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A MODEL EXAMPLE OF INTERNATIONAL COOPERATION IN THE UTILIZATION
OF CONSTRUCTION AND DEMOLITION WASTE

,QJ -DQ YyHUPIN 3K ' )YUDQWL&HN 3ROIN
ERC-7(&+ D V  3UD¢&bnaki@®erc-tech.eu, polak@erc-tech.eu

Abstract

The paper deals with practical experience in the production of building components
and materials from construction and demolition waste with world patented
technology. The paper shows international cooperation in the field of processing and
recycling of construction and demolition waste.

1. OYRG

6SROHPERBV\W&+ D V S LQidt HAHQt SUR SUREOHPDWLNX )
GHPROLpPpQtFK RGSHORZS VSRROHPQRVWL ]JDKUQXMH S tSUDY)
NDPHQLYD ]H VWDYHEQtFK D GHPROLpPpQtFEUREXDEKWRG B H
EHWRQRYE&FK SUHDDEWNIBRX]H UHF\NORYDQpPKR NDPHQLYD

9\XaLWt H&HQt VSRDEPQRVWS (8Xidt HNRQRPLFNp ~VSRU\ )
SUR YEUREX EHWRQX QHER EHWRQRY&FK SXHODBSOLX MW $
SRADGDYN\ RE KRYpKR KRVSRGi VWYt YH VWDY HEXR WYt
NDPHQLYD QHS HGVWDYXMH QiVOHGQRX H QW L&U RIQIPHH QW B0 |
VH R S tOHALWRVW D JGURM NWHU@ VY&P Y\XatYOQIMHS LQi
SRGPtQN\ WUYDOH XGUALWHOQpPKR UR]JYRMH YH VWDYHEQLF

7THQWR S tVS YBIREYi XNiJNRX SUDNWLFNpKR S tNODGX PH]
spartnery Z )LQVNp UHSXEOLN\ YH Y\XaLWt VWDYHEQtKR D GHF
HaHQt-TE@H a.s.

2. 6BRXpDVQé& VWDY SR]QiQt

3RGOH DNWXiOQ GRVWXSQéFK LQIRUPDFt YH )LQVNp U
SUSP U@ mil. W LQHUWQtKR VWDYHEQtKR D GHPROLPpQtKR
SURGXNRYDQPKR RGSDGX NRQpt QDIWVASBFENIFKQ BUISWGQ SR
Y\XatYiQ ]S W SVR/'EHREXKFK KPIBBWMIDGtORXAAWLt-THEGHHQt (5&
DV MHPRAQp DNWXiOQ Y\SURGXNRYDWRBS8 SMVBXY.MEQtKR D
PHUVWYpKR EHWRG@XSURHDNMIDEBMH URPpQt SURGXNFH EHWRC(
JLQVNp UH SXERQ.tF 8 U Req X NyfaH rGe® 2018 3 mil. m3 transportbetonu).
Vzhledem Kk SRGQHEt D NOLPDWLFNéP YOLY$P MH X EHWRQS$ Y
GRGUAHW S tVQp SRGPtQN\ SUR MHMLFK VSHFLILROGRV® HG
Y$pL FKHPRFRNRJPUD]RYDFtP OiWNIiP
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SNWXiOQt W\S\ Y\UIE QéFK EHWRQ$ YH )LQVNp UHSXEOLFH
BURGXNFH GOH W tG\ SHYQRVWL

C1l6/20 + & KKK LKL
C25/30 + & KKK KKK
C35/45 + KKK LKL

Produkce dle konzistence:
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3. 9\ XALWt -NOQERC-TECHass.v PH]JLQIURGQtP P tWNX

VUIPFL SLORWQt VSROXSUIFH&E\D® G¢R |DVCNQ(IHF\NOIW N
QiVOHGQ SRGUFHQ D SRXAaLW SUR YeéUR BN dpptdyéhWey pKR EH
frakcicca 0 + PP YL] REU g pblrcen na frakci 0 + PP YL] REUI]JHN
BUR SRKRGOQ Mat QiYUK N LYN\ JUQLWRVWL E\OD p4VW UHF\
mm, 4 £8 mm, 8 * PP D piVW UHF\NOiIWX UR]G OH&MM@D: GY 1UD
16 mm).

2EU 9]KOHG UHF\NORY DIQ®KRpNDHFHH ' IRQ mrid.D N |



2EU 9]KOHG NDPHQLYD SR GUFHQt D UR]G O

V UiPFL ~YRGQtKR WHVWRYiQt E\OR QDYU&HQR QA&FHFHSW
vtabulce 1.V SUYQtP NURNX EVOR VWDQRYHQR PD[LPiOQt JUQR NI
MHGQRWOLY&FK UHFHSWXU GiOH E\OR QDY UAt+PQWRL PIDRAV YV
SODVWLILNDPQt S tVBREDTBDNG HIMMN]QtND E\O\ QDYU&HQ\ S
C 20/25, C 25/30, C 30/37aC 35/45a NRQ]LVWHQFH MHGQRWGSARBFK UHFH
SUYRWQt RY HQt E\O\ Y\UREHQ\ Y]R U Naks B&ejtNrR BENX SHY

, 7 E\OD QDYU&HQD DE\ VSO RYDOD VSHFLILNDWLS,YR SUF
JNRX4NX PUD]XY]GRUQRVWL

TDEXOND  1DYU&kE®gurg UYRW Q't

Receptura CB 1/111T CB 1/112T CB 1/1I3T  CB 1/LI4T CB 1/:
_+0} 14 15 16 17 18
Spu AEE} ¢ 16.10.2018 16.10.20318 16.10.2018 16.10.2D18 16.10.]
Cement kg 230 230 300 180 230
GGBS kg - - - 120 -
Z GClo}A v | uv]AY kg 1580 1580 1580 1650 1650
Wipils (& | mm | 0/8; 8/16 | 0/8; 8/16 | 0/4; 4/8; 8/14 0/8; 8/16 0/8
Dec kg/m® | 2100 1940 2170 2040 2130
Konzistence - S3 S4 S4 S4 S1
Wo «8](]1 v_ %Z_{ % 2 2 35 2 2
vic - 0,48 0,51 0,37 0,47 0,43

1D Y\UREHQp EHWRQRYp VP VL E\OD VWDQRYHBDBWEMHPRY
NRQJLVWHQFH REMHPRYi KPRWQRVW ]WNOLDAXp OB EHWFARKGDX F
KUDQ PP 9&VOH G Nlaks $0uQddiatrly Wiabulce 2.



2EU BWDQRYHQt NRQJLVWHQFH VHGQXWtP

7DEXOND  9BNFOX-HBWbSt v tiaku
Receptura

CB 1/111T CB 1/112T CB 1/113T CB 1/LI4T CB 1/:

_*0} 14 15 16 17 3]
Suu AEE} ¢€16.10.2018 16.10.2018 16.10.24d18 16.10.2p18 16.10.]
Pevnost v tlaky MPa
7 den 28 18,4 40,5 20,4 35,1
14 den 40,7 24,7 52,1 28,5 43,7
28 den 42,3 28 60,8 36,2 47,7

ZYEBVOHGNS$ INRXEANWOSENRXRWRWVL GQHFK Y\SOéYi &4H MHGQR
PRaQp ]DW tGLW GR SHYQRVWQtFK W tG SRVWXSQ & & &
30/37. 8 UHFHSWXU\ &% , 7 EN\OD SURYHGHQD J]NRX&ND PUD
S$VREHQt FKHPLFNéFK D URJPUD]RYDFtFK OiIWHN 9éVOHGN\
zobrazeny vtabulce 3.Z YEVOHGNS$ Y\SOéYi &4H UHFHSWXUX &% 7
jako C 30/37 XF1 Dmax 16 S3.

7TDEXOND 9éVOHGN\ INRX&A&N\ PUD]XY]GRUQRVWL 7

Mrazuvzdornost iii C o ¢ ~dilie t E ]% Vv}X i/
Pevnost v tahu za ohybu 4,7 MPa

Pevnost v tahu za ohybu po 100 cyklegh 5 MPa

V GDO&tP NURNX E\O\ QDYU&HQ\ UHFHSWRYa 0D EWWB@\ VI
VSO XMt GDQp SRADGDYN\ y61 (1

$ NURPRPPIQREBVOMMKR
UHF\NORYDQpPpKRb&tBRRYpYWORYWSIHFHSW XU\ D YEVOHGN\ MVRX
vtabulce 4.Z YEVOHGNS$ Y\SOéYi aH SRaDGDYN\ QD MHGIRRWOLY
EHWRQ\ MH PRaQp ]DW tGLW MDNR & ;) 'PDJ 6 D &
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Tabulka4: 5SHFHSWXU\ D YEVOHGN\ EHWRQ$ VH VSHFLILNDFt ;)

Receptura B23 B24
_+0} 23 24
Spu AEE} C 21.01.2019 | 21.01.2014
W}l }A v 87 C30/37 XF3 $4 C30/37 XF
Cement kg 320 360
Z Clo}A v | u v]A} kg 1518 1456
Wipils (& | mm | 0/4; 4/8; 8/16| 0/4; 4/8; 8/16
Obsah vzduchu % 6,5 5,8
Drec kg/m 3 2090 2130
Konzistence - S4 S4
Wo *3](]1 Vv_ %Z { % 1,9 1,4
WEIAT u“x}A _ % Z| *% 0,15 0,13
v/c - 0,5 0,45
Pevnost v tlaku MPa
28 den 53,6 57,2
e kg/m® 2160 2140
,Z> (i1 CloY% r } % g/m? 597,55 369,75
O | %o EY2e I S0 IJAJmmAY jpu 7 24

4. =iY U
3 HGORAHQE&PL Y&VORHGNQGREREZIM VWUDQ\ SDUWQHUD T

SRGPtQHmMalBd&diRKYHGHQt YEDRERXNé WUK 3LORWQt WHVW\ Yt}
EXGRX SUREtKDW QD SRpiWNX 4

ZS HGOR&HQEFK YEVOHGNS$ Y\SOe&Yi-TEGHS.sLpnoYecidladit HAaHQ't
VWDYHEQtFK D GHPROLpPpQtFK RGSDG$ O]H Y\UiH W QVRH MD!
republLFH YPHWQ ER&DREDSYM\ QD RGROQRVW Y$pL PUD]XY]GRL
UR]JPUD]JRYDFtP OiWNiP

VQIYD]QRVWL QD WHVWRYiQt WUDQVSRUW¢eptW RRCX EXGRX
7(&+ SUR YEUREX SUHIDEULNRYDQéFK VWDYHEQtRAKL&EGtOFS
vVVDPRWQEéFK YEUREQtFK JiYRGHFK YH )LQVNp RESXEOXGRN 3
WHVWRYiIiQ\ GOH SODWQp (YURSVNp OHJLVODWLY\ D QIiURGQ

5. Literatura

1. https://ec.europa.eu/eurostat/. Eurostat. [Online] EC, 2018.
y61 (1 $Beton- 6SHFLILNDFH YODVWOQRWahE Y®RIWRED D VK
01. 05 2018.
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RECYCLING C&DW IN CZECH REPUBLIC - SUCCESSES AND BARRIERS
'RF ,QJ OLURVODY 4aNRSIiQ &6F
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Abstract

The recycling of C&DW has been paid considerable attention in the Czech Republic
in recent years. The reason for this is the fact that it is the largest material flow in waste
management, as well as the fact that secondary raw materials made from C&DW are
very well applied in a wide range of applications in the construction industry. Although
statistical data describing this activity over the last few years is quite optimistic, it is
also necessary to see number of unresolved issues that have so far attributed a
significant increase in true-cycle recycling.

6WDYHEQt D GHPROLpQt RGSDG\ MVRX MHGQR]QDpQ
RGSDGRY&P SURXGHP &HONRYi SURGXNFH RGSDGS$ Y V5
GRVDKRYDOD SU$P UQ PLOLRQX WXQ URpPQ OpWRKR E\
RGSDGS$ Y XYHGHQEFK OHWHFK SU$P UQ PLO GWKQ FR
GDWDEIi]H &(1,$

-H WHG\ ]JFHOD S LURJHQp &H X WDN ]iVDGQRKR VRXWHU
VWDYHEQt D GHPROLpPQt RGSDG\ MH MLP V RROH®DP @D M
SRJRUQRVW ]JHMPpQD V FtOHP MHMLFK PD[LPiO\QWKR REQWR Y
YEURE\ 3RGSRUD UHF\NO DjfkHak6z2 D\GH DNMWPYLW DG\ RUJIQS
VSUiIY¥5Y QDS 032 043 D GDOZAGRNWPNH@WS pY\GDQEFK (YUR
NRPLVt MHMLFKA W ERKKIHROHGRVXG YHORD RBSRPOM VG MHG
QD %:

1. 3URWRNRO (8 R QDNOiGiQt VH VWDYHRQI®R1],D GHPROLpC
2. 6P UQLFH SUR DXGLW RGSDG$ S HG @BIB)RPLFt D UHQRY|

6 RKOHGHP QD PQRK®\ QUHRGSIBLWE XS Q NWHUEFK SURMEFE
LQYHVWRUS$ N SRXA&tYiQt UHF\NB RYDDHERY NOPWXLYBF\NOR Y
VWDYHEQtFK PDXWIQRLIE¥GRYDW ]JHMPpQD QD R G$VOHGQp!
OHJLVODWLY\ NWHUi UHF\NODFL 6'R MG QRODDBEGV SSRGS R
]JDYHGHQt YBURENS$ ] W FKWR PDWHULIO$ GR .S, t(NOYAAQISFK |
MRAQRVW Y\X&tYiQt UHF\NORYDQ&FK VWD YHE QKXp PQORMWIL i O
zakotvena Y D®RUHP WHFKQLFNéEFK SRGPtQHN D GDO&tFK S H(
MH GRSOQLW R MHGQR]QDpQé D QHNRPSOLNRYDQé& V\VWpP

SURGXNFH VWDYHEQtFK D GHPROLpPQtFK RGSDG$ D UHF\NOTF

SURGXNFH VWDYHEQtFK D GHPROLpPQtFK RGSDGS$ L MHML
s SURGXNFt VWDYHEQt YEURE\ 3UFRWVWRIHSE Xt AKXt QBERAKXT K WN
QHS HNYDSt DQL QiU$VW SURGXNFH 6'2 YL] WDE REU D



5HF\NODFH VWDYHEQtFK D GIDPROL R tREMHE DAYt H MLA
S HG FD URN\ 2EGREt SRVOHGQ¢RIRVQRNR®Y NDY O A WD O DHN W
UHODWLYQ RSWLPLVWLFN\ 6WDWLVWLFN\ GROMBZ&iQé URN
UHF\NODFH 6'2 UHODW KYOM GEVMNDLBURGXNFH UHABMIKOiIWS VLF
2018 MHAW GRVWXSQi 4iGQi GDWD DOH QD ]iNODG S HGI
SURGXFHQWS$ O]H S HGSRNOiIGDW XG UBSRMO HG QUEH.QVWR Y p K |
a2. 5RYQY OHJLVODWLYQt REODVWL WEéENDMtFt VH Y\PH]HQ
SRGD LOR WDN ND GRNRQPLW YHE&NH U ¥ \pK@iaR VAN WHRXIYV WD
NULWpPULD S L MHMLFK& VSOQ Qt MH JQRYX]tVNDQi DVIDOWI
S HVYWiYi EEW RGSDGHP D NULWpPULD S L MHMLFK& VSOQ
Y\UREHQi ] RGSDGQt JQRYX]tVNDQp DVINOMRRFPVORVWLR G
OHJLVODWLYQt SURFHWHMBNQON M X S REGRBPYOGISRORYLQ UR
2019.

1D GUXKp VWUDQ Y&aDN QHOJH ]DVWtUDW ]J]QDBQR WVBYItMH P
UHF\NORYDQ&FK VWDYHEQtFK D GHPROEWX DK RE K FGIR V$V M/
YHOPL REWt&4Q XSODWQhuWHKOQWGQD WHVDNMER®®D R UHF\I
Z FLKHOQpPKMR NMGIMIFK @ NWHHUEFK S tSDGHFK QHSURGDQp ]iVF
takoYEFK REMHPS$ &H Q NWH tUBHRODRIMEWHOPQHN PXVHC
Z SURVWRURY&FK G$YRG$ S tMHP QRM&RIECIVWDYHEQtFK RGSD

Jednou z S tptokipto QHAIGRXFFaiRMH L VNXWHpPQRVW &H VLWXDF
Y\XatYiQt UHF\NOiW$ JHYBYBEVMVAHY)IQDPpQ QHXVSRNRMLYi 'l
]S$VRE WUYDOH S HGVWDYXMH Y\XatYiQt IRUPR $iRaGS$ USF]Q
WDNp Y\XAatYiQt IRUPRX ]JSHYQ QpKR SUR&HREKRWMDRENE R GEN O D (
formy down-cyclingu PtVWR -BWRIKWQ JX 3 LWRBOARROLPYURFH RS WHF
Q NROLNUiIW SURNi]JiQR &H NYDOLWQ ]JUHFQOBDRGNDRPKRW DY
zcela be]SUREOpPPRY WE@GRR&ELWDKE\ SUHIDEULNRYDQEé&K VWDY
VWDYHEQtFK VP Vt |FHkaidy VMRXQ MW HRYDKRYIiQD X SURGXNW
zS tURGQtFK QHW®INVWBRRERtQNRX SUR WHQWR ]S$VRE Y\Xa
UHF\NODFH 6'2 QUHVYW®RINpPNp ~URYQL NWHUI |IDMLVWt SURG
S tP Vit DDUDQWRYDQéPL VWDYHEQ W H]JHKWPLRNE BIU IY QD0 RVFQH-
atvaremzm). K WRPX MH YaDN QDB HKHEPHWHWQDE YVWXSQt SURGX
VWDYHEQt D GHPROLpPpQt RRGEBE®\GMENR YEDOHWENtW]Y VHOH
VWDYHEQtKR REMHQM]E\WIDBRRXSRGPtQHN SUR GRVDAaHQt W
SRYDARYDW PLPR MLQp L Y\GiQt REHF®RVWXIR pB&RPR GIGDIL
SUDFt S L NWHUEéFK 6'2 Y]QLNDMt -DNR YEFKRGIRNWIGH P
EUK RGSDGRYéP DXGLWS$P S HG GHPROLPpQtPEXB R¥MBKRYDpPpQtF
6RXpDVQp ]1Q Qt 6WDYHEQtKR ]JiNRQD YH YtoRdio GAHIPAROLp QtF K
zcela YiIJQt D QHY\KRYXMtFt

'DO&t VODELQX O]aN SR RP RéBMWdwud GRVDAHQR Y&UD]Q M&
posunuv QDSOQ Qt Q NWHR @PKtJHQt YOiG\ 6E R 30iQX RC
KRVSRGi VWYt SUR REGREt DYHOPL -GIOHELWEFK DO}
QHQDSOQ Q&FK FtO$ MH Rmivle HQt X¥EHGHQP YZajiwutl A
SRYLQQpP SRX&tYiQt UHF\NOiW$ VSO XMtFtFK SR&DGRYDQp V\
S tURGQt JGURMH Y UiPFL VWDYHEQt pLQQRVWL ILQDQFRYD
WHFKQLFN\ D HNRQRPILEMARPRMAPMHGQi R ]JFHOD VWDQGD U
investoryv DG HYURSVNE&FK JHPt NGH MH & OXf tHDWIARBNSE BARKY L Q
FD D& UHF\NORYDQ&FK PDWHULiO$

10



=D SR]JLWLYXP O]H SRYDARYDW &H GOH &ROWKSQEFG&F & DW
podzim roku 2018 se pRGD LOR XGU&HW Q NROLNDOHWRX Y]JHVWX
SURGXNFH UHF\NOiW$ ]JH 6'2 D WR QHMHQ DEVROXXWQ DO
REMHPX LQHUWQtFK S tURGQtFK PLQHUIOQtFK PDWHULIO
NRQNWUpPWQ VWDYHEQtKR NIDAHGHAD 4W UNRStVNS$

Produkces WDYHEQtFK D GHPROLpPQIFRKN RRESDGHEKR D S tURGQtK!
kamenivav OHWHFK Da

1t&4H XYHGHQp ~GDMH R SURGXNFL QDNRPRIIGHQitOQH 6 2WYD\EK
OLQLVWHUVWYD AaLYRWQtKR SURVW HGt NWHURX VSUDYXMH
SURVW HGt &(1,$%$ ~GDMH R SURGXNFL VWDYHEQtKR NDPI
z~GDM$ YyHVNp JHRORJLFNp VOXaE\

3URGXNFH D PDWHULIORYp VORAHQt KODYQtFK BGBRG$ VW
GOH .DWDORJX RG S D G/3016/St)Qei éMsdenp v tabulce 1.

7TDEXOND ODWHULIORY [et&dlORBHRDA 6'2 Y
2012 | 2013 | 2014 | 2015 | 2016 | 2017

skupina odpad ki | kg | kg | kg | k) | kg
17 01 §}vU ]ZoCU & “IC | & | 3445| 3249| 3688| 4419| 4375 4502
17 0101 | Beton 1385/ 1292 1422 1985 1755/ 1845
17 01 02| Cihly 735| 757| 745| 840| 889 905
170103 d “IC | & u] | AEE} IC 14| 12| 16| 14| 15| 15

170107 ~u"s] v uA v %01 06X i06 1250 1172| 1473 1580 1716| 1651
17 03 ( 08}A eu"eJU 2z & AE| 531 510| 573 896 757| 783
170302 +( 08X cu"e] v uA vV %} 526| 508 568 891 752| 777
1705 |« u]lv ~A &v" AC3"IT w&kont u| 8908| 9966 11 15 12 12
u *S«Ul uv_ ACS"l v Z 128| 650| 320 150

17 05 04 i 7832| 9442 10| 13| 11| 10
. 0,
uxX T uxX v pA v %} 619| o916| o006| 802

170506 sCEX Zop“]v v HA v %o} 622| 130| 102| 850 527 667
170508 a8"EIl 1 1 o lv] v_Z} AE" 64 80 112 578 399 305
%} 0 u i6 ifi 16
1706 |/1}oX *$ A Xus E]ocC 59 61 66 62 54 58
170604 /1}oX u 8X v HAX %} X i 36 35 40 42 36 40

1708 [*3 A v_u s E]ov 1] 7 9 11 14 17 13
170802 D $ E] oC v HA v %} X 7 9 11 14 17 13
1709 |:]v 8 A v_ uto] v_ } 4 496 609 451| 722| 547| 605

170904 "uX ~ K v uAX %} X i6id| 473| 590| 441| 709| 535| 605
13 14 15 21 18 18

CELKEM 447 404 916 891 004 111

z toho 1701 + 170302 + 170904 4 383| 4330| 4665/ 6019| 5662| 5890
M1 ol}A z} ~ K 33%| 30%| 29%| 27%| 31%| 33%

%} _0 ¢lp%]vC ioifn v oll

SDO 66%| 69%| 70%| 71%| 68%| 67%
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BURGXNFH D QDNOiGiQt VH 6'2 Y OHW

OMLQé ]S$VRE QDNIOIGIiQt >NW@
EVNOIGNRYIQR NyG ™~ >SNW @
Ocelkem N1+N11+N12 [kt]

Erecyklace R5 [ki] | —

PQRAVWYt >NW@

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
rok

2EU &HONRYi SURGXNFH D QDNOiGiQt VH 6'2 Y OHWHEFK

1DNOiIGiQt VH 6'2 VNXSLQ D
OMLQé ]S$VRE QDNOiGiIiQt >NW@
BVNOIGNRYIQR >NW@
Ocelkem N1+N11+N12 [kt]
Brecyklace R5 [ki]

PQRAVWYt >SNW@

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
rok

2EU BURGXNFH D QDNOiGiQt WiHcgla&ciYKRGQEPL

=S$VRE\ QDNOiIGiQt VH 6'2 MVRX XYHGME\]HMREU&H REUR
PQRAVWYt Y\W &8HQp JHPLQ\ D NDPHAMDE GRNXRHYWR R Y@t YW
Y WALQ S tSDG$ UHF\NORYDW Y\WYit GRMHP & VNXWH
relatvQ QtJNBUR NRUHNWQ MaM VRV R & PHQ tU RIERESNKRMFEQH U W
PLQHUIOQt RGSDG\ NWHUMHGQRNONSUDFRYWIE\ V] XWRY QD
EHWRQ\ FLKHOQp ]JGLYR D NHUDPLND D MHMLFK VP VL 'iO}
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NRPXQLNRgmpOHD VNXSLQD DVIDOWRYp VP VL EH] QHEH]S
YODVWQRVWt . WRPX MH SUR VYRML YHOLNRVWM{BtSRpWFE
]SUDYLGOD VP VL YédH XYHGHQéFK VORAHN D NDPHQLYD D ]

B3RGtO W FKWR RGSDG$ QD FHONBYRWORGXMKFIOBVEHFK pLQ
YL] WDE S HGSRVOHGQt iGHN 3URGWRREKMW® EBWRE\2C
MH ] HMmMfu ha obr. 2.

WE} pul 8 A v_Z} luv U “S"CEI}Bo "o K

€18

%o E} Jul

Z} v

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2
B E ClolA v ~6EA v_ | u vieisds El1% -ic s

Obr. 3 Produkce VWDYHEQtKR NDPHQH &W UNRStVN$ D UHF\NORYDC
PDWHULIO$ Y OHWHEFK Da

WIU"E % E} ul E Clo 3% |  ol}A % E}
14,00%
12,00%
10,00%
8,00%
6,00%

4,00%

2,00%
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

B %JU"E E X | +EXIX%IEIEHE X | | uv]Au

Obr.4 5SHODWLYQt SURGXNFH UHF\NORYDQéFK PLQHUIOQtFK
Y OHWHFK Da
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3UR Y\MiG HQt ~VS aQRVWL Y\X&tYiQt UHF\NORYD®&FK PDW
VWDQRYHQt YHOLNRVWL MHMLFK SRGtOX QD FHONRYp SU
VWDYHEQtKR NDPHQH D 4W UNRStVN$KUD®QiFRR i LP QR ¥ ¥ N\LYD
OR&SLVHN D PQRAVWYt Y\U FOHHFK UHMAOIWMMN QD REU
W 8E VWDYHEQtKR NDPHQH EEBWDENRS§YB8$ MVRX ]

ZJUDI$ QD REU D MH] HMPé QiU$VW SURGXNFH UHF\NO
W AaE\ S tURGQtFK QHURVWQéFK VXURREQREIMPHWD AW & NR S
GRVDKRYDO SRP U SURGXNFH UHF\NOiW$ N SURGXNFL S tU
hodnoty ca 4 %,v URFH WR E\ORVMGR QiUSVW QD W tDS$OQIiVREL

=iy U

ZIDNWKY¥HGHQAWRPWR pRHONSURND]DWHOQpPp &H VH UHF\
ZNYDQWLWDWLYQtKRSBRREBGXFKQAFHOPRADtMt lobNB\& Y
]S$VREX Y\X&tYiQt UHF\NOiW$ QH WDN JFHOD XWMPHRMDLY
VNYDOLW SURGXNRYDQ&FK UHF\NOiW$ NWHUp RRHPXMt MH
F\FOLQJ PtVWR QD VNXWHPQRX VWDYHEQt YéURERMItpL YEURE
situaci SDWB®P$&H piVWHpPQ/ RXPIOLWQ RVWL AYDGNDDR®E YEURENS$
PDWHULIiO$ ] GUXKRWM@EFKD\WOEUWRNYQQHWQ QISRPFEKI®D X & h MW
QRYi pL XSUDYHQi OH J&ahovdDwaldw RE IBANHWE B\HPROLPpQtFK SUDI
MVRX Y\GiYiQD VWDYHEQt SIRRRIGHDtt VSRHINIMLPY QtFK GHPRO|

Recyklace MDNR WDNRYi Pi REHFQ RFKUD RYDW ]JHMPpQD S
YeUD]Q RPH]JRYDW Y]QLN RGSDG$ 8SRWPENGQ K 60HWH FKRY
GDt 7THQWR WKOIKW&GH®MHQY GDO4&t UR]J]YRM VWDYHEQLFWYt JF|
VWDYHEQt YEURE MHHIOV WDX®IB SNURNXR WH WNGEHKOPDHGQ S tURG
YHOPL NYDOLWQt NDPHQLYR QDS GR S HGSMDWEéFK EHW
YHOPL |DWRBU®PY Qt NRPXQLNDFH DSRG v G5 RADHN VO RIKRAR K N
QHY\pPHUSDWHOMWHP Qp SUWRBEWOPFAK SURGXNFt MLA SRFtWLO\ Q N
MLéc¥ 2018. 6 RKOHGHP QD ]DMLAW Qt FLUNXOQOiIUQt HNRQRPLN
YHOPL 4aiGRXFt Y\XatYDW UHF\NORYDQp NDPHQLRRQY@EXYXGH W
toto kamenivo je k dispozici.
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V .216758.&E&+/¥S2.¢60, 1E52.< 1$ 84,71e 9/$671267,
CONCRETE MADE OF ARTIFICIAL SLAG-AGGREGATE DELIVERED FOR
CONSTRUCTIONS WITH HIGH PERFORMANCE DEMANDS

ING.R$'20E5 58&.,

Miroslav Karas-' HVWUR 6éNR LFH =EHpQR yHVNi 5HSXEO|
radomir.rucki@email.cz

The paper describes production of two concrete types made by artificial slag-
aggregate - a severe frost and freeze-thaw resistant concrete for road constructions
and steel-fibre reinforced concrete for industrial floor. The concrete performance is
demonstrated with the test results from regular production. The quality management
of slag-aggregate production as an essential prerequisite for quality concrete is
discussed.

1. 9éUREFH

Firma Miroslav Karas + '"HVWUR MLa& YtFH QHa OHW QD .0DGQ
GRGiIYIi VWUXVNRYp NDPHQH¥RNQEEYIWDROQ pV N\OMRNR SHFQ't
Y]GXFKHP FKOD]HQp VWUXVN\ 8P Op NDPHQLYR '"HVWUR N
VP VL D VP VL VWPHOHQp K\Q@MUUDXDAHNEPVYNBERWWDBYE\ D V
SR]JHPQtFK NRPXQLNDFt SRGH1]@616(01 (1 [2]. Od roku

E\O VRUWLPHQW YEUREN$ UR]Jat HQ R XP GPINDIPHQLYR

D ]DKIiMHQD YEURED W BE& WRRRWE R K R MOEDMW QN $
EHWRQ3UQroce 2019byl GRNRQPHQD GDOAat sbwrheStDY NENERMEF B
EHWBQ®R]4t HQ R VNXSLYVERRW BSREDOBNMNSEIQNH NWHUEP
SDWt PM EHWRQU&RGRBPPFREP]JUR]PUD]RYCH R LOBWNiP
betony SUR SU$P\VORYPUBRIMDKHIQRX RFHORYRX Y&]WXAat

2. Betony RGROQp PUD]X D FKHPLFNéP UR]JPUD]RYDFtP OiWNIP

%HWRQ\ XUpHQp GR VWXSQ YOLYX/,BURWYWWMt GRIYOKNDP
SURVW +Hh&QM\ PUD]X ;) D ;) D ~pLQN\ URJPUD]RYDFtFK
SDWQHWMQiIiURPQ MatP ERVBROAOPQQHBHHIGHSVDQEéEFK SDUDPHW
EHWRQX QD RGROQRVWWIPRVBRMNMGQEPOHQLURNY QD NYDOL
VXURYLQ D ]S$VRE YEURE\ 1H]JE\WQéP S HGSRNODGHP PU
EHWRQ$S MHQt odolost kameniva, tedy i SRXALWpKR XP OpKR VWUX\
NDPHQLYD '"HvwUjeh vNWKHWp WEHFK EHWRQHFK GRSO XMH S tl
kamenivem 0/4 mmv SRRu35nebo Da2%obj.z FHONRYp GiYN\[ANBPHQLYD
%HWRQ\ MVRX GRGIiYiQ\ YH YHOPL WHNXWp NRUBPLMWHQFL \
XNOiGiQt pHUSDGOHP 9éVOHGNHP YEYRMH MH RSWLPiIiOQt N
NDPHQLYD S tURGQtKR NDPHQLYD FHPHQWX SODBVYWLILND
]DUXpXMtFtFK Y\WVRNRX D UHSURGXNRYDWHOQRXHNWRD@X W X |
L EHWRQX SR ]JWYUGQXWt

21.9VOHGN\ INRX&HN

Vtabulce 1 a vgrafu 1 MVRX XYHGHQ\ YEVOHGN\ SUSND]QtFK ]
RGROQéFK PUD]X D UR]JPUD]RYDFtP FKHPLFNéP OiWNIP W &
XF4 SRGOH SRaDGDYNS$ y617](1y61 $3 WDE [8) a
SRADGDYNS$ 7.3 0'[9DS EHWRQ 30/3¥ a C 25/30 (pro prefabrikaci)
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RGROQpPKR PUD]X SRGOH ]YOiaWQtFK SRAaDGIBYMSWBE1 3
XFlaXF3. 9]RUN\ EHWRQ$ SURodébRXANE BQP\ YEMMREEHWRQiUQ
DESTRObeton. Z YEVOHGNS$ MH SDWUQR BHWRHIHHFKOO VDO L]YE S
SRADGDYN\ NODGHQp QD EHWRQ\ S L SUSNLRISKKWRRX &N i
mrazuvzdornost i odolnost povrchu betonu S SRXaLWt FKHPLFNéFK UR]JPUD
SURVW HGNS$ YPHWQ SRADGDYN$ QD UR]JORAH@RY[GXER® HY
WHFKQLFNéFK NYDOLWIKRMD@PIFK SRGPtQHN

Tab.1 % HWRQ\ RGROQp PUD]X D FKHPLFNéEP URJPUD]JRYDFtP Oi

druh betonu RGROQé &+ 5 PUD]XY]GRU
[ 16D ERWRQX g yoL (1 c25/30 | c30/37 | c30/37 szrg]fzo
X0, XC1- | X0, XC1-4,
693 y61 3 WDE ) )z(é’i _éci;fzz )z(é’i ?:(30>1<[:421 4, XD1-3, XD1-3,
aLYRWQRVW OHW XA1’-2* ’ XE4 X’A1-3’,‘ XF1, XF3, | XF1, XF3,
' XA1-3* XA1-2*
CEM1425R kg 370 420 390 265
SRStOHN 0 OQtN kg 90
0/4 Destro kg - - - 1002
S tURGQt W aHQp kg 915 890 890 -
8/16 Destro kg 770 748 748 724
Dynamon RC 730 - VXSHUSODVYV kg 2,59 2,80 2,80 2,31
Mapeair LP 100 - SURY]GX& RY kg 0,70 1,20 0,80 0
GiYND YRG\ QD ]iP V I 125 120 126 130
HIHNWLYQt GiYND YRG\ I 170 164 170 138
YRGQt VRXpPLQLWHO ~pLQ 0,46 0,39 0,44 0,46
NRQJLVWHQFH V NXAHOH| mm 210 170 170 100
REVDK Y]JGXFKX Y p EHWI % obj. 6,9 6,5 5,0 -
REMHPRYi KPRWQRVW p | kg/m3 2239 2265 2289 2302
pevnost v tlaku 2 dny MPa 28,7 37,6 32,4 14,8
GQtY MPa 39,2 48,4 43,1 27,3
GQtY MPa 42,9 51,6 50,0 39,1
REMHPRYiI KPRWQRVW kg/m3 2243 2272 2294 2270
vodonepropustnost- PD[ SU$VD mm 14 (#28) 15 (#16) 8 (#28)
mrazuvzdornost T150, 125 c. , koefic. % - - 87 ($75) | 90 (%75)
odolnost CH.R.L. F y61 RGS| g/m2 | 245 (#1000) | 417 (#1000) - -
150 c. TKP MD odpad g/m?2 | 290 (#800) | 490 (#600)
REVDK PLNURVNRSLFNpKFE % obj. | 2,65 (%$1,20) | 2,67 ($2,06)
UR]JOR&HQt Y]GXFackr63IDF| mm [0,14 (#0,19) | 0,16 (#0,16)

*SVP XA2-3 SODWt SUR SURVW HGt V REVDKHP VtFEJDQR\N%FIF(KQ_tRC

YRG\ D V NRQFHQWUDRIDAQW S&EGQt YRG\
EH] QDVINDYRVWL NDPHQLYD

Qlaje v ]IYRUNIFK XYiG Mt

INRX & Nddellé y61 (1 3
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Graf 1 1iU$\Wipaduv SUSE KX JNRX&N\ RGROQRVWL PUIBOX D &+
FINCSSRGOH y61

1000

€ 900 :
> 800 S tSXVWQi KUDQLFH SRGOH 733 0" ¢
£ 700
2 S tSXVWQi KUDQLFH SRGOH 7.3/0°
£ 600
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Obr. H] EHWRQHP & INX)EAHEQt W OHVR SUR JNRX&NX U
vzduchu v betonu

3. HWRQ\ SUR SU$P\VORYp SRGODK\

%HWRQ\ XUpHQp SUR NRQVWUXNFH SU$P\WORY&FK SRGC
SHYQRVWQtFK W tG RE&\BOH RYAHP VSHFLILFNé |S$VRE ]Sl
EHWRQX Y\VRFH VSHFLDOL]JRYDQé&PL ILUPDPL D ]S¥DYLGOTL
NODGH QD YEUREFH D GRGDYDWHOH EHWRQX ]Y®aHQp Qi
SRADGDYN\ |]SUDFRYDWHO$ QD SD U D Petahu(\S D $YEO X WK \DW W/
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D WYUSQYWt ]JWYUGOpKR EHWRQX MVRX QD X pHVNEFK U}
GRSOQ Q\ MHaAW QHNRQFHSpPQtPL SRADGDYN\ QIVRVDPRW
SRADGDYN\ |SUDYLGOMIHMLFKI]EMWIQp pL QHGIYQp QHIDWLYQ
ASDWQ ]JSUDFRYDWH O Q é Pdo@akatélR Qeidau. My@quKiR WHU SUHWD Ft
WDNRY&FK |NX3HQRVWt MH S HQHVHQt VNXWHpPQp S tpLQ\ !
VORAHQt SUREOpPPRYpKR EHWRQX QD VDPRUMG, BROXALWL X
MH SRStOHN, GREWWDRER[\OIWRYi Ei]JH SODVWLILNDpPQtFK S t
GUFHQp NDPHQLYR IWHOPL NRPPHUYDWHDOL B®RWIXSi Qt
QRYLQHN pL ]JP Q VOR&HQt EHWRQX RSURWL MLPIQ SRXAtY
SRFKRSLWRHKOG&NWP QD Y\dat ULJLNR WhSFoMN@f®redlidace DPRW Q &
SU$P\VORY éFKZp&aRdaOse KMHGQ QR HS HW EHMWR Q i &ch Yobyera $

s QiIVOHGQé&P Q NROLNDKRGLQRY&P ]SUDFRYiQtPQEYpPNRQHE
NRQVWUXNFH SU$P\VORYp SRGODK\ QDYtF pDVVWRUVH ]DSU
GR SRYUFKRYp YUVWY\ EHWRQX

PLUHNRQVWUXNFL VNODGRYéFK SURVWRU E\O SUR SUS$P
25/30z X P O pdtréskov p K Rameniva Destro (60 % z FHON®IYWPN\ NDPBRQLYD
SspR&%eM do betonu a JWHNXFXMtbu MapeViyaamon RC730 QD Ei]L
SRO\NDUE BE@iWRFHORYéPL GUIWN\ BpGRGiIYIBP] YODVWQ
EHWR QDESBDPRObeton .ODGQR QD VWDYE E\O GRSUDYRYiIQ pHU
VSHFLIOQtPL YDQRYEPAHERYPUD BRIGBIODKOBWREPKAEEGREt UR
2018 S L YHQNRYQtFK WHSORWIFK]EONRAFFSPHL NVRHYDQE&ZK GRSU
SRGPtQHEH] S HUX&HQt SURY R PracovakRlE betamiVib){ spokojen
s FKRYiQtP pHUWWHY pKRHPHGRSUDY\ D XISO BEi tdih X Wt
bHWRQ@X YH Ii]L VWURMQtKR KOD]J]HQt SRYUFKX EHWRQX

Obr. 3U$P\WORYi SRGODKD SR Y\QBROA8 Qt D RaHW HQt
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4. 3BRGPtQN)\ YEURE\ QEHRPREBKKKRWQEFK VXURYLQ
Jednou z QHMG$OHALW MAtFK SRGPtQHN UHSURGXNRYDWH
NYDOLW\ MH SURSUDFRYDQé& V\VWpP UHF\NODFH Y\WVRNRSHF
MHMt S HP QX QD NYDOLWQt XP Op NDP H\ptovdze DESRG Qp YéUu
SUREtKi WHQWRGYRRFBY QBHEH QDYD]XMtFtFK YBUREQtFK C
W HPL U$]QéPL W\S\ GUWLp$S PDJIJQHWLFNEPL VHSDUiV

Obr.3 6FKpPD YEUREQt OLQN\ QD YEUREX VWUXVNRYpKR NDPH
komunikace

Obr. 6FKpPD QDYD]XMtFt YEUREQt OLQN\ QD NDPHQLYR GR E
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=iy U

3RGUREQpP SR]QiQt UHF\NORYDQé&FK PDWHULIiO$ D GUXK]
S HGSRNODGHP SUR ~VS dQp Y\XaLWt YZ3HFK MHMLFK YOTL
S RVWDWQtPL \EGHRMRIQRL IYNWHUp YODVWQRVWL XPh@®pKR ND
ZUHF\NODFH N®@LHWERE NPPHQLYMHS SUR S QYR PM@GBIK O H G X
jevLW MDNR GLVNULPLQDpPQt 9KRGQRX FHONRYRX VNODGER:
Y\X4tW D S HP QLW YH Y&EKRGX NWHUiI YH YEVOHWRRXY\aX]
3 tINODGHWRVRNiI QDVINDYRVW XP OpKR NDPHQLYD NWHUi QI
jako W]Y YQLW Qt R&HWAR R GTH WR/QKKEDHIMHFQWRYpKR WPHOX
SRYUFKX EHWRQX QDKUD]RYiQEam¥RG B XS RIRWINNORXRYOLY X
QiINORQQRVW EHWRQX10.H3ROREE YWIXKROL@®VWUpP KUDQ\ JUC
]Y\&XMt WL[RWURSQt FKRYiQt EHWRQX SRGSRWXNMX WK H
EHWRQX SR dXlOms&He@t ptP&S LVStYDMIDNQPPX [NUiFEQt GRE\
NWHURX MH SRYUFK BHHWE R QWHSREXKSRQRGYtWUDQLW EHGQ

VEHWRQHFK SUHJHOWRWRQSRNMSYYNX GRVDKXMH SRGtO
PDWHULIOS$ D GUXKRWQ & 84 % Xitd.RY 30(87 XF4) [4] D & KP
(C 25/30 XF3 pro prefabrikaci)[5] D JiURYH W\WR EHWRQ\ VSO XMt QHM
RGROQRVW SURVW HGt Y\@DGRYDQp pHVNEPL WHFKQLFNE&P]
SUR SRX\RQNYWUXNFtFK SR]JHPQtFK NRPXQLNDFt

%HWRQ\ Y\UIE Qp D GRGiYDQp EHWRQIikQBX jdobi752EHWF
GREUEP S tNODGHP\VYBRMBRENSRVLWLY QtP XSGV, WHIDR NP X UR]Y
NWHUp QD QD&HP VWDYHEQtP WUKX SOQ NBRQNKWQMEKNO I
surovin. 1HXVWiOH VWRXSDMtFt YEURED EHWRQX GRKiQ MtFt
betonech z QD&t EHWRQiUQ\ SRWYU]J]XMH &H FHVWD Y\VRNp S
sortimentem NYDOLWQtFK YéUR EQ3 YINX WHHPEK SRW HE\ RGE UDW
VSUIYQi

D$UD] NODGHQE& QD HQYLURPHQWiIiOQt EHQHILNW @& RE N
MH SRJLWLYQ S LMtPiQ VXPMMBWREGQtHYi%Q®\ ]VH SRGOH
GRVDYDGQtFK [NXANRG®N WY HHQAtP SURVW HGt QDAHKR VWD
MDNR QHYDEBRRGHUH]HQWDFL QDALFK YEURENS$ WXWR VNXWH |
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1$95+29E1E O35$EMDLIC STAVEBV yETN JEJICH
DEKONSTRUKCE

PROJECT DESIGN AND DEMOLIC CONSTRUCTION INCLUDING THEIR
DEVICES

,QJ /DGLVODY %XNRYVNE

yHVNiIi NRPRUD DXWR UL ]RD BMHEFKKQ QR FHPQEH & EVWD YE
Ibukovsky@ckait.cz

Abstract

Utilization of building waste at present. Regulation of construction products limits
reuse possibilities disassembled materials. Possibilities of reuse of dismantled parts
of buildings. Utilization of wastes in transport and engineering structures. Waste
utilization in masonry buildings. The need to create legislative conditions for reuse of
dismantled parts of buildings.

1. OYRG

3L YEVWDYE ~GUAE VWDYH E |0 L-NSINDtY ReBiSuy®/entH E
US]QpKR GUXKX 6QD&tPH VH RGSDBRRPRI|RNRYRBLERN XGX ¢
'ORXKRGRE VH Y\XatYDMt QiVOHGXMtFt RGSDG\

- Kovy

%HWRQ D A&aHOH]REHWRQ
asfaltobetony

- zdivo

9]QLNi PQRKR U$]Q8FK GUXK$ RGSDG$ Q NWHUp MVRX NR(
Y\W tGLWHORELVWXMt REY\ROBpBRRPRAYWYt D MHMLFK Y
QHHNRQRPLFNp

&tOHP MH FR QHMVYKWRIG YD&E IVt YaH

2. 3UiYQt UHIJXODFH VRXALWHMIRGEDGS D GUXKRWQEéP Y\XAL\

3UIYQt &FHHXWOWDYHE Y\FKi]Jt SIRADRPOYNBQD p 6 E
6WDYHEQt ]JiNRQ D SURYIG FtFK Y\KOidHN 'iOHedskaDWt L G
QDSOQ Qt MH WURFKX SUREOpP &H QHH[LVWX MlHdiskaOQi NRP
terminologie.

6WDYE\ MVRX UHJXORYiQ\ ]iNODGQtPL SRADGDWM\ QD VV
VS tORA# {HQt (3 D EENBEH305/2011, kdev S tOR]JH  MVRX XYHGHQ\ ]iN
SR4&DGDYN\ 3RVOHGQteMHGP& SRADGDY

A 8GUALWHOQpPUREBRMNIOIGURMS

6WDYED PXVt EEW QDYU&AHQD SURYHGHSQBEMahERKMUIQD WI
]DMh@E@WG UALWHO Q fJ R ©XEB§GIDS]HM P p Q D

a)op WRYQp Y\XaLWt QHER UHF\NORYDWHO QR MVWWNDSRIE ¢
JERXUIQt
E 4&LYRWQRVW VWDYHE
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F SRXAaLWt VXURYLQ D GUKKRME@ERKNPDLW RWLFEGHX SURVW HC

Odpady, Y]QLNDMuBkutep RYiQt ~GUAE UHNRQVWUXNFtFK D
VWDYHE QD]éYDQp Y VRXODGX V QiWKaRIoGUIROBPaNDaEL Q\ RG S
AVWDYHEQt D GHPROLpPpQt RGSDG\? PRKRXMHAW FK LY NKRG
VWDQRYHQpPP QDNOiIGiQt V QLPL Y&]QDPQéP JGURMHP ~VSRU

OLQLVWHUVWYR &LY R\t RRAS Syd&o/ WHMGRIGYFNé QiYRG RGE
odpad $pro {HQt Y]JQLNX VWDYHEQtFK D ®HEBR LOPDNBKGRGIS DG $
1iYRG MH XUpHQ 3UR S tSUDYX GRNXPH QRGBPH $REREGRFHQ't
QiYRG YAPDiN Wdkoresponduje z E 8Q&P SRVWXSHP S tSUDY\ VWDY
S UR M HdeMrRevitace aanis SUIYQtPL SR&DGDYN\ QD GRNXPHQWDFL
R GRSRUXPHXRA& SUDNWLFNéEP X&LWtP MVHP VH MH&AW Qt
zDNi]JHN

3RADGDARNALWHOQpP YWRGQIFK SGURMS$® NWHIYAX&HANtRS
GHPRQWRYDQ&FK YEURENS$ QHE\O GRVXG MIDP® R B R @ Q YKRN
iGX yale S HGSRNOiIGiFPHPBRH WYHNRGLILNDFH VWDYjE®QtKR SU
]JDPOHQ Qt GR SUiIYQtFK SRADGDYNS$ QD VWDYE\

3. 0RAQRVWL S tPpKR Y\Xdunotn pEROE LIVt YEYUREMWD YEiFK

ZKOHGLVND PRAQRVWL S tPpKR Y\XaLWt VWDYMNBEDQWRK RC
YEUREN$ YH VWDYEiFK MH Yé]QDPQé&P RPH]|XMHEOtISRADGI
JiNRQD NWHU& UHJXOXMH SRXALWt YEURENS$ 98UREN\ SUFR
YE]QDP SUR YéVOwHGaRX aNoYBOVWDY XMt ]YEAHQRX PtUX
RSUIYQ Q&FK ]JiMP$ MVRX VWDQRYHQ\ D SRVX]Batp3% SRGOH ]
Z WRKR Y\SOéYi &H QOMOBRXESWNRWWHUp VWDU&t YEUREN\
RY HQD VWiORWW QRWWEK Y

4. -DNeMaxes Y\XALWtP RGSDG$ YH VWDYHEQLFWY't

Praxe s Y\X4LWtP RGSDG$ MH U$]Qi SRGOH W\S$ VWDYHE
LQAHQEUVNEFK KWHEPVMDRKEMHP ¥ \XHKOWp RGSDG$ SUR GD:
E &Qp D REY\NOp

V SRIHPQtFK VWDYEIFK MH QXWQR UR]JOL&ARYDW PH]JL VWDY

X 9HONp VWDYHERtSDGP\WYHNONEFK ]J]DNi]JHN REY\NOH ]DML
]JSUDFRYiQt RGSDG$ VSHFLDOL]J]RYDQéPL VXEGRGDYDWH

x VS tSDG PDOéFK VWDYHE M QEXKMNN]OHt ]HUOR BB YH QL AW
MH S tPmtWRGSDG$ QD VWDYE SUREOHPDWLFNp D Y\XAL'
QHPRAaQp

9\KOi&ND 6E R GRNXPHQWDF LR EWDK)H E5 RNHXPYH G W ¥
VWDYHE SRGPtQN\ SUR GHPRQWiaBlQWWIRADE P ¥ NN RSQU/RN B ¥ §]
VWDYHE SUR WXWR pLQQRVW

=iMHP VWDYHEQtN$ D VWDYHEQtFK SRGQLNDWHO$ R
HNRQRP LY @RRIW L
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5. 1IDYUKRYiQt ~SUDY D GHPROLF VWDYHE

VVRXpDVQp GRE MVRX ERXUD FK CHUGH N NJDH J MNARROYD) @\ | :
SRX]H piVWMWIY¥ HEQtN QHPXVt RKOiIVLW ERXUDFt SUIFH QD \
WR QHSODW! BRI RWWD&EK MH REVD&HQ D]JEHVW

6WDYHEQt ~ DG P$aH Wpa QD tGLW RGVWDD RN X\GN IV DEN R
VYE&P ]iYDGQ&P VWDYHP RKURAXMH &LYRWatQerERNdEUDYt RV
ALYRWSDHSWBWQHER PDMHWHN W HWtFK RVRE D MEMKRODVW
~ DGX YH VWDQROHR@VAKEDQLO ]iYDGCOWINFNYW PR/ \BDIEPG M
PRAQRVW GHPRQWid&H YHOPL RPHJHQD QHER" VH MHGQi REY

%RXUiIQt P$AH E&W VRXPIVUWY\Y ¥ WDD EE\Q HaEpak B OV WDKY E \
ERXUiQRXpiVWt SURMHNWRYp GRNXPHQWDFH NWHURX P
DXWRUL]JRYDQi GOH ]iNRQD p 6E

3RNXG MH ERXUiIQt H&AHQR VDPRVWDWQ SDN GRNXPHQ'
projektovR X GRNXP H Qkoo Kt ®GRWXPHQWDFL QHPXVt |]SUDFRYDW |
NYDOLILNRYDQi RVRED

-DNp MDNi MH EXGRXFQRVW Y\XaLWt GHPRQWRYDQEéFK piV

3 tPp Y\XaLWt GHPRQWRYDQéFK YEURENS$ YHPDWDKFEpPFK ¢
z QiIVOHGXMtFtFK G$YRGS$

a) Ustard&tKR MLa SRXALWpKR YEURENX QHO]JH GHNODURYDW
REY\NOp QiYUKRYp aLYRWQRVWL

b) =MLAW Qt MDNp YODVWQRVWL GHPRQWRYDQp Y&UREN
QiURPIM® L RPH]HQpPP PQRAVWYt PDWHULIiO$ L QHHIHNWL

c) Z QD t]HRMRady (EU) p305/2011iz SRADGDYNX *t JiNRQD b
Y\SOéYi 4H GR VWDYE\ O]H ]DEXGRY MW MELEENXHEt &V DNR Y p
hlediskazp $VRELORVWL VWD Y Esl Z8id RXOMD Y ¥ VQ\EDY[ED S L VSL
SURYHGH@Q® pD ~B Wpa Eobu pedpRNOiGDQp H[LVWHQFH VSOQt
SR&DGDYN\ QD VWDYE\

3RXA&LWIQGHPYDQEFK PDWXWEBMAGEtP X ]SUDFRYiQt D YEURE
]JD SHUVSHNWRY@H VEXGRX Y\UREHQ\ QRYp YBUREN\ NGH Y
trvanlivost a V W i OGRHW/N\O D U RMAY @EFRRWMX G VWiW WDNRYp SRVWXS\
P OE\MH Wp& SRGSR LW VNXWHpBOt IWHREW]D MHDW B WKQH MR/ p
W tG Qt GHPRQWRYDQ&FK piVWt VWDYHE

7. =iY U

ProzY WAHQt Y\X &R DWHIDWDRRIMUID Qavebje QXWQR Y\WYR LW SRG
atoodniYUKX ERXGHPIROWI&HaVVEDDYEVWDYHE D& SRayrODVWQ
Qi¥GQp Y\X&LWt RGSDGS$

3UR ]Y&3HQt PRAQRVWL OHSAtKR Y\XALWt GH R R WRIYDYLANF
legislati YQt SRGPtQN\ ]HMPpQD QiYUK ]iNRQD R \EWGRHXEQtFF
VWDYHEQt JiNRQ
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THE CATALOGUE OF CONSTRUCTION PRODUCTS AND SECONDARY RAW
MATERIALS FROM CONSTRUCTION AND DEMOLITION WASTE

-PpQdtora ,QJ -DQ 3HAWD ,QJ 7HUH]D 3DYO$ 3K '

2UJDQL]DFH 8QLYHUJLWQt FHQWUXP HQHUJMa¥d, FN\ HIHNWL\
9\VRNi &N R OdRo-MKHHFPK.Q R O R J L Rjan.p¥std@dvytitz,
tereza.paviu@cvut.cz)

Abstract

The main object of this contribution is to describe the Catalogue of construction
products and materials. The purpose of this handbook is to give information about
the utilization of secondary raw materials to contracting authorities, architects, civil
engineers and construction companies. The Catalogue is published in two versions:
printed and online (available from recyklujmestavby.cz).

1. OYRG

.DAGRURPQ VWDYHEQt D GHKIPROLWIR tRGBMHWLQX Y4l
Y\SURGXNRYDQpKRHR 8 f DGIS MEGQFNWH R PDWHULIORYé& WRN
S LEOLAQ PLO WXQ $ [MHEKHFKMM\WRIHDRYS LEOLAQ
VWDYHEQtFKI1VRHRYIRPQ VH YéWYRRAWNIWREWRt RG Y&YRMH
Y& URMEproto SUIY REODVW VWD YhonQU § WY H IDERNW MDN VQtal
QD 8LYRWQt SURVW HGt Y]QLNOp W 8ERX VXURYL®iDIiBURG X
]YEaHQt Y\X4LWt GUXKRWQEéFK.VXURYLQ YH VWDYHEQLFWYt

1D WXWR Y&]YX NDA&GiI pOHQVNi JHP [inakl R7TRV IR 8 QILGH UHL
RGOLAQi PtUD U H,fkNikaue BWI]HN'RVDAHQi PtUD UHF\NODFH \
WRWLE SGFROMWXSDRVAMG, L FHQRX SULPiDQtSWABPRYQQV XHRY
W &NR GRVWXSQi D MHMt FHQD Y\VRNi SDN H{LAWWMP PR\
W tG Qt D UHF\NODFH

V UHDNFL QD VQDKX S HPRGISW G\DQI D3 Q & VW HROBME HLUDLNO\i G i
E\OD Y\GMQWQYFH (YURSVNpKR Rady EBD)2BIG/8BX ze dne 30.
kv tna 2018, kterou se m Qt Vidice 2008/98/ES o odpadech. V Wp MH PLPR MLQ
XYHGHQD SRYLQQRVW pOHQpall Xt |HWRtaSIDMPRNWWPPEGHQ !
td Qt VWDYHEQtKR GHPROLpPQtKR RGSDGX L HQ HMPtH Q@ P NS
EHWRQ FLKO\ GODAaGLFH D NHUDPLNX NDPHQ\ NRY VNO

6DPRWQp W tG Qt DOH QHVWDpt 3UR VQtaM®t POV QP RDMH
PDWHULIO\ D YRHEMEBMPVGUXKRWQEFK VXURYLQ ]DptW ]Q
VWDYHEQLFWYt

S FtOHP SRGSR LW Y\X&tYiQt GUXKRWQEé&FK VXURYLQ Y]QLN
sobsaKHP GUXKRWQ&FK VXURYLQ SUR SRX&LWt YH VWDYHEQL
PDWHULIO$ NWHUp O]JH JtVNDW S L VSUiIYQp GE&NRIPDFUXRN F
YEUREFREVIBKHP GUXKRWQ&FK VXURYLQ NWHUp O]JH YH VWI
postup FHUWLILNDFH NWHUi MH QXWQi SUR XYHGHQt W FK\
OHJLVODWLYQt UiPHF FH O pdfagOve \savebn@ N Oi MY RXP Y
XYHGHQ\ S tNODG)\ GRE pi RS\ BdidNat\eF siQvin.
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2EUIJHN 0tUD UHF\NO DIF & ¥ RVRDOYLHEXQ KKIR-RPG 5 1D [B46K[2]

2. Metoda

Katalog vznikal za podpory Ministerstva pr $nyslu a obchodu YHVNp UHSXEOLN\ D
VSR O XS Uadkdu agemturou pro standardizaci. Nejprve byly QD NXODWéEFK VWROH
JiVWXSFL RGERUQpP YH HMQRVWLYGX¥NXQRYHE\ NSORN ZBQ & FrkH P |
D YEURENS$ YH VWONYWERtFWBIO\@XOR Q NROLN KODNYQtFK
Y\XatYiQtP GUXKRWQEéFK VXUR ¥Xat@ogYndagyeWrbDY HEiQY IOFHNGYXM t F t
GLVNXWYREYDPQp

X Qt]Ni GSOHALWRVW WpPDWX YH YH HMQpP SURVWRU X

x PDOp SRY GRPt R WRP MDNWPDIYWHQLK®\ DD JGHHRROLpPpQtKF
JtVNDW

QHGS$Y UD Yk NMDEBNVW LYRPDRENBPVYGUXKRWQEéFK VXURYLQ
QHS HKOHGQRVW SRVWXSX FHUWLILNDFH YEURENS$
pDVWR QHY\KRYXMtFt SRVWXS GHPROLFH EXGRY

Qt]Ni LQIRUPRYDQRVW PH]L IDGHWDWHOL YH HMQéFK ]DN

OH]L GDO&t GLVNXWRYDQp S HNNXMN\i 3Qt S WBFKREQYLG W FLSDW
Qt]Né SRSODWHN ]D VNOiIGNRYiQtNRG S\ GSEADP iQQNPK SRS
98VOHGNHP W FKWR QMM é&K pSB 8 0 QWS V GWEHIQp KR NDPHQH
StVNB 4W UNRSetVNfioha p SDGHFK QL&At QHAjak cUBBSNONWB G
]JPL RYIQRXYRYLQRYF53ROLWLFH

.DWDORJ E\ P O EEW PDQXiOSHPDSIUBRW é NIVt tVWHHFtQ QéPL S
7 L @Q\iverze Katalogu obsahuje informace SRW HEQ@ABBRRQ\ | DGDYDWHOH YH
]JDNiJHN DUFKLWHNW\ SURMHNW®BE WY & FKWIURMDN WIHFK\ FKYV
PDWHULIORYé SRWHQFLIO VYéFK HMNW\DLOYHE OVGED Wa N BXIXKR W
surovinami. Tato verze Katalogu je flen nanap W KODPIQWKD WR S HKOHG ]JiNO
pom$p HKOHG POWHWDOHEQtKR D GHPROLpPpQtKR R&ISWGXHY Si

X X X X
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VWDYHEQLFWYt S HKOHG RBADMIMEDIFRKKY SWREKRSMED VXUR'Y
HYURSVNEFK D Q@dpsBRQIPH GiGiQt V RGSDG\ GRSOQ Q& R RGS
asto HAHQpP Y SUD[L SRVWXS\ FHUWLDLQRBHA\ REWMIDHE@OM SRV W X
R IDYiG Qt W FKWaRhYEURENS

-DNR GRSOMLAWN)p YHU]L Y]QLNOD WDNp RQDHEK YHU
UHF\NOXMPHVWDYE\ F] 7D Q DRUER/GK® NRH: DARLVEL Wi @@t YG-DM/HD Ei]L
YEUREREWKHP GUXKRWQEFK VXURYLQ RDWR QWDEiI]H M
QDKOSHDN L SUR YNOiIGIiQtaQRYGSRNYBIGRENMS MHMt SRVWXSQp
QD ]iNOLRJ&L RYiQt WUKX V W PLWRDYZHEENWH WWDMWHXYHBHQ
RUJDQL]DFt D ILUHP NWHUp WHNVDEHEFQMRWYHF\NODFt YH

PLSUDYXMH VH WDNp Y\GiQt WHRK © DFEM72@RU)P DNOLHJEQt L
SRVN\WQH SRGUREQ& BRBILWHSRFWKS\S Y\XAatYiQtP UNE\NORY D
VWDYHEQLFWWt VBRKRWeRled pedbldb B3 QRUHP VRXYLVHMtFtFK V F
YEURENSEVDKHP UHF\NORY.DQ&FK PDWHULiIiO$

3 HEHQpP RWIi]N\

Katalog MDNR PDQXiO SUR AaLURNRX YH HMQRWDNL VHKH&KIEMH
RWi]N\' 2GSRY GL QD Q SRVN\WXMt QiY®R]E DRI NNWHH Urp SR Vi
VSRMHQp V Y\XatYiQtP GUXKRWQéFK VXURYLQ YH VWDYHEQLI

PropY\XatYDW VWDYHEQt D GHPROLpQt RGSDG"

IHURVWQp VXURYLQ\ SUR VWDYHEQLFWYt TMROWX QHREC
VXURYLQRX X NWHUp VH ]DptQi GLVNXWRYDW UL]JPNR QHGH
VYHVNp UHSXEOLFH QMBKBUREOBPRSYRVWt 1LFPpQ GR EX
QDVWDW SMREGpPURYQt NYDOIWHIN B HBVDWORt SULPiUQt VXURY
Y\X&tYiRtVWHFK NGH E\ E\OR PRA&Qp Y\XatW VWDYHEQt UHF\

9\X4LWt VWDYHEQtKR UHF\NOiWX QHQt OLPLWRVY$®R WHFK
SRSWiYNRX YH HMQRRWhDS/R ® GREHMMARYDQé VWDYHEQt P
jenv PQRAVWYt NWHUp REGIROW G &E\ S tURGQtKR JAVDYHEQtK

3RGREQ MDNR MH MGRRME SWMIPQBBDKFK VXURYLQ E\ P OD E
R WRP &H Y\X&tYiQt VWDYHEQtKR PO @HPR 0 &K R GFXSRIG S D G X
WtP QXWQRVWL VNOMIXNRYWIiQRDBHYLIORYE SRWHEEQdFdjeO YEURE
QHURVWOQEéFK VtiRiverge DAMWNiIYiQt W FKWR SULPiUQtFK VX

Budova WRWL& QHPXVt EEW MHQ ]& &nRNiiPPed®@a Pi® ¥ankuO H P
GUXKRWQEFK VXURYLQS$&HPMRY VXKLL R/Y LOD \WARN WPHEWQHILWHP
VQLAXMHPHAUMWRWQtKR . SIDRSVW GIIB& VH XND]XMH &H W &ED
NDPHQLYD Pi Y Wit GRSDG QD =P QX NOLAD®XKQHRQRUAR &/ X
UHF\NOiWX ]H VWDYHEQtKR MGHPROLPQtKR RGSDGX

.WHUp VXURYLQ\ Oddindicvatd ¢ recyklovat?

3 HG VW i Xit Budovu jako banku GUXKRWQ&FK VXURYLQ Y\YVWiYi
suroviny lzez GHPRORYDQp VWD YEW DIYRDWMBE XYHGH@®BUHKOHG
SRXALWHOQéFK PDWHULIO$ NWHUp MH PRAQD i \LOWHE@HN W
NYDOLWQt UHF\NODFL \SRIXRYWQOMBNR QWRWEK SN DYHEQt YEURL

3UR SRW HE\ .DWDORJX MVRX W\WR PDWHULIO\ W tG Q\
VSR]JHPQtFK GRSUDYQtFK D YRGRKRVSRGi VM&FKp#IEQHER GD
MHMLFK YNR®MWUXNFL 8poNDAGBERKR PDWHULIiO$ MVRX XYHC
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VSRMHQIi V UkteFi\jSoD DiFvtL V@ kvalit demolipQtKR SURFHVXn® ]JiURYH
PSYRGX RGSDGQtKR PDWHULIOX 'iOH MVRX SURGOBRBWRWOI
VI\IVWpP\ WHFKQLFNp QRUP\ DSE8SBLWXIMERNXRGRWYWN\ D NW
PRaQp YEUREN\ XYiG W QD WUK

7TDEXOND 3 HKOHG SRSVDQéFK PDWHULIOS$

6 SRWHQFLIOHP Y\X3aLWt Y SR]JHPQtFK V

&LKO\ ]GtFt SUYN\ NHL )
D VDQLWIiUQt NHUI %HWRQ\ D EHWRQRYp N

6iGURNDUWRQRYp 'HYR D YEUREN\ ]JH G
96SO0Q VWDYHEQtF} 7HSHOQpP D DNXVWLEN
6 SRWHQFLIOHP Y\XaLWt Y GRSUDYQtFK D YRG
%HWRQ\ ] GRSUDYQt =HPLQD | GRSUDYQtFK

.DPHQLYR ] NRQVWUXNDp(
$VIDOWRYp VP VI GRSUDYQtFK VWDYH

6 SRWHQFLIOHP Y\XAaLWt Y GDO&tFK RGY WYtFK V
.RQVWUXNpPQt NRYRYp 3ODVWRYp VWDYHEQ't

Na webu recyklujmestavby.cz MVRX XYHGHKRQRQMNDNWQDG WDNRYEFK
PDWHULIOS$

Jakseov XMt YODVWQRVWL UHF\NOiWX"

3UR YEBUREN\ V REVDKHP GUXKRWQé&FK VXURYLQ SODWt
YODVWQRVWt MDNR SUR YEUREN\ ] S$ &P BEQPK Q/LAKRY WD QR
RPH]HQpP Y\XALWt GUXKRMWQRKRHGX RDVLWR MDNp VXURYLQ\
VSRW HERYiQ\ FRKRXDE&N SRX&LW\ MHQ WDNRYp VWDYHEQ
MHMLFKA& YODVWHIR VDV Y eEARE FRLY ] D U X p X MStUNRKEDO A RVOXt PY RURIER &
QHER SURKOi&HQtP R =YORYMAQR VNO-DAKt & H p&E XL Rbtto \8
YEURENS$ VSUiYQpP SIORY-HITMEO QtHiNODGQt SRADGDYN\ QD

.DWDORJ VKUQXMH [NXAaHEQtPL SRVWXS\ SRGO¢toNWHUEFI
YEURBDNSDWHULIO$ 'iOH LQIRUPXMH R WRP ikebifikacPHWRGL
WDNRYEéFK. Soap REmMISWRKR MH L S HKOHG @Ri¥¥H PYB WWHKQ@ ERN
MVRX VWDQRYHQ\ SRADGDYN\ QD Y\XAaYWVWHDMNBDRIYPWEF K F

BRVWXS\ FHUWLILNDFH oy D ¥\t podkixceiure BjN $Q & FK QD
VWUiIQNiFK 010= D E\O\ SUR ~pHO .DWDORJX XSUIPYHQ\ YH
3{EL4AHP ] ~VHNX FHUWHLRIYNQF M e RIEYS UD K D

.WHUp UHF\NORYDQp YEUREN\ OfH SRXatw YH YEVWDYE

SHF\NORYDQ&PL YEUREN\ VH deP]X®PR REVREHR VHF\NOiWX |
YEUREHN S L MHKRA SBYMREW\ SRX]H G UXWKRMQPSOUXURYLQ)
YEUREN\ UR]G OHQ\ SRIID W WSO JBUREN\ SRXALWHOQ|
VWDYEiFK D QD VWDYHEQt Y&UREN\ SRXALWHOQNEFKGRSU
VWDYEiFK

8 MHGQRWOLY&FK YEURENS$ MH SRSMHMLFNDMWRE Y\XAat
surovina 'iOH MVRX XYHGHQWHRGWDDWQRYQt S HGSLV\ PraQRUPRY
toto YAXALWt GUXKRWE &K MBS URMLRE N $ W Y &\G HIQpaRWeL M H
2.
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7TDEXOND 3 HKOHG SRSVDQéFK YEURENS

9@UREN\ SRXAaLWHOQpP Y SR]JHPQtFK V)

KamenivopUR QiV\S\ D REV\S\ LQaHQA4

SHFAINORYDQp betonu, pro malty
=GtFt SUYN

0, H N

UHE\NORYD ¢ /oHV\(RQRYp WYIUQLFH V KXWQéP (¢

. kamenivem
kamenivem

%HWRQ\ D EH
YEUREN\ V% HWRQ V UHF\NORYDQEWRQ@RW® L
UHF\NORYD(SUHIDEULNiIW\ V UHF\NORYDQéP N
kamenivem
S3RYUFK VSR UAntuka
6iGUD D YéUR ..
ViGU\ 6iIGURNDUWRQRYp GHVN\
"HYR D YéURI, .
G HYD HVN\ QD Ei]L G HYD
7THSHOQpPp D DN ([SDQGRYDQé SRO\WW\UpQ VNHO(
izolace PLQHUIOQt SRGKOHG\

96S0OQ VWDY _
RWYRUS$ Okna s profily z PVC-U

9UREN\ SRXAaLWHOQpP Y GRSUDYQtFK D YRGH
Kamenivopro QiV\S\ D REV\S\ LQaHQéUy
YRGQt VWDYE\ SUR NROHMRYp O
K\GUDXOLFN\ ]JSHYQ Qp VP VL SU
SRYUFKRYp ~SUDY\

5HF\NORYDQp

%HWRQ\ D EH
YEUREN\ V% HWRQ V UHF\NORYDQEWRQRW® L
UHF\NORYD(SUHIDEULNiIW\ V UHF\NORYDQéP N
kamenivem
AsfalWRYp VP |[RHF\NORYDQé PDWHULIO SUR DVIL
S5HF\NORYDRQi [Zemina

9 GDWDEIi]L pdd MHEMdeny NRQNUpWQt YEUREN\ V REVDKHP Ul
PDWHUSRXSLWHOQEFK Y SR]JHPQtFK GRSUDYQtFK L YRGRK
96UREN\ XYHGHQp Q@alagw B RFKiFKMt RG ILUHP NWHUp E\O\
JiNODGORXKROHWpP VSROXSUiIFH ]|DORAHQpP QD Y]iIMHPQp G$

Jak zrecyklovat stavbu?

Odstran Qt VWDYHE VH tGt VWDYHEQtP ]iNRQHRhgeme-li 6 E
PD[LPiOrQXatW SRWHQFLIO VWDYE\ MDNR E DifyethomG/UIXtIK RW Q é F |
MDN SRVWXSRYDW 3URWR Y .DWDORJX XY@ t® HNGRRS/RNIIOPNHFE)

6SUIYQé SRVWXS GHPMPR QLFOGHRBENH NtW $] H

X =PDSRYiQt REW/H NHRPX SRVWXSX Y\NOt]HQt RGVWURMHQt
X 9\NOL]HQt RIEMHNRW® FediK t$SD NRPXQiOQtKR RGSDGX
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X 2GVWURMH Q toR BMMNRDWVHULIO$
x P HGiQt REMHN W ikrasnkidemdliol H S
X BWURMOQt GiH® RQpRM@t PDWHULIOS$

B KHP SUYQt Ii]ebawelps RMRSVDW VLWXDFL -H YKRGQp SUR
JtVNDW LQIRUPDFH R PtVWX ,QIRUPRYDW VH RQPR&®pP Y
GRSDGHP QD OLGVNp ]GUDYt D aLYRWQt SUR&NvrAnGUt 3RSVD\
zp $oby jejich t d Qt D GDO&tKR Y\XaLWt 1DSOIQRYDW MHGQRW
demolice objektu.

SoupiVWt GUXKp D W HWt Ii]JH MH Y\NOL]J]HQt REMKNWXHNG Y &
Na koncit HWt |iktang$en hruEi VWDYED EH] VORAHN D Y\EDYHQt N
znepLVWLW PDWHULIO\ JtVNDQp SR GHPROLFL

)i]JH S HGiQt REMHNWX VORXat NH NRQWUROBesritNOL]JHQ't
MHGQRWOLYp NURN\ VWURMQt GHPROLFH

S3RVOHGQt li]Jt MH VWURMQt G HénirOdvh HM &t EKNNRHIMIWSRAMVE X 8l
vnit QtP WDN DE\ QHGRFKiI]JHOR N PtaHQt MHGQRRARXLEERK PD
b KHP ERXUDFtFK SUDdotRIKNQD PtVW

96KRGRX WRKRWR SRVWXSX MH &H QHGRFKAK ®i\WtiN @t U
RVWDWQtPL PDWHULIiO\ O0tVWR QHSRXALWHO YRR RGSDUPX
PRKRX EEW ]D XUPLWEFK SeRBPtQHN GiOH XSRW

1D ZHEX MVRX JSUDFRRKSQY\EtUWD®\NWHUi MH VFKRSQD SU
takovou dekonstrukci kvalitn a podle SR SV D Q@gskupu. Principy dekonstrukce byty
S HY]DWDNRXVNp QRUP\ g1250 % 'HPRQWia VWDYHE MDNR
demolice.

Jakpodpo LW Y\XALWt e \NOQEEK JDNIJNIiFK"

3RXALWt PDWHULI ®B& DDXKHPRENXKRWQEFK VXURYLQ YH YH F
zaNi]JNiFK MH G$OHALWéP PRWLYDpPpQtP QiVWURMHP MDN S|
UHF\NOiIW$ 8& YH 1li]lL S tSUDY\ SURMHNWX PRKRX ]DGD
p HGHSVDW MDNp PDWHULIO\ D YEUREN\ PDMtEEOW BR&RQYEVYV
zaupLW aH VH UHF\NORYDQp PDWHULIO\ GR VWDY B\HG R\RW D
SRADGDYHN Y\VORYHQ FR QHMG tNG\ 9HVIUNRR SFREDGDYN\ G
GR REHFQéFK WHQGURYéFK VSHFLILND Bt WOQH YOHH M @ QX FDHN

7DNRYéP SRAaDAEODYEHHAQE@ VWDYHEQtFK D GHRMBALEGW K SU
dopin Qt SURMHNW X

X RGKDGHP PQREMO¥EKPDODWHULIOS$

X RGKDGHP PQRA&AVWYt VNOIGNRYDQpKR PDWHULIOX D
nebezpe pQéFK OiWHN

X RGKDGHP KPRWQRVWQtKR SRGtOX JQRYXSRXWHWEFX$DQ!
Y P t\siavby,

X RGKDGHP KPRWQRVWQtKR SRGtOX JQRYXSRXEHWEFX$DQ!
Y PLPR PtVWR VWDYE\

X RGKDGHP PQREWWYIRW@LFH D VWUDWHJILH SUR RFKUDQ]
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1D ZHEX .DWDORJX MH PRaQp QDOp]W LQIRUPDIpHt MDN VS
WDN N Y\XaLWt GUXKRWQéFK VXURYL® OTHB OGRWREK B WDJR X N
PRKRX VORXAaLW MDNR JGURM LQVSLUDFH MDMNMINVE BiMDNMNAatV
VH GDMt XSODWQLW GUXKRWOQP GUXG REUQUGG UpIBIWR S
dopl RYiQ\

4. =iY U

.DWDORJ PDWHULIO$SRBDVDKEKHREGY®XKRWQEFK VXURYLQ SL
VWDYHEQLFWYOMPQERGS\WR LW HIHNWLYQt Y\XatYiQt GUXKRW
VQtaLW PQRAVWYt VWDYHEQtKR D GHPROLpPpQtKR RGSDGX

VUIPFL GLVREBRVQRX YH HMQRVWt E\O\ GHILQRYiQ\ S H
VWDYHEQtFK UHF\NOiW$ D .DWDORJ E\ P O EEW QiYRGHI
projektanty, zadavatele YH HMQ@&FK ]DNiJHN L VWDYHEQt |ptd®\ MDN \
S HNRQDW

.URP WLaAW Qp YHU]H Y]QLNOD L ZHERYi YHU]H GF
recyklujmestavby.cz. Informace v Katalogu VH WDN PRKRX XGUARYDW L QDGi
L GDWDEi]H YRERBEKS$ PV GUXKRW QRF&H VEXEWR YARSEPoRYiQD
s XGUARYiQtP DNWXiOQtKR &HEX\EHQGEiOMW BORIX MDNR 71,

3RG NRYiQt

1D ]JiY U E\FKRP UiGL SRG NRYDOL YaHP EH] MHWMHRKARSRC
Katalog nevznikl. Lidem, kte tV QiPL VGtOHOL VYp INXaHQRVWbhoE KHP N
Y UIiPFL S LSRPtHNRiYKuemRe i Ministerstvu pr $myslu a obchodu yHV N p
UHSXEOLN\ NWHUp Y\WYR HQt WpWR SXEOLN&BkrzeQLFLRYL
yeskou agenturu pro standardizaci.

7DWR SUiIFH Y]QLN@bpdp 0AQD YpPEL SURJUDPX 138 , p /2

a MPO TRIO )9 5HF\NORYDQé HQYLURQPHQWIOQt EHWRQ SUR
5. Literatura
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RECYCLED BUILDING MATERIALS FOR ROAD CONSTRUCTION
INFRASTRUCTURE

GRF ,QJ 'XabQ 6WHKOtN 3K

9\VRNp XpHQt WPRKRQLFNNXOWD VWDYHEQt OVWDY SR]JHPQtI
9HYH t 60200 Brno, stehlik.d@fce.vutbr.cz

Abstract

In connection with the research projects with the use of concrete recycled materials to
the base and subbase construction layers of roadways, the use of mixed recycled
building materials in the subgrade of roads with lower transport load capacity is
currently focused on special modifications concerning the drainage of the pavement of
the roads and the strengthening of the locally unbearable subsoil of roads with fine
soils replaced by composite waste building recycled materials in 0/32 and 0/63 mm
sizes.

1. OYRG

2G |DpiWNX URNX MH H&AHQ Y&]NXPQé& SURMHNW WHFKQ
VWHMQéP Qi]YHP MDNR MH RJQBYHSHFSTYNX7MQWR W tOHW
YEINXPQé SURMHNW VH ]JDP XMH QD URJat HQt SRXALWHOQ
PDWHULIiO$ GREOUDYYQtFK D LQAHQEUVNEFK VWDYEIFK -HGQi
VP VQpKR VWDYHEQtKR UHF\NOSWEBY SRX¥DYIDFIRRSRGORAt Y
SR]JHPQtFK NRPXQLNDFt 8SODWQ QtP WRKRWR PDHRVHULiO}X
]JPtQ QpKR YE&INXPQpKR SURMHNWX EXGH SRGSRQHRK SURC
UHF\NOiW$ D VQt&HQt FHQ\ YENXSX VWDYHEQ GHPROLpPQtFK

2. OHWRGLND HaHQt YEINXPQpKR SURMHNWX
SUVWHYQDWEé QiV\S |H VP VOpKR VWDYHEQtKR UHF\NOiIWX

9\XALWt 560 ¥QE&FK UHF\NOiIW$ GR ]JHPQtKR W OHVD EXGF
YKRGQEFK UHF\NORYDQE&FK VP Vt GR JWX&XMtFRFKWHWFEHKY
VH J]SUDFRYiYi REMHPRY Yé&]QDPQp PQRAVWYt GUNWQpPKR
NWHUp MH PR&AQp X&aHW LW WHFKQRORJLt WWFtGQ)Q D RW XA NX &R
YUVWHY QPYWGEXYIKRGQEFK MHPQRJUQQEéFK JHPLQ QHER YHGC
SURGXNWS$ 'R JWXAXMtFtFK WHFKQRORJLENEFIQ Y W\PWWHY QiV
]JH VP VQ&FK UHF\NOiW$ NODVLILNRYDQp SRGOH JHRWHFKI
SS tP Vt MHPQR]JUQQp) |JHPEQWXSHP SURMHNWX MH SURYHG
~VHNRIYUKHP YUVWHYQDWpKR QY\®W&HX X)DHCHIEFKK RV HFKQRO|
YUVWHY 'R JWXA&XMtFtFK YUVWHY YUVWHYQDWPpPKRERQ®iV\SX
UHF\NOiW YH IUDNFL PP

“WXaXMtFt D GUHQidaQt AHEUD IMKRFGOQ@ BERKSRWR\WIDiW$ D

VWRPWR S tSDG EXGH Y\X&LWt VP VQéFK UHFRNV®XNHQDP |
~SUDY\ ORNIiOQ QHYKRGQPKEREREGOD RWX ARNRFREK &HEHU Y
ALNPR S HV DNWLYQt ]JyQX YR]JRYN\ 7\WR AHEUDQOW&K\ N
SDUDPHWU\ EXGRP Y\BEPQVONDYHEQtP UH P32 @ehb /63,1 UDNFH
DOWHUQDWLYQ PP 8YDAXMH VH R GYRX W\SHFK Y\SOQ
typ + GUHQIAQH]KXWQ QRX Y&SOQt IUDNFH JWREXMXB X K& W
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JKXWQ QRX Y&SOQt QD PD[LPiOQt BEMHRARNBX KPRMFNRKR §
'UXKé W\S MH DORVHQQBWRYRX QPPX JOHSZBEWSRMLYHP Y
SQHYKRGQRX ]JHPLQRX NWHUé EGRIGIH QBRKAPIDQHMHFK ~SU
LOWUDYLOIQRYEFK PtVWQtFK NRPXQLNDFt

7 VOtFt YUVWYD JiV\S$ VWDYHEQtFK UEéK

9HONEP SUREOpPPHP S L RSUDYiFK D VDQPRVAKQUIFEAHQ
NRPXQLNDFtFK MH ]S WQp QHNYDOLWQt GRKXQIF QUK \BRY
QiVOHGQp VHGiIQt JiVISRYpKRVPDWELAL I WXYKOLQ D SOR&AQEF
REUXVQp YUVWY\ YRJRYN\ 7\WR SRBXF&NYMVRXQHDERBIQE
KXWQ QtP ]iVISRY&FK PDWHULiIiO$ 'DO&tP FtOHP Y@JNXPQp
SRVRX]HQt BBOWYKHRGQp SUR DSOLNDFL QD X]DY HQt VWDYH]
~URYQL ]JHPQt SOiIiQ D VSRGQt SRGNODGQt YUNWQLFYR]R
reFA\ANORYDQp YUVWY\ IUDNFH EXGH FKUiQHE HGRGR H[Bi V\
QDGP UQRX VDWXUDFt SRYUFKRYRX YRGRX

6\VWpP KRVSROGBFHDOARYDOQEPL NPMMDWHAIRJOKEXD REFH

3 HGP WHP WRKRWR Y&VWXSX YE&JNXPQpKR SURMHNWX
hospRGD BBQHF\NORYDQ&P VWDYHEQtP PDWHULIOHP SRXA&tYDC
D NRQVWUXNpPQtFK YUVWHY YR]JRYHNGBR]HP@HEK M BRPNXPLNIX
projektu bude sleGRYiQ W\S 560 SRGOH NYDOLW\ D SRXALWt G
NRPXQLNDFH 1D ]iNODG ORJLVWLN\ E 4Q IXQJXMtFt UHF
RSWLPiOQt VWDY REVD]JHQRVWL D Y\WOLHQ@QtP HEWWDOH QP
NDWDORJHP QHMpPDVW ML VH Y\VNGWRSWIFYRK 56OUDIRNV S R X &L

=iY U YE]NXPQpPKR SURMHNWX EXGHNSRGSARakHIQiza2&l WLY LW F
VWiYDMtFtFK S HGSLV$ SRX&tYDQEFK S L QiYUKBQ&HRVRX]H
VWDYHEQtFK PDWHULiIO$ UHF\NORYDQ&FK VP5Vt1IDrUKVDYHI
DNWXDOL]DFt VH EXGH W&NDW S HGHY&tP WBRISQDMN &BK+SR(
73 73 73 D GIiOH Q NWHU&FK GRWpHQ&FRKKWHFK
SRGPtQHN QDS 7.3

3. THFKQLFNp SURYHGHQt

964H XYHGHQpP QDYUKRYDQp RY HQp WHFKQHRYERBLEDE XGF
SUSINXPQpP [NXAHEQtP MHREQRSUXKRYi ~pHORYi SR]JHPQt N
s YEK\EQDPL QDSRMHQi |JH VWiYDMtFt ~pHBEQp NRPXRYINDF K
1RY EXGRYDQi NRPXQLNDFH MH YQLWURSRGQLNRYRX -~
'8)21(9 5 & DV VORXA&tFt GRSUDY 6'2 QLY &RKR B QD VOt UBDHDS
&HONRYi GpPOND SU$]NXPQpKR JNXAHEQtKR SRO\JRI > MH
VWiYDMtFtP SWRHAJQPR&P QHYKRGQ&P SUR SURYHGHQt YR]JRYN
SULPiUQt piVW EXGH Y\X&4&LWD QD RY HQt USFIERK&W\SS$ GU
YL] S HGFKR]t NDSLWRO\ v6&MNX®Gt WDPBINW DHpQt GHSRQL
VLWXRYiQD QD QiV\SXpO&FaNsS LEFLAQ P =GH EXGH SURYH(
QiV\S VH VW tGiQtP JWX&XMtFtUHBR®KRYDMQRFAKUVWBY HEQtFK

.RQVWUXNFH YR]JRYN\ MHGQRSUXKRYp NRPX®@KNDIFHORX @/H Y
QD ~SUDYiFK SRGORa&t YR]JRYN\ VP VQéP UHF\NOiIWHP

3UYQt YD UWbAORWIDHVWPHOHQEP NU\WHP

aw UNRGU" &' PP WO PR y61

9LEURYDQé &aW UN 9a PPPF\URQQiIYDFt YUVWY-D y61
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S3RGORAat)3,&, tMtO VH VW HGPHFBEBDQWERLWRXD¥HQpP JWXaXMt
'UXKi YDUL/DZOWaEB BVIDOWRYEP UHF\NOIWHP

$VIDOWRYé UHF\NOiIiW 5D 5D PP WO PP 73
aw UNRGU" &' PP WO PR y61
9LEURYDQé &aW UN 9a PP WO PP Y\URYRQiYDFt YUVW)

3RGORAt)3,&, tMtO VH VW HGCG@PHHFBDQWERLWRXD¥HQp |WXaXMt

2EUi]JHN aLU&t VLWXDFH QDSRMHQt pSigsiINDUFQNEX/R [N X & H E (

2EUI]JHN &KDUDNWHULVWLFNé S tpQé H] QDYUKRYDQEéP
VP VQéP UHF\NOIWHP D PP
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4, =iY U

HAHQ& SURMHNW Y\XALWt VP VQéFK UHF\NOiW$ YH IUDNF
k ALUGtPX Y\X8LWt WRKRWR UHF\NORYDQpKR VWDWHEQtKR
SR]JHPQtFK NRPXQLNDFt 8SODWQ QtP GRVD&HQpPKRI FtOH Y
SRGSR HQ S HGHY&tP RGE\W SURGHM NYDVEWQ 8 KG\DW RXH
hodnotou D VQtaHQt YENXSQt FHQ\ VWDYHEQ GHPROMHpQtKR R
QDYU&SHQp WHFKQRORJBHWRMKAMWX BI&/RX S tPR DSOLNRYiQ\
SRO\JRQX D SU$E 8Q VOHGRYiQ\ NRQWUROQtPLVRNRXANDPL
MH PR&Qp QD ]iNODG Y&VOHGNS$ P HQt QDYUKQ®XW EH
JNX4HEQtKR SRO\JRQX S tSDGQp ]P Q\ SODWGEKF K HY HIGBK V
JHMPpQD 73 D 73 2PHNIiYDQp MH ]HMRX@DWNY 56D O\MpDJNDR
VWDYHEQtKR PDWHULIOX VP Vt SUR VSRGQIGHORAN V& FRMHWU
SRIHPQtFK NRPXQLNDFt

5.Pod NRYiQt

3 tVS YHN Y]JQLNO ]D SRGSRU\ YEINXPQpKR SURMHNWX 71
s QiJ]YHP 7+ 5HF\NORYDQp VWDYHEQt PDWHULIO\ SU
infrastruktury.

6. Literatura
[1] TP 210 8ALWt UHF\NORYDQéFK VWDYHEQtFK GHPROLpPQtFK |

SRGPtQN\ OLQLVWHUVWYD GRSUDY\ y5 987 )DN
SR]JHPQtFK NRPXQLNDFt %UQR
> @ 73 3RYRORYiQt D SURYiIiG Qt YENRSS$ DVIW\SBHUE&K

YRIRYNiIiFK 3. WHFKQLFNp SRGPtQN\ OLQLVWHUVWYD GR:
)DNXOWD VWDYHEQt .DWHGUD VLOQLPpQtFK VWDYHE 3UL

@ 73 GRGDWHN p IDYUKRYiQt YR]JRYHWaB8 R BEHFQtIFK N
pivw NDWDORJ QiYUKRYi PHWRGD WHFKQLFNp SRGPtQ
987 )DNXOWD VWDYHEQt OVWDY SR]JHPQtFK NRPX

@ 7.3 6SHFLIiOQt JHPQt NRQVWUXNFH WHFKQLFNp NYDC
GRSUDY\ y5 $UFDGLV 3UDKD

> @ y61 -1 Stavba vozovek + 1IHVWPHOHQpP yYYUWWYWBHWRYiIG Qt D
kontrola shody

@ y61 -2 Stavba vozovek + 1IHVWPHOHQp YiWWWY\ FUVWYD
ZzZYLEURYDQpKR awW UNX

\Y

\%

\%
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TRIAL SECTION WITH ASPHALT LAYERS CONTAINING ELEVATED CONTENT
OF RECLAIMED ASPHALT AND ALLOWING PROLONGEND TRANSPORT
DISTANCE

,QJ -DQ 9DOHQWLQ 3K ' ,QJ 3DYOD 9DFNRYi ,QJ ODMGD
y987 Y 3UD]JH )DNXOWD VWDYHEQt SDYOD YDFNRYD #IVY F

Abstract

One of the biggest current socioeconomic topics is sustainable development which
directly impacts all activities in civil engineering as well. The mankind on one hand
consumes large quintities of non-renewable resources and on the other hand produces
enormous amount of waste and greenhouse gas emissions. This applies to road
sturctures in same extent as to any other built structure. On top of that it is important
to stress that transport structures because of their size and spread are one of the
largest heeps of natural aggregates. This includes asphalt pavements as well which
forms minimum 80 % of all paved roads and motorways worldwide. Combining effects
of elevated content of reclaimed asphalt (RA) and warm mix technologies seems as
an interesting option which can be utilized in aspahlt pavements. The paper covers the
results of selected mechanical and performance characteristics of 6 different variants
of warm mix asphalt of ACsu type containing 50 % RA. Additives based on organo-
silanes and different types of synthetic waxes (FT paraffin, amide wax, PE wax) have
been used. Additionally foamed bitumen technology was applied as well. The
performance of the asphalt mixtures was assessed by term of volumetric properties,
stiffness, resistatence to crack propagation and otheres. The key findings will be
presented by the paper.

1. OYRG

9 SRVOHGQtFK OHWHFK MH WUYDOH XGUALWHGQOQIDESUR]YRM
YaHPL HNRQRPLFNEg BavitRI&SW YW QitRY \MvwWDIMH. WOHO VWYt SRGRE!
vGDO&tFK RGY WYtFK MH hMdieb Pt@RIAGWMY SWEREKNRYDQpPKR R
]JY\ARYiQt SURGXNFH HPGE®HEINBAFHD GS Y\VS OFK JHPt MH |
QHJDWLYQt GRSDG\ VQtaLW QD FR QHMSUIQWBWHOQ@DWMIX FIL @
omezit do roku 2050 emise 08095% z ~URYQ URNX $QDOEé]ID (YURSVN
XND]XMH &H ]DWtPFR YéUD]Q Mat VQtaHQt PY&HN VERWHBRV
HNRQRPLN\ VQtad8HQt R DOHVSR VNOHQtNROYEGKPSQIQS$ C
URN MH SRADGRYIQR RG VHNWRUX GRSUD Y\R\NWRXFEt AV H
]JGURMHP VNOHQtNRYéEFK SO\Q$ 'R URNX vt @mMSeOHP S U
VNOHQtNRYéFK SO\Q$ R S LEOLa@] RSURWL URNX

6RXpDVQ V WtP MH Y G$VOHGNX QiUSVWX REMHPX GR
NOLPDWBRMGERIQHN ]JDSRW HEt UR]JYRMH QRYéFK WHFKQROR
]JDMLVWLOD WUYDOH XGUALWHOQi HNRORJLFNi D ILQDQpPQ
Qt]JINRWHSORWQtFK VP Vt VH MHYt MDNR VOLEQp H&HQt ] KO
DVIDOWRYp VP VL NWHUp WYR t Y y5 L Y DG90GD/G&tFK HYUF
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NRQVWUXNFt NU\W$ YRJRYHN SR]JHPQtFK NRPXQLNDFt VH
JiYLVORVWL QD SRX&LWpP DVIDOWRYpP SRMLY% S3UiWHSOR
Y\4d3t WHSORW\ S L |]SUDFRYiQt D SRNOiIGFHQD WO D QD &FIKY R
SURVW HGt D QD SUDFRYQtN\ NWH t V W PLWR PIWWENXULiO\
t FKWR D GDO&tFK G$YRGS$ VH DGD YayPXPE&OFKKHI[ISHHRY $D
QiYUKHP D WHVWRYiQtP DOWHUQDWLYQtFK WHFK@QRORJILt
SURGXNFH VNOHQtNRY&FK SO\Q$ S LY UQDYHQRR XD 8 QR GIXMKR
DVIDOWRYE&FK VP VitGHiCB®EQ/ WD Y XY MHL.SR®NRQF H

'DO&tP NURNMBOpPKRVMHRYQRMHDt PQRAVWYt SURGXNFH RGSI
VWDYLWHOVWYt $OHVSR-PPWMHDQKX Y\KALWtHBNpP UHSXEO]
Q NROLND OHW\ VWiOR VWDQGDUGHP DY&P®WHRIEDOW YE R (
QRY&FK DVIDOWRYE&FK VP Vt QDGiOH Y S Ufdndstkc BBIBRY D K X M
DVIDOWRYp VP VL 'OH > @ E\OR Y URFH  WXQUDYRL OQRR W&
YUVWHY DOH SRX]H WLVtF WXQ WDNWR ]aV¥NRQ$ KRYR D RH
DVIDOWRY&FK VP Vt QD REDORYQ 7R JQDRH®W&WdiOXYE Up
XOR&HQR QD VNOiIGN\ QHER Y OHSA&tP S tSDG FI® OHUWSARRH YSR
vozovek QHER SUR U$]Qp IRUP\ ]iV\S$ D REV\SS$ pL MIPNR PDW
krajnice =QRYXY\XALWt UHF\NORYDQpKR PDWHULIiOX BKWtP VQ
JGURMS$ MH WHG\ Y YyHVNp UHSXEOLFH Y\XAatYiQMRP QRIPH]HC
QDPORXYDW &H E\ VH WtPWR&YQUDPYQ! PRVE ORIGRR PHBRD GD O &4tF K
UHJLRQY¥URS OLQLPiOQ YH VW HGQt D YEFKRGQWDNWE W,
QHQt

7HQWR S tVS YHN VKUQXMH Y&BVOHGN\ DSOLNDPQRRULHQV
NRPELQDFL YédH XYHGHQ&FK WHFKQRORJLt WHG®X VQt&HC
DVIDOWRYpNRP FLQDFL VH ]YéaHQ®MD WERAMMKY t35tVS YHN VK
data z SURYHGHQ&FK NRQWUROQtFK JNRX&HN DVIDOWRYE&FK
SURYHGHQpP RSUDY\ NU\WRYp VRXYUVWYt YéP QXQPR&Qt D
~VHNX SR kbhiRufikace |, +RUQt 3RFKKAARY RNFH FRNXVQEé ~VHN E
UHDOL]JRYDQ®& Y Jit

OpHOHP [NXAHEQtKR ~VHNX E\OR DSOLNRYDW DWDOWRYp
PDWHULIOX SUR REUXVQRX YUVWYX D SURHORA&Qt
pw\ 8tVDGDPL QD Ei]JL VIQWHWLFNEéFK YRVNS$ Y\XAatYDQEéFK
WHSORW D V SRXAaLWtP WHFKQRORJLH 1S Q Q pBWRIDMMRXYW X
VP VL E\O\ SRURYQiYiQ\ V UHIHUHQpPQt VP VVIN®WW Ui RE8DKI
YaHFK YDULDQW DVIDOWRYéFK VP Vt E\O S LGIDQEFKHMXY
PLQHUIOQtFK ROHM$ D WR V RKOHGHP N WRPXVMDEL YEVOI
RGSRYtGDOR S HGHSVDQp Ei]L NWHURX WYR LO VLOQLpQt LC

9 UIPFL SRNXVQpPKR ~VHNX E\OR S HG MHKR U DO QIFR YRS \
VP VL D WR S HGHY&tP V RKOHGHP N SRX&LWt YDUWRQWQtF
~pHO EXROHQ\ S tVDG\

Deurex E11B SRO\HW\OHQRYé YRVN Q PHFNp SURYHQLHQFH I
VQHGIYQp PLW@ YCROWBUIFL )6Rrag 8W7SROHPQRVW JURQ N V¢
roo D VSROHpQRMW, NG\ GUXKYEHGEHQEFK VXEMHNWS$ SURYIG
realizaci pokusnp KRV N
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Sasobit Redux GUXKi JHQHUDFH )7 SDUDItQX NWHUi Pi RSUR\
YDULDQW 6DVRELW RSWLPDOL]JRYiQ YOLY S tVDGR QD ]iNC
SRMLYD W]Q Y PLQLPiOQt Pt H VQLAXMH SHQHWUDFL D ]Y

Storbit S tVDGD Q PHFNp SURYHQLHQFH NWHUi NRPELQXN
UHF\NORYDQEFR®PHRHWIQRISDUDItQHP

Prephalt SKk KRODQGVNi S tVDGD QD Ei]JL )7 SDUDItQ$

9HGOH W FKWR YDULDQW E\OD ]3RD B @BavemUSDRW G QP VL
]D WHSOD NG\ GR40R N QDS Q Qt SRMLYNP VL WMHRHE\OWRD SD
R-PDWHULIOX ]D ~pHOHP YBURE\ ILQiOQt DVIDOWRYp VP VL

Na kD&EP Gt@pSRG~VHNX NWHUp P400-5D0 18, EEOL &G G\ GDQp
S tVDG\ SROALWRPVWUXNPQIFK YUVWYiFKWRRW®Rt $ tR/EUKNX
jsouz GSYRGX RPH]JHI@RIWIHKOR SUH]JHQWRYiQD SRX]H GDWD SUR

2. 9éURED DVIDOWRYp VP VL

$VIDOWRYi VP V E\OD Y\UREHQD QD REDORY @® W3 RVOXHRPIDRM
uobce LUEQi RNUHVH 5DNRYQtN NWHUi MH YH Y]GIiOHQRVWL F
~VHNX +RUQt 3RFKORYLFH X .\Qa3SHUNX QDG 2K tW&RJLVW
YE]YRX YODVWQt Y]GIiOHQRVW D GRGUAHQt QH]JE\WQp PLC
DVIDOWRYp VP WLS NOWIBUISRKALWEFK VIQWHWLENEFK YRVNG$
]S Q QpKR DVIDOWX S L NRPELQDFL VH VLOGYN|QQtP DN&D ORVH
E\O RVWDWRVESHDOWS]YODVWQtKR RY HQt [NXGHEQtP ~VHNHF
S L SHSUDY DVIDOWRX®BPKREPV FRIBRVBULIOX 3UR WHQWR -
zvolenyav UIPFL S tSUDY\ SURMHNWX QD VWUDQ YH HMQpKR \
SRADGRYiQ\ YDULDQWQt WHFKQRORJLH SUR Qt]NRWHSORWDQ

VS tSDG REDORYQ\ DVIDOWRY&FK VP Vt VH MHGRWRUPp t]H
MH Y\EDYHQR MHGQDN SDUDOHOQtP EXEQHPSXHPREKKMYBKRG i
DVIDOWRPDHRHBLIOX D MHGQDN S QRJHQHUIWRURYRX MHC
YEUREX WHSOp S QRDVIDOWRYp VP VL 90DVWQtéRREAGRYQD
DVIDOWRYEFK \GRtNtDA Y\VRNEP -PROGIOUPICBX S LpHPA Pi G
]YOIGQXWRX L NRQWUROX YBURE\ D SUS$E BQLRACR QtOHGHRAH § t
sohledemk FKDUDNWHULVWLFENp QHVWHMQ R UARIB/RN WML OVXO R6AM KN
WDN E\O ]JKRWRYLWHO SOQ NYDOLILNRYDQé& SUR SWRNOiIGN}
Y\WRNE& S-POWHULIWRPX NH MHGQi R Qt]NRWHSORWQt DVIDO

VUIPFL SRNOIGN\ E\O SUR MHGQRWOLYp GtOpt SNRIG~VHN\
DVIDOWRYpNWRWLE\OD GiOH XUpHQD SUR SURYHGHQt NRQW
VP VL E\O\ Y\UREKTHGDVND SRNOiIGNWNXSIDWE N\ YKRG Q!
SRGPtQNiFK ptPa VH UHGXNRYDO S tSDGQEé IGD MMAtQYY R OILDY
FKRYiQt DVIDOWRYéFK VP Vt UHVS ]JKXWQ QéFK DVIDOWRYE

3. =NRXaN\ YDULDQW DVIDOWRYéFK VP Vt

B3UR JKRGQRFHQt YOLYX YDULDQW DVIDOWRYéNMKFtVP Vt
charakteristiky:
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UR]JERU DVIDOWRENVNDIMPR DMVYIDOWRYpKR SRMLY®zratesk y61 (1
GOH ¥EdNI2697-2);
YROXPHWULFNp PODMWOQRLYREMHPRYiI KPRWQRVW VWDQRY
12697- REMHPRYi KPRWQRVW JKXWQ QpKR [NXGEBHMKR W C
EN 12697- PHIHURYLWRVW DVIDOWRYp VP VL VW-BQRYHQI SR
modul tuhosti vsouladX V y61 (1 - QD YiOFRYé&FK JNXAHEQtFK W
QHGHVWUXNWLY¥®t PHIWRRERX GOH S tORK\ & S L WHSORWIF
RGROQRVW Y$pL WUYDOEPMBWIRNROHRHP GOH QRUP\ y61 (
$ QD PDOpP INXEHEQtP ]D t]HQt YH Y]GXFKRYp 0Oi]QL
pevnostvtahuzaohybu QD WUIPFtFK Y VRXODGX V SODWQRX S tOI
VH GRVXG Y y5 SRADGXMH YEKUDGQ SUR VP VL W\SX 907
RGROQRVW SURWL GOHQQRMWKONGEQA\ (1 QD S$OYIOFRYEFK
INXAHEQtFK W OHVHFK

4., OROXPHWULFNp YODVWQRVWL

Me]HURYLWRVW DVIDOWRY&FK VP Vt E\OD VWDQRYHQD
JKXWQ QE8FK GOHEQRBI: yBLL WHBORW & UHVS JiINODGQt WH
KXWQ Qt SUR VP VL NODVLILNRYDQp MDNR QUMNGMHSWORWQt
Y&G\ f& 9HGOH WRKR E\OD Y\UREHQD ]N XGR\ERKWD OMR T
ZG$YRGX VWDQRYHQt QiFK\OQRVWL DVIDOWRYp VP VL QD W

Tab. 1 OHIJHURYLWRVW DVIDOWRYEéFK VP Vt $&2 5%
ACO 11+ 50 % RA Mezerovitost (%) @ T=
f& f& f& f&
#1 Deurex E11B - 3,9 3,6 3,2
#2 EH] S tVD - 5,2 4,3 3,9
#3 Sasobit Redux 6,1 5,2 6,0 4.8
#4 Storbit 59 4.9 4,6 4,7
#5 S QRDVII 25 2,4 2,0 19
#6 Prephalt SK - 2,0 1,8 1,7

96VOHGN\ DVIDOWRYéFK VP Vt PDMt D& QD QMEWK\PWMD MOtR |
WHSORWRX KXWQ Qt GRFKi]t NH ]JY\ARYiQt REMHPRYhL VKR RW!
1HSUDYLGHOQRVWL WRKRWR WUHQGX PRKRX E&W ]S$V
YIJRUNRYiQtP DVIDOWRY¥RKEPPREVBKMHFPHELIOX NG\ P$&H
]Yé4aHQi KHWHURJHQLWD VP VL QHGRVWDWHp QRO RWWP SH
KXWQ Qt DSRG

94HFKQ\ YDULDQW\ DVIDOWRYp VP VL Y\KRY ®&MRRINR XK UD
DVIDOWRYp VP VLs@W®xkéPVHRVNHP 6DVRELW 5HGX[ NWHUI
KXWQ Qf & R MHGQX GHVHWLQX S HNURpPLOD WXMWHR) KUDQLF
S HNURpPLO\ YAHFKDINPWHBQRW®t S tVDGX 3UHSKDOW 6. D
11+se ]S Q QéP DVIDOWHP NWHUp E\O\ KXWQ Q® S LVENGNSORV
BUHSKDOW 6. SUDYG SRORHERD]QGREKAN WQtaHQt YLVNR]JLW\ O
X]DY HQt PH]HU DVIDOWRYp VP VL
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8 YDULDQW DVIDOWRVOBGKORP 6/DWRELW 5HGX]

D 6WRUE

YOLYHP SRXALWt SA{CREPW VY taANMQt P HBRIRRNMQURVAMLHY p Q't

YDULDQWRX

YA\ND]XMt
KXWQ Qt

Y\d4at
7R ]QDAHBEX A&WQWHWLFNé YRVN QHIXQNpQt

S L YEFKR]t J\8H QER WP t]KRW®O SARWQt YDULDC
PHIHURYLWRVWL QH& UHIHUHQpPQiFRVIDOWT

QHER |

YEUD]Q RYOLYQ QD SRXA&LWtP J¥BWHYLKEXP QRAVWYt 5

Zpohledu [YROHQpP OLQHiUQt UHJUHVH Y\ND]XMH QHMPpPQ VF
ACO#3s S tVDGRX 6DVRELW 3 L WHSORWQiK%W®XQR WpP& GRAEC

VSRURYQRE PD RNROQtPL WHSORWDPL
poklesu mezerovitostis QI USVWHP WHSORW\ KXWQ Qt

8 ARPHAND YWDON HYDQILMDX
6DPR] HMP SR)

]JGH ]JH VWDWLVWLFNpKR KOH G LohRdem\Vk HY HFOHPQLDP G D\p IR X VWW/IREXLER
dat, N W ¢ takto hodnocen.

5. Charakteritika m odul u tuhosti

Obr. 1.

OHJHURYLWRVW DVIDOWRYé&FK VP Vt $&2 5%

Modul WXKRVWL E\O VWDQRYHQ QD ODUVKDOORYéFK JNX&HE

metodou IT- &<

INXAaHEQF&HVHFK

INRXRSDNRYDQpKR @BPKQEP WDKX QD YiOFR®
94HFKQD W OHVD NWHUI
U$S]QEFK WHB\®PWINRXEHQD S L WHSORW

GOH SGLtYH XY
f&

Tab.2 ORGXO WXKRVWL DVIDOWRYé&FK VP Vt $&2 5%

ORGXO WXKRVWL 03D

1

ACO 11+ 50 % RA

f& f& f& f&
#1 Deurex E11B 9 062 11 069 12 340
#2 EH] S tV[ - 11 386 11 480 8743
#3 Sasobit Redux 6119 6 189 7 494 8 054
#4 Storbit 9 006 8 227 9325 9874
#5 S QRDVI] 7711 8 130 8 644 8 894
#6 Prephalt SK 7224 9518 9587

9aHFKQ\ YEVOHGN\ DVIDOWRLYERRFRXVBWMHUVHQpPOQt

S tvDG\ ORJLFNé WUHQG

PDMt
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KXWQ Qt 7R NRUHWSRIHEXWMHPM]HUR YR WMRHW WXVEDOWRYi VP
NRPSDNWQ M&t Pi QL&&t PHJHURYLWRVW WtP JSKFOMLGOD C
7UHQG UHIHUHQN®t\MER WLIDNPWMROL S tVDG\ MH YHOPL QI
QH]Y\NOé& 7 OHVD KXWQ Qi S L QL&&t WHSORW GRViKOD V
JiIURYH QL&&tFK PRGXO0$ WXKRVWL 7HQWR WWH&G MH ] HMI
MH YHOPL ]YOiaWQt 3UR WHQWR MHY QHE\OR QDOH]HQR VP

Obr. 2. ORGXO WXKRVWL DVIDOWRYéFK VP Vt $&2 5%

=YROHQi OLQHiIiUQt UHJUHVH YéYOR GCREH QWG MNP MXRR & Q/l
JIYLVORVWL WHSORW\ D PRGXORYp FKDUDNWHULVWLN\ C
vS tSDG PH]JHURYLWRVWt ORGXO WXKRVWL RWRPXXMH DC
DVIDOWRYp SRMLYR MH QiFK\0 Q p GROF Ki HUNPKRRR YL @&/ YWPLXY Q@ W+ C
YOLYHP ]JYéaHQp WHSORW\ KXWQ Qt 9H YéVRpIBNtFEBOMY¥R X |
WUHQGS$ 1DS W OHVDfRXYWQIULDPQW\ DVIDOWRYp VP VL
BWRUELW GRVIKOD Y\dat KRGQRW)\ fQH dp V" SOHYW&®OU B X QV Q t aH
NRHILFLHQW GHWHUPLQDFH OLQHIUQt UHJUHVH NODY®NWL 'iOF
QHMY\adt WHSORW KXWQ Qt QDP HQD YéUDR®GSRYEGEit KR
YEVOHGNS$P PHIHURYLWRYWR DOWHOREBHMQF KIS HPHONR DINRN EQ D
trend.

=NXZHEQt W OHVDB K0OMBQ YR ¥ALWt S tVDG SUR JOHS&HQt |S
WHSORW f& QHER INX3HEQt W OHVD UHIHSHQpPQtf&VIDO
E\OD WHVWRYiQD L S L GDO&tFK MNOGIRBWIFMV R Xab/ BU Q ¥\&\ Y
NGH MH QDYtF XYHGHQ L SRP URY&FK XND]DWHOGWRSXRW Q
Y]iIMHPQpKR SRP UX PH]L WXKRVWt S L QHMQH& ROGREMQY \a4a"
O]H WHQWR SDUDPHWU LQWHUSUHWRYDW WDNP &pQtP YtFH
MH DVIDOWRKOMNBLWND VOHGRYDQpPKR GHIRUPDPQtKR FKRY
WHSORW\ RNROt

Tab. 3 Modul tuhosti UHIHUHQpPpQtFK YDULDQW DVIDOWRYé&FK VP Vt $&2 5%

ACO 11+50 % RA |  Modul tuhosti (MPa) @ T= |
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7HSOH
f& f& f& citlivost
#1 Deurex E11B 17 493 9062 4107 4,26
#2 EH] S tvQQ 17833 8743 3 268 5,46
#3 Sasobit Redux 15 655 6 189 2227 7,03
#4 Storbit 17 935 8 227 3349 5,36
#5 S QRDVI]| 18372 8 130 2918 6,30
#6 Prephalt SK 19 420 7 224 3403 571

$VIDOWRYp VP VL GRViKO\ QD REUXVQRX YUVWWWBRP UC
1IHMY\43tFK KRGQRW GRViKO\ SUYQt GY WHVWRY®Qp YDUL]
EH] S tVDG\ 8 RVWDWQtFK VP Vt GR40R SRXALWRVWLVDG)\
VS tSDGQ REUXVQpP YUVWY\ QHQt VMANQR PREREK WHIKRN
KRGQRW\ QD ANRGX 2 E koxtelkQui s NOLR DV IMFHN &PL SRGPtQN
SRNXG MH YUVWYD S tOLE VERKEKIMIMN ¥ SRUXERYiQt PUD]I
trhlinami. Z SRKOHGX WHSORWQt FLWOLYRVWL QHMOHSAtFK QH
YDULDQWD 1HMK R U & tFRKDH/H B/MS OIDW GRKIOMGLXY 8 VANplt F P
PRGXO0$ WXKRVWL G R Voskein[Ba¥dditRebl@.W  V

6. =NRX&GND RGROQRVWL Y$pL 4t HQt PUD]JRYp WUKOLQ\

=NRX4RBROQRVWL Y$pL &t HQt PUD]JRYp WUKOLQ\ E\OD
y 6 1EN 12697-44 2SURWL QRUPRYpPX SRVWXSX E\OD MDNF
SRX4LWD ODUVKDOORYD W OHVD R SUS$P UX RYEMWHU
S FKHP QLNROL J\WUiWRUHP D NWHUi E\OD VH t]QXWD QD SF
E\OD RSURWL QRUPRYpPPX SRVWXSX VQtaH@DMhD VSt RYDFt |
S HGVWDYXMH GORXKRGRE WiGPHGREPNIFPQEEK D NMZEYLW Y98
atoz G$YRGX JtVNiQt PQRKHP S HVQ M&tFK GDW SBP®EHX ]iYL)
INXaHEQtKRJMWO OMXDHEQt WHSORWD E\OD SRXALWD [&

Tab.4 2GROQRVW SURWL a4t HQt PUD]J]RYp WUKOLQ\ S L WHSORW f&

ACO 11+ 50 % RA /IRPRYi KRXaAHYQDWRVW

f& [& f& [&
#1 Deurex E11B 41,1 39,4 47,8
#2 bez S tVDC - 41,9 38,0 36,6
#3 Sasobit Redux 40,8 39,6 37,7 38,9
#4 Storbit 38,9 38,8 40,8 46,8
#5 S QRDVIL 442 41,2 44,3 42,8
#6 Prephalt SK 38,4 39,0 42,6

Z pohledu XS ODWe@re®®t DQD O¥EV R HCONBG HQEFK QD riRIE&I]N X

MHGQR]QDDPQ

XUpLW YOLY S LGiIYDQéFK S tvVDEAD@IW Qt]JNR

Q NWHUEéFK YDULDQW GR&OR YOLYHP ]YéaHQuWRVINOR W\ KixX)\W
ORPRYp KRXaAHYQDWRVWL DOH X Q NWHUéFK VEBXt &RAOR
vaULDQW\ V SRXALWtP ]S Q QpKR DVIDOWNR YRR RSGRtM DR FG
YEVOHGNS$P Y UiPFL YHOPL aLURNpPpKR VSHNWUD
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Obr. 3. /IRPRYi KRXaAaDYQDWRVW DVIDOWRYEéFK VP Vt $&2 5%

1IHMOHS&tFK YEVOHGNS$ YL] WDE S L UHIHUH@PQt WHS
DVIDOWR Yvarely ¥1 s SRXALWtP VIQWHWLFNpKR YIRWWXV'HXUH
variatny #56s SRXALWpP S QGRIORANE XWX ORPRYp KROGARBQDWR VYV
VSRURYQUOIIWUHQPQt YDUDNQYWRMXREUpP YEVOHGN\ S HGHYA&tP
jsSoX PtUQ S HNYDSLYp % &Q EéYi ORPRYi KRXZDYPRBRYXN U
WXKRVWL WHG\ ptP Y\d4t PRGXOX W XK RVXIAHW QD W E&/aN LK R ¢
KRU&t FKRYiQt DVIDOWRYp VP VA {{]DDGQt]8 BKK LWMWHE® RWR KR W R
VP V GRViIKOD YHOPL Y\VRNEFK PRGXO0$ WXKRVWRWD ]iUR
QtINRWHSORWQtFK YODVWQRVWtO

Tab.5 2GROQRVW SURWL &t HQt PUD]RYp W UKEVIOHGS!\L UMHISOR@D Qt Fi& YD |

DVIDOWRYéEFK VP Vt $&2 5%
/IRPRYI /IRPRYI &HONR
ACO 11+ 50 % RA KRXAaHY|{ energie do ORPRY
st (NN'mm32) | PD[ VtO| energie (J)
#1 Deurex E11B 41,1 1,5 2,3
#2 EH] S tVDG 36,6 1,3 2,3
#3 Sasobit Redux 39,6 21 29
#4 Storbit 38,8 1,8 2,4
#5 S QRDVID( 41,2 1,7 2,5
#6 Prephalt SK 38,4 2,0 2,6
7. =iY U

1D ]iNODG SURYHGHQEéFK UR]&t HQBFK NRQWUROQtFK ]I
XSODWQ Q&FK S L SRNOIGFH NU\WRYpKR VRXQUNMVY,t QD SR
+RUQt 3RFKOM¥FIFRYtD MHMLFK Y\KRGQRFHQt Y\SOéYi aH
JHMPpQD GHO&t GRMH]GRNP YOGCQOMHHIQRALWQt YOLY QD S HGSRN
D X4LWQp FKRYiQt DVIDOWRY&FK VP Vt 3RXALWEpKRVDG\
DVIDOWX VH MHYt MDNR SUDNWLFN\ Y\X4aLWHOQp S LpHP&
~URYH FKRYiQt MHGQRWOLYé&FK YDULDQW SRNXRGQWDH MHM
~URYH fé&
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'"HIRUPDpPQt FKRYiQt SRVX{jRZXRQKEBK WNDIU MDXKRVWL L RGROQ
VP VL SURWL WUYDOéEP GHIRUPDFtP JFHOD Y\KRR&MIF8 2EG
PDWHULIOX XND]XMH &H MHGQRWOLYp YDRWDRPRWMXGRYD®XWK
FKDUDNWHULVWLN FKRY iRE FDWA D@D YWRFIK WPHB IO RW

2EHFQ QHOJH ] YEVOHGNS$ Y\SR]JRURYDW &iB\QmwhMdiGQR]QD|
QtJNRWHSORWQt sDY UMOMRRNYDWOPSRX]H MHGQR WHERKKIQWRPRJLF
MHGQp S tVDG\ 8 Q NWHUEFK JNRX&HN VAtWD [KRRUGED (BéPULD
YEVOHGN\ RG SU$SP WRXEWURPPYPWL GRVDKXMt YHOPL GREU:

3RG NRYiQt

7HQWR S tVAKY$IE LVS QtP SURMHNAWQWH¥P SUR HIHNWL
XGUALWHOQRX GRSUDYQt LQIUDVWUXNWXUWNiP&(6 BR G[S R\
SURJUDPX 1RY&FK WHFKQRORJLt 6)',

PRXaLWi OLWHUDWXUD

[1] (YURSVNiI NRPLVH 30iQ S HFKRGX QD NRQNXUHQFHYV
KRVSRGI VWYt GR URNX 9 UXVHOX GQH

[2] 6GUXaHQt SUR YEVWDYEX VLOQLF 3 HKOHG\ YEURE\ D ]Sl
YRIRYHN Y URFH 6GUXaHQt SUR YEVWDYEX VLOQLF

[3] YSN EN 13108-1- $VIDOWRSYp6@SPFLILNDFH SURI®DWHUDRICWVRY é
beton.

[4] YSNEN 12697-5- $VIDOWRV-p=MRAHEQt PHWR G\ SUBR zBNOHRAOWRY p \
+yist G6WDQRYHQt PD[LPiOQt REMHPRYp KPRWQRVWL

[5] YSNEN12697-6- $VIDOWRsV-p=MRAHEQt PHWRG\ SUB zBAOHROWRY p \
-yiVW  6WDRRMHPRYp KPRWQRVWL DVIDIGSWBRNHKR [NXAHE

[6] YSNEN 12697-8- $VIDOWRK-p=-NRAHEQt PHWRG\ SURzBNIHRAOWRYp \
-yivVW 6WDQRYHQt PHIHURYLWRVWL DVIDOWRYéFK VP Vt

[7] ySN EN 12697-26 - $VIDOWRsY p WX aHEQt PHWRG\ SURIiZaVIDOWR"
horka - yist 26: Tuhost (2012).

[8] YSN EN 12697-44 - $VIDOWRS p WX AHEQt PHWRG\ SURIi ZaVIDOWR"
horka- yist44: 4t HQt WUKOLQ\ IJNRX&ANRX RK\EHP QDIS&OYiOFR"
(2011).
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RECYCLING OF BUILDING AND DEMOLITION WASTE - ANALYTICAL
SERVICES WITH RESPECT TO THE ENVIRONMENT AND LEGISLATION

Ing. David Kotrba
ALS Czech Republic, s.r.o., david.kotrba@alsglobal.com

Abstract

Process of recycling of building and demolition waste is governed by national
legislations. From environmental point of view reliable analytical data are necessary
to manage possible environmental risks and enable maximal recycling of materials.
This text provides overview of a process which should lead to economical and
environmental way of building and demolition materials recycling.

1. OYRG

6SROX VH VWIiORX VQDKRX R PD[LPDOL]DFL UHGSNDGBFWHHD R
SRMt WDNp RY RYiQt YODVWQRVWt MDN YVWXSQtFK RGSI
UHF\NODpPQtFK WHFKQRORJLt ] SRKOHGX S tSDGIQWKNRMtOLY
YJQLNDMtFt D P QtFt VH OHJLVODWLYD NO DNGHRLY iBX GRHE WIDK X W
UL]JLNRYE&FK OiWHN Y PDWHULIOHFK D YEBUREFtFK JtWNDQE&FK
DY WpWR REODVWL MH W HED ]DMLVWLW NYDOLWQt D VSRO

1iIVOHGXMtFt WH[W VH VR X\pWcd$@ tecgkBeeWDU iPFAWBURYiG Qt

respektive od VWUD RYiQt VWDYIRKRWEXi AMHWRWQtKR SURVW HGt
SDP WL D ]JDKUQRXW MH GR FHONRYpKR SURMHNQX ]D SOiC
3URWRNROX (8 R QDNOiGiQt VH VWDYHE Qdke 12006 GGiPRIOLpQt
Protoko) NWHU@& VH Y QXMH NRPSOH[QtPX SRSLVX SURFRHVX RC
VKUQXWD OHJLVODWLYD WEéNDMtFt VH QDNOiGiQt V DJEHVW
GRWpPHQD MH WDNp SUREOHP Dsdukidldsti @ DDNWOIP 5 @& UNJILV WL
]JDOR&AHQI QD SRYLQ @ROWWHF k]  SRIGOH QD RGSDG QHY]JWDKX]
P$&H EEW SRYLQQi MHVWOL&H RGSDG S HVWDQH EéW RGSD

2. 5iPHF 3BURWRNROX (8 R QDNOiGiQt V 6'2

'OH REMHPX MVRX VWDYHEQt D GHPROLpPpQt RGSDG\ 6'2 QHI
S HGVWDYXMt DVL MHGQX W HWLQX YHANHUpPKR Y\SURGXNR"
V 6'2 D UHF\NORYDQéPL PDWHULIO\ P$aH S LQpVW Yé]QD
VWDYHEQLFWYt D UHF\NODFH Y (8 QHER" ]JY\@XMHFXRSWIiYN
D GHPROLpQtFK PDWHULIOHFK

3 HNidANRX UHF\NODFH D RS WRYQpPKR SRXA&LWt 6" DIMVRX P
UHF\NORYDQ&FK 6'2 QHMLVWRWD RKOHGQ PR&AQpPKR ]GU
UHF\NORYDQ&FK PDWHULIiO$ WDWR QHGS$Y UD QiVERHGQ V
UHF\NORYDQ&FK 6'2 PDWHULIOHFK D EUiQt UR]BBML LQIUDV'

SURWRNROHP QDYUKRYDQi RSDW HQt PRKRX VORX@HW MD
UiIPFRYp VP UQLFH R RGSDGHFK pLOL UHF\NODFH 6'2 (
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ALYRWQtKR F\NOX YEURENS$ GtN\ Y Wat Pt H UMRARQOWFHGD S
HIHNWLYQt Y\XatYiQt ]GURM$ WDN SUR KRVSRGi VWYt

6WUDWHJLH GRVDAaHQt FtO$ JHMPpQD REVDKXWMHR®ILSGS$ LGt
OHS&t ORJLVWLNX RGSDG$ OHSAat ]SUDFRYiIQt QRIG/IDNG$ D t]
UiIPFRYp SRGPte@yklacBESDR. Tentotextsev GDOatP |DP XMH JHMPpQD
piVWL SURFHVX NWHUp BDRQtQVRRXNQYDODRRPHQWIOQtFK .
vsouvislostis RS WRYQéP Y\XAaLWtP D UHF\NODFt 6'2

OH]L ]iVDG\ SRXALWp S L ]DYiG Qt YAHFK VORAHNOURWRNR C
s6'2 VWDYHEQtPL D GHPROLpPQtPL RGSDG\ SDW LGNODAD p

QRUHP Y REODVWL RFKUDQ\ &LYRWQtKR SURWMRWEE& YOODY
VP\VO SRGSRURYDW UHF\NODFL D RS WRYQp SRXUIRMRY RE O
ALYRWQt SURVW HGt ]JGUDYt QHER EH]SHpPQR\DW V3W\R RN R O
(8 SUR HQYLURQPHQWIiOQt t]HQt SRGQLNS$ D DXGAHWQt(0$6 I
SRGiYiQt |[SUIY D JOHS&RYiQt YOLYX pLQQRVWL RUJDQL]DFt

3. Struktura Protokolu

3UYQt W L VRXpiVWL SURWRNROX ¥1 W OND ME RENIR_XHie IO it
VH t]JHQt NYDOLW\ D Y\WYR HQt SROLWLN DYWiPFIR ¥ & ISR G
HW JFH J]SUDFRYiQt 6'2 3UREHMRVMHD NDING i QR [Hentfikac) QD

W tG Qt D VE U RGSDG$ ORJLVWLNX RG SDSGY DAGW [FIKRWRQt R
VRXpiVWt MH W HED GEiW QD t]JHQt NYDORWL\8URF BVS$i DFRW
SRGPtGRPRFt OHJLVODWLYQtFK D MLQ&FK SUDYLGHO

4. t]JHQt D ]DML&W Qt NYDOLW\

V SUSE KX MHGQRWOLY&FK NURN$ SURFHVX tJHQt SURMHN\
YEVWDYE\ MH nAplDEQRYEQW SUDFt 1D REUI|RXQPQ REHFQEé WR
]SUDFRYiQt VWDYHEQtFK D GHPROLpQtfK QRGIS DB LBV \M HIKARH !
SUROtQi FHO&P SUSE KHP RG S tSUDYQéFK SUDEOBWR QQR&XLY
NURN\ SURFHVX MVRX JHMPpQD
+ 3 HGGHPROLPQt DXGLW
$ 2GVWUDQ Qt QHEH]SHPQpKR RGSDGX
+ BHOHNWLYQt GHPRQWi& D GHPROLFH
$ 7 tG Qt RGSDGX Y PtVW GHPROLFH
+ +LHUDUFKLH GBD®OiGiQt V
0 2S WRYQp SRX&4LWt PDWHWHOX SUR S$YRGQt
o Recyklace QD PtVW QHER Y UHF\NODpPQtP ]iYRG
0o 9\XALWt PDWBBLIQIXDSMQHUJHWLFNp Y\X&LWt
o 6NOIGNRYiQt

.RPSOH[Qt t]JHQt NYDOLW\ MH NOtpRY&P NURNHPDS Qi GYQAR Y i
VH VWDYPBE®HPROLpPpQtPL RGSDG\ D Y NYDOLWX UHF\NORYDC
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KRGQRWD UHF\NORYDQé&FK VWDYHEQtFK PDWHUQLWIS® MHAK DO
YODVWQRVWHFK D WHFKQ LWPWRKVRXYDRBWYWEKM® W HED ]D
VSROHKDISY 8IFIQEFK LQIRUPDFt R YODVWQRVWHFK UHF\NORY
SURGXNMI® BRXYLVt L QXWQRVW ]DMLVWLW VOHGRYDWHOQ
E\OR PR&Qp GiOH UR]JYtMHW WUK V UHF\NORYDQ&PL VWL
YODVWQRVWt D HQYLURQPHQWiOQt QH]IYDGQRWWL PRK
G$Y U\KRGQRVWL GUXKRWQ&FK VWDYHEQtFK ©BVENWDRIRS D
VRXPiVW t]JHQt NYDOLW\

2EUI]HN p SWEBNRSADFRYiIQt VWDYHEQtFK D GHPROLpPQtFK
S HGVWDYXMt KLHUDUFKLL RGSDG$ S LpHPa MH QHMYtFH .
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5. .URN\ t]JHQt NYDOLW\ Y US$]QéFK Ii]JtFK SURFHVX UHF\NO

I vE](]l U 8Z_ "v_ e WZ %E A } % p % @E JAV_  %E A

{wWZz u } aludit a detekce { 1% v }%E AV {WZ]i_uv_} % p~v u_+8"E Clo

azbestu {+Ao “Sv_ pes V}A v_I%E}zo °lo -V . 3

{" o IS]Av_ u}o] V V 1% VE Z } %o VA {<}vS8E}o v AeSp%p ~V %Z_lo % E}

{7 vs1(l §Z_ "v_ v 0% {/ v81(]l v_ (JE&Eupo Z 0 azbestu) . . . 3

odpadu. {Z P]*SE}A VE v } « ZA o vE {<}VSE}o S}A EGv_ AEE} C ~l u"Z v
1% E A 1%Z % E A zlo v_Ao *Sv}eS] AEE} I%2-

{<E]8 E] % E} %Z]i_u v_v elo Ilp ~
% E} *HEIAIVC %}pl_A v %Z] AEE}
% E} Ul 1} % Yo

{ 8v}e3} "GEu Al}EIY%

{/ vsI(]l E Clo}A v Z} 1 u v]A

%o fpul _A v Z} A I}VvIE Sv_u

% E} pISpl]v(E SEplSpz ~ 3} _ o]
{« A"E v 11}p“IC AEE} 121} % %
ie}p i ev" }lpu vSIA vC

.RQWUROD NYDOLW\ S HG GHPROLFt D E KHP] GKHRFEOLVND E\
EH]SHPQRVWL SUiFH WDN L UHF\NORYDWHOQRVWL VWDY
PDWHULiIiO$ .OtpRY&PL NURN\ tJHQt NYDOLW\HGIGHPROHPRO
DXGLW SRGiYiQt ]SUIiY QD PtVW D JiY UHPpQi |$SBIYWHSUR L
VQtaLOR PQRAVWYt QHEH]SHPQpPKR RGSDGXX RIH VR HEQE MK &
dostatHE GEiW QD Qt]Np PQRAVWYt PDWHULiIiO$ RBRBKEGMtFtF
QHMVRX QHEH]SHpPQp OiWN\ MDNR MH D]JEHVWVIVIYHEDQNR Y
PDWHULIiO\ QHMVRX Y PtVW GHPROLFH VSUIYQ Y\W tG Q\
FHOBFK WRN$ RGSDGX

a. tJHQt D |bDMLaAaW (8@ KMP QIHF\NODFH ]JSUDFRYIiQt 6'2

-H W HED EH]SRGPtQHPQ |DMLVWLW VWULNWQtI BUPYLGOL
NRQWURO\ ]JiVLOHN D GRSURYRGQ&FK PDWHULUOWRMER & SFOVGY
X UpH Qecykici. SHF\NOD/IBRIOHp Q R VSRR PFRAYt NRQWURO\ D PRQLYV
VORAHQt NYMOVLWIQW YVWXSQt PDWHULIO\ DORW \DNVBER Qt QH
E KHP SURFHVXDBSWRYGRMGH NH VQtaHQt ULJLND NRQWDPLQ
QHEH]SHpPQEPL OiWNDPL

Z tohoto pohledu MH QH]E\WQp MDVQp VWDQRYRQE UXHNYRONS$ D
JNRX&HN PDWKHOHHGQYND |DMLAW Qt EH]SHPQRVWL SUR &LYRV
kvaltysev WRPWR ERG PDMt VNOiIGDW ] Y ODVWRedtoRagow UR O\ D
FHUWLILNDpPpQt RUJDQL]DFt D SR YOWWWWRYHR\NODFL ]iY UH

b. .YDOLWD YEURENS$ D QRUP\ SUR YE@UREN\

+DUPRQL]JRYDQp HYURSVNp QRUP\ NWHUp VH & PMD KXIVN pQ DU
UHF\NORYDQp PDWHULIO\ 5HF\NORYDQp VW Be¥H BQiED GHP
poVX]JRYDW Y VRXODGX V SRADGDYN\ HYURSVNEFK QRUHP S
YIJWDKXMt 1D t]JHQt R VWDYHEQtFK YBUREFtFK (8 \
SRGPtQN\ SUR XYiG Qt VWDYHEQtFK YEURENS$ @R]RVWIKQtD SR
YODVWQRVWt VWDYWEQSIKG YE&HR BN W\WR HYURSVNp QRUF
QHY]WDKXMt OJMURSYVANW WHFKQLFNp SRVRX]JHQt QD ]iNC
WHFKQLFN&FK SRVRXURGHDOQ$7HFKQLFDO $VVHVVPHQW ([L
SRX&LWt W FKWR QiVWURMS$ SUR JSUDFRYDQé& GHP@®®LpQt |
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NDPHQLYR 6RXpiVWt SRVRX]H Q3 DRO WHHFANDBSRED®YEFK PDWHL
EEW WDNp SURNi]JiQt MHKR QH]JiYDGQRVWL SUR aLYRWQt SUF

6. SROLWLN\ D UiPFRYp SRGPtQN\

3UR FHOE& V\VWpP Y\X&tYiQt UHF\NORYDQpPKR 6'2 MH QXWQ
XPR& XMtFt PD[LPiOQt Y\XALWt 6'2 S L |DFKRY&QtY R WRNKR ~ L
SURVW HGt D EH]SHPQRVWL Y]QLNDMtFtFK P DWPHDWLti CGE$® W6 R X
HNRQRPLFNi RSDW HQt ]JYEKRG XMtFt UHFGUIDBFp VNDMGNRY
Y\WYRSHURVWRUX SUR UHF\NODFL GRVWDWHpPpQi NDSDFLWD
SURVWRU D SRYROHQt N YEVWDYE WDNRY&FK QOINRMWLQD
P VWVNEFK REODVWt NGH Y]QLNi QHMYtFH 6'2

.OtpRY&P ~NROHP MH ]JDMLVWLW Y\PiKiQt QDVWQ\YHWRHEFK SUL
]SUDFRYDWHOL 6'2 D QHGRGHKMEIORG RMIRt NVSROHpPQRVW
UHVSHNWXMtFtFK YH&NHUi QD tJHQt RSURWL Q NWHUEéP N\
NRQWURO\ JH VWUDQ\ S tVOXaQéFK LQVWLWXOt SHHYBWRXp R
S HGSLV$ S LMPRXW NRQNUpWQt RSDW HQt ]JHNGRp@BDLY RE
LGHQWLILNDFL VE UX D W tG Qt RGSDG$ PXVtOBEG\Q QD HJIX
QXWQRVW [MLA"RYiQt JQHPLA"XMtFtFK O®IXMCGHLWKRQAER SH QX!
QDNOiGiQt V RGSDG\ S HG |DKiMHQtP GHPRLRB S DGR THRU
MH WRPX QDS tNODG Y 5DNRXVNX /XFHPEXUVNX aYpGVNX
vVWRPWR S tSDG UROH PtVWQt D QHER UHJLRQiOQt VDPRVSL

7. REACH DQR p2 QH

=DWtPFR UHJLVWUDFH ]DOR&HQi QD SRYLQQRVWHFXK SRGO}
QHY]WDKXMH P$8H EEW SRYLQQi MHVWO ULDHt RHERDEGE$E H VWL
VH SURWR ]DptQi SODWLW SRX]H WHKG\ SRNXDBO WH. & DWH |
nepovDaXMt ]JD RGSDG 1DS tNODG YH VSHFLILFNpP DS M$DG U
G$OHALWpP SR]QDPHQDW &H L NG\& S HVWD QB BDéW RREYSLIQEHF
UHJLVWUDFH SRGOH QD tJHQt 5($&+ '$YRGHP MH WR &H
SRYD&ARYiIQR |D S HGP W YH VP\VOX QD t]HQt 5($&+ 3 HG]
SRYLQQRVWL UHJLVWUDFH 9]KOHGHP N pO RGVW D pOi
RY&HP OiWN\ NWHUp Y]EX]XMt PLPR iGQp REDY\ 69+& R
R]QiPHQ\ SRNXG MVRX S tWRPQ\Y NRQFHQWU DIFW R \G&W Q\H &
VH Y UHF\NORYDQpP NDPHQLYX.]SUDYLGOD QHQDFKi]HMt

Pokynyk QD t]HQt 5($&+ REV D Knfoktace § RIEBIDNGHEP D ]S WQ JtVNDQ
OIWNiIP .DQGLGIWVNEé VH]QDP OiIWHN Y]JEX]XMtFtFRIiWWHNR iGC
]YH HWMBCHA 15. 1. 2019) z QLFKa OiWHN MLa E\OR ]D DJHQR G
QD t]HQt 5($&+ WM QD VH]QDP OiIWHNOFHRIGC @p WM OEYHIG ISR Y F
YéaH ]PtQ QéFK VH]QDPHFK SDW t L UHODWLYQ UF
(benzo[k]fluoranthen, fluoranthen fenaQWKUHQ S\UHQ FKU\WHQ EHQ]>DC
bisfenol A.

8. Azbest, rizika a legislativa

Azbesti e kKRPHUpPQt Qi]JHY SUR VNXSLQX Y Qkrbkgdolty ériotiRUHP VL
antofylit, aktinolit, amozit, tremolit "tN\ VYéP Y\QLNDMtFtP FKHPLFNéP D
YODVWQRVWHP &4iUXY]GRUQé QHKR ODYé RGRO@EQ¥eS$pL FKI
GREUp HOHNWURL]JRODpPpQt YODVWQRVWL E\O ALURFH Y\Xa
NRQVWUXNpPpQt W VQtFt D LIRODpQt PDWHULIO
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$]EHVWRYi YOINQD BRNXGHFRMQGEWN S HGVWDYXMt JGUDYRW
D PDOLJQt QiGRURYi RQHPRFQ Qt S LpHPE R PRRX MO H\D
ODWHQFL RG |DpiWNX H[SRJLFH 5L]LNR RQHPRFQ@HQtL MHK
H[SRJLFH D pDVWR VH WDN RQHPRFQ Qt GLDJQRVWLNXM
&HORVY WRY MH JKUXED PLOLRQS$ OLGt H[B\WRQ RYYQRH DQEHE
100 WLQIFGt URPQ JHP H QD QiVOHGN\ SUDFRYQt H[SR]LFH D]t

a. Legislatvav yHVNp UHSXEOLFH

&HONHP VH DJEHVWHP JDE&Yi FFD U$]QéFK ]iNROMG®IKOiaH
VH R REBFH)®SLV\ SRYLQQRVWL S HG |DSRpHWtP SUDFt VSI
SUDFKX V REVDKHP D]JEHVWX SR&DGDYN\ QD SBDFRYLA&W
VS tWRPQRVWRLDEFHMIMQt V RGSDGHP V REVD WHMR B JJFPH @ VDX
JHMPpQD UHOHYDQWQt OHKQMGDWNY YWD MIBBQVRK SUDFt

=iNRQ p 6E R ]DMLAW Qt GDOA&tFK RFRGMDIQHN BB NIHD ¢
SUIFE RGVW slanoRfeX A=DNiJiQ\ MVRX SUIFH V D]JEHVWHP -
SUDFt QHSODVRt YBI[BIKPQp ODERUDWRUQt SUIFH DQDO\WLFN
JiVRE RGSDG$ D ]D tJHQt NWHUiIi REVDKXMt Df BHNVDW HE DU iF
biVWt VWDYHE REVDKXMtFtFK DJEHVW QHERWDYEDNK [ HERJ.
SUIFH V RMHGLQ ORX NUIWNRGRERX H[SR]LFt 3

9\KOiaND p VWDQRYXMH NG\ VH MHGQi RINELWNRGR
WDNWR MVRX Y\MPHQRYiQ\ SUiFH VRXYLVHMtFt \D ~GUA&E|
NUIWNRGREp S L QLFK& VH SUDEXMH SRX]H V QH®UROLYE
RGVWUD RYiQtP QHURJUX&HQEFK D QHGUROLYEFKQPDWHUL
]JDNRWYHQ Y SRMLYX QHER S L |DSRX]G RYE® Y WDOQHER i\DI$ M
SRWDKRYiQt RFKUDQQSPRWL RYROHBXiI\Qt DJEHVWX =D SUIFI
NUIWNRGRERX H[SR]JLFt VH SRYD&XMH L P HQtINRGEH®Q®WUL
YJRUN$ PDWHULiIiO$ NH VWDQRYHQt S tWRPQRVWL D NRQFHQ

=iNRQ p 6E VWDYHEQtVWRQRBttSBIG NG\ VH RKOi&H
]liP U RGVWUDQLW VWDYEX WéNi QHPRYLWRVSLt]NQ@tR MH |
SRYROHQt RGVWUDQ Qt D ]iYD]Qp VWDQRYLVBRYRWVWO R RFK
SRGPtQN\ SUR SURYHGHQt WRKRWR ]iP UX idokijnen&iceO RK\ SD
ERXUDFtFK8SWIDHFRK GUXK$ VWDYHE QD NWHUp VH Y]JWDKXH
GRNXPHQWDFL ERXUDFtFK SUDW¥H NG RISIRLFKX R 8 VIWRYQ \QY G
SURKOtGNX Y4HFK SURVWRU GRWpHQpPKR REMHNWKuD MHKR
VWDYE\ SURYHGOD VNXSLQD RVRE WYR HQi VWDYHEQtNI
SRY HQRX N KRGQRFHQt QHEH]SHp @& BKt /DD VS\RFRYBVQ RR/GAGLL
GRSRUXpXMH RGHEUDW S L SURKOtGFH QHERQOFXOSIGIFt S
Y]JRUN\ VWDYHEQtFK PDWHULIiO$ NWHUp E\ PRK®ODGEVDKRYI
Y\PH]HQ&FK piVWt VWDYE\ 2GE U Y]JRUN$ VWDYHEQMWK PDW
~VXGNHP ] Y\PH]HQ&FK piVWt VWDYE\ X QLWFWB QRIXSRIEGORN
PXVt EEW GRNXPHQWRYiIQ D SURYHGHQ Y VRXODGBEV SRADC
986VOHGN\ JNRX4HN RGHEUDQ&FK Y]RUNS$ ] Y\PH]JHQE&FK piV
SRGNODG$ SUR ]JSUDFRYiQt GRNXPHQWDFH RIMNIIDDR]BQ VW
Y]QLNO&GFK RGSDG$ GR S tVOX4Qp NDWHJRDGH RGSODBKHRA 1Y
QLFK& MH REVDA&HQ D]J]EHVW ]DMLVWt SURYiGiDD @R]BUR R
RGERUQpP YHGHQt SURYiIG Qt VWDYE\ SRGOH 3JY¥ORKADQpPKR SU
Y\KOiaN\ R GRNXPHQWDFL VWDYHE 9\KO p vuje obsah6E SRC
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GRNXPHQWDFH ERXUDFtFK SUDFt YpHWQ SRORAND YE&VOH
S tWRPQRVW D]JEHVWX YH VWDYE

=iNR Q258/2000 Sb., 0 RFKUDQ YH HMQpPKR |G UDBIRYWQQRWYW KOi\
SOIQRYDQp SUiFH V DJEHVWHP D SURMBRQW WSS QDFR YO i
.UDMVNp K\JLHOQLRHS), & PQRRIPiOQ GQ$ S HG ]DpiWNHP
3URYiIG Ft Y\KOidND p NWHURBEVH VWDQRYt SRGPtQN\ SUR ]
GR NDWHJRULIOBAWWRYWL KOidHQt SUDFtQVOsklidMoWw HP XS H
KOiaHQHMPpQD NGR EXGH DJEHVWRYp PDWHULIiO\ RGVWUD |
MDN EXGH QDNOiIiGDW WiREGHE BMWHYDHAWLYQtKR K\JLHQLFNpKF
.+6 REGU&t SURMHNWRYRX GRNXPHQWDFL QD DMNMH&YQUiPFL
REVDKXMtFtP DJEHVW Y\Gi .+6 VWDQRYLVNR YHIMWW®BUpP F
P HQt NRQFHQWUDFt DJEHVWX YH YQLW QtP SNRWWE&FE&t S|
VWDYHE GOH Y\KOiaN\ p 6E QHER Y SUDIFRT@EP pSUR\
361/2007 Sh.

'OH t StVP N Y\KOiaN\ Pi |DP VWQDYDWHO VRMPDR/@MX SF
NRQFHQWUDFH D]JEHVWX Y SUDFRYQtP RY]GX5ARRHEQREK VSI
RGVWUD RYiQtP DJEHVWX QHER PDWHULIO W ESVDRYME A KR
NRQWUROQt P HQt ~URYQ D]JEHVWX Y SUDFRYQQP RM|GtXat Y
YOiG\ p 6E-ORDMMSIHFH V RMHGLQ ORX D NUIWNRGRER
SUIFL SDN O]H SROWPWRMD Wi MRGQRWD D]JEHVWX Y SUDFRY (
S tSXVWQé H[SR]LpQt OLPLW XYHGHQé& YY®it®R]6l P Qt WRK
SUDFRYQtP SURVW HGt MH UHDOL]JRYIiQR Y SUSEQR¥FIBQUIDFt V
ULJLN D SR VNRQpPHQt SUDFt V DJEHVWHP & Gt QD SR} B WYR i@l
b 6E

1D t]JHQt YOIiG\ p 6 E NWHUéP VH VWDWRYit S R GGRIIGN\
XYiGt OLPLW BUERHSWIHE ¥ L MHKR R@MVYOW DDHER YiVQ R DEHF &

m3 1iVOHGQ 9\KOidND pNWHURE VH VWDQRYt K\JLHQLFNp O
SURVW HGt SRE\WR)Y XRJp XMN WQLRAMWt SUR D]JEHVWRYi D Pl
PD[LPiQ@O vl./m3.

V souvislostis QiIVOHGQRX OLNYLGDFt RGSDGX RRVPEIMGHIKIR [D]E
185/2001 Sb. v T XGit AH SSYRGFH D RSUiIYQ Qi RVRED PXVt ]DEL
DJEHVWRYé&FK YOINHQGGR RYVGXJEHVWHP MH PRaQp XNOiIGDW
12 D Q NWIDUp 6

9. $QDOé]D DJEHVWX SUR ~pHO\ SURYIG Qt VWDYHE D MHM

BUR SURNIi]JiQt S tWRPQRVWL DJEHVWX Y B UDFRYIER t$ W RR/DVV I
pbL RNROt RFKUDQQéFK SiVHP MH W HED JYROLWQRRGRQp WH
3L JMLA"RYiQt, L GIRUPHDFHHL QHQt D]EHY WN\RPE WMAYQH EYQ tP
PDWHUVNIKXQHMPDVW ML SRXMWDQRDOQW DWHHWOWX SRPRFt
SRODUL]DpQt PhdN §eRYVINRISIIHQ I YOINQD HGERQWH IR NMHNOtP L U\FK
PHWRGX YKRGQRX SURVWDIDWAHBXtFKRRINWSHULIO$ 9&6VWXSHP
]GD MH pL QHQt DJEHVW S tWRPHQ QLNROLY MHHRR QEQRAV
1Y WaHQt D WPpRIOIaM{RUN\ V PLNURPOHWéP DJEHVWHP QHER
obsahem azbestu MH W HED SRXatWw MLQp WHFKQLN\

.YDOLWDWLYQt VWDQRYHQSDJEHMWX48R PR Mit{(@EdPi UR]OLAF
P R & Q Re¥eRbvat azbestv PDWHULIOHFK QHYKRGQ&FK SUR RSWLFNR.
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DVIDOW\ OHSLGOD 39& pL WDNRYp S tSDG\ NBRWYWWIRHROMEH C
Kk SRWYU]JHQt QHS tWRPQRVWL D]JEHVWX

9HOPL G$OHALWRX ,|BRPpMWIWDP X QpPID]EHVW REVDAEEQ Y GDC
0GE U Y]JRUN$ VWDYHEQtFK PDWHULIO$ SUR VWDQRYHQt
DNUHGLWRYDQp ODERUDWR H 90DVWQt RGE UQMJRUDNGLSWR
NYDOLWQt VWDYHEQ WHFKQLFNé& SUS|RXWHNWOODEEEW O X
Y]JRUNRYiQ\

3UR NRQWUROX SUDFBYIQ KRV ®FWRVRY HGEt DJEHVWX NRQWU!
SiVHP pL SURNIi]iQt VSOQ Qt OLPLWS$ SUR SRE\VQR BR PHWWDQ R \
NRQFHQWUDFH D]JEHVWRYéFK D PLQHUIOQtFK YOiNKHRQ SRPR
mikroskopu (SEM/EDS $QDOé&]D VH SURYiGt N RY HQt OLPLWX
DJEHVWRYi D RLQKOi®ND p BE SUR SRE\WRYp PtVWC

YOiINHQ P D]JEHVWRY fOiNQD 6E SUR SUDFRYQt SUR
8]1QiYViB Phormami SUR SURY H G H Qjsol @Y CPHFEWH Q't, D ,62

2GE U MH PRAQR SURYiG W MDN VWDFLRQiUQt XPOWOW Qt IL
YJRUNRYDFt ]D t]JHQt MH S tPRSQIS 3G DN R © QtWARY G KHN MG Y
H[WUpBQOHALWp GRGUAHW SRADGDYN\ QRUP\ QD SRpHW Y]
GREX Y]JRUNRYiQt UHVSHNWLYH REMHP Y]GXFKX SURVIiWp
Y]GXFKX ILOWUHP D JRKOHGQLW WDNp PtVWQSBEBFRIRN\ S
DWS = XYHGHQ®HKRGB\WHPDMt EEW SURYIG Q\ SUDFRYLA\
S tVOXaQeéPL FHUWLILNDpQtPL LQVWLWXFHPL

4. =iY U

3UREOHPDWLND JSUDFRYiQ 6'QWIHXVS\RIRH @ FAVHWY. HYURSVNé
LQVWLWXFt D YH VWDYHEQtP RERUX S$VREtFtFK WRYIDRD 9\V
Y\X4tYiQt D UHF\NODFRIREZNWBRWUYRORX GRGUARYiQt QDVWDY
Y4HPL ]DLQWHUHVRYDQ&PL VWUDQDPL MH QDH]|EQNDLEP

UHF\NODpPQtFK FtO$ (8 B6RXYDNW HYIL\BSIMRIGRtFK JGURMS$

EH]SK4i KOHGLVND &LYRWQtKR SURVW HGt 3 tNODG\ VSUi
VvQ NWHUBFK VWiIWHFK (YURS\ NGH PDMt HNRQRPLFN@& L HNF

7DNWp& SUREOHPDWLND O Ladbekt@Dselv PRYGONGC @i GRE Y\YLQ
JHMPpQD YQtPiQt UHiOQp QHEH]SHPQRVWL DMNEGIGWXt D
S DJEHVWRYé&PL PDWHULQGA\iWHWOSRMMWMRS VD YELHY SHPFS VQHV F
YeUD]Qp VQtaHQt JGUDYRWQtFK ULJLN
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. RQWLQXiOQt Si¥R®p ¥iK\

6\VWpP SiVRYjeglR MDKMHGQRSUDAaAFRYRX QHER GYRMSUDAF
VH VQtPDpHP ]DWtaHRQEK® RMWMIP SRV Xirodickoww X D HOH
Y\KRGQRFRYDFt MHGQRWNRX 9iaQt PHFKDQRNRY R GRGDW
MLA SURYR]JRYDQpKkRUBGRSWIFNOtMMONPpKRNROLY 'RVDKRYDQi
MH JiYLVOi QD WHFKQLFNpP VWDYX GRSUDY®XKNX D QD ]S9
V]IiYLVORVWL QD VWDYX SiVRYEFK GRSUDYQtN$ O]J]H GRVIiKQT
GR ] UR]JVDKX YiaHQt 9iaQt V\VWpP O]H SRXakeV MDNR WHF
VSRMLWpPX pL QHVSRMLWpPPX GiYNRYiQt PDWHULIOX

3iVRYp YiK\ MH PaéDma ISQWRWp GRSUDYQtN\ VWDFLRQIUQtF
UHF\NODpPpQtFK OLQHN D WDNp QD PRELOQt GUWLpPH D W tGL}

'LVNRQWLQXiOQt YiaHQt

OH]L GLVNRQWLQXiOQt YidtFt VI\VWpP\ SDW t WKBRFEFVRE
JiVREQtMiK\ SUR QDYDARYiQt S tVDG -VRX XUpHQ\ SUR &l
VISNEFK PDWHULIiO$ Y EHWRQiIUNIFK NDROtQNifod.. YEURE(
VVHVWDY DXWRPDWLFNpKR YidQtKR V\VWpPXNM@RXP XGtFt
SRptWDpL 3& NWHU& JREUD]XMH SUSE K SUDFRYQtFK F\NO$

9idaLYRVW MH RG NJ GR w

BWDFLRQIiIUQt YidHQt VLO D ]iVREQtNS$

9i4HQt VLO D |MHRPR&ENBP SRPRFt WHQ]J]RPHWULFNE&FK VQtPD)|
SRGS U\ VLOD D ]JiVREQtNX QHER LQVWDODFRNVSRGSPH\W UL
NGH WHQ]JRPHWULFNé VQtPDp UHD JXMH. QORI R QD LW R G S

Obr.1 , QVWDORYDQé WHQ]J]RPHWULFNé VQtPDp SRG SI
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Obr.2InstalDFH WHQ]RPHWULFNEéEFK VQtPDp$ SRG SRGS U\

(OHNWURQLFNiIi Y\KRGQRFRYDFt D tGtFt MHGQRWND

tG L fednotka vah je vbavena EDUHYQéP GRW\NRY éJdnGtkaV SOHMH |
XPR& XMH ]J]SUDFRYiIQt YéEVWXS$ VQtPDPpWIAQDPAKANQUWD R $ H
=SUDFRYiIiYDW O]JH L Q NWHUp GDOat SDUDPHWU\QWIBFKQROF
VQtPDpH QDSOQ Qt J]iVREQtN$ YidHQpKR PDWBEWUWISA V)
SUSWRNRpp®$ /IH JHQHURYDW +1®@EDORIRYP\ YEVWXS\ SUR
VP\pPN\ MVRX SRXALWHOQp QDS N RYOiGiQt GiHNRPPXpS$ S tf
PDWHULIOX Y QD/ IRMNOCRPAMW W pP YENRQX D SRG $a aHVWQIiFW
MHGQRWHN YDK O]JH SRPRFt SU$P\VORYp VE UQLFGLF LSRN
MHGQRWFH YiK\RC]JNRP E§BRWNMEWO Q t-liVK L VO\tiFXQM H S BW M H Q
*60 WHUPLQiGbov@ip KR PtVWD SRPRFt PRELOQtKR WHOHIRQ
monitorovat VWDY Y]GiOHQpK R/ WigRmXK R

Dvacet S Mt existence firmy RVS Chodov, s.r.o., S HGV WD Y XMROW KDtlFH
IXQIJXMtFtFK YiaQtAKDPHWQAQRPBPHFK StVNRYQiIFK YH VWDYHE
FKHPLFNpP DXWRPRELORYpP D SRWUDYLQi VNpP SU$P\VOX
instalaci, SURYR]X D VHUYLVX XPR& XMt XVSRNRMLW VWiOH QiUI
voblaVWL SU$P\VORYpKR YiaHQt D DXWRPDWLFNpKR t]JHQt WH

Obr.3 9\KRGQRFRYDFt MHGQR
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Obr.4 9iatFt PHFKDQLND 76
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OPTIONS FOR USE OF GLASS RECYCLATE FROM PHOTOVOLTAIC PANELS
FOR CONCRETE MASONRY UNITS

doc. ,QJ OLFKDO 6WHKOtN 3K "' 0JU -DQD .QDSRYi ,QJ 9RM

OVWDY VWDYHEQtKR [NXAaHEQUGWVHYH67 987 Y %HUQR y5
stehlik. n@fce.vutbr.cz; jana.knapova@vutbr.cz; Vojtech.Kostka@vutbr.cz

Abstract

The paper deals with the possibilities for use of glass recyclate from photovoltaic
panels for concrete masonry units. It compares partivular recipes and its physical
and mechanical properties with the main focus on the compressive strength. It then
compares the values of these recipes with the values of commonly used composite
materials for masonry units without recyclates.

1. OYRG

YyHAL SOMHGQ MRjQHSAMEXURSW tG Qt RERDWAXY Op &H WHQW
WUHQG QHOVWRYVH DOH WépSHUBPPFAGRDFKR RGSDGX D MHKR
QiVOHGQPKR Y\X&LWt ]GH7HWQRWR UHJHIHN VH Y QXMH UHF\
NRQNUpWQ IRWRYRQPWDLFNEFKMNRSPQH@BKRD PRAQRVWL Y
pro EHWRQRYp JGLFt SUYN\

JRWRYROWDLFNp SDQHOURDWWDORFREEPtYNp EXGRXFQRV
dosahovat hranic VYp AaLYRWQRVWL SURWR VH ptP GiO YtFH K
a OLPLWHFK MHMLFK UHF\NODRWRXG®EMNDQAtFRDMWMH YDIONP$ VH
pivVWL ]JH VNOD NWHUp P$aH QDMtW 4dLU&t GUXKRWQp Y\X
ato QDS tNODG MDNR QiKUDGemnuNNMPPHOQQ XX VYH |]DEéYiPH
PHFKDQLFNéEPL YODVWQRVWPL EHWRQRYéEFK Y]JRUNS$ Y\URE
NWHUé GRSOQLO pL JFHOD QDUMPIEEIW XV B FEEHWXRNODPHQLYD Y

2. Recykl ace a receptury

Recyklace

5HF\NODFH VROIUQtBRR\SOKEQIFKMIDOHWHFK YHONEéEP WpPDWtE
]IDWtP QHY\ HAHQEéFK RWIi]HN

2G URNX Y\&DGXMH VP UQLFH GBFIDMROWMLGLFE LSDQND
recyklaci vrozsahu min. 80 D Y\XaLWt RGSBGPHRHF\NUBFUR]XPt
duKRWQp SRX]H PDWHULXGQRWpPPYRGEE MBRIXRIRP PDWHULIORYpl
i HQHUJHWLANp 98 XA MMWDMWH KND]XIMH 7DE
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Tab.1 .YYyW\ (8 SUR UHF\NODFL VROIUQtFK SDQHO$

2012 2015 2015 2018 Od 2018
9\ X &bdpaduze VROiIUQ
SDQHOS$ 75 % 80 % 85 %
Recyklace VROiIUQtFK 65 % 70 % 80 %

zdroj: https://www.resolar.cz/cs/co-nabizime

([ILVWXMH PQRKR W\S$ IRWRYRPRDRKNEFKD GERNPOS 0RQ
SRO\NU\VWDOLFNYH@RRYUVWYp 7)6& &GBUZ/HpPpER,BRQFIBQWUIWR
&93 +&93 9 y5 MVRX LQVWDORY]Q&FK$MELURBEBES RI® INODVL
VROIUQtFK SDQHOHFK , D ,, JHROUDFBUWYRVINOQRIME W@t
uWHQNRYUVWXEERK BHR VSOQ Qt NYyW MH WH G\UGXWNDD FLM L
skla.

Obr.1 6FKpPD NRQVWUXNFH VROIUQtKR SDQHOX
zdroj: http://www.dupont.com/

Pro S HGNOIGAIREP EVBRRE Y]RUN$ EHWRQX VH YRXOLQER UH
UR]JGUFHQpPRWNORPWDLFNEFK SDQHOS$ 1HMAKOR MHNR VO RRBNG
W\S$ VNHO SRX&EtYDIGERKDEXDND 7DE
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Tab.2 &KHPLFNp VOR&aHQt VNHO IRWRYROWDLFNéEFK SDQHO$

Receptury

6NHOQé& WHRWRYW OW DL ANEFK 13D Kb GBHMBAS Hd4tRbdpady
sro. 'RGiQ E\O YH GY RXo V&JSfRREFEEKM a 4-8 mm.

6tWRYEP UR)YSREN®33-1) E\OR SRWYU]JRERX ¥HRUFtFK VSDGi Y
QHA GR XGiYDQdmhy 2dpF8 mm.

3UR YEINXP E\O\ SRXaLW\ &Yy é URH FH Y\WEdDh6G
se VNHOQEBEF\NOIiIWHReceptrd @ REVDKRYDOD VNHOQé UHF\NOiW
]JPtQ QéFK IUDNFt D Wpa NSDFPFH Q U XidepiupaNB) ldbsahovala pouze
VNHOQé UHF\NOIW WHG\ EH] SQGHR S XVNDEPRIXQ UHDF HB3EHWIOW X Y i (

Tab. 3 Receptury beton $ VH VNHOQéEP UHF\NOiWHP

sklo kamenivo
OQRAVW
rzelg)grt;/H CE(R;}T%?% R| 1-2mm 4-8 mm 4-8 mm voda
[kg/m3] [kg/m3] [kg/m3] [kg/m3] [kg/m3]
A 350 700 300 1000 150
B 350 950 1150 - 150
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3 3URYIiG Qp JNRX&N\

6DPRWQé VNHOQé UHF\NOIW EHWRONX\ |M\URBHIQQPER UHF\]
(receptura A a B) jsme podrobiliniVOHG X MIRXREA NI P

f BWDQRYHQt V\SQp KPRQRVWL D PH]JHURYLVWRVW
(dle ySN EN 1097-6)

f BWDQRYHQt REMHPRYp KPRWQRVWL 48 Hidditw Y p KR
(dle YySN EN 206+A1, ySN EN 12350)

f BWDQRYHQt REMHPRY hetohuP Ro&/ Q B8V Wlhech JUiQ't
(dle ySN EN 206+A1, ySN EN 12390)

f SWDQRYHQt ®eéton® RWYaRUL (dle ySN EN 206+Al, ySN EN
12390-3)

4 1DP HQp YEVOHGN\ D GLVNX]H

Vsouladus QRUPRX y61 (1 MVPH 3Xyprou @Gmotnost a mezerovitost
VNHOQpPKR GHRWRYWRAWDLFMezéravitbdb 804 SRGtO REMHPX PH
mezizznyv FHONRYpP REMHPX 1D Psyph@ pmatéogtOaHhteaekovitosti
XGYi 7D&E

Tab.4 1DP HQp YEVOHGN\ VA\SQp KPRWQRVWL D PHIJHURYLWRVWL VI

i frakce 1-2 mm frakce 4-8 mm
6\SQi KPRWQRVW
[ka/m’] [kg/m°]
YROQ V\SDQpKR U 1086 1265
JKXWQ QpKR UHF\N 1261 1413
) frakce 1-2 mm frakce 4-8 mm
Mezerovitost
[%] [%]
YROQ V\SDQpKR U 60 53
JKXWQ QpKR UHF\N 53 48

Obr.2 6WDQRYHQt VISQp KPRWQRVWL VN H @BQrurkaRL-Drair \ N ¢
o4



Hodnoty objemov p hmotnosti pHU VWbéwKUR WHG\ YJRUNS$ YH VWi t k
GRVIiIKO\re&ptku A v SUSP UX SNJ3PR UHFHSWXUX % MHQa
SRX]H VNHOQé UHF\NOiIW E\OD QDP HKYMSUS$SP UQi KRGQRWI

'‘Ddt YEVOHGN\ SURYIiG Q&FK |NRXAHN YpHWw®ptusBiA$P UQEF
arecepturu B S HKOHGQ XYiGt QiV O H&XM Hevnodt v Hak® Byl
VWDQRYHQD SR GQHFK VWi t EHWRQX

Tab.5 1DP HQp KRGQRW\

Vzorek Hmotnost 2EMHPR 5R]P U\ Pevnost
[d] hmotnost vzorku [MPa]
[kg.m"] [mm]

Al 7213,2 2137,2 150x150x150 20,9

A2 7227,0 - 150x150x150 22,6

A3 7243,6 - 150x150x150 22,0

A- SUSP U 72279 2140 150x150x150 21,8
Bl 6220,4 1843,1 150x150x150 11,5

B2 6286,4 1862,6 150x150x150 11,9

B3 6198,6 1836,6 150x150x150 11,9

B4 6229,8 1845,9 150x150x150 11,3

B- SUSP L 6233,8 1850 150x150x150 11,7

0O HQtP JtVNDQp SHYQRVWL GRVDKXMt S tY WLYéFK KRGQ
REVDKXMH L MHGQX IUDNFL NDPHQLYD MH218WPR UQi QD
FRRSRYMAN HGQtP KRGQRWIiP SHYQRVWL RE\pPHMQpKR EHWR
SRX]H VNHOQé UHF\NOiIW Pi SU$P UQRNXVFaH YIQRPWQQIPdat D
FHONRY L QLaat REMHPRYRX KPRWQRVW D MH WHG\ OHKD
(recepturaB)jeis WRXWR QLAAY KSRHOY@QRBWR QRVQpP JGLFt SUYN\

90DVWQRVWL P$aHPKRBAURMODPMNQA,P OHKNEP SYyUREHWR

<721* 'DWD S HGNOiGi TRbVOHGDGMPH &H SHYQRVWL SyU
GRVDKXMt SRORYLpPQt D& YtFH QH& pPWYUWLQRNEHFKQ&RGQ]
UHF\NOiIWHP Y JiYLVORM®L QD [YROHQp

Tab.6 +tRGQRW\ SUR SYUREHWRQRYp WYiIUQLFH <721* SUR REYRGRY

2EMHPRYi KPH Pevnost
Typ .
[kg.m™] [MPa]
Standard P2-400 400 2,7
Univerzal P3-450 450 3,5
Statik P4-550 550 5,0
Statik Plus P6-650 650 6,5

zdrojdat LQIRUPDpPpQt P DWwrhyitaha2UREFH
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5. =iY U

=tVNDQp YEVOHGN\ SHYQRVWt EHWRQRYéFK WYIUQLF ]H
PRAQRVW SRXAaLWt SUR QIRRVODIGNEREBWYXNFH Qt]JNRSRGODAQ:

3 tPV SRO\PHUQtFK YOINHQ E\ MLVW S LQHVOD GDOa
YODVWQRVWt QDEt]t VH L NRPELQDFH KUXMHRR MEHWRQI
VNHOQéP UHF\NOIWHP S L S tSUDY QRYp UHFHSWXU\ EHWRC(

Jedno oPH]HQt EXGH YA&G\ KODGNR VRAhta8iR ¥ UFFHKPX QAN RYDE PY
WPHOHP D PR&Qi FKHPLFNKWHRNEE YNGR EWE 7RXWR SUR
se MLA ~VS 8Q ]DEéYi DGD Y1G3} ERJA[E4. VW XG Lt

3RG NRYiQt

P tVS YHN E\O Y\WYR HQSY RINMMHMW X HH Q2 “BRONDR BBOp
VWDYHEQt PDWHULIiO\ NRQVWUXNFH D WHFKQRORJLH SRGE
POiGHA&H D W ORYE&FKRY\ Y UiPFL ~pHORYp SRGSRU\ SUR
XGUALWHOQRVWL
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THE UTILIZATION OF WASTE GLASS AND CERAMIC IN CONCRETE

Ing. 'LDQD ODULDNRYiI ,QJ 7HUH]D 3DYO$ 3K

yHVNp Y\VRNp XpHQt WHFKQLFNp Y 3UD]H VW WHEXNIEN X
SRIHPQtFK VWDYHE 7KiNXURYD diana.mariakova @ vciut.cz

YyHVNp Y\WRNp XpHQt WHEKQLFNp Y 3UD]JH 8QLYHU]JLWQt FH
EXGRY 7 LQHFNI % X3iW KUDG

Abstract

Nowadays, decrease of natural resources used in concrete is a common phenomenon.
Therefore, people are searching for suitable materials as an alternative for typical
components of concrete. This paper deals with the possibilities of use waste glass and
ceramic as a partial replacement for aggregate or cement in concrete. There is a
summary of the available research results and my research work.

1. OYRG

% KHP SRVOHGQtFK OHW VQL&XMtFt VH PQRAVIVQYS W REQF
N ]JiVDGQtP SUREOpP$P NWHUEP OLGVWYR pH®IHULRPHPMH ]
~]FH VSMOMI®WLYQtPL YOLY\ QD &LYRWRX Y SRWVHERX S UL
HQHUJLH pL HRIR/GRIRF t

6H JY\ARYiQtP SRpPWX RE\YDWHO VH JY\AXMH L SURMXNFH C
PQR&VWYt RGSDGX U$]QpKR VOR&HQt &HORVYDWRHNE ]QiUX
KODYQtFK SUREOpPP$ VH NWHUEéPL2MHB BROHHERY O H GrQ SRKi G
yHVNpKR VWDWLVWLFNpKR ~ DGX ] URNX D& W R
VWDYHEQtFK pLQQRVWHFK Y&VWDYE[S. GHPROLFH UHNRQV)

, S HV W\WR IDNWRU\ Y\X&atYiQt QHREQRYLWHOIQ&FK PDWH
QDYtF QHRGP\WOLWHOQ SDW t QiVOHGQi SURGXNFH RGSI
JtVNiYiQtSDDFRYiYiQt PDWHULIiO$ -DNPLOH MH RGSDG MH
SRW HED KR Q NDM KR RPISM a6FR D MHPRAEWDAQEP SUREOpPPHTI
MVRX SUiY RGSDG\ VWDYHEQt S HGHY&tP N YWROAW MHM LB K
SRW HE SURVWRU SUR VNOiIGNRYiQt W FKWR RGSDGS$

Jednou z PR&QRVWt MDN QDNOiGDW V RGSDGHP MH Y\XA&t)
Recyklace, v SSYRGQtP VORYD VP\VOX ]QDPHQi QiYUDW PDWH!
NWHUpPP Y]QLNO D" X& MDNR [EJH\O&INJ QR B/R RMK R FolWOWX P $ &
UHF\NODFH SRYDARYiQD ]D MDNpNROLY RS WRPK¥p BRMALW
QXWQ YH VWHMQpP VI\VWpPX MDNR S HGWtP RLFPRBEHWONé
MH SRYDARYiQ ]D ~VS FK S LQHMPHGBitP SUR ALYRWQt SURV

'UXK&P QHMSRXAatYDQ M&atP PDWHULIOHP QD VYR MH EF
Zhruba 7- FHORVY WRYp SURREMFHMYPRE\ FHPHQWX SURW
VSRVOHGQtFK OHWHFK REMHYLOD VQDKD VQRAIGWR SFOQER DV Y
ALYRWQt SURVW HGt 7RKR O]H GRViKQRXWL RSO PD]GIQ CPFt
Q NWHUE&FK VORAHN [BUiY UHF\NOiW\
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OH]L QDKUDGLWHBHWRQRYENFKYVP VtFK SDW t QDS FHPHC
V GQHAQt GRE X& MH PRaQp D YKRGQp RY R YW NROHPRL\WN p
YHOLNRVW piVWLF D XUpLW WDN YKRGQRVW QiKUDG\ Q NWH

7THQWR S tVS YHN VH ]DEéYi SUiY PRAQRVWPL Y\XaLWt
RGSDGQtKR VNOD pL NHUDPLN\ GR EHWRQXJ$QGS8PBIC & VYRIDRKR
Y GQHaAQt GRE WR MH BRPXHYQPIRRNBRB IDGX pL IRWRYROWI
VWHMQ WDN NHUDPLND 9\XaLWt W FKWR RGSD@$DNHWVRE M H

2. Sklo

Sklo je jeden z QHMVWDU&tFK PDWH UQLHOMNU ¥\X &M ¥ DFQKé RGY WY tFK
SRX&tYDQé& YH VWDYHEQLFWYt D DUFKLWHNWX HiFitYVYHMOé QI
vVU$]Q&FK EDUYiFK OL&t VH FKHPLFNéP VOR&AHQtP 6NOR MH
MH WpP ]H UHF{RORYDWHOQ&

2EHFQ O]H URpOduidrskBW L ]JINODGQt NDWHJRULH

Xx VNOHQ Qp REDO\
Xx VNOR SRX&tYDQp YtH VWDYHEQLFWY
x RVWDWQt VNOR

2EDORYp VNOR MH QHMpDVW ML UHF\NORYDQéP VNOHQ Q
PtUD UHF\NODFH VNOHQ QéFK REDOS$ SRKI\EXRISEH NRIOHP
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Recyklace [%]
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Graf1 0tUD UHF\NODFH VNOHQ Q&FK REDOS$ Y y2012N) UHSXEO

6NOR O]H NDWHJRUL]JRYDW L SRGOH FKHEBRENPKR Y\ A B Q
v]iVDG S HGHY&tP N HPHQQé& StVHN &HORVY WRY MH SUR
vVGQHAQt GRE MH ML& |DYHGHQ WUHQG S LGiYDWDRGD l
GDO&t YBURE\ VNOD 5R]JWDYHQt VWDUpPKR VNOD MKRVQDGQ
WHSORWD WDYHQLQ\ P$3aH GESAQVERW AHFER WG INLH D PHQ3
[8] OH]L GDO&t YEKRG\ UHF\NODFH VNSD[E S\DQ\ atH QK GIPNLFH &/N (
D WDNp ~VSRUD SULPiWR FKiN XWHR W QNS RERDWRQDQpQt

V QiIVOHGXMtFtFK OHWHFK EXGH UHRYN® DN RO @ O WESR
8iGRXFt L PLQLPDOQM]IDFH RGSDGX

8 VNOHQ QéFK REDO$ MDVQ S HYDaxmMt NODG\ UHF\NODFH
X VNOD |]H VWDYHEQLFWYt MH QXWQRVW MHKRKIW NGVRUpQHP
YH VNOH REMHYXMt MVRX ]JS$VREHQ\ S HGHYAatP QH t]HQéPL

S3RNXG FKFHPH VNOR JQRYX SRXatWw PXWR ERRYMHEDQYHBRVQ
QXWQ SODWLW X SRXaLWt GR EHWRQX
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21. 9\XaLWt VNOD GR EHWRQX

2GSDGQt VNOR ]H VWDYHEQLFWYt Y]QLNi S HGHY&atP S L |
-HKR RS WRYQp Y\XALWt YSIRV\G B GIQERK OMWHFK YD Y]HVWXS
SRX&tYi pLVWp RGSIDREEX NVNOWHBSHOQpP LIRODFH V[IPHOQi YDW
Vzhledem k QH t]JHQ&P GHPROLFtP WWWHIWpp UMBREOYFH VWDQC
postupem, jes pLVWRWRX D NYDOLWRX VNHOQPKR RGSDGX SUREC

-H WR RY&HP HELWHOQp Y\WRNp pLVWRW\ D NYDOLW\ VN
t]HQRX GHPROLFt NWHUi VH E &Q Y\XAatYi QDSWDY E% HW®IJL
QHMSUYH RGHEHURX PDWHULIiO\ MDNR VNOR NRY\ 39& L
UHF\NODFH W FKWR PDWHULiO$ D WDNp ULJLMN3R NWHUp QH |

Vzhledemk Q\Q M&tP SRGPtQNiP VH RY4AHP PR&QRVW t]JHQ&FK
QHMMHGQRGX&4t H&HQt 5HIOQ Mat MH KOHGiIQt PRAQRVW
sS tP VHPL NWH U poupadPdbierit Y

% KHP SRVOHGQtFK OHW E\OR SURY RYiQR Y\X&LWt RC
9&8]NXPQt SUDRRNQ&FIK [13] 4] [15][16] WHVWRYDOL PRAQRVW QD
U$]Q8FK VOR&HN EHWRQX D MHKR QiVOHGQp PHFKDQLFNp Y

ObeFQ MVRX SUR]JDWtP GY FHVW\ MDN Y\X&QWKRGSDGQt
NDPHQLYD KUXEpKR MHPQpKR QHER QiKUDPGL FMKIPQWX -
NGH VH [NRXPDOR piVWHpPQpPKR QDKUD]HQt FHPRQWX D NDPH

211 1iKUDGD NDPHQLYD

([ILVWXMH Q NFSHISN19\Z¥GNWHUp JNRXPDMt PR&QRVWL Y\X4&
VNOD MDNR piVWHpPQp QIEHWEBQXDPHEORVERp QDKUDGLW KUX]
IUDNFL QD ]iNOD[7] [EH]MKPBRA&QpP tFW &H MHPQi IUDNFH
YKRGQ Mat PRAQRVW '$Y Rakbidkalitkb-]NM MP pRIDWp UHDNFH

2EMHYLOD VH L SUiIFH NWHUi VH |DEEYDOD |JHMPpQD R
NDPHQLYD O]H QDKUDGLW VNHOQ&P UHF\NOiWH®P$ YFOGWKR R W
rizika alkalicko-N HPLpLWp UHDNFH %\OD [NRXPiQD piVWHpPQi QiK!
30 %, 45 % a 60 %. 9HOLNRVW piVWLF VR BRHILE PPDBD YWYQ E\OD
INRXPiQD SUiY -INOMMIPILANIRUHDNEH VH ]Y WaAXMtFt VH YHO
ULJLNR $65 =E\WHN WHVWS$ VH SDN |[DP LO QBYSBEERWRYDWH
'iOH E\O\ SURYHGHQ\ QDS WHVW\ UR]JOLWt WHM@®D SXFRO
LGHIiOQt YHOLNRVW S[ROXALWEFK piVWLF DM

94HFKQ\ VWXGLBRGREQ®EPN ]iY bkt sREVDKHP RGSDGQtKI
GUFHQpPKR VNOD Y\ND]JRYDO VWiOH YODVWQRVWI&VWH tNWH L
NDPHQLYD NWHUp MH PR&Qp QDKUDGLW RGSDGQtP VNOH
YODVWQRVWt EHWRQX VH SRK\EXMH RNRG®RWDO\ SHY D RWR/
EHWRQRYp MWPHFINO/IWSRURY Qir®It HUHQEttURGQtP NDPHQLYH
SRGR B L8] [20].

70



3000 2570 2 507 2 499

2 500
= 2000
1500
1000
500
0

W e | °lo} E v }

Ep“ v } % Vv_

KiulA Zu}sv)
[kg/m
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3UR Y\X&LWt PDWHULIOX GR EHWRQX MDNRQQWK SRAR GIDPH
naobjHPRYRX KPRWQRVW NWHU& XUpXMH PLQLPiO@O KRGQR\
kg/m* 7HQWR SRADGDYHN RGSDGQt VNORDMSO XME WD pAHR OV
REMHPRYi KPRWQRVWzZR@®S®IIQOQLRAMNHA REMHPRYi KPRWQR

212. 1iIKUDGD FHPHQWX

Odpadnt VNOR MH PRA&Qp SRXA&tWHWRNOXK QikKSPGXFK IRUPIFK
XSODWQ Qt REBWREX PtVWR FHPHQWX VH X& GHO&t GREX RE!
Y\WWRNRSHF Q23 WSKYHIIHMROPL UHF\NORYDZSE FHPHQW

$pNROLY MH SRX&LWt RGSDGQtKR VNOD MDNRGQWHOGD |
YDULDQWD YKRGQ Mat MH ] HMP QDKUD]HQt FHFHEP WX %\C
[16] [26) NWHUp SRURYQiYDMt YODVWQRVWL ]DOR&HQpP S H
RGSDGQtKR VNOD FKHPLFNpP VORAHQt GiOH EK®\WNJRDN Qi i
PRStONX NWHUé& VH WDNp Y\X&tYi MDNR QiKUD@RoQ NWHU

]JMLAW QR &4H YHOLNRVW piVWLFE VN-QIDH®V O D\G pXthHSI & $IE YK D
FR4 MH QHRTBRXFt

, S HV SiU VWXGLt D Y&\ XRA$EWQ RGISW BRRKR VNHOQpPKR SUD
JFHOD SURJNRXPIQR -H QXWQR SURYpVW GDR¥t HQI$]NXP
YODVWQRVWUHRFSRMQOWU KX REVDKXMtFt RGSDGQt VNHOQE& S
SUDFKX MH YKRGQp S HGHY&AtP YH Y\VRNRKRIGEOHRSWQ P BHV
PpQ YRG\ QL&&t YRGQt NRHILFLHQW 9RGD ADHWE D Difa A RKL ]
NGH KUR]Jt SRWHQFLIiOQt -QNHIEPI$ HWtp DUCH\DONGFLHE N R

OLPR MLQp MH YKRGQp SRX&tW RGSDGQt VNHD Q& \SGUDFK M
setaN WYRUED &6+ JHOX FR& YHGH NH VQt&HQt YHOLNRVWL S
MH ]Y&@EHQi SHYQRVW D VQtaHQi SURSXVWQRRWW=8H®ROQXD
28] %\O\ SXEOLNRYiQ\ ]JiY U\ R PR9JQBPUSRBXFROIQRY&FK
DNWLYLWIiFK WSGIYND)R VWIS RWH QBALiOQt H[SDQ]L

986VOHGN\ SURNi]DO\ XVSRNRMLYp WHFKQLFNp YXODVWQR)
MDNR SXFROIQRYpKRHMRWHKULIRGEDGQt VNHOQé SUDFK Pi W
SRYUFK QH& 3RUWODQGVNEé FHPHQW S L SRGREQ®RX YHOLN
SXFROIQRYp YODVWQRVWLG/NO UWHELE3SQHBENIRQMLQp Pi QD
YEVOHGN\ GRSDG L EPWRGX VUEIRpKR FKHPLFENpPKR VORAHC
UR]GtOQp PQRAVWYt N HPtNX D YiSQtNXUQP $M H® &P GREAKD HHIN
[29] ViVWHDPQi pL ~SOQi QiKUDGD FHPHQWX RGSD®QFR VNOH
VWXGLt Y Wat SRWHQFLiO QH& QiKUDGD NDPHQLYD
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3. Keramika

.HUDPLFN& SU$P\VO Pi Q NROLN Ii]t YEURE\ D Y]QLNi E KHP
S HVQ ML-MH zZWRONRYpKR PQRAVWWURSGSBPBEp®Wt SURGXNFL
NDOFLQRYDQ&FK MtO$ S HGVWDY32M IS ohleGeRYna PLBS R QQ pW X ¢
]SUDFRYiQt D FKHPLFNp VOR&HQt NHUDPLFNpKR RGSDGX O
WHQWR PDWHULIO Pi MDNR piVWHEEWRQKU DNEDO FH® B DN X/
NHUDPLFNp KOtQ\ Pi YOLY QD BXFROIQRYRX UHDNWLYLWX

9\X&LWt NHUDPLFNpXWRDRGBP/XYWXMH QLFPpQ MH WR VWi
Zz FHONRYpKR PQRAVWYt NWHUp E\ E\OR PR&Qp Y\X&tW PH]L
S HV URVWRXFt RPHJRYiQt VNOIGHN &LKHOQé& UHF\NOiW MH
GR U$]QéFK SUHIDEULNiIW$ PRXpNX MH GDRARRAQ XMW &PWS D
P$a8H EEW PRGLILNDFH QD ]iV\S Y GQHAaQt GREatQH\M DWW M4
QHJE\WQp RGSDGQt NHUDPLND Q NXPNEP |]S$VREHP XSUDYLW

Do budoucnato WHG\ EXGH J]QDPHQDW GIROGI&t SDRELORWRNEXGH (
KOHGDW ]S$VRE\ MDN NHUDPLFNé RGSDG Y\Xatw

3.1. 9\XaLWt NHUDPLN\ GR EHWRQX

'LVNXWRYDQé&P WpPDWHP SRVOHGQtFK OHW MH WUYDOH
JHQHUDFH VH VQD&t |DFKRYDW &LYRWQt SURR/\Q HINGR HSQER J
]JP QRX 1D NRQVWUXNFH D VWDYHEQt PDWHULBDYMVRX N
NWHUp VHYQUSIRY¥WL QD ORNDOLW

3RXALWt NHUDPLN\ S L YéURE QENMRMRIQVD MKHB NHBKIRSAQ Bt V H
MHGQi R VQtaHQt HQYLURPHQWIOQtFK GRSDG$ NWHUp
]JDQHGEDWHOQp .RQNUpWQ VH MHGQi R ~VGHFHX]GQRNS LK
FHONRYp VQtaH3d]t QHNOPGBNp PDWHULIiO\ VH WDN PRKRX VWi
GRSO NRYpKR SRMLYD GRsKFDO®WWDREHWRQW P [35.RYQRFH
S3UREOHPDWLND MH RY&HPVORYUWNVSVWRQBRWPON YEUREQtP

WHFKQRORJLtP D SURFHVS$P Y\SDORYiQt MtO$ OQRIGEDNCIE MH
keramiky.

BWHMQ MDNR X VNOD MH P®RIgag po BatsrauthWU B HUBIFKL FRAEP i F K
94H MH SRGOR&HQR VWXGLHPL NGH MH JNRXPIiQR FKHPLFI
QHER PQRAVWYt NHUDPLFNpKR RGSDGX NY86J3H. MH PRAQp S

3.1.1. 1iKUDKkKameniva

=QRYXY\X4LWt NHUDPLEFHNWRR R B $ D6 EAWENROENMG$YRGS
QD MHGQp VWUDQ VH Y\ Hit SUREQVHPURBRRMN PIER Q@ UR B\S/DX
VRXpDVQ VH S LEOt&t YL]H WUYDOH XGUALWHOQ M&atKR E
SRW HE\ Y\X&tYiQt QHREQRYLWHOQéFK |GURMS$ MONRHMH FH

URYQ & L SUREOpPPS$P ALYRWQtKR SURVW HGt NWHR¥LRXYI
[38].

9éINXP\ NWHUp WHVWXMt QiKUDGX NDPRBQLYPVROHGDREK N ¢
OHWHFK REMHYXMt QD Y GHFNpP SROL 1iKWHDGD NDPHQL)Y
SPLQLPiOQtP SRNOHVHP PHFKDQLFNéFK YODVWQRVWt .H
SUDNWLFNi QiKUDGD S tURGM{6R NDPHQLYD Y
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&KHPLFNp VORAHADUNIWBBRLNIRYR]$ VH P$&H OLALW 3URW
YEVOHGN\ Y\ND]RYDIWH YSRRVOWHARKY 1LFPpQ YE&VOHGN\ WDN
EHWRQRYp WP WRPVFNEP RGSDGHP MDNR QiKURGDLW®PK QL
WHVWHFK OHS&t YEVOHGN\ Q et DPHLIFHNGFK®Rp @G 8B G/ BHRIQ N U ¢
MHGQi W HED RWEDWXRWD YLOiUQt DEVRUSFL YRG\ SURSXV)
[38] 98HFKQ\ W\WR ID\OWMBEt WHGRROLYRVWL EHWRQRY&FK NI

3.1.2. 1iKUD¢ementu

1DKUD]HQt FHPHQWX E\OR INRXPiQR S HGHWiRQXH NGWRMIR
XSODWQ Q YHONE& SRGtO WRKRWR PDWHULi®X 9HOWNXGLtFK
SRUWODQGVNpPKR FHPHQWX NHUDPLFNéP RGSDGIRFNPVOHG
YODVWQRVWL W FKWR VP Vt WUYDQOLYRVW Y]JRUN$ D MHM]
4H Y\WRNRKRGQR\WEO¥DKHWRMQHUDPLFNpKR RGSDGX Pi Y\VRN
WUYDQOLYRVW 9&8]NXP PLNURVWUXNWXU\ SURNEHDWR®@K S L
QHPi YEUD]Qé YOLY QD K[BZUDWDFL FHPHQW X

2GSDGQt NHUDPLN\ QDYtF Y\ND]XMH SXFROIQRYp YODVW
YODVWQRVWEVIKHPS NHUDPLFNpKR RG 3IIM® WHEQ&HAKt KRG QR
NG\a MH S LGiQR Da NHUDBILFNpKR UHF\NOiIWX

=NRXaHQ\ E\O\ L MLQp UHFHSWXU\ NGH E\OR J]RKOHGQ
1DKUD]RYIQR E\OR KODYQt SRMLYR SRUWODQGVNé FHPH
JY\&XMtFtP VH PQRAVWY pRachuHho@nBty BNpKR 9RGQt VRXpPLQLWH
YaHFK UHFHSWXU ]$VWDO VWHMQé WM Y F I VIEHFKQ\ Yé
SUHIHUHQpPQtP Y]JRUNHP NWHUé E\O Y\REWRDHKHEG PVBEROGMN OV :
=NRXPiQR E\OR L FKHPLFNp VORAHQt YJRUNS$ D YHOLNRVW |
XSUDYRYiIiQD MHPQRVW E\OD SRYMRRYIiQD ]D GRVWDpXMtFt

4. 'RVDYDGQt YEINXP

% KHP SRVOHGQtFK GYRX OHW E\O SURYHGHQKWRE]NXP |
VNHOQpPKR SUDFKX YH Y\WRNRKRGQRWQpP EHWRQX 1DK!
N HPHQQp PRXpN\ D FtOHP WRKRWR Y&]NXPX E\ORWH[SHUL
betonu s REVDKHP RGSDGQtHR]QERRD|GURMS$ VNOR EURX&H/(
ZNRPXQiOQtKR RGSDGX

=NRXPiQR E\OR FKHPLFNp VORaHQt RGSDGQtFK SUDFK$ L
REMHPRYi KPRWQRVW 3URY HaBuHzQ dhidu@lv {lakR. X &N\ Y

9VOHGN\ GRVDKRYDO\ XVSRNRMBY®&FwhlEdRG K B WY q KRUX E D
WHVWRYiQt WpWR WHRULH

B3UIFH MH Q\Qt URJARPFRRYBEGRINWRUVNpKR VWXGLD D YéJNXP
SRNUDpXMH ORPHQWIOQ MH GR SURJUDPX J]NRRa¥Ngt ]|D D]H
ZzZIRWRYROWDLFNEFK SDQHO$ 1RY MEWBRBNP NNHRXR P IQF NepH:
odpadu.

=NRXPiQD MH SRGUREQ ML WDNp REMHPRYi KPRM@RVW RC
QL&&tP KRGQRWIiP SRXND]XMH QD Y\X&LW P QR CHIKDIAKQPHK R D
li]L RSWLPDOL]DFH UHFHSWXU\ D I[NRXaHQt SHYQRVWL ML& |
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5. =iY U

VS tVS YNX E\O\ VKUQXW\ PRAQRVWL Y\XaLWt UHAANVORYDQ
MDNR PDWHULIiO$ NWHUéPL MH PR&Qp QDKUDGLW @Q\ NWHUp
PDMt YHONé SRWHQEH® BQYR D'XXEWIDWNR QiKUDGD NDPHQLY
1D ]iNODG YéJNXP$ D YEVOHGNS$ YODVWQt SUiIFH E\OR
EHWRQRY&FKREFDKHP W FKWR UHF\NOiW$ VH YEUD]Q QH]KRI
YODVWQRVWt EHWRQQpBRFKQtANQt SHYQRVWt QLFPpQ GRF
AHW HQt SULPiUQt HQ K U9\ IDWH RRLG/S RRQtKR VNOD D NHUDPL
WHG\ PRAQp D VNOIGNRYiQt W FKWR PDWHULIiO$ MDHNRIH Yt
Y\X&tYiQt S tURGQtFK QHREQRYLWHOQéFK PDWHULiIiO$

3RG NRYIiQt

7DWR SUiFH Y]QLNOD ]D ILQDQpQt SRGSRU\ 032 75,2 )
HQYLURQPHQWIOQt EHWRQ SURAVYIW D YHIPGL SRRV WDKX FIB8 |
LO1605a 6*6 2+, 7 9\XaLWt RGSDGQtFK VXURYLQ Y GHV|
z vysokohodnotné FK EHWRQ $

Reference

[1] 9 OOpPRFKRYi 31HZ ILQGLQJV DERXW UHF\FOHG FRQFU!
ORé’lQRVWL D SHUVSHNWLY\ UHF\NODFH VWDYHEJFIKK RGS
surovin, Brno, 2006.

2] /| %URA&RYiIi D . .XQWRYi A5HF\NODFH VWDYBEMKHKR GHF
Y\XAaLWt X SRIHPQtFK VWDYHE 3 -RXUQDO %XVLQHVV 7
B8] yHVNé VWDWLVWLFNé ~ DG A9éVvVWXSQt REMHNW 9

https://vdb.czso.cz/vdbvo2/faces/index.jsf?page=vystup-
objekt&pvo=ZPR05&z=T&f=TABULKA&Kkatalog=30842&str=v86.

[4] *5((1 6ROXWLRQ V UR AOLQLVWHUVWYR ALYRWQtKR
Available:
https://www.mzp.cz/C1257458002F0DC7/cz/program_predchazeni_vzniku_odp
adu/$FILE/OODP-SU$YRGFHBVWDYHEQ@L >3 tVWXS JtVNIQ

[5] J.VackRYi 3UREOHPDWLND W tG Qt RGSDGX X U$]QEBFK Y NI
YHVNpP %XG MRYLFH

6] 3 +iMHN A/LIH F\FOH DVVHVVPHQWYV ARdtef- RM@Fdd HWH VW
HQYLURQPHQWDO VDYLQJV 3 Y 6WUXFWXUDO FRQFUHWH

[77 ( =HLOHU 9éURED VNOD D UHF\NODFH VNOHQ QpKR RGSI

[8] A. Schmitz, J. Kaminski, S. B. Maria a A. Soria, Energy consumption and CO2
emissions of the European glass industry, Energy Policy 39 , 2011.

[9] A. H. Bhatt, R. V. Karanjekar, S. Altouqi, M. L. Sattler, M. D. S. Hossain a V. P.
Chen, Estimating landfill leachate BOD and COD based on rainfall, ambient
temperature, and waste composition: Exploration of a MARS statistical approach,
2017.

[10] 9 .UHQtNRYi 2GSDG\ D GUXKRWQp VXURiverZpa J, E. OVWt Q
3XUN\Q Y OVWt Q /DEHP )DNXOWD aLYRWQtKR SURVW H

74



[11] ' 9iYURYi 5HF\NODFH VNOD 2VWUDYD
[121 7 3DYO$ AORAQRVWL Y\XaLWt RGSDGQtKR VNOD YH VWD

[13] ' ODULDNRYiI *ODVV SRiz&ibBriJin ZhQhperfbrmalée concrete,
Prague: Czech Technical University in Prague, 2018.

[14] C. Meyer a S. Baxter, Use of recycled glass for concrete masonry blocks,
NYSERDA, November 1997.

[15] $ 6KD\DQ -AddBdouXlidation of waste glassin FRQFUHWH 3 -DQXDU\
[Online]. Available:
http://www.sciencedirect.com/science/article/pii/S0008884603002515.

[16] I. B. Topcu, Properties of concrete containing waste glass, February 2004.

[17] N. A. Soliman a A. Tagniz-+DPRX A'HY HO R S RathighAperRimancw U
concrete using glass powder- 7TRZDUGV HFRIULHQGO\ FRQFUHWH 3 Y
building materials, Elsevier, October 2016.

[18] J. Khatib, E.M.Negim, H. Sohl a N. Chileshe, Glass powder Utilization in Concrete
Production, 2012.

[19] A. Mohajerani, J. Vajna, T. H. Homan Cheung, S. Horpibulsuk, H. Kurmus a A.
Arulrajah, Practical recycling applications of crushed waste glass in construction
materials: A review.

[20] Z. Z. Ismail a E. A. AL-Hashmi, Recycling of waste glass as a partial replacement
for fine aggregate in concrete.

[21] 0 & 7DQJ / :DQJ D 5 . 'KLU A(QJLQHHULQJ DQG GX
FRQFUHWH FRQWDLQLQJ ZDVWH JODVV 3 Y $FKLHYLQJ
Cornwall, MPG Books, 2005, pp. 219-228.

[22] K. /[HH . /HH 6 /HH D * .LP A$XWRJHQHRXVQWKL@INDIIH
JUDQXODWHG EODVW IXUQDFH VODJ 3 Y &HPHQW DQG &l
1279-1285.

23] & 3 6 .RX A$ QRYHO SRO\PHU FRQFUHWH PDGH ZLWK Ul
ashanG PHWDNDROLQ ® Y &RQVWUXFWLRQ DQG %XLOGLQJ
151.

[24) 1 )DU]DGQLD $ $ $EDQJ 5 'HPLUERJD D $QDQ@RFADAHFYV
on mechanical properties, thermal behavior and microstructure of cement
PRUWDUYV 3 Ynd&CGobRdre(@ Wedearch 48, 2013, pp. 97-104.

[25] 7 3DYO$ 0O AHIIORYi D +XMHU A90DVWQRVWL MHPQR]
QIKUDGRX FHPHQWX UHF\NORYDQéP FHPHQWRYéP SUDFK

[26 0 3IDWWHQJLO D 7 6KXWW 8VH RI JAIRGuEe@e)RewVYVY DV S
Mexico, USA, 1973.

[27] N. Schwarz a N. N. Hieu Cam, Influence of a fine glass powder on the durability
characteristics of concrete and its comparison to fly ash, July 2008.

28] 3 ODWXORYi 7 OHOLFKDU D - 3 LNWY\®GHPHKEW RY &PKF
NRPSR]JLWHFK MHPQ POHWRX UHF\NORYDQRX VNORYL(
SURVW HGt % (721 7.6

75



[29] 3 'REURYROQé& ORAQRVWL UHGXNFH HPLVt &2 SURG
SRUWODQGVNEFK FHPHQWS$ %UQR 9\WRNp XpHEQWHFKQ
OVWDY WHFKQRORJLH VWDYHEQtFK KPRW D GtOF$

[30] Y. Shao, T. Lefort, S. Moras a D. Rodriquez, Studies on concrete containing
ground waste glass, January 2000.

[31] < -DQL D: +RJODQG A:DVWH ah@fzanment &nd\tbikdrets AR G X FW L
UHYLHZ 3 -RXUQDO RI (QYLURQPHQWDO &R#BPPOHEDO (QJLQHE

[32] & OH\HU A7KH JUHHQLQJ RI FRQFUHWH LQGXVWU\ 3
composites, 2009, pp. 601-605.

[33] $ 1$&(5, D + 0 &+ A8 VidciRas & EaKidVrelplacement of cement in
PRUWDU Y :DVWH 0DQDJHPR3IBAW SS

34 5 .$0,16.$6 0 - D $ .$0,16.$6 A7KH HIIHFW Rl SR]]R
SURSHUWLHV RI WKH ILQHVW IUDFWLRQ RI VHSDUDWHG =Z
21, 2005.

351 ( 9HMPHONRYiIi O 2QGUiIpHN 6 0 D y 5 AYLQHJURX
DOWHUQDWLYH ELQGHU LQ KLJK SHUIRUP D QNFWBIXFRVXFRAHAIW
and Materials, 2010, pp. 91-98.

[36] ' - $QGHUVRQ 6 6 7 D $ ) 7 . rieddofeendrete GilsidgS URSH
ZDVWH FHUDPLF DV FRDUVH DJJUHJDWH 3 &RQVWUXFWLR
28, 1 August 2016.

[37] D. Kannan, S. Aboubakr, A.El-'LHE D 0 5HGD 7DKD A+LJK SHUIRUPD(
incorporating ceramic waste powder as large partial replacement of Portland
FHPHQW 3 &RQVWUXFWLRQ DQG -44X300uy2Q@J. ODWHULDOV S

[38] F. Pacheco-7RUJDOD D 6 -DODOLE AS5HXVLQJ FHUDPLF Z
Construction and Building Materials, pp. 832-838, May 2010.

[39) ANuran D 0 hQDO A7KH XVH RI ZDVWH FHUDPLF WLOH LQ F|
and Concrete Research, pp. 497-499, March 2000.

[40] 7 . XORYDQi 90LY MHPQ POHWpP NHUDPLN\ QD YODVWAQI
Praha, 2018.

76



9<84,7E 2'3$'1E+UPP, =35$&29E1ES3'1E+2
KAMENE
USE OF THE WASTE SLUDGE FROM NATURAL STONE TREATMENT
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Abstract

The article deals with the use of fine particles, which are a part of the waste sludge
created by natural stone (granite) cutting and polishing process.The properties of the
microfiller obtained from sludge were researched with regard to the use of secondary
raw material in concrete mixtures. Designed concrete composites after hardening
show auspicious mechanical characteristics. The demonstrated characteristics
mentioned in the article lead to the use of this waste in building practice.

1. OYRG
V GQHaQt 8 RIBden d$%az na ekologii Qt]Np FHQRY p DQ HWBR®\X
QHURVWQéFK VXURYLQ = W FKWR G$YRG$ MH VQDKD S I

VXURYLQ\ pOZddroadsti se v soupDVQp GwRiije poptk$n, strusce,
PLNURVLOLNiIiW$P PUDPRURYp YiSH@FRY®DOPAtRURR &@QI&Pp
QiKUDGiIP SDW t MHHAQEMN®BDIBKDFRYIiQt(fikD).PHMPHN HAt
PRAQRVW Y\XaLWt WRKRWR PDWHULIOXi NWGU & NHHARNG 8D
p URGQtKR NDPHQBWRBXGUXKRWQpPp VXURYLQ QHE\O GRVX(
SRGUREQé YéHG taikHR GUXKRWQRX VXURYLQX NWHUiI GR
SRXatYDQRX QiKUDGRGNESERMURPEtOHP RSURWL VWHMQ Y]«
QDS tNODG ] PNWREBEXE\O G$SNODE HPNEXPI ¥.ORtadhQ t
d&od$byly v pOiQNdroRi HAZHQ\ FKDUDNWHULVWLN\ RIEGSDGQt
D MHMt PRAaAQp Y\XAaLWt Y EHHWVREKRYEFEX WRARW B XE¢/ HU LiO X
RSURWL POHWEéEP PRXPpNiP MMXREAHDLPI®QVHNEUDYD

2. 9]QLN D ~SUDYD NDOX Obr. 1 - filtrace

2GSDGQt PDWHULIO Y]QLNi S L RSUDFRYiQt NHPHQQ&FK
3UREtKi YH YEUREQt KDOH NGH VH MHGQRWOLYDIsNXV\ HA&R
GLDPDQWRYp NRWRXpH EURXVNIH¥NWMUN\ NDUWipH DWG
W\WR SUiFH SUREtKDMt SRG YRGRX DE\ QHGRFKi]JHOR N S F
QiVWURMS$
D JiURY W]Y VSiOHQHNPRORDHNEFK D SURYR]QtFK
G$YRGS$ MH YRGD IDQRWYRSRRHYIQD S L RSUDFRYIiQt
Zb\Oé ]DFK\FHQ¥END@® GR S\WO$ ZHjeY Wit SRGtO
] H]iQt EORN$ 9 ]JiYLVORWL QD YHOLNRVWL SU$P UX H]
NRWRXpH D MHKR VHJPHQWX MH U\FKORVW H]iQt S LEOI
1,8 GR PV 7RXWR U\FKORVWt MH Y&&aND ]i H]X GR EOR
20 - PP D &t ND SUR H]X SUR E-8§@m. NRWRXpH
= W FKWR ~GDM$ MH ] HMPp &H SRGtO RGSDGX QHQt |DQHG
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&HONRY& REMHP Y\SURGXNDYDQ(ERFRI®PDGNK WeHDOEED &RN

9]RUN\ E\O\ RGHEUIQ\ S tPR ] S\WO$ X ILOWUDRMH L QD*
RGSDGX 9 SUYQtP S tSDG E\O QDEUIQ NDO NWHIUUNEKBPO ND:
S tSDG E\O NDO QD VNOIGFH ML& SURVFKQXWé 9\ODKNRVW
a GRE NG\ E\O PDWHULIO Y\YH]HQ QD VNOIGNXOHGEQEPO Qi
SURGXNWHP E\O MHPQé SUDFK V KUXGNDPL 1DUR]GtO R
VXFKéFK YéFKRGQtFK ]JHPt NWHUé E\O X& SRGURERQ INFR
MHGQRGX&H UR]JP OQLWHOQpPp D QHPXVt SUREtKDWIidaiGQp G
RGSDGQt VXURYLQD E\OtWRB U\R VYiBkDL SRPWLt =E\Op KUXGN\ QL
ViwX E\O\ MH&W MHGQRX UR]JP OQ Q\ D JQRYX SBRMWW\ 1i\
Y Wat JuUQD NDPHQH NWHUiIi Y]QLNDMt RGatSQXWtP PDWHL
GR H]X TEQ®\ PBRRPipN\ G HY Q&K Y RDRNGHIY BRORAHQ\ QD
G HYpBstolunebo WUIPFtFK

3. &KHPLFNp VORaAHQt RGSDGQt VXURYLQ\

-DN MLa& E\OR ]PtQ QR Y ~YRGX FKHPLFNp VORAHQt Pi
YHONEé YYCAIWORBQp YODVWQRVWLaEHWRQRYpKR NRPSR]LW
9 WRPWR S tSDG E\O |NRAXR@@amt®.SDG |
2EHFQ W\WR KRUQLQ\ REVDKXMt QHIDQHGEDWHOQpP PQRAV
N HPHQH2). §&IR SRWYUGLOD L DQDOé&]D UHQWJHQRYE&P
spektrometrem, kde byly QDP H@ddnoty oxidu
N HPtdkolo 60 %. U YHANHPERKQEFK Y]JRUNS$ E\O\
MHGQRWOLYpRKEBEGQRWAYNS S LEOLAQ VWHMQp
1i]JRUQp UR]G OHQt YaHFKasWked MH YLG W Y 7
XGiYi KRGQRW\ QadabRstiH®@br. 2. 6QtPDQp
SROH Pi UR]P U\ m[3UR RGKDG S LEOtaHQt
D YHOLNRVWL JUQ MH Y GROQtP O obr.2-S LEOtaHANX P t\

(200 m). spektrometrem

Element Atomic Weight Oxide  Stoich.
Symbol Conc. Conc. Symbol wt Conc.

o) 69.92 56.22

Si 19.50  27.53 Si 62.88
Al 455  6.17 Al 14.09
K 218  4.27 K 9.76
Na 153  1.76 Na 4.03
Mg 127 155 Mg 3.54
Ca 098  1.97 Ca 4.49

Tab.1- FKHPLFNi D

4. Granulometrie

3R Y\VXdHQt NDOX D Qi\Ww@dzeQ pi) 3 REWHHPIRYiI KPRWQRVW
pyknometru. Prém UQi KRGQRWD RGHEED@RBFK Y]RUNEB 3R J]MLaAW
REMHPRYp KPRWQRVWL SURE KOD |[NRX&AND P UQYK&H®RYUF}
m UQé SRYUFK P NJ FR& MH Y\dat KRGQRWDRsQ Ma&EtRP SRXal
HEAHQtP YHOLNRVW IstiObyWaRK]iak& arkitQsti pomoct ODVHURYp GLIUDN
9éV OHGQgupenY $e k ivka zrnitosti (distribup Q't NWHUiI XGiYi SURFHQ
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]JDVWRXSHQt piVWLF YH Y]JRUNX R YHOLNRVWL PHQ&t QHa
frekven p Q tivka charakterizuje distribuci velikosti piVWLF Y]WDAaHQ@Q PX%tcQD REMFE
(viz. graf 1). =iNODGQt VWDWLVWLFNp KR Ga®.RWADBAP\DYR UNRYY @IS
PHGLIQ —P QHER DULWHH®@DFNEé SP$ 3UR SRWRNYNQiIiQt S
velikost cementu CEM 425 R - ORNUiIi MH [6].-POat GSOHALWRX YODVW
indH[ WYDUX JUQD MHOLNR& Pi SRGVWDWQé& YOLY QHMHQ QD
DOH L pHUVWYRX VP V OLPR SHYQRVWL EHWRQ@X Y WOD
PHIHWRYLWRVW |J]SUDFRYDWHOQRVW DWG ODWHULIO\ V N\
NXORYLWpPX WYDUX SRStON\ PDMt OHSat UHRORJLFNp FKF
YIRUFtFK U$]Qp YHOLNRVWL JUQD 9H YaHAspectPratidQt E\O ¢
S LEOLAQ = QDP HQé&FK YEVOHGNS$ Y\SOéYi &H WYDU ]U

Graf1- N LYND JUQLWRVWL IUHNYHQDp

6WDWLVWLFENE hodnota 6WDWLVWLFNEé hodnota

SULWPHWLFENEé 20945 P  Rozptyl 411,88 P?

*HRPHWULFNEé ! 11576 P 6P URGDWQi RC 20,295 P

+DUPRQLFNé SI 4897 P 3U$SP UQi RGFK 16,419 P

Modus 36,038 P OHGLIQ 132 P
Tab.2-ziNODGQt VWDWLVWLFN@pa¢gaDMH YHOLNRVWL |

5. 3HYQRVWQt FKDUDNWHULVWLN\

%\O\ SRUYQiQls r¥JéP REVDKHP @inémD GGOR&HQt PDOWRY
sm VL Y\FKi]JHOR ] QRUPRYp ]JNRX&dNdexS URDLOWRQYWYHBORStO
akempLWpKR ~OHWX 9 SUYQt VP VlenEpQWSER % &V MN QRIRP RNR X
pevnosti cement$ D VDPRVWDWQEHFHPIHNOWROLY QiKU®BMa 'UXKi \
QDYUAHQD GOBN @R UIE3¢4+AL: KemipLWé ~OHW GREEHWRQX
+PRWQRVWQt QiKUDGD FHPHQMX VO D8 RW ONHFGREY NGRS
QDY U&H QBN GND450y1+AL (722064): 3RStOHN GR EiktW Rament byl
nahra]H Q KPRWQRVWt PLNURSOQLYD 9]JRUN\ E\O\ ]JNRX
o rozm U X [ [ PP 3HYQRVWQt FKDUDNWHULWWLN\ E\O\
GQHFK RG EHWRQi&H
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9H |INRX&FHRfGRYEP RK\EHP SR GQHFK Y\FKkH2\ QHMOy
mikroplniva. Pevnosti v tahu za ohybu byly se JY\AXMtFt QiIKUDGRX FHPHQWX
Pevnost v tlaku prob KOD QD JORPHQEéFK WU iR DFttF K ORF KRW [
mm. P L WpWR [NRXEAFHHBDDQHNDY\addt WODNRsYis 33%Y QRVW
QiKUDGRX FHPHQWX DpPpNROLY Pi QHMQLA4t REWSHIPIRY RX KPI
] HMRap tih nav WatP PQRAVWpaPRbvBy UBN XA HE QtK RKUMWiZLP H p
Obr. 3 - 9\aadt SHYQRVW fodabDd HlEobéma vy a at obsahu tmelu
mezi zrny kemipLWpKR NDPHQLYD +PRWQRVW WPHOX E\OD VWH
SURWRAH PLNURSOQLYR Pi QLaat REMHPRYRX KPRWQRVW QI

SRIP U\ W OF Hmotnost Objem. pe\:/gngs?\llataﬁuQ 3USP UQ
Vzorek at N 9éaN 'poN W OH hmotnost 2a ohybu pevnost v tlaku

mm mm mm g kg/m?3 MPa % MPa %
QiKUD! 40,12 40,03 159,21 569,97 2229,08 5,46 100,0 27,37 100,0
QiKWD 40,50 40,06 159,96 589,05 2269,33 4,96 90,9 20,86 76,2
QiKWwD 40,45 40,11 161,46 548,63 2094,23 4,70 86,1 29,54 107,99
Tab.3- ]NRX&ND Y]JRUNS$ YH VWi t GQ\

Obr.3- WUiPHpN\ Obr.4- WUiPHpN\ Obr.5- WUiPHpN\
cementu) cementu) cementu)

9H ]NRXaFH SR GQHFK BEZWOU QPpH MY YZBER VAVIS Y WDKX ]D RK)
nam enyusm VL V QIKUDGRX FHPHQWX 9\aat SHYQRVW E\OL
vypin QtP D Y]JQLNHP KXWQ Miat VWUXNWXUtu pethd#iReX PRAaQR
SXFROIQRYi DevWVWpILYMPKER MUDFKX 'OH QekdViditod prichVW X G Lt
SRYDARYDW ]D LQHUWQt 5HDNWLYLWR Kemhpt WEEXJiU QR X]6it
inavelikostiam UQpP SRBUFKX >

SRIP U\ W Ot ymotnost Objem. e\?ngs?\llbtalrqu 3U$P UQ
Vzorek at N 9&aN 'pON W OH' hmotnost P pevnost v tlaku
za ohybu
mm mm mm g kg/m3 MPa % MPa %

QiKUD! 40,39 40,13 160,68 580,22 2227,49 5,09 100,0 5550 100,0
QiKWD 40,20 39,98 162,99 588,92 2247,79 553 108,7 61,19 110,3
QiKWD 41,06 40,26 158,70 554,87 2114,88 4,71 924 4796 86,4

Tab.4- INRXAND Y]JRUNS$ YH
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Graf 2 - porovn i Q pevnosti v tlaku

6. =iy U

yO@k HAY\X&LWOWQp VXURYLQ\ iY REILNIARIFitQRrEoKah
QHY\ADGXMH 4iGQp GDO&4t ~S0ODYG\ VI8 B R Ri OMHStOIDSUR P O H W t
Y\WXEALW D S HViW 'OH FKHPLFNpKR UR]JERUX UHQWJHQRYE&F
4H S LEGDLAGpadutvo toxidyk HPtNX 7HQ MH Y DPRUGQYiQRGRE
beton$ D Y\ND]XMH SXFROIQRYp YODVWQRVWL 'OH WRKRWR )
EHWRQX VOHGRYDQpn SAPERVEWNU\WWDOLFNE& N HPEN -HOL
] RGSDGtKR PDWHULIOX PHQ&t JUQD D Y W&t P UQé SRYL
N OHS&tPX Y\SOQ Qt VWUXNWXU\ D JOHS4HQt YODVWQRVWt E

'"OH INRX&AN&MBRIRVE ~OHW\ V QIKUDGRX FHPHmMwX Y\KRY X
V KRGQRWRX YO®4 (11Q,263%) po 28 dnech v pevosti v tlaku. Rovn &
Y\KRYXMH L INRXAND LQGH[X ~pLQQRVWL SUR SRStON\
po28dnechp L QIKUDGKPRWQRVWL FHPHQWX QHVPt EEW QLAAt (
EH] QiKUDG\ FHPHQWX =Nthkas) ERXORAMWRGRX ~Ni]DO\ PRAa
SXFROIQRYRX UHDNWLYLWX MHPQpoRI G EM B QN B R/ IS LEDUPKKR \
VXURYLQD YKRGQRX DOWHUQDWLYQt QiIKUDGRX FHPHQWX

7. 3RG NRYiQt

P $p vek vznikl za finanp Qt SRGBWXNGHQWV Np JUD QAWRWRazeR XW
v UiIPFL SURIGHIR/WHOHKL/2T/11 "% HWRQ D YOINQREHWRQ VSt
YODVWQRYM2E]D D "'DS WHHKFKHRORJLFNp DJHQ Vesjektu y5 Y Ui
TH02010375 "9éYRM SUHIDEULNRMMHQERBKN BEtOESWDYEX PRQWRY
OHWLAWQtFK GUDK
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THE USE OF RECYCLED MATERIALS BASED ON CEMENT AND
POLYMER COMPOSITES WITH RESPECT TO THEIR PHYSICAL
PARAMETERS
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PARAMETRE

Ing. OLULDP /HGHWRIHURY
678 6WDYHEQiI IDNXOWD O5DGOLQVNpKR

Abstract

The aim of the paper is to find possibilities of using environmentally-friendly materials
(based on plastics, wood chips) as lightweight concrete materials. Materials are
classified as medium-sized recyclable plastics, including wood chips, depending on
the degree of recycling. The experimental part is aimed at monitoring the influence of
dosing of the filler in various combinations and their influence especially on physical
parameters.

Introduction

Currently recycling in Slovakia is only about 1.2 % of municipal waste. [1] Great
attention is paid to waste on the use of recycled plastic [2,3,4,5], for example, Recycling
polystyrene, polyurethane foam, PET bottles, waste from electrical and electronic
devices, PVC pipes and etc. One of the ways to use recycled materials from plastics
is to include them in light concrete, the selection of the appropriate combination of filler
and binder will form building material not only for the next construction but also for
(remodeling, rehabilitation, new materials and etc.).

Plastics, with their weight, form less than 8% of the waste, but the volume is much
bigger, this is particularly important in landfills, where volume is more important than
weight. Plastics are mostly non-reproducible oil, whose stocks are estimated at 40
years. Only by their transportation is annually 3.5 million tons released into the surface-
water. The biological decomposition of plastics in the nature or in landfills is long-term,
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it takes several decades. In case of combustion of certain kinds of plastics, harmful
substances escape into the air. SR recycles 16% of the plastics. [1]

Materials and methods .

For experimental testing at the research of the recycled waste were as filler
materials used polypropylene (Tab. 1,a) ethylene vinyl acetate (EVA) (Tab. 1, b), and
recycled material from cables (Tab. 1, c) .

a) b) €)
Fig. 1 Waste plastic Group Size:

Ethylene-vinyl acetate (EVA) is the elastomeric polymer with high elasticity, known
as the ethylene-vinyl acetate (EVA) [3]. The recycled material of the cables is a pulp
recycled cable PVC where the cable core is formed, in particular polyvinyl chloride
(PVC) [8].

The polypropylene and EVA were crushed to the fraction 4/8 mm screened cable
for the fraction 0/4 mm, wherein the bulk density of polypropylene was 17,52 kg/m3,
was EVA 104,41 kg/m3 and cable was 359,33 kg/m3. LB were produced with the use
of one filler, or as a combination of two materials according to the percentage share:
100%, 50:50 %.

As a connecting material was used undiluted one-component polyurethane
adhesive Conipur 360. This adhesive is used in the implementation of the polyurethane
surfaces. It has a firming effect, it is resistant to abrasion and very easily workable.
Dose of glue in all mixtures was also a constant of 0.8 | per one mixture. Considering
different surface and material the was mixture moistened by 2% of water content, which
regulates the surface tension.

From the homogenous mixture were made samples in the shape of a cube with
edge of 100 mm, which were treated 48 hours in the laboratory environment.
Subsequently, they were removed from the mold and stored in laboratory environment

f& 3 , Q WKH VwWer¥ ubsgduéhty monitored physical properties
(bulk density, heat-technical parameters and the modified samples of the sound
absorption).

Knowledge of the sound absorption of building materials, opens up the possibility of
their applications also in terms of dampening the sound as in the interior (generally in
diffusion audio field), as well as in the outdoors (free sound field) [6,7]. The experiment
was focused on measuring techniques of determining the factor of sound absorption.
For this purpose, was prepared a modified measurement set of impedance tube, the
preparation of samples of plastic waste EVA. Subsequently, the first results measured
and compared with the reference measurements in a laboratory of acoustics. There
have been large differences in the results of two different measurements methods.
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For the verification of sound absorption was used ethyl-vinyl acetate (EVA), in
combination with the binder Conipur 360 (polyurethane glue). Since the purpose of this
work was to compile the measurement set, that has not yet been verified and compared
with stable assemblies from other laboratories, it was necessary to perform a reference
measurement of the stable measuring report. In the measured samples was also
material with the mark of EVA. It was a sample with thickness of 6.5 cm. Diameter of
cylinder of the sample was 4 cm. The measurement and the used measuring assembly
operates on the principle described in the standard 1ISO 10534-2 [8,9].

Figure 1 The measurement of the reference sample EVA

RESULTS

Figure 2. Is A comparison of the specific weight of the type of binder
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Figure 3. Relationship between thermal conductivity and bulk density of lightweight concrete
with a binder based on polyurethane adhesive

Conclusion

On the basis of the achieved results, we can conclude that the sample pattern LB
has, with the given filler, effective thermal-technical properties. The best heat-transfer
properties were achieved, by the samples provided with 100 % polypropylene, which
also had the lowest bulk density. Its density is increased by the addition of EVA, which
caused also an increase in heat conduction ability of lightweight concrete. Most of the
differences were evident in the combination of materials of EVA and polypropylene.
The samples that contained cable waste had the highest bulk density but its thermal
conductivity was the lowest.

In an experiment determining the factor of sound absorption were considered
standardized methods. From them was selected a method for perpendicular impact of
plane sound waves, where the factor of sound absorption is determined on the basis
of the analysis still wave in the impedance tube. This method does not require large
samples and the preparation of this measuring set is inexpensive.
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THE PROPERTIES OF CONCRETE WITH RECYCLED BRICK AGGREGATE

-PpQR DXWRUD ,QJ .ULVWLQD )R WRYi 3K -DQ 2WéV ,Q1J
2UJDQL]DFH yHVNp Y\VRNp XpBDQH VWBOENQIUANWQt FHQWUXP
HIHNWLYQtFK EXGRY 7 LQHFNI kristina.forto¥a@awit.ck:U D G
AZS V UR .RWHURYVNi ysjan@a2®3dz R W

Abstract

This contribution deals with properties of recycled aggregate concrete containing
recycled brick aggregate and recycled expanded polystyrene. The mechanical,
physical and thermal properties of concrete mixtures were tested and optimized.
The optimized concrete mixture was used for masonry concrete element for further
utilization in building structures.

1. OYRG

S QHXVWiOH VH UR]YtMistet MtQ RAVWDY RKDYHEQtKR D GHF
odpadu (SDO) $YADN JiURYH URVWH L PtUD artbX &IMPpIADAKOWRS R G S
EHWRQ$ D &HOH]REHWRQ$ X NWHUZm&KYEXAL YW LSVHQH BRI
VGRSUDYQtP VWDYLWHOVWYt .URP Y\WRNpKR SRWHQFLi
za S HGSRNODGX NYDOLWQt GHNRQVWUXNFH D UHFVNAOYDFH M
W FKWR VXURYLQ MHOLNR& WYR t ViAY GHRBGORNYWQ KW &H
pak Y\X&LWt FLKHOQpPKR #KOHGLWHKD RWHPRYEFK S HGSLVS$
na UR]GtO RG EHWRQRYpKR UHF\NOiWX SRXABWAMTEN®R NDPHQ
PDWHULIiGDOIHDYM RXSHQ B % Ejadtidi€p tak SRX&tYi SUR WHFKQLI
]JDEH]SHpHQt VNOIGHN S HVWRAH Pi S L NYDOLW®DIXM tG Q
i VWXGLH WRKRWR PDWHULIiOX ]H ]DKUDQLpt 1DSURWRBKIGH F
SUYQt JPtQN\ R SRX&LW tdiRueterD &R K WEGRBt SR GUXKp VY W

YiOBH

Chenakol.[6] VH ]DP LO QD PRAQRVWL Y\XaLWt VP VQpKR UHF
GR EHWRQX O5HF\NORYDQp NDPHS®|QYER KV I RADDSGH2O R ]
a NHUDPLN\ 1DYUAHQp EHWRQRYp VP VL REVDKRYDO\ U
UHF\NORYDQpKRGRtKR NDPHQLYD D U$]Qp SRP U\ GUREQy
NDPHQLYD D StVNX P QLO VH L YRGQt VRXpPpLQLWHIM®OAEéEVOHG
JIYLVORVW QD SRP UX FUKHOND RVHDUDOPAL NDPHQLYX 3RNOHV F
YODVWQRVWetyHtVaMB R KV XEEP NDPH®UWR HRS MH Qaiyhdias \
mezi 10a30 % v SRURYQEQaQEP EHWRRGFPEQpPPX YEINXPX VH QiVvO
Y QRAID/AW XGLH SXDébleh&RReba[V], NGH E\O\ Pouga drgén pcihly

D WR MDN MHPQp WDN L KUXEp |UDNPBHKEs (gvKodtDVGIBKUE\OD D a
sev SRURYQE&QEP EHWRQHP SRK\ERYDO PH]L D D S
SUXAaQRVWL E ®YH]LYLVORVWL QD QiKUDGRF¥pPNORRKD QX
kamenivo z NHUDPLFNéFKSRFKUGMEHRF\INOD p QtFK pakwkdod@dl VHN
Cachim[8] NG\a GR&HOXN aH QiKUDGD KUXEp IUDNFH QHPi ai
dopad na PHFKDQLFNp YODYVVKQdRIEW methll QUIFFNEFK YODVWQRV Wt
D& QiIKUDG D Naopak Yang a kol. [9] S L RY vias@ost tbetonu
SRKz SIOHQéEFK]MLKWQO a&aH MLa S L QikiIFRGONOHVXGREGEMW QR
atool1ll %, SUR QiKWP Ak GRVDKRYDO\ PHFKDQLFNp YODVWQRYV
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ZYEINXPX WMIHEQ@QLFNEFK YODVWERNOWRYIEHAPREPHELKNOQE

NDPHQLYHP Y\SOéYi &H S L QiKUDG S tWRIGYKRHRDPH
VRXPLQLWHOH WHSHOQpP YRGLYRVWL QD JKUKERQR&SEBRRIDPQt
3 L QiKUDG MH WR SD[MOJYtFH QHA&

2. =GLFt SUYNFWORYDQéEP FLKHOQéP NDPHQLYHP

3 LY\X&LWt UHF\NORYDQ p Kiienive L IGHRO EHKVRR QD WHG\ GRF
ke ][SUDFRRI®SDGQtKR PDWNWHOX pBURR QHQt MLQp Y\X&LW
XOR&HQt QD VNOIGNXHW BQHSBDRIiWQtFK JGURMS$ 7tP &H VI
SRX&LMH GRGRAKWIRIQXH |HeRUBRHPKDQLFN&EFK YODVWQRVWt DY
GRFKiJt NH JOHS4HQt UHVSHNWLYH V\Qdi&sQ 6 IR KKRYLGIH O H
VKRGQp WHSHOQPRNRYDEQWWDEPL EHWRQ\ &RAQMRNGMLNY\XALW
UHF\NORYDQpKR FLKHG®p KR WPPRIYAFKD JGLFtFK SUYNS$ 7\W
je SDN PR&Qp SRX&tW SUR Y\EUDQp DSOLNDFH NXWHHIGHRVRX ¢
Y SURKOiZHQt R YODVWQRVWHEK KBWH U ¥ \@iYV Ve B R®RH
SRADGDYFtFK QHQt VWDQRYHQR MDNp NDPHQLYR VH P$&H ¢

3 tNODGHP WDNRYé&FK ]JGouFERKV SQUDXNINPHEG EHWRQRYp ]C
ze VP VQpKR UHF\NORYDQpKR NDPHQLYD NWHUpGUHAKNO\ E |
VWRPWR S tSDG 4a0R R VP VQp UHF\NORYDQp NDPH®QLYR NW
UHF\NORYDQpKR FLKHOQpKR NDPHQLYD ]JE\WHN B\O WYR
kamenivem. 3 L YEURE E\O SRXAatYiQ S tURGRR SO VWHHF\NLCORWHHQ ¢
kamenivo (frakce 0-7 mm). Vlastnosti b\O\ JNRXaH QM pNaRVk$ s 95 %
UHF\NORY DQ pK R ditind¥ Ht@ato¥ky sB75% UHF\NORYDQpPKR3I®RPHQLYI
WYDURYND P OD REMHPRYRX, EeRMWWOQWBWNX NJOBD D NDSLO
QDVINDYRVW 'XWLQRYi WYDURY N Bt 270 ky/RPEfHIER Y R X K P
v WODN X 03D D NDSLOiIiUQt QDVINDYRVW YRR/OWHG AP N
YODVWQRVWHP D WR S HGHY&atP Y\VRN pSQtPFP\RI NVIRKRALW L WP D W |
PUD]XY]GRUQRVWt E\OR GRSRUXPpHQR W\W®kqrGttukée SUY N\ S
v LQWH[UL pU X

3. 0RAQRVWL SRXAaLWt (36 MDNR NDPHQLYD GR EHWRQX

9]KOHGHP NH ]S tV XMtFtP VH SRADBPRQSPNQ DY WDHI\B\WQRV W
SUYN$ MVRX YH Y@&KRMELtPFGYE(PWWBULIO$ NWHUp W\WR YOI
-HGQtPPRA&QEFK PDWHULIO$ NWHUp MH PRAQPMH LSSDWYBR E
SRO\WW\UpQ GDOBH PRSQRNOMIG NDPBQGYRt /(IBSRU OHKNpK
XP OpKR NDPHQLYD GR EHWRQRYp VP WWMGELY BR FilQM®p R LAY
a YEURENMY HKWR OHKNEFK EHWRQ$ VH VWiYDMt E 8Q&P V
V QiVOHGXMtFtF KTabulk& XeOrhhiwke 2 MVRX SUR S HKOHG XYHGHOQ\
Y\EUDQ&FK OHKNéFK EHWRQ$ NWHUp MVRX SRX&tYiQ\ SUR Y
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Tabulkal 9\EUDQp VP VL SRO\MIY\UHQEHWRQ$

2]QDpHQt VP VL PB1 |PB2 |PB3 |PB4 |PB5S
'"UFHQé& SRO\WWYHUHQ| 1285 [1285 [1200 |1100 |950
Cement (kg/m?®) 130 220 280 280 270
3tV HM (kg/md) 30 40 100 330 510

9RGQt VRXPLQLWHO |0,58 0,40 0,43 0,40 0,52
2EMHPRYi KPRWQRVY 200 350 500 700 900
Pevnost v tlaku (MPa) 0,2 0,3 0,5 0,9 1,8
6RXp WHSHOQpP YRG|O0,057 0,086 0,140 0,177 0,235

Tabulka2 9\EUDQp VP VL /LISRUEHWRQS$

2]QDpHQt VP VL LB1 [LB2 [LB3 |[LB4
Liapor 4-8 / 350 (kg/m?) 315 230 175 175
Liapor 0-4(50) / 525 (kg/m?) 158 235 210 158
CEM 11 42,5 (kg/m3) 220 350 335 345
IRGQt VRXPLOQLWHO 0,6 0,6 0,6 0,7

2EM KP Y\VXada EHWRQX NJ P|750 850 1080 1200
3 HGSRNOIGDQi SHYQRVW Y Da Da Da Da
6RXp WHSHOOQpPp YRGLYRVWL|O,26 0,30 0,43 0,50

4. 2SWLPDOL]DFH VP VL SUR YEUREX WYDURYN\

3UR RY HQt YODVWQRVWt EHWRQ$ V UBPBROWRXYWR 4P B & D%
ve VSROXSYEHBL VV U R Y\UREHQR FHONHRviz TAb#ka/4), EHW R Q X
Z QLFK& MHGQD E\OD UHIHUHQpPQt D REVDKRYDOD WDN SRX]
VP VL EHWRQX REVDKRYDO\ U$]Qp QiKUDGRY pOSifoRakJ\ UHF\N
KUXER MHP @kcd. RHE\NORYDQp NDP&/gd YR R EQHK FLKHOQpK
UHF\NOiIWX SUR Q NWHUp VMRINE\EOR 9D éF GIRHEQ&V (36

9H YAHFK VP VtFK E\OR SRX4LWR VWHMQp PQRAM@E&t FHP
HIHNWLYQt YRGQt VRXpPpLQLWHED R6QPAHGH QI PFHRGFB %R0
RSWLPiOQt piU\ JUQLWRVWL 3 L YESRpWX YRGQtKRWHRXpLQ
NDPHQLYD NWHUi E\ODTabtka8P RY HQD

Tabuka3 9ODVWQRVWL UHF\NORYDQpPKR FLKHOQPKR NDPHQLY

Typ RCK Frakce [nm] | 2EMHPRYi KPl 1DViIiNDY 2EVDK MHPQé
[kg/m3 ] [%] [%]
RCK A 0-8 1974 13,8 1,5
8-16 1953 11,9 0,3
RCK B 0-8 1862 14,7 4,0
8-16 2162 12,1 1,2
Recycled EPS | 0-4 30 - -
2EMHPRYi KPRWQRVW UHF\NORYDQ p KIBOO\KD/PHDLfrdkei E\OD S
0O- PP Da R pr® frakci 8- PP QD Wwost Be pohybovala

mezi12a15%v JiYLVORVWL QD W\SX NDPHQLYD D YHOLNRVWL pi
E\O PD[LPIOR
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Tabulka4 60RaAHQt MHGQRWOLYéEFK VP Vt Y >NJ P @

o
o
™
n
5| 3 % |3 | &
6P V T |2 o |0 |o @
o S | o o o =
- - - 3 Pt w w w —
© o) o) — S © o) o o
© N~ o @) - < ¥o} ~ @)
@) O O O O O O @) @) @)
LL O O O O O O @) @) @)
w L L L | | L w w w
e o o o o o o e e e
3RGtO
UHF\NOR
FK PDWH 0 66 75 98 100 93 76 76 78 70
[%0]
Voda 160 256 215 240 184 285 181 195 208 230
Cement 320 320 320 320 320 320 320 320 320 320
3tVHN 3. | 681 685 455 35 0 0 440 446 217 220
PK 4/8 541 0 0 0 0 96 0 0 0 88
PK 8/16 616 0 0 0 0 0 0 0 0 0
RCK 0/4 0 0 0 459 529 0 0 0 250 0
RCK 0/8 0 0 0 0 0 1267 0 0 0 712
RCK 4/8 0 455 569 398 188 0 86 281 187 0
RCK 8/16 0 719 493 534 772 0 562 535 557 0
EPS 0/4 0 0 0 0 0 0 6 4 4 6
(THNWLYC
YRGQt 0,50 | 0,50 | OO0 | 050 | 0,50 | 0,50 | 0,50 | 0,50 | 0,50 | 0,50
VRXpLOQL]
9IRGQt
VRXpLOL| 050 | 081068 | 075|058 | 0,89 | 0,56 | 0,60 | 0,65 | 0,72
ABOQH VP VL E\OR SRXALWR UHFA\NORYDQp NDPHQLYR W\S
R]QDpHQi EHWRQRYi VP V E\OD SRXALWD S L YEURE W

2EMHPRYIi KPRWQRVW MHGQRWOLYéFK VP Vt VH SRK\I
1550 D 2000 kg/m® a pevnost vtlaku v UR]JPH]t1RG D& O03DIiYMVORVWL
na QiIKUDGRYE&FK SRP UHFK UHF\NQOSRMBER é RKK \EDRW HRIGND§ QD
JiIORANX 3 L Y\X&4LWt UHF\NORYDQPKR Y&u® ] GFPKi | HORH Q't
mechanLFNE@FK YODVWQRWGRFKDHWDIRN NH ]0 H-SMHBK Q MANSH & Q
YODVWG@RVUWRY ety UHF\NORYDQéP FLKHOQéEP NDPHQLYHP -:
Y\X&LWt (36 QHIJDWLYQ RYOLYQ QD J]SUDFRYDWHOQRVW pHL

91



Tabulka5 6RXKUQQi WDEXOND YODVWQRVWt SUR YaHFKQ\ ]JNR

o
™
o
S 8 |8 |g | W
LL (e0) 7)) 9] 7p] =
6P V = S a a a S
S = | L L —
© o) o) i S © o) o o
© ~ o O — < Te) ~ @)
@) (@) O O (@) (@) (@) O O O
LL O O O O O O (@] (@] (@]
L L L L L L L L L L
' e e e e (e (e ' e '
2EMHPRYi| 2297 | 1999 | 1968 | 1895 | 1896 | 1847 | 1550 | 1751 | 1684 | 1650
hmotnost
[kg/m?]
Pevnost v tahu | 6,4 4,9 5,8 4.6 6,5 7,3 3,23 40 3,2 4,2

za ohybu [MPa]
Pevnost v tlaku [MPa]
krychle hrana | 48,0 | 29,4 | 33,8 | 29,0 | 33,3 | 30,1 | 12,7 | 20,3 | 18,3 | 19,5
150 mm
ORGXO SUXAQRVWL Y WODNX >*3D@
VWDWLFN{ 34,7 | 199 | 20,0 | 15,7 | 140 | 149 | 110 | 144 | 124 | 125
G\QDPLFN| 456 | 175|178 | 145 | 215 | 215|111 | 138 | 123 | 17,7
dyn. ze stat. 39,2 | 133 | 145|110 | 174 | 16,3 - 8,6 76 | 11,0
IDVINDYRVW
1IDVINDYR| 6,4 10,3 | 13,1 | 13,9 | 144 | 150 | 12,1 | 11,6 | 129 | 14,6
SRQR HQt]
.DSLOIUQL
QDVINDYR| 49 4,8 3,3 6,3 | 104 | 12,7 | 2,2 | 3,8 4,5 9,5
[kg/m?]
THSHOMHFKQLFNp YODVWQRVWL
6RXpLQLW 28 1,2 1,0 0,9 0,9 0,9 0,9 0,9 0,8 0,8
WHSHOQp
vodivosti
[Wi(m.K)]

0 UQi 1,8 1,8 1,7 1,7 1,7 1,6 1,7 1,8 1,7 1,6
WHSHOQI
kapacita

[*10° J/(m3.K)]

5. ZGLprY HN SUR VXFKpUIBFOQNORYDQéEPL PDWHULIO\

=GtFt SUYHN ] UHF\NORYDQpKR EHWRQX MH XUPBOFSUR V:
VW Q NyMt QD VXFKp PDWHULIO\ QHER Qt]NROR@G GIR®tFK R
ZINODGQt SUYHN MH R UR]P UHFK [ [ SUR RSHBR VW Q

[ [ SUR URGLQGBXBHKRPIG Qt MH XPRAQ QR MHGQRGXFKE
]JiPN$ YH WYDUX MRPRRNKRRMHKODQX QD KRUQt VWUDQ D V
prvki. 7THQWR ]S$VRE VXFKpKR ]G Qt MH Y UiIPFL yHVNp 5HSX
SRX&tWiQude v EXGRXFQX YHOPL GB&REBXQ&QJDGQp UR]JHEtUDW
btPEXGH XPRAQ QR JQRYXSRXA&ALWt W FKWR ]OhWKIEEKOBUYNS$ QI
pro SUYN\ VXFKpKR ]G Qt Y\XatYiQ\ SULPOHQ G R KR D@\t ptP:
S tURGQtFK JGURMS$
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3UR PQRKR DSOLNDFt MH PRAQp S tURGQt PDWH&RIO\ QDK
FLKHOQé&P NDPHQLYHP SWUWLWiPQXGHOWRWMWH D ]JiURYH Y\OHS
Z YODVWQRVW tzhedh K f RMWHREFY.iOX Y\XALWt Q NWHUEFK UR]P
QDS tNODG UR]P U 1) SUR MRQVWUXNFH UBBGY Y®RKQG R |
0 OD E\ E®WiQD VRERVWDWHpQRWIaBHY QRVRWtH YH@PL Qt]Né
VRXPLQLWHOHP WHSHOQpP YRGLYRVWL $ WR |DF% WG S\RWHDLDI C
MH SUR JGLFt SUYN\ URGLQQé&FK GRP$GCHNABIX GBRHAWWQt SV H:
stability budovy. 'DO&t YEKRGRX MH QL&4t REWHBR LI ®&P&RW XPRW Q@
tvarovek v SRURYQi@taQBPL EHWRQRYE&PL WYDURYNDPL W
ZHNRQRPLFNpKR KOHGLVND MH FHQD ]JGLFtFK SUYN$ V UHF\
D& R OHYQ Mt

1D ]JiNODG RY HQE&FK PHFKDQULHFKKGKFNAFHKSHDMEW QR VWt
VP Vt E\OD Y\EUIQD ¥m0V 5 (&& QIKUDGRX S tURGQtKR ND
UHF\NORYDQéEP FLKHOQéP NDPGE QLY SHRYHRA NO/RIVUPpCE\®L PDWH
vyroben v EHWRQIUFH $3b8 1 7TDWR VP V P OD REMHPRYRX K
1900 kg/m3, FRa MH R 2 QN & & uQH8l HUhbQ¢icpa W p P . Pevnost
vtlaku byla 33 MPa, FR4& MH R QLAAt QHA Pi UHIHUHQpPQt EHWRQ
Pi ¥bvnatelnou s UHIHUHQpQtP EHWRQHP DOH VRXPLQLWHO WH
o070 QLa&tD QiVOHGXMtFtFK IRWRJUDILtFK QD 2EF3LFt MH
tvarovky.

a) 1DYi&HQt UHF\NORYD b) 3RKOHG QD EISWR@U
FLKHOQpPKR NDPHQLY EHWRQRYRX VP Vt
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¢) )RUPD ]JGLFtKR SUYN> d) 30Q Qt IRUP\ EHWRQ'F
S UHF\NORYDQEé&PL PD\

e) 30Q Qt IRUP\ D YLEUF f) =GLFt SUHMNNORYDQ
EHWRQRYp VP VL SRC PDWHULX@\NHQt Y]RU}
YLEUIWRUHP

Obr.1 3BRVWXS EHWRQidH J]GLFt WYDUBMRINSORRY URERK PFDWOHL

6. =iY U

3 tVS YHN VH ]DEéYi PRAQRYWRRYX@hLKMR FLKHOQpPKR NDP
vzniki S L VSUIYQpP SRVW)XSetykattP R G LtISHD G a H toMpenoS LV
k GHPROLFL WDN &H MVRX MIBG@RQYORYPQHNIVBRFENGRWH ]Y
SRWHQFLIOX ]JQRYXY\XaLWt FLKHOQpPKR UHF\NOjeWX WtP
NRQWDPLQDFL JHPLQRX 7HQUWHF \NIDVWH QLPOVWHHSDNNX GiOH
SRPRFt SURXG Qkdyj$@X¥dskDSDURYiQ\ QHAIGRXFt PDWHULIO\ MI
SODVW\ G HYR SDStU WRHKRMLRUHHB\BOMAX SDN Y]QLNi UHF)\
kamenivo + YVWXSQt VXURYLQD SUR YEUREX JGLFtFK WYDURY}H
pevnost, srovnatelnous E aQéPL ]GLFtPL SUYN\ D ]JiURYH PDMt OHSAat
YODVWQRVWL QHA& E aQp EHWRQRYp J]GLFt SUYSI\HYIAURYH M
ZUHF\NORYDQéEFK PDWHULIOS$ apYFRAWNMYRX SHRNWD NGt N

3RG NRYiQt
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REVOLUTIONARY ECOTECHNOLOGY FOR RECYCLED CONCRETE

Ing. Pavel Martauz, Branislav Cvopa, Ing. Ferdinand Gach, Ing. Ivan Tiso, Ing.
.DWDUtQD ODWWNWDXIRLY i+DERIGNRYILD aUiPHNRYiIi YAHWFL 3RYD?&
FHPHQWiIiUH DV /DGFH

Abstract

In 2016 and 2017 there was a new breakthrough ecotechnology TRITECH developed

for an Austrian customer who recycles structural and demolition waste (C&DW) and
manufactures the transport c(RQFUHWH LQ 3RYDAaVNi FHPHQWIiUH DV
Patented ecotechnology was widely verified in concrete institute in Germany, by

special ecotoxicological analyses in VSB Ostrava and certified and the results

definitely verified by TSUS Bratislava.

1. &LH
9\XAL" & ""EHWyYyDQ¥YYLQ~" EHWyYyQ NWFRODVWBRMWRMLPIRURY Q
UHIHUHQWQ &R V S Rt teBEyHO&5/3D XC2 F45 GK32.

2. OHWRGLND DSOLNRYDQpKR YEYRMD 3&/$ D

2G U MH FHUWLILNRYDQIi SRG D ,62 WVVHE&GRYD!
PDQDJHPHQW D SUtVWURMRYéP Y\EDYHQtPtWHDOGRPR 6D @Q/dHXK
Vv praxi.
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3. ODWHULIORYp JORAHQLH & ':

Difrakcia

97



4 9VOHGN\

41 =PUAWHQLH EHWYQX

7TRPRJUDILFNiIi DQDOé]D EHWyQX 984% 2VWUDYD

9R Y]RUNiIFK @GHWHRONXRQWDNWH MH GNIRPMHDMLLYEF K JFIPHQWR'Y
spojiva YLGLWH Qp VHSDUDpPQp WUKOLQ\ /HQ Y QLHNWRUEGFK
JKOXN\ PDOEFK EXEOLQRY, ik BOUER PHOHMD'RNROR ] Q N
SYURYé& SULHWWVRKDNIRWEU VWSKODQ QéF

6 SRURYQDQtP WWDWRUQB®DO\JRYDQpPpKR EHWYQX SUHG
]D"DARYROt KRGQRWX QDSIWLD FFD 03D QHEROL ]LV
neKRPRJHQLW\ pL JMDYDPLSRXXMEHYRHY]"DKX N.MHKR ]D"D&R"

98



43. 1DPHUDQp KRGQRW\ UHIHUBHW Y@K ERWHYR X HDF\NOiWRP

Z & Z E E| dME
PCLA a.s. 7606 %$
STN EN 12350-5 PP *© PP 540mm
VN~3aND UR F48 F52
STN EN 12350-7 p 1.50%
obsah vzduchu
STN EN 12350-6 2421,3kg/m3
REMHPR) “14,2kg/im3 2430kg/m3
KPRWQR
STN EN 12390-3| 2 dni “ os| = -
3HYQRV" Y| 7dni “ os| = -
VN~AREQEéHF 28dni “ 0S 34,9 Mpa
150x150x150mm | 90 dni “ 0S 43,5 Mpa
(;3(5,0(17E/1< % (711
PCLA a.s. 7606 %$
STN EN 12350-5 PP “ PP 560mm
VN~AND UR F52 F52
STN EN 12350-7 . 2 60%
obsah vzduchu
STN EN 12350-6 NJ P *
REMHPR)Y 20,6kg/m3 2383kg/m3
KPRWQR]
STN EN 12390-3 | 2 dni “ 0S 13,3 Mpa
SHYQRV" Y| 7dni ! 0S 23,9 Mpa
VN~EREQEéF| 28 dni “ 0S 36,6 Mpa
150x150x150mm | 90 dni “ 0S 43,6 Mpa
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5. Zaver

98VOHGN\ Y\X4LWLD & ': YR IRUPHUNOOHULYDtMHVL ]D YLDF I
PrHYiGIN\ SRWYUG]XM~ &H 75,7(&+ EH\@HS PLHS RSBRYIDOMH Q p
UHIHUHQpPQA&S BH®IEO® DRYp SULGDQp KRGQRW\

- GOKRGREiI SHYQRV"
- ]YéaHQi RGROQRV" YRpL NDUERQDWIiFLL
- ]JYEAHQI RGROQRV" -WRJHPD PINVDKONM FINHRD N F L L

(NRWHFKQRO¥(&D Y&é]QDPQH SAHWBHRHXNSULPiU@RIDBEHURMR
S SROLWLNREKOGNVWL FLUNXODpPQHM HNRQRPLN\

5(92/8Y1E (.27(&+12/1*,$ 35( 5(&<./29%$1¢é % (711
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29 (1E 9/$671267E $/.$/,&.< $.7,929$16&+ 0$7(5,E/#
1$ %E=, 9<62.23(&1E *5$18/29%1e 6758&.0x &L
323E/.8

VERIFICATION OF PROPERTIES OF ALKALI - ACTIVATED MATERIALS BASED
ON BLAST FURNACE SLAG WITH FLY ASH

Ing. /XNid 3URFKIINDQD % RKPhRY i

98%78 2675%$9% )DNXOWD 6WDYHEQt OXNDV SURFKD]ND#YVE

Abstract

This paper deals with the possibility using of fly ashes, including fly ash after
denitrification by the method of 61&5 IURP WKH SRZHU SODQW 7 HER
admixture for alkali-activated blast furnace slag in order to improve selected physical
and mechanical properties.

1. OYRG

Vzhledem k DNWXiOQtP WUHQGS$P YH QUVWKREYHHEBLFNMHG Q'
ze ]iINODGQtFK SRaDGDYN$ QD VWDYE\ XGUALWHOQEHUR]YR
XVSRNRMHQt VRXpDVQéFK SRW HE DQLa E\ RKUR]LO X\
EXGRXFtFK MH QXWQp KOHGDW PRAaQRVWL QiKUDG\ SULP
alternativami, tedy suroviQDPL GUXKRWQéPL RGSDGQtPL

3L VSDORYiQt XKOHP GWRIPKR{LES$S GXVtENX GR RY]GXAat
na VQtaHQt REVDKX GXYVYDNXG YHGRKWNRG GHQLWULILNDFH 9\;
PHWRG\ D WR VHOHNWLYQt NDWDO\WLFNi UHGXHKFH D Vi
Po GHQLWULILNDFL PHWRGRX 61&5 VH GXVtNDWp V (
v produktech VSDORYiQt SRStOFtFK 7DNWR R¥RW HE)Y BREYONA
XUpLWp PQRAaVWYt DPRQQéFK VROt NWHUp VH$SRIX Y\Xat
XYRO RYDW D WtP JKRUALW K\JLHQX SUDFRYQtKR SURVW HG

2. 9\VRNRWHSORWQt N HPLpLWp SRStON\

7HSORWD VSDORYiQt X W FKWR SRStON& \6H DBARAY EQXtM H
SUREtKkSUYANRY&FK RKQLAWtFK 3 L WRPWR VSDORYiQt VH
tose SURYiGt SRPRFt YiSQD QHERLWNIHOQFHHUJIRViGURKKXPOH -VR:
REVD&HQ\ NDUERQiW\ WVBNEG RRAKGX N\ViSHQDW p loRdemMWHUé U
VL LPpLWEéP ]D Y]QLNX VtUDQX YiSHQDWpKR 7HQHQIDWE&/ OHG
R[LG VL LpLWé& D N\WOtN 9OLYHP Y\VRNp WHSSRRNVORISEOR
S tWRPHQ YH IRUP PUWY SiWHWBRKRRIYPSOWH R[LG YiSHQD
UHDNWLYQt D MH QH &S 8B XJFF t FOKE RIE VA &H Q

=UQND SRStON$ Y]QLNDMt WXKQXWRPRUDYH QLB NN WRILLp
a WD Npstahickdu 1i]t NWHUi MH WYR HQD PXOOLWHP N HPHQF
9]QLNOp JUQND SRStONX VH Y\]QDpXMt ¥ HHOYLAGRVMXJEQLWEP
0lmmas P UQ&P SRYUFKHP NR@[HP =
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21 6HNXQGiUQt RSDW HQt QD VQt&HQt REVDKX GXVtNX

SekunGiUQt RSDW HQt QD VQtaHQt REVDKX GXVtNX WYR
SURFHV$ NG\ WRIDKNFttPN YH VSDOLQiFK D QDYi]iQt R[LGX (
YIQLNOéFK FKHPLFNéFK VORXpHQLQ 1HMUR]at HQ Mat SURF
redukce. Tato metoda je roZIRAHQD GR GYRX W\S$ VHOetNKELYQt ND
6&5 NWHUi SURIEA&KLFE WHSORWIiIEKNDWDO\]JiWRU\ D VHOH
QHNDWDO\WLFNiIi UHGXNFH ©61&5 NWHUi SUREtKiIf& L Y\VR
EH] NDWDO\]JiWRUX

7\WR PHWRG\ MYy RedoKdDauaBHP QRX DPRQLDNX NWHU]
k HPLVtP DPRQLDNX D NU\WWDOL]DFL DPRQQéFK VRBt QD SF
se QHMpPDVW M NHYHSON \ani Xstatly SNCR jde o (NH4)2SO0s. [2,3]

22 6HOHNWLYQt QH&iDkéeD O\W LF N

-HGQi VH R GDO&t RSDW HQt QD VQt&HQt RSE WPKKR G XV
PHWRG\ QHQt SRX&LW NDWDO\]iWRB]PHB |U MBISER \§ &R EtKD M
7HSORWOQt LIQYWNOEKXDEMMW pP UHDNpPQtP pLQLGOH pPpSDYHN P
DPRQQ&é

.G\a MH SRXaLW pSDYHN MDNR UHDNpPpQt pLQLGOR MH X
JIURYH 3L QLA&t WHSORW UHDNFH SUREtKD#&tt SRHPOORXW Q |
GRPLQXMH UHDNFH NWHUiI JY\@GXMH HPL[BH R[LGX GXVINX YH

+ODYQt UHDNFH 5HGXNFH

1)
1H&iIGRXFt UHDNFH 2[LGDFH

(2)

6SUIYQp WHSORWQt UR]JPH]t MH YHOPL G$OH&LWp SURYV
R[LGXMH D Y\WYi t VH YtFH HPLVt R[LGX GXVtNXHB @B\a MH
S tOL3a PDOi D P$a8H VH WYR LW PpSDYHN 3UR VDBIYDHNWHSC
YVW LNRY®ROYND ~URYQtFK $E\ E\OR GRVDAHQR Y\VRNpKF
GXVENXLQLPIiOQtKR ~QLWHK $BWYHKD DER NRREIMRp RX SURPtEK]
spalin a UHDNpQtKR pLQLGOD 1XWQp MH URYQ & GRViKQRX
UHDNpPQtKR pLQLGO& NEDNGRFKI]NOR YH VSUiIYQpP WHSOR)
3 YHONEFK NDSRIiFK JEE®RPDOpPX RGSDWRHDQFEDP E\ GRFKi]JHO
S L QtINEFK WHSORWIAEX VIDUDQX X S tOL4d RPR@AFKONDPIHN
RGSD HQt D USIDRIEtKE®\ S L S tOL& YBJRNEFK WHSORWIiFK

$E\ GRFKi]JHORFN R[LGX GPMMINGOWP ]D Y]QLNX YRG\ D
iYLVt S HGHY&tP QD WHSORWV HS GRW QB8R R&EPHYt Y'$SOHALW
]JYROLW VSUiIYQé SRP U PH]L UHDNpQtP pLQLGOHP D R[LG\
URJPH]tP SUR pSDYHN D K\GURI0B0 GRRQQRSMHPiOQt WHS
je870 f& 8 PRPRYLQ\ VH WHSORWQt UR]JRMD QULOE RFI&\E XM H
S RSWLPiOQt WHS®QBWRX
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3. =NXAaHEQt SRVWXS\

313 tSUDYD D |[NRX3HQt YJRUNS$

V UiP Fekperimentu SUREtKDOD S tSUDYD Y]JRUNS$ WUiIPHpN\
de FHPHQWiI VNéFK QRUHP URYQ a8 XORaHQt D QiVOHGQ
de FHPHQWIi VNEéFK ®BUHP

3.2 Kalorimetrie

Principem kalorimetie MH P HQt WHSOD NWHUp VH XYRO XM
ve VOHGRYDQpP VI\WWpPX S L I\][LNiOQtP FKHPLFNpP QHER
9I\KRGQRFHQtP MVRX KRGQRW\ WHUPRI\]JLNIOQtFK YODVW
WHSHOQi NDSDFLWD[/IWHSHOQé REVDK

33 6WDQRYHQt REVDKX DERIUIQFEtIRK

3L JNRXa4FH E\O VWDQRYHQ DPRUIQt SRGtO UR]SXVW
=NXAaHEQt QDYiaND SRStONX VH SR 4dRre2oku Hydrexi¥w YD LO
GUDVHOQpKR QiVOHGQ E\O UR]JWRN S HILOWURYIQ S HV IL
se neutralizoval SRPRFt N\VHOLQ\ FKORURYRGtNRYp NG\ VH YO
DPRUIQt SR FR{FK 7HQWR UR]JWRN \BHHWR SI WO SV @IW U R
9\VUidaHQé SRGtO ]DFK\FHQé QD ILOWUDpPQtP SWMOHEIORWH
1000 f & 1D Y\atkKkDQpP SRGtOX E\OR |]JML&W QR FKHPLFI
spektrometru. [8]

([SHULPHQWIiOQt pivVW
V UiPFL H[SHULPHQWX E\O\ VOHGRYiQ\ ]iNODGQt I\][LNiO
DONDOLFN\ DNWLYRYD®EBEFEI]PDWWRNRSHFQt JUDQXORYDC
snahra]HQtP piVWL VWUXVERGRB2ONII®. THQWR SRGtO E\O ]YR
die[9, kdy S L QiKUD®WUXVN\ SESORNGIRVDAHQR OHSAtFK YéVOFl

41 . HPLpLWp SRStON\

V experimentu E\O\ SRXALW\ IBRISNOWNRWWYPU DY HERYLFtFK %\O\
poXaLW\ N HPLpLWp SRStON\ S HG D SR GHZWUWRVUIPHNDFL
H[SHULPHQWX E\O\ SRXAaLW\PSUKRG HI\RpY 8 RISHEYN Dbdh
XYROQ QpKR DPRQLDNX ] Ye&RaXxsp KikgY &XHKPX.FNp VORAHQ!
je uvedeno v tabulce Tab. 1.

Tab. IPrRFHQWXiOQt IDVWRXSHQt FKHPLFNéEFK SUYNS$ Y SRStO

Po denitrifikaci| yLVWp SR

PPD [%)] y 3[%]

SiO2 58,12 54,56
Al2O3 32,74 31,93
Fe20s3 7,89 7,85
CaO 4,18 4,02
SOs 0,67 0,77
K20 2,51 2,59
MgO 0,92 0,84
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9\VRNRSHFQt JUDQXORYDQi VWUXVND

Pro ~pHO\ H[SHULPHQWX E\OD SRXAaLWD MHPQ POHWi J
VWUXVND 9*6 7TDWR VWUXVND VH Y\]QDpXMH ODWHQW (
SRXALWINWUXIYVND VSROHPQRVWL .RWRXp aWUDPHHIENY VSRC
povrchem 400m? NJ 3URFHQWXiOQt IDVWRXSHQt MHGQRWOLYEéFk
na lIOXRUHVFHQpPpQtP Y&HWiU¢hhR BabieJTdb\2. [10]

Tab.2 3URFHQWXiOQt IDVWRXSHQt FKHPLFNéFK SUYNS$ YH VWL

VGS
Oxid | Obsah [%]
CaO 40,0
SiO2 39,9
Al2Os3 6,9
MgO 8,9
SO3 0,6
Fe20s3 0,4

43 $SNWLYIWRGBG@p YRGQt VNOR

-HGQi VH R OiWN\ ]JiVDGLWpKR FKDUDNWHUX NWHUp G
SURVW HGt QXWQp SUR QDVWDUWRYIiQt K\GUDWDpPpQtFK SL
strusky. V H[SHULPHQWX E\OR MDNR DONDOLFNé DNWLYIWRU S
VNOR -HGQi VH R UR]JWRN N HPLPpLWDQX VRGQpKR %\OR
EURO-aDUP vSBMR M8 WRKRWR YRGQtKR VNOD E\O XSUDYHQ V
50 % roztokuhy GUR[LGX VRGQpKR QD KRGQRWX >

44 1RUPDOL]JRYDQé StVHN

NormalizRYDQé& StVHN &(1 yed (E\O SRXALW MDNR S
S H[SHULPHQWX -HGQi VH R SStURBQNWHLRH@EEWYR HQ ]I
biVWLFHPL D REVDK R[LGX N HPLpPpLWpKR M Hsah lvigkosti IUDN
PHQ&t QHA& | >

4.5 Receptura

Jako reIHUHQpPQt VP VL Y H[SHULPHQWIiOQt piVWL E\O\ SF
UHFHSWXU\ NWHUp E\MERGINRRKAHYWIPYHEQtFKTUPRW )$6°
VS HGFKR]tFK [RUBFFEKWpWR UHFHSWXU\ E\OD QDKUD]HQTE
SR StONSIRGYO X D

Re I HU H @epeptura 450 g VGS
1350 g QRUPRYpPpKR StVNX
100 g H20
127 ml DNWLYIiMARS X +

=INODGQt I\]LNIiOQ PHFKDQLFNp YODVWQRVWL

= MLAWKRBQRW\ REMHPRYp KPtRWIQR,VpsMnostiS\H valuR Vv
za ohybu jsou uvedeny v tabulce Tab. 3.
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7DE =iNODGQt I\]JLNiOQ PHFKD QW&INYé¥RD\VPWQRVWL MHGQR

NaVvs
Pevnost
2 EMHP|Pevnost| vtahu
OZN. 6W hmotnost | v tlaku za
ohybu

Jednotky | Dny | [kg/m3] [MPa] | [MPa]
2 2320 37,5 3,7
VGS 7 2300 60,9 6,5
28 2310 89,9 9,1
2 2290 34,4 3,9
y3 7 2310 59,4 6,3
28 2290 86,6 9,4
2 2290 29,4 3,2
y3 7 2290 58,9 5,8
28 2290 84,8 8,4
2 2270 22,3 2,8
y3 | 7 2240 52,1 5,0
28 2240 80,1 7,8
2 2260 32,9 3,2
10%PPD| 7 2290 60,0 6,0
28 2270 87,0 9,5
2 2280 27,8 3,1
20%PPD| 7 2280 59,3 5,9
28 2290 85,9 8,9
2 2260 15,5 2,6
30%PPD| 7 2240 51,4 4,9
28 2270 82,1 8,2

5R]OLWt
6 WD QRMNH®P UR]JOLWt MV RbXOE @ HIQ\ Y
Tab.4 +RGQRW\ URJOLWt

5R]OL
OZN. ]
VGS 210
y3 230
y3 220
y3 220
10%PPD 240
20%PPD 220
30%PPD 220

BWDQRYHQt REVDKX DPRIUOFtFRH Y

SURFHQWXiOQt REVDKSIRBIR(DJFQHKIiI])HF‘KHPLFLl\VemeVd)RéHQt
v tabulce Tab. 5 a Tab. 6.
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7DE 2EVDK DPRUIQt Ii]JH X N HPLpLWéFK SRStONS$

2EVDK DPRUIQt [i]H
3URFHQ

ozN. |Prvky| [%] | oOxidy | o] DF‘,’bRSthIQt

[%]

Al 1081 ALOs 2043
) si |1868| SO |39,97

Y3 I« T1715] ko 2071 4°8
Cl | 0,55 |Si,0+ALOs| 60.4

7DE 2EVDK DPRUIQt Ii]JH X N HPHRLWA&HAKLBIPFIONS SR G

2EVDK DPRUIQt Ii]H
3URFHOQ

OZN. | Prvky | [%] Oxidy %] | g IgbRszl;thth

[%]

Al | 8,42 Al2O3 15,91
Si 16,99 Si,0 36,38

K 116,32 K20 19,735 4,17
Cl | 0,38 | Si2O+Al203( 52,29

PPD

3US$SE K U H Ralbfrhktrd
SUSEUKHDNRD®YRULPHWUX MH JREUD]JHQ QD REUI]JFtFK 2E!

2EU OD[LPiOQt YEYRM WHSORW\ X K\GUDWDpPpQtFK UHDN
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Obr.2 9é YRM W HSSUGHHE \Widfatace

5 =iy U

2EMHPRYp KPRWQRVWL X Y@HEXMWARMHMHRG
do 2320 kg/m3. Z KOHGLVND MHGQRWOLYéFK VP Vt E\OR GRVD:
REMHPRYé&FK KPRWQRVWt X VP VL EH] SRXAaLWtDSERStONX
strusky SRStONHP E\OR GRYVD &KREQH PRIYEFIKE KFFKWQRVWt MDN X
tak i po denitrifikaci.

ZKOHGLVND WHNXWRVWL VH SURMHYLO S R&D& YOL
Kk QDKUD]HQt pivVWL VWUXVN\ SRStONHP 1HMY\a4tKR HIHNYV
uld% QiIKUDG\ VWUXVN\ SRStONHP SR GHQLWULILNDFL 1HM
u 100 % strusky.

8 SHYQRWWIDNX QHE\OR GRVDA&HQR S HGSRNOIGDQpPKF
upiVWHpPQp QiKUDG\ VWUXVN\ SRStONHP 3HYQRVW YaAHFK VF
GR 03D 3 LpHP& E\OR QHMY\44tFK SHYQR VK GR&\DAHQ
SRStQNabpak QHMQLRRGAERW SHYQRVWt E\O R KRNDIZHQRUX V N\
N HPLpLWEP S Rediékd ide¥nosti vtlaku bylo GRVDAHQR QHMY WAatFK L
po GYRX GQHFK JUIQt NG\ YRsrGsk® aBBI]LQIKUDGRX N HPLPpLWE
SR StO N ldénit&iRaci se pohyboval kolem 22 MPa.

Pevnostt v WDKX D RK\EX VH WRRWXMRGY GR 03D
USHYQRWIDKKX ]D RK\EX E\OR GRVDAHQR PtUQ Y\datFK SHY
VWUXVN\ SRStONHP MDN X pLVWEFK & RIFPHIOON XV SEHCI GSHRCBL OV N §
Se JY\aXMtFt VH QiKUDGRX VWUXVN\ SRStONHP NOHViIi SHYQR
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3L VWDQRYHQt REVDKX SRRIDIPX [NRXZNRX UR]SRX:
v K\GUR[LGX GUDVHOQpP E\O ]MLAW SRRBEVAKKDRRN QR LK LN
SRStONS$ D X N HPLpLWeRifikkaS RS9 N$]S® REVDK UR]SXVW
DPRUIQt Ii]H P$aH PtW ]D QiVOHGHN VQtaHQt SHYQRVWt

Z SUSE K$ UHkadiméetryje ] HMPp QM Y\d4t D QHMUSRKAD HM 3
jeu100 % strusky. S10 QiKUDGRX VWUXVN\ SRStOWHY YQOMBRFRX]t
QiUSVeploty MDNR X VDPRVWDWQp V®RIXNONHB GRPWE Y P D
YUFKROS$ j®ISithR Wrtholu strusky. U 30 QiKUDG\ VWUXVN\ SRStC
PO GHQLWULILNDFL GRFAKG® RURDRKHIRXQ Qt WHSOMDodd FED
SR]G ML Q HAstusky.

Z hlediska poroYQiQt PH]L N HPLpLVBEHE BRSROGHQLWULILND!
]JDWtP JMLAW Q 8iGQé QHJDVEIHYQUWWDILY NBSY REMMPREGRX 61&5

V GDO&tP Y&]NXPX EXGRX VOHG PRI, & @R XUIBGRE p
RYOLYQ Q\ WUYDQOLYIRYWQR WD WVWQAQRKWDG. VWUXVN\ SRSt

5. 3RG NRYIiQt

3UIFH MH SRGSRURYIQD | SURVW HGN$ SURMHNWX 9¢
SRStON$ SR GHQLWULILNDFL MDNR SRMLYD S tP VL GR FI
VIVWpP$ f00I00194-2.

6. SRXaLWatwad WHU

[1] BayerP. 90LY SRStONX QD YODVWQBMWWNOIEHPHQWRYéFK PDO
[2] Haniskova, D. ORAQRVWL Y\XatYiQt NODVLFNéFK SRBMONS$ SR ]
2015

@ QWHJURYDQi SUHYHQFH D RPHIRYIiQt |QHpLEWH®BtatFKIHL
GRVWXSQEéFK WHFKQLNiFK SUR YHONiIi VSDORYDFt ]D t]JHQt
[4] y61 (1 +=iP VRYi YRGD GR HHEMKRN SUR RGE U Y]RUN
INRXEAHQRWRX]HQt YKRGQRVWL YRG\ YPHWQ FR@RRQRVINDQp !
MDNR ]iP VRYp YRG\yER NEEHQ/RWYXDOL]DpQt LQVWLWXW

[5] y61 (1 -1. OHWRG\ INRXaHQt FHPHQWX yiVW yEWN&RYH (
QRUPDOL]DpQt LQVWLWXW

6] y61 (1 -3- OHWRG\ INRXaHQt AMAWHQWXVDQRYHQt GRE WX
REMHPRYp, YWYOIRVQ\RUPDOL]RGWRt LOQVWLWXW

[7] www.vscht.cz [cit. 15. 10. 2017 ]

[8] UDMpPRYAIW~GLXP SX]RODQLW\ D DPRUIQpKRYER GRWNWL RHDV
WHSORW,H &%S0DA) 2017

[O] VIek,J. ODWHULIORYp Y\XAaLWt VWUXVHN ] PHWDOXUJLH aHO
aktivace. HabiltapQt SUiFH 06 )0-UU® 404 s. (2008)

[10] www.kotouc.cz [cit. 14. 3. 2016 |

[11] http://www.eurosarm.cz [cit. 12. 2. 2016]

[12] % RKipRYEWXGLXP YOLYX U$]QEFK W\S$ SOQLY QD YOD\
VI\VWpP$ QD Eil]L DONDOLFN\ DDNNVHTY B, 2O EFK VWUXVHN

[13] .R D tN9OLY DNWLYIWRUX QD ]JINODGQt YODVWQRVWL DOI
94a%TUO, 2014

108


http://www.vscht.cz/
http://www.kotouc.cz/
http://www.eurosarm.cz/

$/7(51%$7,91E 0241267, 9684 <7.£29%1e 6E'5< 9(
67$9(%1,&79E
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Abstract

This paper deals with possibilities of an alternative use of waste gypsum and
gypsum-based products in the field of civil engineering. The main attention was paid
to application of the material for production of light weight blocks to be used for
building envelope constructions. Test specimens were made from virgin and recycled
gypsum and their basic mechanical as well as thermal-technical properties were
examined. Results were compared with those received from scientific literature.

1. OYRG

+OHGiQt DOWHUQDWLYQtFK PDWHULiIOj$ VSWRX FBVRE XGREVR
YHOPL 4iGPQBKD S tSDGHFK MH SDWUQé& QiYUDW NH VWDUe@
WHFKQRORJIEFO\ NGVHHODWLYQ YHONpPP PQRAVWYesY\XAatYiQ
PRKX S$VRELW WpP AH[RWLFN\®* OH]L WDNRYpWR PDWHU
Y\X&tYiQD ML& YH VWDURY NpP (J\SW Q BOXERNR %] K P Y WRXIAL
byla QDS S L YE]JGRE IDViG\ QD JQRNXPHGHFKQRORJILHPL V
i QRYi H&AHQt NWHUi PR4RX XBEBWALWHOQEéP UR]YRMHP 'R
WDNRY&EFKWR RSDW HQt SDW t L UHF\NODFH Y&UREN$ QD
VNOIGNRYiQ\ D S HG VWD ¥RoMgickQU pilW &K IRD sad X IV RX MLA&
dnes GRVWXSDNRYi H&HQkboNidhtFiKISRORSURYR]QtFK SRGPtQ
QDEt]JHMt PRAQRVWL MDWNeYRENW JHHPWOB Qp ViGU\ >

3UR QRYp PDWHAXAL®DNPY VIGURYpKR RRER R O QATUCH] DM
XSODWQ Qt 5HFDSOINSODGHYDW S L YEURE V{SDKRIMNBIWWRQRY
QHER EORNS$ D S tpNRYHN SUR L@BBUNPERY 0 a&x RIGRNUNM plUR
PRGLILNDFH VIiGURYp ND&H D WtP L YEVOHGQEFKDPDIWHULIO
]JDWYUGOp ViGU\ > @

2. $SOLNDFH \RBYRGRYéFK SOidaWtFK EXGRY

3L QiYUKX PDWHULIO$ SUR REYRGRYp SLONVEWR XEpDG/RY KI®IHQ
Q NROLN IDNWRU$ D OQDMtW RSWLPiOQt SRP U PH]L FI
a PDWHULIORY @®RiL ZVWODWHUQIORYEFK PIDMID YBRYWQISP S HGHYAt
REMHPRYi KPRWQR WO DSKYRD RARWPYL. QLWHO WHSHOQpP YRGLYF
8H VH W\WR YODVWQRVWL]H]IRERBDQLRW O&M XMHSAHQt PHFF
SDUDPHWU$ ]JKRU4&t YODVWQRVWL [BMHSHOQ WHFKQLFNp D Q
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V Tabulce MVRX S HGVWDYHQ\ PDWHULIORYp SDUDPHWU\ PF
]JGLFtKR EORNX NWHUé E\O Y\YLQXW YH VSHR&e BdbuliyL )DN X O
VWDYHEQt 998 YD VSROHPQRVWL *\SVWUHQG V emy R . F
PRGLILNDFH VIiGURYpKR SRMLYD E\OD SRXALVWIRYIODVWLI
a K\GURIREL]D@RQD S [ISMBGRYDQé SHUOLW %ORN\ E\O\ H[SHL
vVSRpPpWX Q NROLND GHVtWHN NXV$ D E\O\SHJSBR&RHQAWIO
experimentu Mokrsko 2008 [2].

Tabulkal: 3 HKOHG PDWHULIORYéFK Y ODpateQt¥ 308 48BR ViGURY é

2012) [4].

Vlastnost Jednotka 3USP UQi KRGQ
2EMHPRYi KPRV kg/m?3 680
Pevnost v tlaku po 2 MPa 1,9

KRGLQIiFK
Pevnost v tlaku po 28 MPa 3,8
dnech
ORGXO SUXAaQ GPa 1,74
Mrazuvzdornost SRpPpHW F 25

6RXPpLQLWHO WHSY W/mK 0,156
J)DNWRU GLI~]QtH - 16
YRGQt SiU\ PDW

3.0ODWHULIO\ Y]J]RUN\ D H[SHULPHQWIiIOQt YEVOHGN\

=iNODGQt VDGD PDWH UL i CeRstaddvénaY @D WIWRILRA{ K ED@' Y UG O p
]JH JiYRGX 3RpHUDG\ VSROHpQR\WMGD¥NHBUDKB\NDiWX ]H
desek NWHBW®RE GRGIiQ ILUPRX /$9%$5,6 ).V6' UGRVNALEPQFIQHMG tY
UXpQ URJGUFHQ\ SRWgn BWL\PYIRERQGUWLpPH Bile®iVOHGQ
SRPRFt Y\WWRNRU\FKORVWQtKR PO&QD YODVWQt NRIDVWUXN
6'. UHF\NOiWHP E\OD D KP YRGQt VRXpKQLWHO E
VWHMQé NRQNVUPMDANGRKY VP VL

Vyrobeny byly vzorky o velikosti 40 1401160 mm. Po Y\MP XWt ] IRUHP E\O\ XOI

YROQODERUDWRUQtP SURVW HGt 9éYRM PHFKDQLFNéFK Y
ViGU\ E\O VOHGRYIQ QHGHV®BRDWPOO yPERMAERLI KUpPpXMH
PDWHULIORYp YODVWQRVWL QD ]iNODG YODVWRR-K IUH
i WRU]JQtKR NPLWiIiQt INXGaHEQtFK Y]J]RUNS$ 1D ]JiNODG WpWR
]JP Q\ PDWHULIORYéFK YODVWQRVWt SRUp]QtBRVHYVWDYH
V]IYLVORVWHFK QD YOKNRVWL WHSORW VWi GO[RAINK Pt
RNROQtFK NaCObK HAKVRX XYHGHQ\ SU$SP UQp KRGQRW\ G\QDF
SUXAQRMWILVQORVWL QD pDVH SRG GREX P VtF$ D QD
UHF\NOiIWX
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Obr.2.. yDVRYi JiYLVORVW G\QDPLFNpKR YLR/®RIVXVE WA REVW
6'. UHF\NOiIWX V XYHGHQéPL VP URGDWQEéPL RGFK\

BUR REYRGRYp SOiaw EXGRY MVRRL NYOODRYE®@R VVWPW HW H
WHFKQLFNp SDUDPHWUWORKHUPRYXRREYRGRYpKR SOiaw U
WHSHORODpPQtKR PDWHUWHPKQIZFS$HOSDUDPHWU\ Y]RUNS$ |D
SSURFHQWXiOQt QIKUDGRX 6'. UHFSRORFX EWOWURNMER YIRE@WH \
NWHUé& MH Y\EDYHQ PRELOQt NRQWRBND@t WRRVERDR Y Bl Qk Q!
VRXpLQLWHOH WHSHOQpP YRGLYROWR XRAND G RRRR g IMHP/RY ® XVW
vodivosti =MLawW Qp YEVOHGN\ E\ P O\ VE&RH WWHDQR\YNRStBE MDP
hmotnosti. Toto WYU]HQt VH BFPWMHGLEOMHPRYi KPRWQRVW QLaat |
VRXPLQLWHOH WHSHOQpP YRGLYRYWR (ERAR\ 8LRWPNUYWQRDP H
jsou uvedeny v Tab. 2.

Tabulka2 =iYLVORVMcWVOHENGRKeS\DUSDW HVWRY Daodsaku Y] RUN $
UHF\NOiIWXHGH®QaPRGDWQéEPL RGFK\ONDPL

Obsah 6RXpLQL 0 UQi REMHR 6RXPpLQLWH:¢

UHF\NOiIW| WHSHOQDp tepeOQi NDSD vodivosti
[W/mK] [J/m3K] 108 [J/m3K] 106

0 hm. % ! “ “

10 hm % 0,179 *“ ! “

25 hm. % “ ! !

Zpohledu JtVNDQE&FK H[SHULPHQWIiIOQtFK YéVOHGQNKUBEB SD
testRYDQpKR ViGURYpKR SRMLYD MH PRAQPRPRKIUD BZLWR DpK R

UHF\NOiIWX 3RGOH S HGSRNODG $ YO \ KRQURAXWI K WRBHSHHCDUPHNGN O
VH JOHSaXMt
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4. =iy U

$OWHUQDWLYQt Y\X4aLWt VIGURYpKR RGSDGXSNRIMNLR Op iWVhV H |
MHYt MDNR R®MeHPIPBKRYpKR KRVSRGI VWYt 6iGURY& RSI
S LGiYD®|QpP PQRAVWYt 3 L KPRWQ QiKUDG\ INHViGURY
VQtaHQt KRGQRW VP\NRYpKR PRGXOX SUXAaQRRMWRGWBPQRY
RSURWL Y]JRUNX EH] QiKUDG\ UHF\NOiWHP - WIHDFRKSDLNF NY O F
YODVWQRVWL VH JOHS&LO\ DVL R

3L SURYHGHQpPP Y&]NXPX QHE\O\ SUR]DWtP SR®&LW\ &
FKHPLH NWHUp E\ VOHGRYDQp PDWHULIORY p XYSUDWA QR VW
SRGOH VSHFLILNDFH 3URWBR RN HWRIYWHE \N®i@MX GR ViGUR
MDNR HIHNWLYQt YDULDQWD QD MHKR Y\X&LWt

5. 3RG NRYIiQt

3 tVS YHMNK YGtN\ SRGSdekit BPO Trio p )9 ASHF\NODFH
VIGURNDUWRQRY&FK GHVHN D QRYiS RBWERKi ORRG QRW RIX
* 365H.F?
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Abstract

This paper describes a special recycling process of construction and demolition
waste based on gypsum. Such a technology uses high-speed micro-milling
developed by Lavaris Ltd. company. Thus obtained powder can be used during
production of new gypsum-based materials at the form of plain or even active micro-
filler. To provide a potential of such an approach, test specimens from the powder
were made and their basic physical properties were examined. It was shown that this
technology exhibited promising results with regard to applicability.

1. OYRG

6QDK\ R ]Y@dHQt SRGtOX UHF\NODFH VWDYHEDtRK/ BXGHPF
YAHREHFQ ]QiP\ 'RW&NDMt VH L RGSDGX |H ViGHWRNDUWR (
P$aH PtW GYRMt S$WRO LA VWDYHEQtFK NROEG\QME B K NYa URE NLJ
YIQLNDMtFtRKD RIRWE@PRE $pNROLY MVRX VWDYHEQt PDWHL
R]QDpPRYiQ\ |D YKRREBEPMNFL MHMLFK VNXWHpPQpP ]S WQp Y\X&
S HNidaN\ 6'. GHVN\ GtN\ VYpPX G$P\VOQ@HNPWpRR P BR)MWRQQ t
YJGRUXMt SRNXV$P R VHSDUDFL MHGQRWOLY&FK PDWHUL
PDWHULIORYi VOR&AND WDN ]$VWiYi NRQWDRKRRG BOUR GXD O 4t}
Y\YtMHQ\ VRILVWLNRYDQp UHF\NODpQt OLQN\ NWHUp XPRE
MHMLFEK IUDJPHQWS$ 3ULQFLS W FKWR OLQHN MHRTDWOWAHQ
SDStUX 'tN\ WRPXWR SRVNDXVSADWDLRNQO]KRPRIJHQQt RGSDGQ
a QiVOHGQ MHM UHF\NORYDW WM RSDNRYDQ VY\X&tW S L Y
IRUP LQHUWQtKRebB BWRUYBWREX QRYp ViGU\ SRPRFt NDOF
jsoui GDO&t DSOLNDFH YH VWDYHEQLFWYt QDS tNOB®REURE|
REYRGRYp SOidW EXGRY §SONW XMSXED IMIH DK U @Q LWD N
[3,4. 3 HGNOIGDQé& S tVS YHN VH Y QXMH UHF\NODFL YDGQ&éF
MHMLFK YEURE YH ILUP .QDXI 3RSLVXMH UHF\NO@PQt OLQ
PtUX GDQé&P SRGPtQNiP SDUDPHW U&RadtyV BAXYREE XV X LERUYR.YOR Ht
a MHKR GDO&tP |SUDFRYiQt DWG

2. 5HF\NODpPpQt OLQND QD 6'. GHVN\

VUIPFL SURMHNWX 032 7ULR p )9 ASHF\NODFH ViGU
a QRYi PDWHULIORYILEDX@QRWtKRGQRWHNR SUR ]JiYRG QD YéUR|
SDK desek v 3RpHUD GNABF Praha) HaHQ QiYUK D RY HQt WHFK
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recyklace SDK. V SUSE KX Yé&]EXBRX RSWLPDOL]JRYiQ\ SURFHV!
s ~SUDYRX 6'. RGSDGX VHSDUDFt MHGQRWOLYKKLWIRAHN
&tOHQR EXGH S HGHY&4tP QD PD[LPDOL]DFLY|SURDpOR WARKL)
6'. GHVHN 'iOH EXGRX KOHGIQ\WKRSRMNDIFK piVWt UHF\NOIV
QHPXVHO Eé&W XNOiIGIQQHQBpWNOYOW\ &H QHMY W&t SUREOp
s XSODWQ QtP VHSDURYDQpPKR SDSYUXaQFHREWDKHP\EDSWUWHP \

KRQFHSFH UHF\NGDKPD naCEDA Ndpad, je zachycena na 2EUi]N X
ZOLQN\ MH PR&QR RGHEtUDW VXURY(RVUKMDNORYDBRKE BOBUK
(i) frakce 1/5 PP AEH]3® SOigttXce 0/1 mm zprLPiUQtKR GUWLpPH KU}
a (iv) frakce 0/1 PP XSUDYHQi SRPRFt Y\VRNRUBROBRWE Q t K|R t D OBV
SRORAFH VH PD[LPiOQt YHIOLNRRWW U @D @LERONWDUEH®t POEQL
v UR]PH]tFK D& -HGRPRWOLYp Ii]JH ]SUDFRYiQt XND]XMH 2EU

2EU 2ULHQWDPQt VF KigyPIDKOHTE\SDR Besky.t O L

2EUiJHN XND]XMH ' YL]XDOL]DFL QDYUKRYDQp UHF\NODp
moduly + SULPiUQt GUWLpP VHSDUiIWRU Y\WRNRU\FKORVWOQ't
VHSDURYDQé& PDWHULIiO ViGURYRX ViGURYFRYRX GU" U$]Q

3. 0ODWHULIO\ Y]J]RUN\ D H[SHULPHQWIiIOQt YEVOHGN\

B3UR Y@UREX ]JNXAaHEQtFK W OHV RPPREPORHBRY UAaHQR VP
3RXAaLW\ E\O\ GYD W\S\ SIRMhbHQRIWDWRHQ@®G D .1$8) 6* 7DW
E\OD YH W HFK ~URYQtFK D KP QDKOBWEYI QD |
UHF\NOIWKHP J9RGQt VRXWbdQLWN&FKi VP V E\OechYH Ya
S tSDGHIFK

1D Y\UREHQéFK JNXAHEQtFK W OHVHFK E\O\ WHVWRYiQ\ Y\
tpevnost v tlaku a pevnostv WDK X ]|D RKV\EX =NRX&aN\ EAO\ SURYHGHQ\
RG PtVHQt VP Vt UHVS SR GQHFK -HMLFK ~pHOHP E\C
DSOLNDFH LQHUWQtKR UHF\NOiIWX QD ]P Q PHFKDQLFNEéFK
S LVS MHpKMQt RSWLPiIiOQtKR pL PD[LPIiOQtKR S tSXVWQpKR
VP VHFK >8 YBRUNS$ VWDUEFK C/QBWDBR\ROYHQD YREMHPRYi KPR
3U$P UQp KRGQRW\ VOHGRYDQéFK PHFKDQLFNéFK YODV
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odchylkami jsou uvedeny v Tabulce 1. Z YEVOHGNS$ MH SDWUQp aH Y\aa
pevnosti vtlaku GRViIiKO\ YJRUN\ VH VIiGURYéP SRMLYHP *\SVWUHQ
GRaAOREWUD]QpPX SRNOHVX VOHGRYDQp YHOLPLQ\ VH ]Y Wax
Oproti tomu pevnost vtahu YIRUNSRWILYHP .QDXI 6* YéuD]Q S HYéa
SK. | v WRPWR S tSDG RYaAHPSBBVKMIDMWORIPX VQtaHQt SHY(
1Y WaxXMtFtP VH IDVWRXSHQtP UHF\NOiIWX

Obr.2: -HGQRWOLYp li]H J]SUDFRYiQt 6'. SRVWXSQ SUYRWQ
GUWIGVHSDURYDQé S akedJ1/5unrhFD NUWDH W\ dkoa O/1 hin.

2EU 6FKHPDWLFENi " YL]XDOLBDR0M rd BBK NeG.p Qt OLQN\
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7TDEXOND 90LY S tGDYNX UHF\NORYD K KResek NaURPOHWQp k
pevnost v tlaku, pevnost v tahu za ohybu a objemovou hmotnost.

Pevnost v tlaku Pevnost v tahu za ohybu 2EMHPR
2]1QDDpH [MPa] [MPa] hmotnost
KRGLC GHQU( KRGLQ GHQU( [kg/m?3]
SK-0 “ “ “ “ “
SK-10 “ “ “ “ “
SK-25 “ “ “ “ “
SG-0 “ “ “ “ “
SG-10 “ “ “ “ “ 1
SG-25 “ “ “ “ 710 “
4, =iY U

yOiQHN SUHJHQWXMH YéVOHGN\ SUYQt HWDISEG VMaIHYH QS MR
NRQFHSW UHF\NODpQt OLQN\ QD VIGURNDUWRQRYp GHVN\
POHWt /LQND EXGH Y\XAaLWD SURRFEURB® X K3'U. @DX/IH N OH
MVRX XNi]iQ\ YEVOHGN\ ]DW AaRYDFtFK WHVWS$ [NXAHEQt]
VIGURYpKR SRV Q& DVWRXSHQtP MHPQp IUDNFIBDK.QHUWQI
%\OR ]ML&W QR &H DSOLNDFH WRKRWR UHF\NOQRXWES$VRI
v tlaku a v tahu za ohybu.

5. 3RG NRYIiQt

3 tVS YHN E\O Y\WYR HQ GtNMP®ORBSR H9SURMBKMEWNODFH
VIGURNDUWRQRYé&FK GHVHN D QRSYLEGDQRIX KPR G RMARE LWt V
a SGS19/148/0OHK1/3T/11.
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Abstract

The paper reflects current topic of pavement construction and deals with the
possibilities of applying alternative binders for road treatment technologies. Actual
research projects focuses on utilization of slags from metallurgical industry for road
construction, especially for treatment of pavement subgrade. The paper deals with
possible processing of these slags by high-speed milling technology and alkaline
activation and their potential use as hydraulic binders for cold recycling technologies.
The paper shows laboratory tests according to Czech technical specifications: indirect
tensile strength ITS and moisture susceptibility, or compressive strength after 28 days
curing as well as cyclic test of resistance to water and frost.

1. OYRG

'QH&aQt PRGHUQt WHFKQRORJLH Y VLOQLpQtP VWDYLWHC
PLQLPDOL]DFL RGSDG$ 6RXpDVQp VQDK\$WIOELNOEFEDQM &
ZUHNRQVWUXNFH VWiYDMtFtFK NRPXQLNBBSPDDORNYE¥EDRE
D MHMLFK PR&QéPtHSRQDWQRQLRFK VLOQLpPpQtKR VWDYLWHOV\
3 tVS YHN MH ]JDP HQ QMG SMU®FHEKI GURGXNWS$ PHWDOXUJLF
NG\ MH VQDKRX Y\X&4tW ODWHQWQ K\GUDXOLFNpK®RDFKDUD
Y\WWRNRSHFQtFK D RFESK HQWREPOWHUNIORXWDRQp GRE
Y\X&tYiQ\ MDNR QiKUDGD S tURGQtKR NDPHQLYBSOQNBDRHHPL
SURWLSRYRG RY&FK KUiJtFK MDNR ]iV\S VWDU&FRUGXOQtFK
SUHIDEULNRYDQ&FK VWDYHEQtFK SUYNS$

3RPRFt SURFHVXFKHPHBGR DERAKIDFEMP Q W FKWR PDWHULI
DOWHUQDWLYQt K\GUDXOLFNi SRMLYD NWHUi M@RX ]DMt
Y\X4tYDQ&P K\GUDXOLFN&P SRMLYS$P ]JHMP p QW HRHR®'Q WXR %
DSOLNR ¥onologitFWWXGHQp UNF\NRDFEHDOWHUQDWLYQtFK K\
pojiv. -HMLFK SRVRX]HQ@RBIFEDYN$ VRXpDVQEFK QRUHP D WH
S HG Spevhgst vilakX D RGROQRVW SURWIS PIDEX QLERIGEK BHYQR
XPR& YMHFKQRORJLFNp SRGPtQN\ VP V NODVBIpPRRFDW KXSRP
D RGROQRVWL SURWL YRG

2. 9\VRNRU\FKORVWQt POHWt

9\WVRNRU\FKORVWQt POHWt MH MHGQtP ] W\S$ Y \\QrO\DRIGIH U J +
YHONEP PQRAVWYtP S HGDQp HQHUJLH QD N®)X QRBRRNIXP XS
Y\WRNRHQHUJHWLFNpKR DQL Y\WRNRU\FKORVWQtKR POHWt
GHILQRYIQ 6 POHWtP Y NODVLFENpP SRMHWt Pi VSROHpPQp Y:
JMHPQ Qt JUQLWRVWL ]Y WAHQt P UQpKR SRYUFKX RWHY HQ
POHWt GRFKi]Jt YaDN S L Y\WRNRU\FKORVWQtP PRPRWENIXUpL'
SR]JRURYiQ\ X NODVLFNpKR SURFHVX POHWt 8UpPLWi piVW Y
E 8QpKR POHWt EH] X4&LWNX S HP Qt QD WHSORIQWHYWDN G
]SUDFRYDQpPP PDWHULIOX >)D@OSW XV 9DOHQWLQ
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3R]JRURYDQE&PL MHY\ X DQRUJDQLFNéFK PDWHULIiO$ MVRX QI
x mechano-FKHPLFNi PHFKDQLFNi DNWLYDFH
Xx WYRUED Y\44tFK SRGtO$ PLNURQRY&FK piVWLF D QDQRpi
X Y Q NWHUBFK S tSDGHFK Y\d4t HIHNWLYLWD WYRUWEW VS
QRYEFK SRYUFKS$
Efekt mechano-FKHPLFNp DNWLYDFH Y\X&tYDQé& Y\VRNRU\FKORV\
Y&]QDPQ OHSA&t Y\XALWt HQHUJLH Y\QDOR&H QD NXP POMHWt O
MHMt piVWL Y SRGRE ]Y&aHQp HQWDOSLH X$SWUBPRFR®p O
DNWLYDFH XPR& XMH YH Y\WRNRU\FKORVWQtFK POHFtFK ]D t
X Y\YRODW FKHPLFNp UHDNFH Y SHYQpP VWDYX PDWHULiC
YEP QQp UHDNFH
x LQLFLRYDW Ii]JRYp ]JP Q\ QHMHQ DPRUIL]DFL Y U$]QéFK ¢
X YYWWYR LW PHFKDQLFNp VOLWLQ\ NRYRY&FK PDWHULIOS$ Y
Xx LQLFLRYDW NDWDO\WLFNp UHDNFH Y RUJDQLFNéFK L DQ
Y SURFHVX POHWt
1D REULMH ]Qi]JRUQ Q LPSDNWRYDQé& Y\WRNRU\FKORVWQt P
E\O SRX&4LW S L ]SUDFRYiQt PDWHULiIO$ NWHUp MVRX SUH]H

2EUIJEHN9\WRNRU\FKORVWQt POEQ YSUDYR URJHY HQp PH]L
RVD]JHQt POHFtFK HOHPHQWS$ YOHYR >9DOHQWLQ

98]NXPHP XSODWQ Qt SURGXNWS$ Y\WRNRU\FKORIVWG@TKR PO}
]DEEYDMt PQRKR OHW NG\ VH VQDAtPH ]D RPN Wh Q/RX W B
RGSDGQtFK SURGXNWS$ D QDMtW SUR Q QRYptY\XSUWt 7H
]SUDFRYiQt RGSDGQtPL SURGXNW)\ D GP ISQ%®RWIMRY @HKN RN
poso X]JHQt Y\XALWHOQRVWL HOHNWDNMIHQYKKF B SRSLGRYSKR V
PHWDOXUJLFNp VWUXVN\ YiSHQFRY&FK RGSUD&N$ D ND
UHF\NOiWX S tSDGQ ]SUDFRYiQt SU\&H ]H VWDUB&FK SQHXP
Y\WWRNRU\FKORVWQtKR POHWt VH SRGD LOR SURK iSRS tH\P p
a strusek NG\ MVRX E KHP SURFHVX POHWt QDUX&AHQ\ VWIiYD
KRPRJHQL]DFL YEVOHGQpPKR PDWHULIOX FHRAFK ISUSRFHWS$R'Y
VSRMHQE&FK V REMHPRY&PL ]P QDPL P DINWRIN RUX FK Q RAVWY R X B/
MH WDN ~pLQQéP QiVWURMHP SUHYHQFH Y]QLNX QDS tNODC
OiWHN NWHUp Y PLQXORVWL RYOLY RYDO\vHEXMNWLYQt Y\XAt
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3. SONDOLFNi DNWLYDFH

$ONDOLFNi DNWLYDFH PDWHULiIO$ |]D ~pHOHP QBRYWIOUWHRY iQ
]QiPi ML& DGX OHW NG\ MVRX WDNWR ]SWbBRYiYiQ\ ]H
HQHUJHWLFNpKR D PHWDOXUJLFNpKR SU$SP\VOX VPUYQX |PtQ]|
GQHA&EAQtKR Y\XAaLWt30/ld VRHERVKH P X @1 X (Y p KU IiRadV/ graBebove tkuhla,
QiVOHGXMH DGD YéINXPQéFK SURMHNWS$ |DPRRINHEGRKLQDHDPN
MHMLFK GDO &R YSAILWR]G OHQt DONDOLFNéFK Mde¢WLYiWR!
1980 profesorem Gluchovskym NWHUé WWKIQIIR GIOOH FKHPLFNpKR VOR
[Gluchovsky1980],

VLOQp ]JiVDG\ 02+

QHVLOLNiIWRYp VROL @ DMeRIKVIROL,NMELQ O

V LOLNI2VM\Q ®L 2

hlinitany: M2 2 A Q®0

KOLQLWRN HR ABmBW BRSION

QHVLOLNIWRYp VROLSODLOQEFK N\WHOLQ O

6SUIYQi YROED DNWLYiIWRUX MH ]iYLVOi QD FKHIRLENXNpBUR R:
DNWLYDFL VWUXVHN VH QHMpDVW ML SRXatYDMt DONDOLFN
QHER XKOLpLWDQ\ = HNRQRPLFNpKR KOHGLVND NWHYHMpD
MVRX E aQ GRVWXSQp OH]L PpQ SRXatYDQp GRW&EKP SD
NRPELQDFH K\GUR[LGX YiSHQDWpKR D VIiGURYFHGXS tSDG
VRGQpKR D VIGURYFH YiISQtNX $NWLYIWRU MHREBHWpPpDVW
DNWLYRYDQéP PDWHUIJGDHPSWILGHORIHRIiYNRYiQt DNWLYiWRU
GiYNRYiQt P$&H ]SSVRELW GHJUDGDFL SRMLYD

D SRNOHV YéEVOHGQéFK SHYQRVWt = KOHGLVND SRXaLWt
VWUXVHN SRSLVXMt VRXpDVQp SXBEOCWNIDHAH WKBGONRVER E R W:
C206 1D2+ SUR VWUXVN\ V Y\ \BNERGESRBtPERM~PpLQQ MatFK D
MH YRGQt VNOR X Q M& ]JiOH&t QD NRQFHQWU®BGXO X RARVR NIM [
PROIUQt SRMMé& 6 LQ2H 1D . >0DOROHSV]\ JUEERUWRYI
SUHIHQWRYDQéFK GDW E\O SUR SRW HE\ DNWLYERKH PLNUF
]JYROHQ MDNRAWR MHGQD ] XYiG QéFK PRaQRVWt DNWLYI
9iISHQQpKR K\GUIWX MDNR DONDOLFNpKR DNWYYSWED®& E\OF
PLNURPOHWéEFK PDWHULIO$ QD Ei]L EHWRQRYpEBDANB\NOIW

x

X X X X X

4. $SOWHUQDWLYQt SRMLYD QO APrBK) VWU XV N\ $3

SOWHUQDWLY®.t R MMLNLRVIBUKIBXOMHHiI MWL WYR HQR RFHOI V
z lokality Kladno. Tato struska b\OD SRPRFt Y\VRNRU\FKORVWQtKR POH
SRGRE\ MHPQ POHW)PKRNERMIR®tOHP R[LGS$ YiSQD 2)&D2 N |
D KOLQtEX >F®QJiOHN @ =YéaHQé REVDK R[LG$ KOLQ1
WHFKQRORJLH OLFtFK SiQYt FR& RWBRKOQRI OBRIMAIM REXEA UND Q &
Ref. Code Compound Name Score Total Lines Scale SemiQuant

Factor [%0]
Gehlenite, syn 57 23 1 64

01-087-0968

01-085-1369

Grossular ferrian

27

18

0,137

29

01-082-0511

Quartz

20

7

0,041

2

00-003-0044

Gypsum

8

16

0,024

2

01-075-1688

Thaumasite

12

51

0,034

3

Tabulkkal: ;5' DQDOEé}IB.$3+DQ]JiOHN @

9éVOHGN\ SURYHGHQp ;5
(tabulka 1

DQDO&]\ YJRUNX PLNUWIKPOHWDp
SURNi]DO\ S tWRP QR VAI(AIBHI O HMDINRX K@&DY Qt NU\VW
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strukt XU\ GiOH E\OD SR]JRURYiIQD S tWRPQR VAFeEDQHILWpPpKR J
VNHOQp Ii]JH VSRGQt piVW JUDIX OH]L PpQ ]DVWRGSHQp S|
D WKDXPDVLWX Y&VN\W W FKWR VWUXNWXU MHORY &HP ]DQ
VWUXVFH RPHNiYDW DMSBROHBHPQWHP WYR t PHOLOLW NWH!L
S HGVWDYXMH D& MHMLFK VOR&HQt A4HOH]LWE& JURVXO]
REY\NOH QDFKiJt SRX]JH YH VWRSRYpP PQRAVWYR YWBHKNR FKHF
QHY\OXpXMH 204D.Q]iOHN

$SOWHUQDWLY 2 SRIM LEYiRL $\BW U X\OHDN QM HpilVWL WYR HQR Y\V
struskou z ORNDOLW\ 2VWUDYD 7DWR VWUXVND E\OD SRPRF
XSUDYHQD GR SRGRE\ MHPQY\FRN&M ISR GIROMIPY R[VGS$ YiSQD
N HPt@S®: SRP UQ YHONp |[DVWRXSHQt P@MtAaHBH]G\ KL Qtl
Fe20: S tSDGQ PDQJDQX 0J2:D GYUDYDOHN 1D @

Ref. Code Compound Name Score Total Lines | Scale SemiQuant
Factor [%]
01-079-2423 Akermanite-gehlenite, syn | 54 24 0,96 89
01-071-2108 Srebrodolskite, syn 21 35 0,067 6
01-082-0588 Hercynite, syn 33 6 0,075 6
Tabulka?2: ;5' DQDOé}B253+DQJiOHN @

98VOHGN\ SURYHGHQp ;5' DQDO@&]\ YJRUNX PLNWUWOPOHWp |
(tabuka 2 SURNiI]DO\ S tWRPQRYNHMAMNK UMNIZQ L WOIH M &Gt V
SUDYG SRGREQRVWt R PHOLW NWHU@& E&Yi YH V@HXVNIiFK
vVPDOpP PQRAVWYt ]JDVWRXSHQ VAJAHEEP@sG R OV N LW
MHKR& S tWRPQRVW YH VWPXQNPRiRQUP PQIBOMWREAHQPHW DN p
hercynit (FeAl0s -HKR S tWRPQRVW YH VWUXVNiFK QHQt ]QiPD

VORAHQtP RGSRYtGi VORAHQtDEBQPRYWQXVNWUXVFH MH

]DVWRXSHQD VNHOQi li]JH >+DQJiOHN @
5. /DERUDWRUQ't SRVRX] H:onjWOQY\D-I EQDWW\{D(BONAP-&@
2% 1% 1%
4% cement cement 5% cement 5%
cement +4% AP- | +4 % AP- AP-SK + 4 % AP- AP-SO
SK SK SO
6 V\Ff' E' g‘gﬂg )L( 75.0% 75,0% 75.0% 75.0% 75,0% 75,0%
a' /LWLFH 25,0% 25,0% 25,0% 25,0% 25,0% 25,0%
Cement 4,0% 2,0% 1,0% - 1,0% --
AP-SK -- 4,0% 4,0% 5,0% 4,0% --
AP-SO -- -- -- -- 0,0% 5,0%
Voda 5,0% 5,0% 5,0% 5,0% 5,0% 5,0%

Tabukal 6O0ORAHQtAPSO/AP-6. VWXGHQi UHF\NODFH

V UIPFL SURMHNWX E\O\ SRVR X]H-Q0 GCAPESKWTYB\stugkyoyly HN $ 3
XSUDYHQ\ SRPRFt Y\WVRNRU\FKORVWQtKR POHWt |DIGKHOHP |
s SRWHQFLiIOHP SOQ QHER piVWHPQ QDKUDGLW NODVLFNi K
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0,40
- 0,330,33

0,35

= I
|0,30 0,25 0,24 I

N 0,25 0.22
X 0,20 0,140,14
< 0,15 I

0,10
o O
"+ 0,05 ' 0.930,01 0.030,02
> 0,00 = =
< 4 % Cement 2 % Cement 1 % Cement 5% AP-SK 1% Cement 5 % AP-SO
= +4 % AP-SK  + 4 % AP-SK + 4 % AP-SO

m6 v_IE v_ o mwiwo 1E v_ o dwWiié =6 v_ A A} "

2EUi]B&:NPevnosty S tpQpP WDB3OXAP$8. VWXGHQiIi UHF\NODFH

© 8,00

o 6,40 g gg
Z. 6,00 =
=2
© 4,00 2,97
2 2,09
+ 2,00 0,94
% . sz 0,60 0,00 . > 0,55 0,00
S 0,00 - —
& 4 % cement 1 % cement 5 % AP-SK 1 % cement 5 % AP-SO
+ 4 % AP-SK + 4 % AP-SO
m Pevnost v tlaku po 28 dnech K }ov}ed % E}3] u®E Ip A} "

2 EUi]H:NPevnost v tlaku: AP-SO, AP-6. VWXGHQiI UHF\NODFH

2SURWL S HGSRNODGS$P Y\ND]JRYDOR SRXaLWt DOWHUQDWI
PLQLPiIiOQt HIHNW QD VOHS/RSIDYpS SPQ PP HW\DU\ Dtl&kbhY QRV W L
P tQRV SRWMLBUDNWLFN\ |DQHSEEDDVGHOYRXBLWtYDOWHUQDW I
v kombinaci scementem( DOWHUQDWLYQtKR SRMLYND, AMSKigL VWU X\
1-2% FHPHQWX E\OR GRVDAHQRHY&RY|Wt UGMIHHEIIER pQt VP VL
VWPHOHQpPp SRX]H FHPHQWHP byly & Karabinatel QR R cehizitiwV

SR]JRURYIQ\ XUpLWp MHDWHQUWQGLKXGUBIXOLFNp FKRYiQt DOW
THQWR S HG SR ROYDUX X HDGOON N O L FF INN UDRNPVRRISRINBIF- HRIVkdy bylo

nahrazeno 5 a 10 % hmotnostt PLNURPOHWpP VWUXVN\ YISHQQéP K\GUIW
MDNR DONDOLFNé DNWLYIWRU D P O QDVWDUWRYDW VDPRW

3.8% 3,6 % 54% | 0%

4% cement AP-SK_+ 0,2 AP—SK.+ 0,4 AP—SK.+ 0,6 Yis Q’R

YiSQR YiSQR YiSQR 1% cement
R-PDWHULIO 6W H( 75,0% 75,0% 75,0% 75,0% 75,0%
a' /LWLFH 25,0% 25,0% 25,0% 25,0% 25,0%
Cement 4,0% -- -- -- 1,0%
9iISHQQé K\GU -- 0,2% 0,4% 0,6% 0,4%
AP-SK -- 3,8% 3,6% 5,4% 3,6%
Voda 5,0% 5,0% 5,0% 5,0% 5,0%

Tabulka2 6O0ORAaHQt MONIOLFNiI DEWIMWDXGHEB UHF\NODFH

BUR GDO&t SRVRX]HQt D DONDOLFNRX DEWIWHBEL KRUWR ]YRO
zYéaH XYHGHQEéEFK SRMLY 2 QRY Y]QLNOpP SRavickyX PO XY tP
DNWLYRYDQpP VWUX\RNYRYDRO VERUQIEIDOYX\RS3 W SRURRALQ\ Y
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WHFKQRORJLH VWXGHQp UHF\NODFH GNGMREVQD DISOLNRYHQL
Y\EUDQpP S vi®biénaci s 1% cementu.

s 0,40

0,34
> 0,35 031 I
10,30
N
0\8 0,25 0,20
0,20 0,17
o 010 0,10 011 919 I
. 0,08
0,10 : .
>
2 005 .
> 0,00
4% cement 3,8 % AP-SK + 0,236 % AP-SK + 0,4 %4 % AP-SK + 0,6 %6 % AP-SK + 0,4 %
A %oV} A %oV} A %oV} A %v}=1i9 u

W6 v_IE v_ o mWwive 1E v_ o dwiié =6 v_ A A} "
2EUIi]HA:NPevnostyv S tphpQpP WDKX DONDOBENYWNBHYIDEHBNODFH

'DWD SUH]HQWRYDQi 4QBUREUD/GE VP\WOXSOQRVW DONDC
DOWHUQDWLYQtFK SRMLY QD EiPIL QLW LUXYtW\ SNG D SNRHVFL YYD |
GRVDKRYDOD Y&UD]Q VY\34tBKtSHY QBRWLYQHB]YFKHPLFNp I
V SRURYQUAIHHWUHQpPQt VP VtSERBXtEH®@ $SRVRX]HQt SRPRFt SH
VS tpQpP WDKX Y\ND]JRYDOD QL&4tSRRG QRGN DOV U$SYW SH
GRGDWHpPQ SRGSR HQ S tGDYNHP FHPHQWX

o
o
S

4,00
2,94 2,88

2,00 147118

- I
4 % Cement TUO 9 WrAr< = i1Ud 9 s %V} TUo 9 WrAn<
Cement

Pevnost v tlaku [MPa]

0,00

m Pevnost v tlaku po 28 dnech K }Jov}e$ % E}$] u®E Ip A} "

2EUi]B:NPevnosty WODNX DONDOLFNIi VWWGCHQFHUBE\NODFH

SRVRX]HQt SHYQRVWQtFK SDUDPHWUSYVER VIV XCBHQPHS QR
E\O\ Y\EUIQ\ YDBLDR®A\ B\ R QDKUD]JHQR SRMLYD YiSQH
v kombinaci s cementem. Vtomto S tSDG E\O SR]JRURYIQ YFHONX RpPHNiY
SRMLYD EH] FHPHQWX NWHUp Y\ND]J]RYDOR YEQD]QURKRXt S
stranu byl s S tGDYNHP YiSQD GR MLVWp PtU\ HOLPLQRYIQ
JPUD]JRYDFtFK FA\NOHFK WHG\ X VWUXVNRYpKR SRMLYD E\
schopnosti. Z KOHGLVND SUDNWLFNpKR Y\XAaLWt VH NSIRNXRLMIIMtP I
pojiva AP-SK v kombinacis FHPHQWHP 1DYUaHQi VP V GRVDKRYDOD FI
UHIHUHQpPQt VP VL D Y\KRY OD SRGPtQNiPkeshhEVKHaRtLgpNEFK S 't
]JPUD]JRYDFtFK FA\ANOHFK 3UR SR&ADWEHPRHREMLR DKFRIY B3t L Yeél
VQtaHQt QDVINDYRVWL VP VL D WR S L PLQLPIi® QtiR SDYWRYEC
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QD REUGINKGH MVRX SUH]JHQWRYiQ\ VP VL VWHM Qgi*oR VORAaH
AP-6. DNWLYRNSHDRREP K\GUIWHP YSWRPXKWR 8DMEF NS LGIQ

FHPHQWX 7 OHVD MVRX ]DFK\FHQD EHJBVRWW pHSRG SR AN
S HG INRX&@HQtP SHYQRVWQtFK SDUDPHWUS$ SR JPUD]JRYDFtF

2EUI]EN 7 OHVD SR J]PUD]RYDFtFK SKNVreve RP-SK3 ¢eviént)$ 3

Z KOHGLVND SRVRXDHRHKER YOLYX QD SHDAQREWI JHBYIVL Y
SURNIi]iQ SRPDOHM&t QiE K SHYQRVWQtFK SDWDBHIBVW XQLF
SHYQRVWL Y\ND]JRYDO NRQVWDQWQt U$SVW SR FH¥BEKRX GREX
sS tGDYNHP FHPHQWX WDN EH] QM 3HYQRVWPBK HQi QD
sS tGDYNHP FHPHQWX QDYtF Y\ND]RYDODRS$PINTIRIBY SRK\EX
SHYQRVWL UHIHUHQDPQt VP VL 7HQWR IDNW EXRSMLMENO IV®MP
DE\ E\OR PRAaQp MHKR &aLU&t Y\X4LWt MDNR piVWemBKp QHE
K\GUDXOLFN&FK SRMLY

_ 6 y = 2E05)8 - 0,0038% + 0,2138x + 0,4439
© Zo A 1UBJAIL
5
=
24
<
23
D —
S y = 16958 - 0,0017% + 0,0922x + 0,1263
P1 Zo A TUBGOT
0
0 10 20 30 40 50 60 70 80 90
IE v €

—o—4%Cement —@—TUO 9 Wrr< = iUd~Ds5i%¥}9 Wrr< = iU8 9 s %v} =i

2EUI]AN 9YRM SHYQRWOVH-BWODWXEHQI UHF\NODFH

6. =iY U

3RVRX]JHQt SRMLY QD Ei]L VV8UXEFHKR MFKKISRPRDOWNS JtVNDC
]SUDFRYiQt IOXLGQRARBRS UREMNGSFKHPLFND DNWLYDFH 6V
jako takoYp EVO\ VYRX SRYDKRX L FKRYiQtP YHOPYD®RBREQp
PDWHULIO$P D E\O\ SRP UQ WK 8 RORRSILitGK YSUR EHWRQi V
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1DatP ~NROHP E\OR QDMtW FHVWX N Y\REOWY WPLL NVULFORQOLHb Y
VWDYLWHOYVWaplikaft MR pQDXBE&HQpPp UHF\NODFH

1D ]JINODG SUYRWQtFK YEVOHGNEFKHVRALENS LIVNWRLXYSOHFLR SMW
DONDOLFNpKR DQDMAHYPIWRtBOGY YiISHQQéP K\GUIWHP 3UR
Y\EUIQR SR-MLYRWHRBUp Y\ND]JRYDOR ISRY &ttt YEVOFFOMRXYHQt %
GIYNRYIQR D QiIKUDG\ VWUXVNRYpKR FRMLAAMO HNGEN $QB\ Qil
SUR GDO&t |[SUDFRYiQt YORKNUDmGRRULDQWDXWNRYpKR SRMLY|
SKsS tGDYNHR EI®® GiOH NRP EeQRENMQ KRy ¥ement iniciuje
GRVWOXVRIEROQRVW SURWL PUD]X D YRG 5RYQ a8 E\OR SUF
SRMLYD NWHUp X DSOLNDFt WRIKRVGR VINTE XS REVERX R QAW Q B
vS thbQpP WDKX Y\ND]JRYDO\ VP VL VWPHOHQp DEXWGUEEDOWLY
SHYQRVWY {(GHE&EIDVLFNEFK K\GUDXWRPWER- K SRIMEAYMH QXWQy
YKRGQ Mat SRP U FISRHQUWXSBWRBX]HQt BVHODONRXVIV IGO RXKRGRI
FKRYiQt VP Vt E\OD Y\EUIQD Y D DLAOONDDAOLL FSNRAMKIRY RdMviviL Y i W R U X
S tSDG SOQ QDKUWDWXMIRKEFPIRBHtSDS tR/ Vt FHPHQWX 9DULD
EH] FHPHQWX GOH S HGSRNODG$ QHY\KRY OD QD R
D YRG 6P V GRVDKRYDOD GHQQt SHMRRRIVWIEPQH®
S HGSLV$P NWHPpPpQQRPAOQGXMt SHYQRVW 5RY@entyiDULDQW
S HV NRQVWDQWQt QipdPWW QHGRRDWRYDOD NYDOLW UHI
ZDNWXiIiOQtFK GDW WDN O]H GRS RdiahpuLAP-SK LhRtivoaXail Wt Y
YiSQHPS tGDYNHP FHPHQW-%. $BiSQR FHPHQW N W
RSURWL YDULDQW EH] FHPHQWX Y\KRY OD QYD NRGRORNY W
NRQVWDQWQt QiIUSPYIWIIBHY QREORXKRGREPHAYQE®N®/R Vi)tV L
VW P H O HEKisé Bohybovalav UR]KUDQt SHYQRVWL UHIH&IEEQDPQt VP
tedy konstatovat, aH SRVX]RYDQi YDULDQWD SRMLYD P$aH piVWH
K\GUDXOLFNi SRMLYD ]J]HMPpQD FHPHQW 3UHRMWMWRLYODQ i
technologie mechano-FKHPLFNp DNWLYDFH VWUXVHN DV MOHQLPpRXt PH I H
VWDYLWrH GV WAatK aBB/UD[L EXGH SRWVREBINLPiOQt SIKPA U $3
FHPHQWX D SURY LW DSOLNDFL SRMLYD SUR aLuat aNioOX VvV

7. Literatura

[1] )$/786 0 9$/(17,1 - B6RXKUQ WHFKQEkFibeEKatic@R]QDW N
GHVLQWHJUDFH JUQLWRVW\YRKR B DPKIORVW ®hE R kPO H Wt
prd 8Qp YEINXPQp JSUIDNXOWD VWD YREES 20l4.

[2] )56%25729E QR&QRVWL DONDOLFNp DNWLYDFH RFHOi VN
SUIFH 9872040.QR

[3] GLUKHOVSKY V. D., ROSTOVKAYA G. S., RUMYNA G. V.: High strength slag-
alkali cement. 7th International Congress on the Chemistry of Cements. Paris, p.
164 +168, 1980.

[4] +$1=E/(M. OHFKDQLFNp YODVWQRVWL tfRHWRHFQWHR P WP O\
VWUXVN\ 'LSORPWRINIP@ha BOL7. y

[5] MALOLEPSZY J.: Activation of synthetic melilite slags by alkalis. 8th International
Congress on the Chemistry of Cement, 4, 104-107, Rio de Janeiro, Brazil, 1986.

[6] 9$/(17,1 - 352a(. = 7(6E5(.$55%+$ * -DNé MH SRWHQFL
mechano-FKHPLFNp DNWLYDFH X YYER®GESF KL YU B ORND WS
,Q 3RGNODGQt YUVWY\ D SRGORAat YR]RYH-B5, WD KD 3UD

124



/(6. $ %E'S 3523$*3$&( 5(&<./$&( 67$OH% LE
0$7(5,E/#

SHINE AND MISERY OF POPULARIZATION OF THE OUR FIELD

51'U OLURVODY 6HGOMHWHHND F62],A21 2UOt %UQR

soliton@soliton.cz, www.soliton.cz

Abstract

Slightly nonconforming balance about opportunities for popularization of the our field.
Media and/or our activities, unused ways.

IHMSUYH VWDQRYPH UiPHF FtORYRX VNXSLQRX JGH P
2GERUQiIi YH HMQRVW VL LQIRUPDFH XPt KOHGDWRXWPD &l
jednotlivce resp. skupiQ\ V QHXWUIOQtPL SRVWRML WDN DE\ VH ] C
560 9 WRPWR VP UX VH |IDWtP PQRKR QHG MH

SURSDJDFH 560 QHQt YH YH HMQpP SURVWRUX PQRKR E
ML O]J]H VSDW LW" .URP $560 MH J]GH YHOPL GREW®NMHE RC
(QYLZHE VQDG MHa&Aw Q NROLN PiOR GDOA&tFK

JHVN Y Qi]YX S tVS YNX VH WEéNi IDNWX BAHWDWR F
SURSDJDFH Pi YHOPL VOX&4QRX ~URYH MH VHULY]Qt D S
%RKX&HO MH Mt YHOLFH PiOR 5R]VDK RVY BRUXBRSG DM RH |
Q NROLN iG$ Qt&H QHA X WpPDW W tG Qt REREDGEBINSVERU S
NOLPDWLFNpP DODUPLVPX DQL QHPOXY

%\OR E\ QHSRFK\EQ 4iGRXFt D WR ]| POQOREBEDSYRGH DD E
VRXpiVWt REHFQpKR VSROHpPHQVNpKR SRY GRPt &R WRPX E

9\WtaHQRVW YHGRXFtFK SRGQLNRYé&FK SUDFRYQtN
]JIOHALWRVWPL D GLDORJHP V YH HMQRX VSUiIYRX -HMLF
SUDFRYDW V PDYVPBHWGWISIP UQp Y]G ODQRVWQt D SURIHVQt
UHGDNFt VH QHO]JH GLYLW WRWR VH VDPR] HMP M}¥HWEéNi
W HED S HPEAOHW R H&a&HQt 2EpPpDVQé QiNXS LQJHUWQt SORF

IHGRVWDWHpPQp SURSRMHQt VH @&NROVWYtP YGdHFK VW
QHRPH]HQp PRAQRVWL H[NXU]JH EHVHG\ S HGQDAENRMYWGHI
aiN\ GR PDSRYiQt pHUQéFK VNOIGHN 60 YéVWDAMWBEWKRDGU.
SDQHOHFK SR VWiOp UHF\NODpQt SDUN\ WHG\ H[SR]JLFH )
JHRORJLFNéEFK SDUN$ Y DUHIOHFK PQRKD R& Y \ND N SIROMXER it
pDVRYiI WtVH S tSUDYQp GLDORJ\ MVRX RVREQt PDMt YtFH

9 QDALFK NUX]JtFK SDQXMH YAaHREHFQi QHVSRNBMHQRV!

SURSDJDFH 560 3 L Yé]JYIiFK NH NRQNUpWQtP NURNS$P Ya
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RWHY HQ QHER GLSORPDWLFN\ 8H WHQWRQIRAN. QD \WR QR
MH Y4HP MDVQp &H QLNGR NURP OLGt D SRGQG&N® ] RER!
OLQLVWHUVWYD PRKRX REpPpDV Y\GDW NRQFHSFH GPGIDWR G LN
GUREQRX V\WWHPDWLFNRX YAHGQt SUIFL QDS tNODG GHVt\
]SUDYRGDM$ NWHUp MVRX YH VW HGQ D GpPRX®REHRE @M &KF
FHORVWiIWQt GHQtN\

-HGQRUIiI]JRYp NDPSDQ MVRX Xa&a ] GHILQLFH SUR Qia ~pH

3R]QIPND NH VSROpKiQt VH QD PpGLD Y LQJHUIWHEFK
QDMGHWH E aQ Y WX 9]G OiQt QHKUDMH UROL HNX&HQRYV
Sub[L .RPHQWi H MLVW QHW HED

1iYUK\ N ~YDKiP R H&aHQt

.RQFHSFH Y\WUYDORVW SOiIiQRYiQt PQRKDBedURY RYp
lokiOQtKR WLVNX SR EDUHYQp OX[XVQt PDJD]tQ\

SHNODPQt DJHQWXU\ QHMVRX QH]E\WQp 7tK\WR®pN QL
NWH t PDMt SRFKRSLWHOQ VNORQ\ N H&aHQyQ® DXPiMHE QD
URN\ SRNRM 9 WRPWR S tSDG MH Y&FKR]t VOMMGHHRSRC
YEUREX VWDQGDUGL]RYDQ&FK RGOLWNS$ DOH R WUYDOG®&
YH HMQRVW

2GERUQtN QHER L ODLN V RVREQtP Y]WDKHP RERERUX V
QDXpLW OpSH WM YéVWLAaQ ML D VUR]XPLWHDW MHULWDG |
dlouhodobou RGGDQRVW RG SURIHVLRQiIOQt SROHWXFK\ NWHU
SURYR] MH QDLYLWD $QJDAXMPH VWXGHQW\ 98UBUR Q NW
NXU]\' VRXVW HG Qt DSRG 7L QHMALNRYQ MRAR EXGAIRNX ODSBR’
X4 EXGRX SDUWQHU\ SUR YD&L ILUPX .URRBRH WRKNRHVQ [ERG
S LVS OL N MHMLFK Y]G OiQt =HMPpQD Y ORNiOQtP D U
SRW axXMtFt QiVOHGN\

3L SURSDJDFL NDAGpKR RERUX MH QHMHQd¥KRGQp
]ODpQp PtU\ QXWQp VSROXSUDFRYDW V NRQNXUHMFG 3 tN(
94LFKQL WR Y Gt DOH PQRKE&P VH GR WRKR QH MKFDG L$516 ® P
IXQJXMH WDN&H ][iNODGQt NiPHQ PiPH

ODVVPpGLD MVRX SUR Qid ~pHO N Q pHPX MHQ PiORI
JNXZHQRVWL &H MVRX VFKRSQD JGHIRUPRYD®p DQBREIOpPW
9\QR PH VH ] MHMLFK EXEOLQ\ D SRRGVWXSPHOR XWGQ& N
LQJHUWQt D Y]G OiYDFt S tORK\ pHVNEFK D YnGI7UNEFK QR

NG\ VH QDSOQR UR]KR tYDO ERRP SU$P\VOKXQ]H BW @t W
S tORK\ SURIHVQtFK D SRSXODUL]DpQtFK pDVREHMVS$ ]iSDGQ
W HED ]HP G OVNEFK QHER WHFKQLFNé&FK 1DMGHWH
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stylistku, jDVQp VWUXpQp VUR]XPLWHOQp Y\MDG RYiQt 7URF
Y&G\FN\ DOH &iGQp SODQp VOLE\ D SVHXGRPDUNHWLC
PLVWRVNYRXFtP D E OHM&tP QHA& EtOpP &H MH MML\QWBRED" !
VY&P VW\OHP S$VREt GRG@fitavat0 $aHPH VH

3 HGHYatP YabN VWDQRYPH VYp DNWXiOQt D NRQNU|
SURSDJDFL RERUX -H WR Y&aHFKQR QD QiV

$XWRU OHW S$VREt Y SRSXODUL]DFL Y G\ WHFKQL
bibliografie a filmografie je zde https://cs.wikipedia.oUJ ZLNL OLURVODYBG6HGOIipH
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DESIGN OF AN EXPERIMENTAL OBJECT WITH USE OF CONCRETE WITH
RECYCLED AGGREGATES

-PpQR DXWRUD ,QJ DUFK 3HWU 'REURYROQE
petr@dobrovolny-architekt.cz

Abstract

This article focuses on the specifics of use of concrete with recycled aggregates. The
declared characteristics of selected building material have been examined on
different constructions of a small experimental object. The subject is being dealt from
the viewpoint of an architect.

1. 3BRSLV ]iP UX

=iP UHP MH SURIJNRXPDW SRPRFt Qi WDKE \HPRH QRFVMIWS®
betonu s UHF\NORYDQ&P NDPHQLYHP DES&ARY HRWAMWUDRYEPIIQ tE MW F
%XGRX VOHGRYiQ\ SD U D poH&uW propidadteldreitekta:] SRXALWHOQRVV
VMHGQRWOLY&FK W\SHFK NRQV WhletNWH SH PG Q\WH R RQ VAW X

Obr. 1. RHDOL]RYDQpPODWHWENQPS$ ILUP\ :DWHUVKHG PDWH

% KHP UHDOL]DFH V\popsatSpeikdPHIGEG® VH VOHGRYDQEP PDWH!
RY LW VRXODG S HGSRNOIGDQé&Wk MRONXVHKINFE FEDY OB @/IQ R \
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-DNR LQVSLUDFH SRVORXALO\ HMHLYIRRPOWRQRY KM H W N
SUHF\NORYDQéP NDPHQLYHP DPHMatdgfidNp ILUP\ :DWHUVKHG

2. 3BRSLV QDYUAHQpKR REMHNW X

%\O QDYU&SHQ GUREQ® YOV W DY@ K RERM P NM F K [ [
2EMHNW ERYACBWM]IHQWDFL VOHGRYDQé&FK VWDYHEQtFK PDW
hbOHQ Q GR GYRXKGRGIDP aY éprost@enattdaletouv S t]JHPt D JDOHUL't
v 13 3URVY WOHQt MH HA&HQRSRVRWNE@ R QRYXHVW PQR X G/OHP
vS tJHPt D VW H&QtP VY WOtNHP QDG VFKRGLAW P =iNODG M
SORYRXFt JiNODGRYi GHVND WO PifpoxlO RAVIRE RDp SRIG \D\S |
MVRX PRQROLWLFNp WO PP YQLW Qt G OLFt VW QD MH ]H
BWURS\ QDG 13 L 13 MVRX PRQROLWLFNp WO PP VW H|
SRYODNRYRX NU\WLQRX 9é&S0 QW RWWKRHISP MO/QRIXY® SFOYQQ p V

3. HEHQp VWDYHEQt NRQVWUXNFH
%\O\ H&HQ\ QIVOHGXMtFt NRQVWUXNFH
a) ORQROLWLFNi SORYRXFt ]JiNODGRYi GHVND
b) 2EYRGRYi QRVQi VW QD
c) 3 HNODG QDG RNHQQtP RWYRUHP
d 9QLW Qt QRVQi VW QD
e) Strop nad 1.NP / galerie
) 6WURS QDG 13 VW HFKD
g0 ORQWRYDQp VFKRGLaW
h) Podlahav1.NP P p shbwroom)
i) Podlahav 13 P p WCx

4. ODWHULIORYp H&aHQt

=iINODGQtP KOHGLVNHP SUR YEE U VWDYHEQtKR PDWHUL
VMHGQRWOLYEFK GUX]JtFK VWDYHEQtFK NRQVWUXNFt

'DO&tPL KOHGLVN\ E\O\ REVDK UHF\NOiWX PRAQRVW YtFHC
WHFKQLFNp YODVWQRVWL EDUYD D WH[WXUD SRYUFK$

9H VSROXSIWIPRX (5& 7THFK E\O\ QRVQp NRI@MWUXNFH QDYU

SHYQRVWQt W tG\ & DOWS U NVWEHRROQRYPKR UHF\NOIiW:

QiYUK NRQVWUXNFt E\O\ SRX4LW\ ~GDMH ]H VWDYHEQtKR W
7=06 3UDKD
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Obr. 2. P$GRU\V\ D SRKOHG\
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Obr. 3. 6WDYHEQt WHFKQLFNp RY584& mel Qoetop s SRXALWtP
VWDYHEQtFK UHF\NOiW$ MDNR N&OPHQL WDAEH GQRIV3NQ
GB206- 9\PH]HQt VOHGRYDQéFK YODVWQRVWt

Vzhledemk RGOLAQRVWHP BGURDBMRP N B P B QLW HB éF K
sledovan e FK YODVW QR VW HFKG XIOM PHDDIBRYWQtPENIURNX SURYHG
GHWDLOQt QiYUK OLQHiIUQtKR S HNODGX R U$]QéFK UR]SRQHI
SURNi]iQD SRX4&LWHOQRVW VOHGRYDQpKR PDWHULIiOX GR YI
v HAHQpP REMHNWX

ObvodRYp QRVQp VW Q\ MVRX QDY UAKQIWUMBRRARROROLWLFN
EHWRQRY pKR WétEaNaRermadvou k SRXALWpPX PDWHULIOX MH EHW
s SRXALWtP VWDYHEQS$SFt WH F LNDGiRVUEX V

9QLW Qt QRVQi VW QB UWRDPPYQPAFIQWYiUQLF JWUDFHQpPKR
Zz SUHIDEULNRYDQE&FK VWXS $ NRWYHQ&FK GR QRVQ&FK VW C
1i40DSQRX YUVWYX SRGODK\ 13 EXGH WYR LW EURX&HQ&é C
Podlahyv 13 EXGRX VWSUNRYp WHF\NOiW X
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Obr. 4. 1iYUK S HNODGX GpON\ PepeRX&EMY WYDUX D

Obr. 5. 9L]XDOL]DFH LQWHULpPpUX

5. % DUYD D WH[WXUD SRYUFK$

=DMtPDYéP VSHFLILNHP SRXaLWéFK PDWHULIO$ ®@H MHMLI
SRXALWEéP UHF\NOiIWHP 3 L SRXaLWt EHWRQRYPpPIGR BHRF\NQOIiV
S HEURXaHQt SRYUFKX Y\QLNQH VWUXNWXUD WYR HQi UHF
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UHF\NOiIW GRGIiIYi SRYUFKXéERDURRX RGYVMMQRX VWUXNWXUR:
terrazzo. S SRUFHOIQRYéP UHF\NOIWHP MH PRA&Qp GRVIiKQRXW
Vzhledem Kk KRPRJHQQt VWUXNWX H PDWHULIOX VH QDEt]t MF
GHNRUDWLYQt KUXEp EHWRQ\

6. =iY U

1iYUK EXGRY\ SURNi]JDO Q NWHUp RGOLAQRVWL SRX&LW:
EHWRQ$P VKRGQ&FK SHYQRVWOQtFK W tGP QFRAVM YIUKRIDHALIW
YEJWX&H Y S tSDG Q NWHWEFBEUNXR GUWQ XNKXLREYRGRYE&FK
EXGH KUiW XUpPLWRX UROL RGOL&Qé& VRXPLQLWHQDEKR]SHOQT
]DMtPDYp YEWYDUQpP PRAQRVWL GtN\ UR]PDQLWp EDUHYQRYV!

1iVOHGQi UHDOL]DFH REMHNWX XPR&Qt RY H QD& MNIRD/WNRY
D SURINRXPiQWVSHBBEIEX PDWHULIiOX ]JHMPpQD GREX JUIQt EF
s YE]WXA&t FKRYiQt S L RGEHG RYiQt DSRG

7. Literatura
[1] www.watershedmaterials.com
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FIRST EXPERIENCE WITH THE UTILIZATION OF WASTE SOILS OR RECYCLED
CONCRETE COMBINED WITH FINE-GRADED ADMIXTURES FOR PAVING
BRICKS DESIGN

Ing. Jan Valentin, Ph.D., GRF ,QJ 5DGRYDQ 6RYMiNG®8I& Ihg. P 3HWH
.RQUIG

yVUT v Praze, Fakulta stav H E Qain.valentin@fsv.cvut.cz

Abstract

This paper summarizes fundamental experience from ongoing research project which
is focused on the utilization of waste soil materials and recycled concrete for the
production of paving bricks (eventually for paneled bricks in building structures). These
materials from different sources are mixed with either cement or alternative binders
which shall have a certain level of pozzolanic properties to be able to replace cement.
One of the project objectives is to reach the highest possible substitution of cement by
these alternatives. The used alternative hydraulic binders or fine-grained active fillers
originate from fly ash, blast furnace slag or recycled gypsum boards. The paper in this
respect presents some data about the used filling materials (soils and recycled
concrete) and mainly then the results of compressive strength values of selected
variants of designed and experimentally tested composite mixtures.

1. OYRG

6SROHPQRVW (;326UKHMLODHEHQt YE]NXPQpPKR SURMHNW X
eko-WYDURYN\ QD EiJL PLQHUIOQtFK PDWHULIO$ D SOQLY ]
SURMHNW VH SULPiUQ ]DP XMH QD Y\XaLW BGR\N®QWRIKMB R
MHGLQARKPOWQIWLIORY QRY UR]JYtMHQEFK VWDYHEQtFK WY
Y\X4LWHOQp EX MDNR GOD&AHEQt SUYHN DOWHUQDR/LYD NH
]JGtFt SUYHN SULPiUQ XUpHQé& SR VWEIPO RYPDEGLYR S9LV
S HGSRNOIiGi Y\d4t IDVWRXSHQt EHWRQRYpKR]HPEQNOYWX D
GUXKpP S tSDG MH QDRSDN G$UD] NODGHQ QRSPDIRRIQQt PR
EXGH FtOHP Y\X&tYDW YtFHYS®DO P VBIRGLD HPPMOQARY LWEFK piV\V
SUYN\ PDMt EEW Y\UIiE Q\ EX SRX]H OLVRY ilQHBYBHPEROR L R C
SUD[L ML& PQRKR OHWRPMWRIGRKIRHGX QHMVRX UR]JYtMHQ
WHFKQRORJLFNp SRVWXS\ YEURE\ '$UD] MH QDRSSVRBEIODGH:
YEURE\ NWH U pelormidks Boxnejefekti YQ Mt YAURBYtF EXGH PRAQ]
QRYp DOWHUQDWLY\ NRPSRJLWQtFK VP Vt IYREREFH QMRN D VO
PHVNpP WUKX S$VREt

'‘DO&atP DVSHNWHP HAHQpKR SURMHNWX MH LGHRIWMDLNDF
QHER NRPELQDFH WUDGLpPpQtFK DKW UDQJPLLF NBEEHISG R MLYW R
VNXWHpPQRVWL VH QHMHGQiI R ]1ivDGQ S HYUDWQRX P\aOH
vGDQEéFK OLVRYDQEéFK YLEUROLVRYDQéFK WYDQRERIFK Y
PLQHUIOQt YHGOHM&a&t SURGXNW\ NWHUp SR YKRGQp ~SU
substituci cementu tak, aby v NRPSR]JLWQt VP VL E\OR XPRAaQ QR PLQL
QH]JE\WQRVW -DNR VOHGRYDQp DOWHUQDWLY\ VMVRIRY XMt C
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SRG R]QDPHQtP '$67,73 pL 625),;3S NWHUi MVRXQ HERRBHF® E X
W\SHFK SRBmAiMad{sYGDO&tPL S tVDGDPL D YKRGQ&P SRVWXSH
MH ]QDpQi SRIRUQRVW Y QRYiQD U$]Q&P W\S$PhlvcKa X VHN N
UR]JP U$ piVWLF QD YHOLNRVWL PP 9ROHQ\ GIRVXG E
sttuVN\ NWHUp GtN\ REVDKX VNORYLWp Ili]JH QHMVRX GOH S
S HGSLV$ XSODWQLWHOQpP S L YBURE FHPHQWX RKRRGQE&P
JtVNDW SRMLYp YODVWQ RVMW HU &KX [DIDWOH WHD W LYiFK O]H -
aktivovDW FR& REHFQ S HGVWDYXMH@QiPR¥WIVREWBYQYRY WM G
Y\X4LWt DNWLYRYDQpKR PLNURILOHUX EHWR QGR¥IKAQUHF\
Y\XALWHOQp DOWHUQDWIWPELSRIM& Y)RN R@pHIMEKR YWEINXPQp
7% ASR]YRM PHFKDQLFN\ DNWLYRYDQE&FK PQWHRULIOS$
EHWRQX SUR SURJUHVLYQt VWDELOL]JRYDQp D |D VWXGHQD

6DPR] HMP QHMHGHQ pWHQi PRE&KD @\DWLWIHEXMWO BHHYEHWR
Y Ft Muirulosti vyvinulaabyla GR E 8Qp SUD[H |[DYHGHQD QHER MH Y\
VNXWHpPQRVW QLMDN QHSRISIWRPWRE KOG PMH3MWRWR H&EHQt
]JDOR&HQR QD VQD]H QDOp]W QRYi XSODWQ QKHGWRDENWRQ
pouzejednuz YKRGQéEFK VORAHN ONWHKIE P R/HQBHAK NRPSR]JLWS Y «
.Otp HEHQPKR ]JiP UX GOH Y&aH XYHGHQpKRL@\N YWHU Y XAQY
QLMDN NRQWDPLQRYDQi W a&aNéPL NRY\ URSQéPLAa&BiWNDPL
SEHWRQRYéP UHF\NOIWHP PtVLW SUR GRFtOHQtPBRVQHRVHO H S
MH QiVOHGQ Y\SOQ QD SRRERY\PXVNIDXEOKPiI SRGtO FHPHQ
15 %-KP 1DRSDN MH VQDKRX S LEOtaLWwW Vi RRa@@ekMYtFH K
vPD[LPiOQt PRaAQpPp Pt H DROG\SHRUQW WIAY ttFK SRMLY pL DNWLY

2. 2EHFQp SRGPtQN\ SUR YEUREX DOWHUQDWLYQtFK WYDURY

3 HG ]DKiMHQtP ALURNpKR H[SHULPHQWiOQtKR ®F RYiQt
RGERUQi D GHWDLOQt BE@DO¥MWL VDWDNXiOQt YEBURE\ QHSI
NRQNXUHQpPQtFK VSROHPQRVW!t D Ehleigkd @Bl M\ceRRHO\ RE VW
WUKX 6RXpDVQ EVOR LGHQWLILNRYiIQR &H UXpQt YEURE
HNRQRPLFN\ QHY\SODWt D R WDNRYp SROPHQQHF PHQNPI
UHSXEOLN\ VP\VO XYD&RYDW UH W0 HSWRV W B &HRQY R-X9 OUSFOH DX
WYDURYHN E\ Y&G\ P OD E&EW DXWRPDWL]RY DIRIU P XORYD SR W
MLY¥DPRWQpPP QiYUKX SURMHNWX -H WtP L REKIMHQ G$YRG
SUREOHPDWLFH YODVWQtPX ]S$VRE\ YEURE\ Pi Y QRYDW

ZhlediskD GODAHEQtFK WYDURYHN YNWSRDPA WD @t MWD N R/ JMRLN
GOD&ED PDWHULIO SUYNX WYR t [SUDYLGOD GHRWRQ VINANED [
PDWHULIO NG\ SRGVWDWQRX piVW WYR t PpQNWNDORKNV Q1
S tSDGHFK L JUQLWE& UHF\NOiW W\SX UHF\NGR¥PQW YRHWRQ
NYDOLWQt EHWRQ NWHUé& ]DML&"XMH GREUp YODVWQRVW
6RXpDVQ ]SUDYLGOD WDWR YUVWYD Pi |DMLV®L®DB GRVW
SUREDUYRYDQEFKSGOMEHERtFKHVNpP WUKX S$VREt YHONp P
W FKWR SUYNS$ QDS % (67 3Beibw,SehwhBIQck St R Desigrba
GDO&t S Lp¥WP& Y&iGQ&AK VH QHRULHQWXMH QD PR&QRVW
JHPLQ\ MDNR piVWHPQpPKR VXEVWLWXHQWX ]JUQ LAKp & R MPLDW H |
MH WDNp RPH]HQp

=iINODGQt NYDOLWDWLYQt SRaAaDGDYN\ QD XOUD@P ERt SUYN\
OLQLVWHUVWYD GRSUDY\ y5 Y\KRYXMtFt D VWiOi URYLQQ
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RGROQRVW SURWL JPUD]JRYiIQt UR]JPUD]JRYiQt GRVWWWIWHpPQI
odolnost proti smyku/skluzu, QDVINDYRVW D GDOAat 'DOat SRADGDYN\
SURYHGHQt INRXAHN D NULWpULt SUR W\WR JNRXBNMHWDQ
]JINODGQt D XUpXMtFt 7HFKQLFNp SRGPtQN\ 0' y5 73 w
z SRADGDYN$ QHER MH GiOH URJ]&AL XMt

3. , GHQWLILNDFH SRWHQFLIOQ Y&RGQ® WK PODRMHNiO$

VUIPFL LGHQWLILNDFH YKRGQEéERIKHEMWMNDQ {HAR L\OXA UIR ELHW R
UHF\NBI®WR SRVWXSQ SRVX]R YIQItkad sSLED]IQBP W\SHP JHPLQ\
S LPHP& SRGUREQ ML E\O\ J]SUDFRYiQ\ SRIIQ®WKE SURWHWp
YEVOHGN\ MVRX SUHS$OAER X iDN VBEXOBIQ GRVWXSQEP NXEDWX
GDOat VP RYiIQt SRORSURYR]Qt YEURE\ MHYt MDNR QHMSFH
VVHYHUQtFK YyHFKIWFRFL WRROXSUIFH NWHBRX WBSRDPHP QR VYV
s WDPQtP YODVWQtNHRXEDWKURIXOXS WVDKXMNtBtPFLP MO WR
VSROXSUIFH E\O\ RGEtUIiQ\ RSDNRYDQp Y]RADNRAKDR B RWRDXJH
VSHFLILFNp MtO RWRMWHFND @\ %tOLQVND NWHUp JEPFIMVRX
SUD&VNp GHSRQLH E\OR PRAQpP SRVRXGLW UGWS]HPR®UREC
]JDW tG Qp GOH NDWDORJX JHPLQ SRG ptVOjsouz hledisk& tS
JHRWHFKQLFNp NODVLILNDFH UR]PDQLW Maw t RYHWpPH]N RUQ
QHER MtORYLWp SDHPAHQIMWptFRPEYHFQ SODWt aH S tWRPQRVW
Z KOHGLVND ]DP&3OHQp SR]W YWALRYEHNR BR P NROhledsk®d HAL Wi
zrnitosti jsou tyto zeminyv UR]PHJt PP FR&a VDPR] HMP S L SRXALWt S
WYDURYHN Y&G\ EXGH ]J]QDPHQDWHSRQYWH)EQEtSSHMGLEF DO tVY
piVWLF =HRPROWR S tSDG UBFEREFHMEPYDAVNEFK ORPNMDOLW V
S HGVWDYX GRSO XMHPHVHGOQRWRAYWFHK PRNDIDUIMW MM SRK
vUR]JPH]t W Da W FRa&a VDPR R VRE WYRREOQtKRONF
PDWHUISDXDHR[Q GQHYVY NODVLILNRYDQpKR MDNR RGSDG

V souvislosti s YéEAH XYHGHQSRREADGHQ\ SRpiWHpQt PDWHULIOI
H[SHULPHQWIOOXAAMMWWRKRWR PDWHULIiOX SUR YEUREX O
MHGQRWOLYp JHPLQ\ E\O\ SURYIG Q\ INRX&N\ QHB\WUEF IS UFR
S tSDGHFK E\O\ QiVOHGQ SURYHGHQ\ L 3URFVERWRYDQINR>
YOKNRVWL KXWQ Qt PDWHULIiOX MDNR& L INRXINDAYRP UX
S HGHY&RYUDYQtP V\8bhetHemK PRWYRVWHP URJVDKX SUH]JHQW
QHMVRX YEVOHGN\ XYHGHQ\

Z KOHGLVND Y\XaLWt JHPLQ GiOH S L H[SHULPHQWIiOQt Yé
OLVRYDQp YLEUROLVRYDQp WYDURYN\ E\OD BRIRUR)RVW
JHMPpQD ORNDOLWD .RORG MH GHSRQ®L H: DGR@AMEDR NGD O Q WF H
Borek). Vtomto ohledu se u Q NWHUéFK S tSDG$ SRWYU]XMH &H WH
YHONpPX SRGtOX YHOPL MHPQéFK piVWLF NRY ¥GR RKFRREQ & |
D EXGH QH]E\WQp B iIMHIPRYPXWP MYBIQitRL JUQLWEPL PDWHU

GRVDaHQt Y\YiAHQpKR SRP UX MHGQRWOLYé&FK VORA&HN

6RXpDVQ E\O WHVWRYiQ MHGHQ ]iIVWXSFH EHWRWQRYbKR U
NGH QHQt ]QiP S HVQé S$SYRG EHWRQX U$]QpHQ\PREROVW
XVX]RYDW QD YODVWQRVWL EHWRQX 7HQWR PDWBIULIO E
S HW tG QRAVWYt FEBF\NOBPpQtP FHQWUX VSROHPQRVWL '(67
VDUHIOX KDOG\ .RQ Y 3$YRGQt |UD2NMHs R B DNKGIiRV X1 HRQB F K
biVWLF QD ~URYQ@WR WHQWR PDWMXBLWt{E\GDR¥WRURY\ |N
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VWDQRYHQD RSWLPiOQt YOKNRVW YKRGQi SURNKNWOQXQt L
7DNRYi KRGQRWD MH YéFKR]t LQIRUPDWLYQIOOKEBRWMWSEURUR
OLVRYDQp pL YLEUROLVRYDQp WYDURYN\ 2SWLPiOQt YOKN

D WR S L PD[LPiOQt REMH®R KgpmX P BMQBRMVWNURNX E\O
ODERUDWRUQ RGVtWRYiQD IUDNFH PP NWHUiIWPHWRXALO
YODVWQtFK WYDURYHN Y\YtMHQE&FK ]JGH SUH]JHQWRYDQé&P Y&

4. 3UYQt VPULH H[SHULPHQWIOQtFK WHVWS$

SUR YEBUREX SUYQt VpULH INXAHEQtFK W OHM®RGSMKALO
v kombinacis FHPHQWHP RY RYiQ YOLY PQRAVWYt S §BREXQpKR
JUIQt INXAHEQtFK W OHV 3 U Ryly adiéhk dva@ypyOR GFSKDZ@ ity t
(D1 +~VHN NP D GHSRQLH ORPWRVM UV BRIOM EBIWN\RQRYpKR L
RC 0/22 mm.Vp tSDG EHWRQRYpKR UHFWRGWHMXNVEBREDIR|Y@G\ PP
NWHUi E\OD SRXALWD SUR GDOA&at QiYQK!\SDRP S\R/PMKMER FK
QDYUAHQEéFK VP Vt E\O SRXAaLW FHEBHQWR i @tPR, 3 WR V

9HGOH WRKR VH XSODWQLO\ L GDO&4t MHRRRPUR QR VBHI@ F\L
substituce cementu. Mezityto S tP VL SDW 't L RGSUDFK YIK#&itf RSHFQ't
Kladnos YHOLNRVWt PD[ piVWLFH PP LL VWHMQé W\S Y
E\OD PHFKDQLFN\ DNWLYRYiQD Y\XaLWtP Y\VRNRQWKORV\
SRStONRYp SRWLH B YRXWDNS. DQWiFK LY POHWp VIiGURNDU

3 tSUDYD [NXEHEQtFK W OHYV

ND ]iNODG G tY M&tFK ODERUDWRUQtFK SR]JQDWNS$ GRSOC
]JGURMH E\OR UR]JKRGQXWR R YEURE ]JNX&AHEQRAK WAOKR OL
YLEUROLVRYiQt SUR JOH S &/kebeny pylyQWSXHK X MO@Q tQRFHORYp IRUT
YEUREX INXZHEQtBEKGNRRMWHIN VPP [ PP 3 tNODG SRXALWp
REUIINXYpHWQ RFHORREpMR SO DBONRRNYpKRWHUE VH YNOIiIGi S
mezihlavulisu D YODVWQt YJRUHN )RUPD MH ]JiP UQ YeéuD]Q Y\ia
DE\ KRUQt piVW VW Q S HVQ SIEREALWLFRINDIFQ EYGHRAHQpP Y
sY HWHQRY&P PtFKDGOHP VH G$NODGE&nen¥mtEKBIOD JHPLQ
DXWRPDWLFNp PtFKDpN\ QD EH\RBONQHEQP\REWRHPRY p KPRV
JKXWQ QpKR PDWHULIOX SO\QH &H NRVWNIS REKOWERQ PP |
3 LSUDYHQé& V\SNé PDWHULIO E\O WHG\ WIPNDJVRQQ DIRIGP\Q D
JRUPD VH YORADQDRWIDRFOXK WORNHP @R O LIMEPHARE SRMAtYiQ\
GYD W\S\ K\GUDXOLFN&FRPDIOMP XD]BWEDHRQN WDN DE\ E\O QD
x 80 mm vyvozen tlak 1-2 MPa Y S tSDG SUY@BKUKXBEDQEFK YDUL
NRPSRIJLWQtFK -WPY DURINHRN 6RXE 8Q E\O\ SRVX]RYiQ\ L YL
aNRY&P ~pLQNHP s®Y R[SPOBEPHQWiIOQtFK NRPSRJLWQtFK VP
OLVRYDFt WODN 03D QHER 03D NWHUé& YHGO NH NRPSD
s SRWHQFLIiOQ Y\datPaklHYWRFAHVPL GiOH URJ4t HQ L R KRGQF

VUIPFL SUYQtFK VDG NRPSRWWOQUURKHN WH BN®RH RY RYDO Y
QD MHMLFK QiVOHGQp JUIQt =GH VH SRXADODUDERYDOGA \[H
pouze s FHPHQWHP 3UR WHQWR ~pHO E\O\ S LSUDYHQ\ GY

VU$]QEFK SURVW HGt 3UYQt VpULH E\OD XVD\RAHQ@BIGR X]DY
YOKNRVWt SR GREX GGRKp.RVWNMN E\O\ GROMIPOQEP YQLW Qt
SURVW HGt YOKNRVW “ f& -H W HED |JG$SUD]|PLW &H \
UHFHSWXUDPL NRPSR|WW@FK NPLOID D VWHMQé& W\S FHPHQV
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Obr. 1: Formav lisu Obr.2: yHUVWY Y\UREHQiIi NRVWND

8 GDOAtFK NRRSROLWQtFK VP Vt SUR SRtI®F MDD E®DAD & H
SRXALW\ GDO&t YDULDQW\ RGSDGQtFK JHPLQ D S HBHYA&atP S
VNXSLQ\ VH QDYtF VOHG RIIDcadeieniuyLYR GREID VD WHU QD W L
MHPQRJUQQEFK SOQLY QHER D NWLYHRHD@\EBEESIRMVHOH QED N M
VWDEXQAMPFEHQt NRPSOHWQt D ]JDKUQXMH SRX]H YDULDQW\
Wp& SHYQRVWQt FKDUDNSWHRMWPWR NKOBNXQBRW YGCQHFK JUIQ
YDULDQW\ GRVXG QHE\O\ Q KMBING RBWDL PDEGIH @ Y RGR PQRV WL
vody (hydrofob L]DFH =DKUQXWR MH L GtOpt SRURYQiQt YOLYX P

Tab.INDYU&Ma@anty VP Vt YAEUDQE&PL W\S\ RGSDGQtFK JHPLQ QHER EHWRQR)

2 ]VQPD\r/) ll: PInivo Voda | Cement gDOKH Sgu;lgt(-) Y Str;%(?_"w DASTIT
SM1 JHPLQD ' ~VHN 12,5 15,0 0,0 0,0 0,0 0,0
SM2 JHPLQD ' ~VHN 15,0 15,0 0,0 0,0 0,0 0,0
SM3 JHPLQD ' ~VHN 13,0 15,0 0,0 0,0 0,0 0,0
SM4 JHPLQD ' ~VHN 13,5 15,0 0,0 0,0 0,0 0,0

Z1 zemina, deponie Motol 14,0 5,0 15,0 0,0 0,0 0,0
Z2 zemina, deponie Motol 15,0 5,0 0,0 20,0 0,0 0,0
Z3 zemina, deponie Motol 15,0 10,0 0,0 0,0 15,0 0,0
Z4 zemina, deponie Motol 15,0 10,0 0,0 0,0 15,0 0,0
Bla EHWRQRYé& UHF\NO| 135 15,0 0,0 0,0 0,0 0,0
B1lb EHWRQRYé& UHF\NO| 135 15,0 0,0 0,0 0,0 0,0
B2 EHWRQRYé& UHF\NO| 215 8,5 0,0 0,0 0,0 0,0
B3a EHWRQRYé& UHF\NO| 14,0 50 0,0 10,0 0,0 0,0
B3b EHWRQRYé& UHF\NO| 14,0 50 0,0 10,0 0,0 0,0
B4 EHWRQRYé& UHF\NO| 135 15,0 0,0 0,0 0,0 0,0
B5 EHWRQRYé& UHF\NO| 14,0 50 0,0 0,0 10,0 0,0
B6 EHWRQRYé& UHF\NO| 14,0 50 0,0 0,0 0,0 10,0
B7 EHWRQRYé& UHF\NO| 14,0 50 0,0 0,0 0,0 10,0
B8 EHWRQRYé& UHF\NO| 14,0 50 0,0 0,0 0,0 0,0
B9 zemina Motol + bet. rec. 0/8 13,5 15,0 0,0 0,0 0,0 0,0
B10 zemina Motol + bet. rec. 0/8 13,5 15,0 0,0 0,0 0,0 0,0
B11 EHWRQRYé UHF\NO| 14,0 0,0 0,0 0,0 0,0 0,0
B12 EHWRQRYé UHF\NO| 14,0 50 0,0 0,0 0,0 0,0
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9 S tSDG WDEXGNGRSO XMHPH

6P VL R]QDpHQp = D = REVDKRYDOL EHMMRQRWHUSE F\N (

Y]JQLNO MDNR ]JE\WNRYé& SURGXNW S L RGVtWRYiQt PDV
UHF\NOiWX %\OSRIFNUKYiQ YX YDULB®W\UX D Y ]JHPLQD
EHWRQRY& UHF\NOiW X YDULDQW\ =

SP V R]QDpPHQi %OMEBLVND PLQHUIOQt Y&ESOQ
EHWRQRY&P UHF\NOiWHP

YODVWQH
NWHUé E\O V RkaityQ@lpM 10 XLGQ
.ODGQR Y SRP UX 7TDWR YDULDQWD SRWHQFLIOQ P¥
GODAHE-QMYHDNURR YN\ 3RXAaLWt SUR ]J]GtFt WYDURYN\ VH QiP
atosohledemk S tVQéP K\JLHQLFNéEP OLPLWS$P SUR YQLW Qt S
Varianty R]1Q D p B&HRil1 aB12 obsahovaly PLNURPOHWEé PHFKDQLFN\ DN
EHWRQRYé UHYWLAiMP VY ¥ HOPNRWRQR &\OWY-hm. uB8 a

15 %-hm. u variant B11 a B12.

Varianta B4 je kombinact EHWRQRYpKR UHF\NGIRPXWDX]HPLQ\ Y

8 VP Vt % D % pLQLO SRP U JHPLQ\ EHWRQRYpPX UHF\
'iOH MH W HED XYpVW &aH YDULDQWD % MH WWHHQD E
VPtVHQ VH JHPLQRX ] GIOQLFH ' ~VHNDWRWR YLEPRRVDX U
WHQWR J]JYROHQé S tVWXS VH GRVXG MHYt MDINHRFYNHIO WL | LC
NRPSR]JLWQt VP VL GiYi SRW HEQRX NDPHQQRX NRVW
MHPQRJUQQéPL piVWLFHPL JHPLQ oh Z2nts BeGpragi®a/ XG SRX
MHGQi R MYORXPWEVDK MHPQéFK D YHOPL MHPQéFK piVV

JH W HED GRSOQLWM aHoX Y DU LD\QW\]EXAHEQt V2@#HVD OLVI

03D

v WDEXOFH
GRSO XMHPH

Tab.2 3 HKOHG QDYUAHQéFK YPHWRQW VP WHF\NOiWHP D JHPLQRX

=NXZHEQt W O HW2DbylDQLL\DFOW® 0D BDL =E&YDMtFt W OHVD
hutQ QD YEKUDGQ WOWHENHBDGO3YPDULDQW NRPSR]JLWQtFK VP
E\OD Y&HFKQD JNX&EHEQt W OHWRPKXRVS €8D & O
4H X VP VL 6 E\O SRP U RGSDGQt JHPLQ\ D EH

2 ]VQPD\r/) :: Plnivo Voda | Cement gSKH Sgu: kpao I- Strgs(l;elt_l-w DASTIT
BB1 EHWRQRYé UHF\NO|j 14,0 5,0 15,0 0,0 0,0 0,0
BB2 EHWRQRYé UHF\NO|j 14,0 10,0 15,0 0,0 0,0 0,0
D1 JHPLQD ' ~VHN 13,5 0,0 0,0 0,0 0,0 15,0
D2 JHPLQD ' ~VHN 13,5 5,0 0,0 0,0 0,0 10,0
S1 JHPLQD ' ~VHN 13,5 10,0 0,0 5,0 0,0 0,0
S2 JHPLQD ' ~VHN 13,5 5,0 0,0 10,0 0,0 0,0
S3 zemina D1 + bet. rec. 0/8 mm | 13,5 5,0 0,0 10,0 0,0 0,0
S5 JHPLQD ' ~VHN 14,0 5,0 15,0 0,0 0,0 0,0
S6 JHPLQD ' ~VHN 14,0 10,0 15,0 0,0 0,0 0,0
S7 JHPLQD ' ~VHN 14,0 5,0 0,0 0,0 15,0 0,0
S8 JHPLQD ' ~VHN 15,0 10,0 0,0 0,0 15,0 0,0

42 6RXKUQ YEVOHGNS$ SHYQRVW QURERSRY DW Q NFKHWR. WW L N
WODNRY&FKU$NRPIH N

1D REUIBNKou v JUDIX Y&VOHGN)

\

]JDVWRXSHQtP FHPHQWX SUR RE SUYQXSHODR QHRHPLH Y]RU

.RORG MH ORGUIi
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s YHOPL Y\WRNRX YOKNRVWt RUDQARYi ]QEp&QHRUMNILIR Q HFF |
SURVW BGODEIP WH[WX EXGRX R]JQDpPRYiQ\ MDNR VpULH $ U
VP V E\OR Y\][NRX3HQR NRVAWMNRXDRREHFRXp KPRWQRVW
]JP HQ\' S HG WODNRYRX JNRX&NRX 7\WR NRVWN\ E\O\ Y\URE

8 VPULH $ MH Y SRWRN@WXWRX GRVDAHQR UHODWLYQ
VP VL EH] FHPHQWX 1iU$VW SHYQRVWt SUR ]Y\&XdWtFt VH F
OLQHiIUQt 6pULH % SDN Y\ND]XMH SUR VP VEEH] FHIPGIRWKL S
NWHUp GDINIPL FHPHQWX S tOLd QHURVWRX 1HMY\44t UR]C
VP VL EH] FHPHQWX D QDRSDN WpP &iG (b&b deRieBtuQleY \ND [ X M
]JGH MDVQ SDWUQé& Y&UD]Qé YOLY YOKNRVWL QD SHYQRVW |
RWiJNRX MHVWOL ]JGH KUDMH YéUD]Q Miat URQL RE6$VRERREH
QHER DNWXiOQt YORMNRNAL NXRIMRX &H Q t

Obr. 3: Pevnostv S UR V WagP Obr.4: 2EMHPRYi KPRWQRYV

SUR VRXERU VP Vt MHMefekta@ v WOREX@NG RKH MVRX [MLAW Qr
pevnostiv WODNX SR GQHFK JUIQt XYHGHQ\ GiOMP MWRUWRpULF
eko-WYDURYN\ VH RG S HGH&a@OéFK OLA4LO\ QHMHQ YKIUD@GHGRYi
za cement, ale i v SRXAaLWpP WODNX OLVRYiQt NG\ VH WMAWDQGDU
LQIRUPDFH YéaH 9VOHGN\ MVRX GiOH S HED#t6Qo |REUD]I
S tEX]Qp YDULDQW\ VP Vt XPRAa XMtFt SRURYQiQt YDULDQW ¢

12,00

10,00
8,00
6,00
4,0
alilin
0,00 .
Z3 zZ4

SM1 SMla SM2 SM3 SM4 71 z2

Pevnost v tlaku (MPa)
o

o

Obr. 5: Pevnostv SURVWpP WODNX YDULDQW N®RpPaSRIRWHPKQOPPYL V
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'RVDAHQpP YEVOHGNSWBRHWRRVWIOIFNX XYHGHQpP SUR GYD U$

JHPLQ\ D U$]Qp NRPELQDFH SRXaLWpKR SRMLYD XYHGHQp Q

-H SDWUQé YOLY JYROHQpKR WODNX OLVRYIQt JNXaH
s OLVRYIiQtP S L WODNX 03D DLWIRYLQ (PNVD 16 WSO N X 03D
Varianty SM2-60 SDN XND]JXMt QHMHQ YO[LGHORM RiEDEYKR WOD!
PQRaVWYt S LGiYDQp YRG\ GR VP VL JHMPpQD SRURYQIQ
90LY PQRAVWYt FHPHQWX GRNOIiIGi SRURYQiIQt = D = QD
VWUDQ GBXBPpG9 SUYQtFK GYRX YDULDQW MH QDYtF SD
SRXaLWt L QHPOHWpP Y\WVRNRSHFQt VWU XV NV FRONIPUWRR ® O
9DULDQWD = FHPHQWX GRVDKXMH PtURD @MWBaGEK S
REVDKXMtFt VIHURLHD@QWV/\ ENO\ OLVRYDQp S L US]QEFK WC
OSUDYD MHPQR]JUQQp JHPLQG MMM tP LDV HOBRRARR AN R X Y
VH ]Y&@4HQtP REVDKX FHPHQWX ] Y&QD]QpP XY GUHS WW >
pevnostiv SURVWpP Wakdnscks DNWLYQt PHFKDQLFN\ POHWRX Y
struskouvedek YEVOHGNS$P OHSAatP Q HedpotuizU5 B GeWedtu.N G H
8YHGHQpP SHSQRVWpPPFr WODNX MVRX YtFH QHA GRVWDWH}p
WYDURYN\ SRXALOL SURKY&BEODLRNDP BPADORHEQtFK WYDUR
SULPIUQ SRVX]XMH SSpIRRVWERERX XYHGHQp KRGQ
SUDYG SRGREQ SR iG QHGEVUWDG® X MDRILD QWR\ |= Y

12,00
10,00
8,00

6,00

4,0
) I I
0,00
D1 D2 s1 s2 s3 s5 s6 s7 s8

Obr. 6: Pevnostv SURVWpP WODNX YDULDQW NRPSRIJLWQIBPWLP Vt V RGSD

Pevnost v tlaku (MPa)

o

o

VS tSDG YEVOHGNSSRYWRMIMREWNPN NGH RSURWL YDULD
zobri]NX E\OD SRXALWD MLQi ]JHPLQD MVRX SDWUQp QiVOH

3RX&4LWt SRStONRYpKR SRMLYD 'DVWESWBREEB|QFHPHRW
svariantami SMla a SM4 kS LEOLAQ SRORYLpRURSMWHE®R WDID NY
PQRaAVWYt SRMLYD MH L@®HQWLFNp WHG\

SRNXG VH VXEVWLWXXMt MHQ SRXALWpKR FHPHQWX S
YDULDQW ' SHYQRVW R

Z KOHGLVND Y\XaLwt QHPOHWp MHPQR]JUQQpP Y\VRNRSHFC(
MHYt QLa&at PtUD VXEVWKWXFHR SROOWt L S POFRUEYQiQ
VIiIGURNDUWRQHP S L |IDERRYUGtPHYHHRORARQWHP D VXEVW
(porovnej S1 a S6).

SRILWLYQt S tQRV POHWp PHFKDQLFN\ DNWLYRYDQp Y\
YDULDQWRX 6 NG\ MH VLFH PQRPAaVIW P{QRAVWQW S LGiYI
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str XVN\ MH QD ~URKR QLS HVWR WDNRYi NRPELQDFH XPRa )
SHYQRVWL S HVDKXMtFt 03D

16,00

14,00

12,00 | |
Bla Bib B2 B3a B3b B4 B5 B6 B7 B8 B8 BB1 BB2

B9 B10 B11 B12

Pevnost v tlaku (MPa)
> o oo 5
[=) o o o
o o o o

N
[=}
s}

[=]

Obr. 7: Pevnostv SURVWpP WODNX YDULDQW NRRB®YR|QRY&F KUWRIWMOYVWHP

3RVOHGQt VRXERU YEVOHGNSURRWHWY\ WBDARVWKU@XMH R
Z GRVD&HQEFK SRMROWRYQRVWL SDWUQp &H

=D UHIHUHQpPQt VP V O]JH SRYDARYDW YDULDRWX % E
FHPHQWX D J]NX&GaHEQt W OHVD E\OD QdoioRoYileQuDjeW ODNHF
IJIMHYQé S tQRV SRXALWpKR WODNX OLVRYQRW\WNGHNGEYR
Kk GYRMQiVREQpP KRGQRBWRBWNYP RWAMINX 3RGREQé& Y&VOH
YDULDQWD % NGH QLFPpPQ FHPHQWX E\OR QDKUD]F
Z KOHGLVND VXEVWLWXFH FHPHQWX DOWHUQDWLYQtPL
ILOHU\ MVRX SRURYQDWHOQp YDV MDRPWR%HWRK®HGAX QWM
YEVOHGHN E\O GRVYMWARWBOBOWEPVEHWRQRYé&P UHF\NOiIWI
S tQRV GiOH RSWLPDOL]JRYD GBURDHGBQW WY 'DV WIS DrQ \
1DRSDN S HNYDGSAXWOXHGHMNM SRURYQiIiQt QHPOHWpP D POF
VWUXVN\ NG\ YDULDQWD % Y\Ni]DOB KR p K aVODBIKGX N
=H VpULH %R MLVWp PtU\ Y\pQtYi YDULDQWD-h. NGH V
FHPHQWX D QDYtF VH EHWRQ&RE WHXB\s¢QvdlendutVLO Y
MtORYLWRX JHPLQRX 7HQWR YéVOHGHN GR WLAMWpRPtU\
VXEVWLWXFt MDN E\OREUHMHEOEKWWRYDQ L QD

SRGVWXSHP QHMOHSAatFK YEVOHGNS$ GRVPRKWRtSY DB DL® Q
VH ]YROLOD Wpa NRPELQDFH EHWRQRYpKR OHFONOiIWX
scementemv PQRAVWY+4KP S LpHPa MDNR YéKRGQ Mat SRP
Y\FKi]Jt VXEVWLWXFH EHWRQRYpKR UHF\NOiIiWX F
YDULDQW % E\O JYROHQ GUXKé W\S JHPLQA&V WG QR XMH
SHYQRVW SRVX]RYDQp VP VL

9DULDQW\ % D % GRSO XMt YDUWMDKRVE GWHNGQGD WH Y|§
PLNURPOHWé PHFKDQLFN\ DNWLYRYDQé EHWRXQRYé UH
SRURYQiIQt YDULDQW % D % aH S L VW HWPHIPWRPQRIAVW
PHQ&a&t SRGtO PLNURPOHWpPKR EHWRQX O/MWE3AE RVONYP Q D
WODNX 7R GR MLVWpRWUWU\FR$SMDNpPpYKREQEP |]SSVREHP °
PtVLW FHPHQW D PLNURPOHWEé EHWRQ -H WRWLA& PRE
PLNURPOHWpPKR EHWRQX REDOLO\ pi¥WOBPH WP IQWKH
hydratace. PRXaLWt VDPRWQ pKR P L Nsd Bkaz0jéljstkp QR IEXFOM R Q X
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- 9DULDQW\ R]QDpHQp MDNR %% D %% SRWRMR SRVX]X
UHF\NORYDWHOQpPKR VIiGURNDUWRQX =GH O]H SUDYG &
REMHPRYp KPBWWRWEGNXYOHKpPt VIiGU\ QLFPpQ HAEAHQt Y|
S SHYQRWWRWWpP WODNX SR GQHFK QD ~URYQL 0
GRVWDpXMtFt SUR YMBORHWPQBERVWDWHPQp SUR WYDUT

=iY U

3UHJHQWRYDQp YEVOHGN\ XND]XMt Q NWHUp \ GRVXG ]tVN
HAHQpKR SURMHNWX 1D]QDpXMt PRAQRVWL MDN Y\X&tYD)
NWHUp FERKRXRP URGM& D U\FKOH Y\XALWVDRR|WIMHERQLFW
VSOQ Qt YAHFK HQYLURQPHQWIOQtFK D K\JLHQLWN&FK DV
G$OHALWpP SRNXG E\ VH W\WR PDWHULIO\ P O\ Y\ )H&ENOQW YH
Pi SRP UQ VQDGQp D REHFQ EH]JHVSRUX ]Qi®p WHEKWR S |
RGSDGQtFK JUQLWEF&KHPDQWHHLiOGRALW Mit MH WHQWR ¢
VS tSDGHFK NG\ FtOHP EXGH HQYLURQPHQW iO/QDtHNGRRPYDDW L E
Z KOHGLVND YODVWQt VXEVWLWXFH FHPHQWX 3RNXG Pi Eé
]JDMtPDYé D WU&Q NRQNXUHQFHVFKRSQé& M I \& HILRXIFW KYOQH: €
SRMLY 6DPR] HMP EXGH YA&G\ G$SOHALWp DEW MAKQR FSR M L
NULWpPULD D E\OR PRAQ® N HUHAFW LWMHWRYRYWD @EFK S tSDGHF
YEUREN\ MHGQi L NG\& VH ]DWtP SRX&tYDMY I WRH WIW Q ¥ D-( &
DNWLYQt MHPQR]JUQQé& PDWHULIO QHNODVLILNXMH MDNR SF
QDS tNODG AXP O& NiPH@G®$YRGK VAHWDHNQE Y&G\ HNRQRPLFNG&
]JDYHGHQp WUK\ DWDNRYDO\ QRYp SURGXNW\ BWHWK PRK
SRWHQFLIO YpHWQ WUYDQOLYRVWL Y&VOHGQE&éFK NRPSIH
QHQIURPQRVWIQNYWNXSHG: SURWRAH Y]J]QLNDMt S HP QRX YH
LQHUWQtFK RREIS)G E&W QD WU QX AR tFMWQRXYV 7R VDPR] HMP
NRQNXUHQFL IDYHGHQE&P SR iGNBPFLNWHAQtN K MRRRFORY Wt EU|
QH Y4AHFKQ\ PDWHULIORYp YDULDQW\ NWHUp BR]®ORRHNGWC
MDNR WHFKQLFN\ YHOPL ]DMtPDYp EXGR XVRKR W® PESYRG X R
jev GRVWDWHpPQpPP S HGVWLKX Y QRYiQD SRIRUQRYWL®E\ VH
MHMLFK Y\X4LWHOQRVW D E\O QiVOHGQ pDVRY& SURVWRU ¢
resp.v WHFKQLFNéFK S HGSLVHFK

7HQWRHMHN Y]QLRGLY HAHQt [8 URMH N WH F\N O RWBrQvky htN R
Ei]lL PLQHUIOQtFK PDWHULiO$ D SO QioyramYMROORIOLAtFK SURG)
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