal LINE ¥
geaz|2veiaNIeyYloSe adGrftAzr (ilsNB2 geiaNI eyl o2] ¢
[33,40,51] DrutyLJ2 1 @¢al1ltyS 1 NBOelfAy3ddz 2Ly gellilloe
drutykomercyjne DodatkowoY 2 RdzOy BB &iie Rfl yAdal 80K 1T NBRY
Y2RdzO ALINY d0@aG21 OA 6051 ASY we¢{C Y530 o6& &Lk
wWe{C 0808 NAFORNVISES LINJESR o6 RIFIYASY LRRRIYS LINEC
gLIVEYNS Yyl (12202¢6& ge&yAl Ol RIYAlF Y2RdzOdz &LINY

~

9100 %I g NI2T6 T FyAaASOieali Ol §z

221 2Nl 2aidz2no B (W NYFOEKOSODYSOT SyAl Ylran
organiczny d®2 T y I OT Sy Al AOK TFglFNIG21 OA 6S 6051yl OK
GSNXYAOT yS3a2 A LRYAIFINHz dzoédl1dz YI&& LINJ SR A LJ
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Pomiary wykonywano z wykorzystaniem analizatora temograwimetrycznego firmy TA
Instruments, STD Q600. Pomiary wykonywano w tyglach platynowych w atmosferze
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EHT =20.00 kV Signat A= HDBSD EHT = 20.00 kv Signal A= SE2
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Oznazenie przy granicy
betonu LINB LJ2 ND 2| cMOR=0,5| CMOR= | CMOR=25| CMOD=
LOP mm 1,5 mm mm 3,5 mm
MSF10 4,73 1,69 1,57 1,48 1,32
MSF20 4,71 2,30 2,10 2,14 1,97
MSF30 4,79 2,70 2,70 2,55 2,36
MSF40 4,86 3,79 3,93 3,74 3,28
RTSHO 5,06 1,48 0,98 0,78 0,65
RTS#20 4,53 2,16 1,69 1,25 1,01
RTSH0 5,19 3,28 2,58 1,98 1,57
RTSHO0 5,14 4,33 3,65 2,88 2,28
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97



18

——RTSF
16

——MSF
14 .
12

£ 10
AN
S 8
-GN‘; -N
% 6 |
o
4
2
0
0 0,5 1 1,5 2 2,5 3 3,5
CMOD [mm]

Rysuneld7d %Sa Gl 6A Sy A S LINI &1 Ul-iRAvaréedysy GVOD dl&dazmwani220 OA DO Sy A S
kg/m*s Os { ASY

20

——RTSF
18 - |
—MSF
16

14

12

10

Obciazenie [kN]

0 0,5 1 1,5 2 2,5 3 3,5
CMOD [mm]

Rysunek48. Zestawienie NI & { OF R2 g & OK ¢ &dpwaRia rysy CRGDAIR thaoahia 30
kgim*s U5 { ASy @

98



18
~—RTSF

16 ——MSF

14

12

10

Obcigzenie [kN]
[+ ]

0 0,5 1 1,5 2 2,5 3 3,5
CMOD [mm]

Rysuneldod %Sa il 6A Sy A S LINI &1 Ul-iRAvaréedysy GVOD ddiBdazowmani24® OA Nd Sy

kg/m*s Os { ASY

RysuneISOCD Y NI & 4 S -razvaafdik 19y équdk)szwanla 40kgmOs { A Sy ® DNMzo S

LINI SRaillreégAl2n yl 2ol NRTI AS2 OKINI1GS Jeauemyé 1
g NI21T OA &a1Nr2yS BKIF 21T YAdz ol RIye

YItAT d2nNnO geyAlA Y20yl aiG6ASNRIAGE

y I YAST yI Ol yeé g1 NR & geiNJ eyl 021 OA y I






























































































































































































































